
From: Willis, Cathy M
To: rmcgee@selcnc.org
Cc: Rogers, Joshua (USANCE); Beaton, Brigette J; Valenta, Aaron; Benjamin, Pete
Subject: FOIA Request FWS-2018-00274 and FWS-2019-00455 (Red Wolf)
Date: Tuesday, March 3, 2020 8:15:00 PM
Attachments: 2020.03.03 - Feb. Release Letter - SELC.pdf

Please see the attached letter and link https://fileshare.fws.gov/?
linkid=KZi4zr6VWWVQaysjt0eHmKTWAj10VHw48YDODS6ncAGbVD1eCvqm2w
reference your Freedom of Information Act request FWS-2018-00274 and FWS-2019-00455.
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March 3, 2020 
                                                                       
 
 
Letter and document link by email to: rmcgee@selcnc.org  
 
Ramona H. McGee  
Associate Attorney   
Southern Environmental Law Center  
601 West Rosemary Street, Suite 220 |  
Chapel Hill, NC 27516-2356  
 
Ms. McGee:  
 
This is in response to conduct a supplemental search regarding your Freedom of Information Act 
(FOIA) requests, FWS-2018-00274 and FWS-2019-00455.  Your request is generally seeking records 
related to the Advanced Notice of Proposed Rulemaking regarding the red wolf rule, the Fish and 
Wildlife Services’ (“FWS”) efforts to identify additional red wolf reintroduction sites, FWS’s review 
of the species status of the red wolf, and government studies regarding red wolf genetics and 
hybridization.  
 
Supplemental Search 

With this letter we are providing a second release and determination. We are providing fifteen PDF 
portfolios that contain a total of 795 emails (attachments included as embedded links).1  Seventeen 
pages are withheld in part under Exemption (b)(6), as described below.  Four of the portfolios contain 
form letters received from the public regarding the red wolf.  Each portfolio holds a different form 
letter received and only includes a sample of the letter.  For example, the portfolio titled “Ashe Letter 
296” holds a sample of the 296 form letters received.  The total number of each type of letter is in the 
file title of the portfolio.  Unless we hear from you, we will assume the sampling of form letters is 
enough and you do not need to receive the full volume received.   
 
Exemption 6 Withholdings 
 
Exemption 6 allows an agency to withhold “personnel and medical files and similar files, the 
disclosure of which would constitute a clearly unwarranted invasion of personal privacy.”  5 U.S.C. 
§ 552(b)(6).  We are withholding some information in part under Exemption 6. 

 
1 To ensure adequacy we are not removing duplicates; consequently, some of the documents may 
have been released under our previous FWS-2018-00274 and FWS-2019-00455 releases.     
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The phrase “similar files” covers any agency records containing information about an individual that 
can be identified as applying to that individual.  To determine whether releasing records containing 
information about an individual would constitute a clearly unwarranted invasion of personal privacy, 
we are required to balance the privacy interests that would be affected by disclosure against any public 
interest in the information. 
   
Under FOIA, the only relevant public interest to consider under Exemption 6 is the extent to which the 
information sought would shed light on an agency’s performance of its statutory duties or otherwise let 
citizens “know what their government is up to.”  The burden is on the requester to establish that 
disclosure would serve the public interest.  When the privacy interests at stake and the public interest 
in disclosure have been determined, the two competing interests must be weighed against one another 
to determine which will be the more likely result of disclosure: the harm to personal privacy or the 
benefit to the public. Note that the requester’s identity, purpose in making the request, and proposed 
use of the requested information have no bearing on this balancing test. 
   
The information that has been withheld under Exemption 6 consists of names and personal email 
addresses, and we have determined that the individuals to whom this information pertains have a 
substantial privacy interest in having it withheld.  We have also determined that the disclosure of this 
information would shed little or no light on the performance of the agency’s statutory duties.    
Further, you have not provided an explanation of why there is a relevant public interest in the 
disclosure of this personal information.  Because the harm to personal privacy interests is greater than 
whatever public interest may be served by disclosure, the release of the information at issue would 
constitute a clearly unwarranted invasion of the privacy and we are withholding it under Exemption 6. 
 
In addition to reviewing the result of our supplemental search, we are continuing our re-review of our 
previous releases for FWS-2018-00274 and FWS-2019-00455.   
 
We expect to have additional responses to you shortly.  If you have any questions or concerns, please 
direct them to Assistant United States Attorney Joshua L. Rogers at (919) 856-4293.   
 
 
      Sincerely, 

 
 
 
 
Cathy Willis 
FWS FOIA Officer 

 
cc:   JRogers, AUSA 
 BBeaton, SOL 
 PBenjamin, ES Raleigh 
 AValenta, ES Atlanta  
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can be identified as applying to that individual.  To determine whether releasing records containing 
information about an individual would constitute a clearly unwarranted invasion of personal privacy, 
we are required to balance the privacy interests that would be affected by disclosure against any public 
interest in the information. 
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From: Donna Trimm
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Saturday, July 1, 2017 3:50:33 PM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

Donna Trimm
234 S Elm St.
Ottawa, KS 66067



From: Donna Trimm
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Saturday, July 1, 2017 3:50:24 PM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

Donna Trimm
234 S Elm St.
Ottawa, KS 66067



From: Isabel Carapeto
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Wednesday, May 24, 2017 5:36:41 PM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

Isabel Carapeto
Lisbon
Lisbon, ot 1500-442 L



From: Isabel Carapeto
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Wednesday, May 24, 2017 5:36:36 PM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

Isabel Carapeto
Lisbon
Lisbon, ot 1500-442 L



From: Gjorgji Dzolev
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Monday, April 3, 2017 4:03:37 PM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

Gjorgji Dzolev
Vasko Karangelevski 27/24
10005
Reykjavik, NY 170



From: Gjorgji Dzolev
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Monday, April 3, 2017 4:03:34 PM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

Gjorgji Dzolev
Vasko Karangelevski 27/24
10005
Reykjavik, NY 170



From: trimon nathalie
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Tuesday, March 14, 2017 1:17:28 AM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

trimon nathalie
24 rue Pierre Guillaume
Berre l'Etang, ot 13130



From: trimon nathalie
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Tuesday, March 14, 2017 1:17:15 AM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

trimon nathalie
24 rue Pierre Guillaume
Berre l'Etang, ot 13130



From: Lubica Trubiniova
To: dan_ashe@fws.gov
Subject: Fully support red wolf recovery before it"s too late
Date: Saturday, March 4, 2017 11:42:44 PM

Dear Director Ashe,

I was disappointed to hear that the U.S. Fish & Wildlife Service is ceasing reintroduction of red wolves and
effectively suspending real efforts to prevent this species from again slipping into extinction.

Red wolves once numbered in the thousands, occupying range from Pennsylvania to Florida and as far west as
Texas. Hunting, trapping, and habitat loss drove them to the brink of extinction before protections afforded by the
Endangered Species Act began to bring them back.

The FWS needs to continue this work and not capitulate to political pressure to walk away from a job it has not yet
completed. The Act requires it, and the Service's mission should also dictate that it has a responsibility to commit to
real efforts to recover red wolves.

Please undertake real efforts to recover red wolves including the introduction of captive bred wolves and the
location and implementation of additional sites for red wolf recovery beyond the sole population in North Carolina.

Thank you for your consideration.

Sincerely,

Lubica Trubiniova
Bakosova 36
Bratislava, ot 84103



From: mailagent@thesoftedge.com on behalf of Abigail.md@gmail.com
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Wednesday, February 21, 2018 9:11:46 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Abigail Redding
8609 Coachmans Lane
Eden Prairie, MN 55347-1561



From: mailagent@thesoftedge.com on behalf of Abigail.md@gmail.com
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Wednesday, February 21, 2018 9:11:41 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Abigail Redding
8609 Coachmans Lane
Eden Prairie, MN 55347-1561



From: mailagent@thesoftedge.com on behalf of cindykhalsa@gmail.com
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Wednesday, February 21, 2018 5:26:46 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Cindy Khalsa
11219  225th Road
Live Oak, FL 32060-5720



From: mailagent@thesoftedge.com on behalf of macallen95@hotmail.com
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Thursday, February 8, 2018 7:16:54 AM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

In the past, I have held the USFWS in the highest esteem for its duty and devotion to saving our endangered
species.  News of the Service's faltering in the red wolf recovery program is saddening and disillusioning.  The
further politicizing of the Service's responsibilities with the current administration leaves only the work and integrity
of the people of the Service to stand fast against any further attrition of endangered species and their habitats. 
Please, continue any and all efforts necessary to keep red wolves in the wild.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Paul Allen
P.O. Box 144, Foster, R.I. 02825
Foster, RI 02825-0144



From: mailagent@thesoftedge.com on behalf of Pat Knoop
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Saturday, February 10, 2018 4:51:40 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Pat Knoop
5985 Almaden Exp.
San Jose, CA 95120-5927



From: mailagent@thesoftedge.com on behalf of Pat Knoop
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Saturday, February 10, 2018 4:51:46 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Pat Knoop
5985 Almaden Exp.
San Jose, CA 95120-5927



From: mailagent@thesoftedge.com on behalf of animalsrule49@outlook.com
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Wednesday, February 21, 2018 1:07:05 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

ROBIN HINTON
4101 39TH St S
Saint Petersburg, FL 33711-4207



From: mailagent@thesoftedge.com on behalf of animalsrule49@outlook.com
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Wednesday, February 21, 2018 1:07:34 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

ROBIN HINTON
4101 39TH St S
Saint Petersburg, FL 33711-4207



From: mailagent@thesoftedge.com on behalf of cindykhalsa@gmail.com
To: dan_ashe@fws.gov
Subject: Protect red wolves in North Carolina
Date: Wednesday, February 21, 2018 5:26:40 PM

Dear Director Ashe:

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Cindy Khalsa
11219  225th Road
Live Oak, FL 32060-5720



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Thursday, March 3, 2016 11:56:11 AM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Michael Morgan
23530 Lampara Dr
Valencia, CA 91355-
mmorganmg1@gmail.com
661-254-4471



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Thursday, March 3, 2016 11:59:15 AM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Susan Evilsizer
20529 Brookstone Trl
Cleveland, OH 44130-
cybertigress2@hotmail.com
2169062658



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Thursday, March 3, 2016 2:07:34 PM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Sharon Branch
892 White Eagle Cir
Saint Augustine, FL 32086-
sharonbranch@bellsouth.net
9047979027



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Friday, March 4, 2016 10:26:14 AM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Lillian Gutierrez
3825 Maxson Rd Apt 17
El Monte, CA 91732-
lilly5612@yahoo.com
6262301276



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Friday, March 4, 2016 2:36:48 PM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Tracy Cole
10227 N 66th Dr
Glendale, AZ 85302-
r1tbeach@aol.com
623-412-1466



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Friday, March 4, 2016 3:46:11 PM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Steven Prow
2918 Currant Ln
Henderson, NV 89074-
steveprow@gmail.com
17026243510



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Friday, March 4, 2016 3:47:10 PM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Andrea Chisari
720 Walker Rd
Titusville, FL 32780-
jjinabnw@att.net
3213831301



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Friday, March 4, 2016 5:59:15 PM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

Robert Wolf
1705 Gordon Dr
Naples, FL 34102-
ragmanfll@yahoo.com
1(239)435-6492



From: KnowWho Auto Mailer
To: dan_ashe@fws.gov
Subject: Protect the Red Wolf Recovery Program
Date: Friday, March 4, 2016 6:58:22 PM

Dear Mr. Daniel M. Ashe,

I am writing to urge you to maintain funding and support for the Red Wolf Recovery Program.

North America once had a thriving red wolf population. However, throughout the years, predator control programs
and habitat loss greatly diminished the population of the red wolf. Today, just 50 to 75 of these rare canines remain
in the wild.

Replenishment and habitat protection of endangered species like the red wolf is vital to their survival. Please protect
red wolves by keeping the Red Wolf Recovery Program intact and continuing to reintroduce red wolves to the
landscape.

Sincerely,

May Spiridon
5483 12th Ave N
St Petersburg, FL 33710-
fredmbs727@aol.com
(727)323-2178



From: Ron Hanna
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 7:39:37 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,
Ron Hanna

Ron Hanna
175 Shady Dr
Elgin, TX 78621



From: Ron Hanna
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 7:39:39 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,
Ron Hanna

Ron Hanna
175 Shady Dr
Elgin, TX 78621



From: Elizabeth Chiodini
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 8:14:04 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

Elizabeth Chiodini
Your Street
High Ridge, MO 63049



From: Elizabeth Chiodini
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 8:14:08 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

Elizabeth Chiodini
Your Street
High Ridge, MO 63049



From: Martha Izzo
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 8:36:19 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

Martha Izzo
Kinney Creek
Evergreem, CO 80439



From: Martha Izzo
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 8:36:20 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

Martha Izzo
Kinney Creek
Evergreem, CO 80439



From: Judith Downey
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 9:02:20 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

Judith Downey
5666 Correll Dr
#105
Ferndale, WA 98248



From: Judith Downey
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 9:02:24 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

Judith Downey
5666 Correll Dr
#105
Ferndale, WA 98248



From: CArola Tschiemer
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Sunday, March 26, 2017 9:06:43 PM

Dear Director Ashe,

With only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be
maintained, but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

CArola Tschiemer

CO



From: mailagent@thesoftedge.com on behalf of Energyhealer1964@hotmail.com
To: Jim_Kurth@fws.gov
Subject: Protect red wolves in North Carolina
Date: Wednesday, December 18, 2019 1:02:41 PM

Dear Deputy Director Jim Kurth :

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Laurie Izzo
489 Pool Road
North Haven, CT 06473-1420



From: mailagent@thesoftedge.com on behalf of dgobthunder@hotmail.com
To: Jim_Kurth@fws.gov
Subject: Protect red wolves in North Carolina
Date: Friday, December 27, 2019 7:31:33 PM

Dear Deputy Director Jim Kurth :

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Daniel O'Brien
36 Mulberry Lane
Milton, NY 12547-5226



From: mailagent@thesoftedge.com on behalf of Mary Haynes
To: Jim_Kurth@fws.gov
Subject: Protect red wolves in North Carolina
Date: Monday, December 30, 2019 10:18:36 AM

Dear Deputy Director Jim Kurth :

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

I am disappointed to hear that you are considering pulling funding for this. We, as citizens of the US, depend on
you, policy makers, to protect our wildlife.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Mary Haynes
2726 County Fair Lane
Fort Collins, CO 80528-3188



From: mailagent@thesoftedge.com on behalf of ahyatt2792@gmail.com
To: Jim_Kurth@fws.gov
Subject: Protect red wolves in North Carolina
Date: Tuesday, December 31, 2019 3:03:32 PM

Dear Deputy Director Jim Kurth :

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

There are only 14 red wolves left in North Carolina, and these wolves must be protected at all costs. Just a few days,
I read that there are plans for reintroducing three more red wolves from Florida to North Carolina, consisting of a
breeding pair of red wolves and a male wolf that will breed a female wolf who lives alone in North Carolina. These
will make a great start to rebuild the red wolf population in North Carolina, but we'll need to also try reintroducing
6-8 red wolf pups into dens in the wild as well. If we can accomplish this, the red wolf population at the Alligator
River National Wildlife Refuge can increase from 14 wolves to upwards of 30 or more red wolves within a year or
two.

In addition to that, we should also focus on reintroducing red wolves to some other states that have available habitat
for red wolves. The Center of Biological Diversity has revealed that multiple national forests and wilderness areas in
Alabama, Arkansas, Florida, North Carolina, Virginia, and West Virginia have more than 20,000 square miles or
about 12,800,000 acres of land available for red wolf reintroductions. If we can get started on reintroducing red
wolves into these areas starting later in 2020, we should probably start with introducing 2-4 breeding pairs of red
wolves into the Talladega National Forest in Alabama, 3 breeding pairs of red wolves into the Apalachicola National
Forest in Florida, and 4 breeding pairs of red wolves and a few wolf pups into the Monongahela National Forest in
West Virginia. Of course, until this is possible, let us first focus on rebuilding the red wolf population in North
Carolina.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Alexander Hyatt
1022 Laurel Ridge Dr.
McDonough, GA 30252-8421



From: mailagent@thesoftedge.com on behalf of Maranda Daniels
To: Jim_Kurth@fws.gov
Subject: Protect red wolves in North Carolina
Date: Saturday, January 4, 2020 6:27:15 AM

Dear Deputy Director Jim Kurth :

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

Nature is a balancing act, and when we lose an animal species, we also lose part of the balance. Please consider what
we would lose if the red wolf becomes extinct.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Maranda Daniels
6301 Woodbury Pike
Murfreesboro, TN 37127-7537



From: mailagent@thesoftedge.com on behalf of dlhosmer@comcast.net
To: Jim_Kurth@fws.gov
Subject: Protect red wolves in North Carolina
Date: Sunday, January 5, 2020 8:52:27 PM

Dear Deputy Director Jim Kurth :

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

I am reading about red wolves in National Geographic and I am alarmed about the low number of red wolves
remaining in the wild.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Dianne Hosmer
14 Acorn Circle, Apt. 102
Towson, MD 21286-3842



From: mailagent@thesoftedge.com on behalf of anneka.nishijima@gmail.com
To: Jim_Kurth@fws.gov
Subject: Protect red wolves in North Carolina
Date: Tuesday, January 7, 2020 12:46:45 PM

Dear Deputy Director Jim Kurth :

I urge you to protect and recover endangered red wolves in North Carolina by continuing to strongly support, fully
fund, and expand red wolf recovery efforts in the state.

As this is the only population of red wolves in the wild, it is imperative to implement all aspects of species recovery.
Restoration of this species to a portion of its historic range in North Carolina is crucial to securing the future of red
wolves in the wild and improving ecosystem health via a key predator that can help control other species, including
nutria, small rodents, raccoons, and even coyotes. Some scientists also believe that red wolves benefit ungulates like
white-tailed deer by selectively preying on older, physically compromised, diseased or otherwise vulnerable
animals. Furthermore, success of this recovery program has local, state, national and international value as a model
for recovery and management of other endangered species.

Red wolves also resonate with people and communities. People want to see them in the wild, to hear them howl and
appreciate their existence. The designated Red Wolf Recovery Area in North Carolina attracts thousands of visitors
each year to learn more about the program and the wolves. Those visitors spend money in local communities,
thereby benefiting the local and regional economy.

The Endangered Species Act (ESA) mandates, as a matter of law and policy, that survival and recovery of
endangered species must take priority over all other interests, including hunting. Best available science indicates that
coyote hunting in the red wolf recovery area erodes red wolf recovery program efforts. The US Fish and Wildlife
Service has established a successful red wolf recovery and reintroduction program. The agency is now under an
obligation to ensure that the program remains robust and that actions aren't taken that would undermine the law and
once again drive the red wolf from its native territory. Please stand behind the red wolves and support the long
standing success of the red wolf recovery program.

Sincerely,

Anneka Nishijima-Leung
13 Vista Sierra
Rancho Santa Margarita, CA 92688-1006



From: Davis, Elsie
To: Valenta, Aaron; Weller, Emily; Benjamin, Pete; Tom MacKenzie; Fleming, Jeffrey M
Subject: Fwd: Red Wolf Reintroduction Efforts
Date: Monday, December 12, 2016 4:45:24 PM
Importance: High

Hi:

How should we respond to the following e-mail?

Thank you.

Elsie
Elsie_Davis@fws.gov
404-679-7107
---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Fri, Dec 9, 2016 at 2:44 PM
Subject: Fwd: Red Wolf Reintroduction Efforts
To: tom_mackenzie@fws.gov, jeffrey_m_fleming@fws.gov, elsie_davis@fws.gov

FYI

Sent from my iPhone

Begin forwarded message:

From: Colby Griffin <iambub3@gmail.com>
Date: December 9, 2016 at 2:36:27 PM EST
To: <Vanessa_Kauffman@fws.gov>
Subject: Red Wolf Reintroduction Efforts

Hello,
I would like to address the topic of Red Wolves being brought back to Tennessee and the entire Southeast
region. I am aware that the last effort to bring them to the Great Smoky Mountains National Park failed, but I
honestly believe that is the fault of the soft-release. I recently was aware of a petition emailed to the USFWS
by an Environmental/ Wildlife group an I was very pleased to see the movement gaining support. I am aware
of the backlash from farmers and parents for reintroducing the red wolves, but restricting those animals to a
small sector of federal land in North Carolina does them no good. As you know their numbers are dwindling
and we are nearing the point of no return for revamping their populations. I'm here today to show my support
for the movement and to request further action. I am fully aware that public support is key to this species'
success. I hope to hear back from you all soon, and if there is anything I can do to help, I would be glad to. I
am planning on becoming a Game Warden for the TWRA here in Tennessee and I would be more than happy
to assist with any volunteer or publicity work. I encourage you to forward this message to the correct
recipient if it is not you, the listed email for Tennessee is incorrect.
Best regards,
Colby Griffin



From: Fleming, Jeffrey M
To: Davis, Elsie
Cc: Valenta, Aaron; Weller, Emily; Benjamin, Pete; Tom MacKenzie
Subject: Re: Red Wolf Reintroduction Efforts
Date: Monday, December 12, 2016 5:12:18 PM
Importance: High

Lets talk in the morning.

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Mon, Dec 12, 2016 at 4:45 PM, Davis, Elsie <elsie_davis@fws.gov> wrote:
Hi:

How should we respond to the following e-mail?

Thank you.

Elsie
Elsie_Davis@fws.gov
404-679-7107
---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Fri, Dec 9, 2016 at 2:44 PM
Subject: Fwd: Red Wolf Reintroduction Efforts
To: tom_mackenzie@fws.gov, jeffrey_m_fleming@fws.gov, elsie_davis@fws.gov

FYI

Sent from my iPhone

Begin forwarded message:

From: Colby Griffin <iambub3@gmail.com>
Date: December 9, 2016 at 2:36:27 PM EST
To: <Vanessa_Kauffman@fws.gov>
Subject: Red Wolf Reintroduction Efforts

Hello,
I would like to address the topic of Red Wolves being brought back to Tennessee and the entire Southeast
region. I am aware that the last effort to bring them to the Great Smoky Mountains National Park failed,
but I honestly believe that is the fault of the soft-release. I recently was aware of a petition emailed to the



USFWS by an Environmental/ Wildlife group an I was very pleased to see the movement gaining support.
I am aware of the backlash from farmers and parents for reintroducing the red wolves, but restricting those
animals to a small sector of federal land in North Carolina does them no good. As you know their numbers
are dwindling and we are nearing the point of no return for revamping their populations. I'm here today to
show my support for the movement and to request further action. I am fully aware that public support is
key to this species' success. I hope to hear back from you all soon, and if there is anything I can do to help,
I would be glad to. I am planning on becoming a Game Warden for the TWRA here in Tennessee and I
would be more than happy to assist with any volunteer or publicity work. I encourage you to forward this
message to the correct recipient if it is not you, the listed email for Tennessee is incorrect.
Best regards,
Colby Griffin



From: Fleming, Jeffrey M
To: Davis, Elsie
Cc: Valenta, Aaron; Weller, Emily; Benjamin, Pete; Tom MacKenzie
Subject: Re: Red Wolf Reintroduction Efforts
Date: Tuesday, December 13, 2016 10:28:42 AM
Importance: High

I would like a short note to go back to Colby with a link to our September 12 announcement
that says we are committed to recovery of the red wolf and are now pursuing a number of
steps we announced in September to that end.  

Lets not address his thoughts relative to the position he is pursuing at TWRA.  I imagine his
supervisors will have some thinking on that that we should leave to them. 

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Mon, Dec 12, 2016 at 4:45 PM, Davis, Elsie <elsie_davis@fws.gov> wrote:
Hi:

How should we respond to the following e-mail?

Thank you.

Elsie
Elsie_Davis@fws.gov
404-679-7107
---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Fri, Dec 9, 2016 at 2:44 PM
Subject: Fwd: Red Wolf Reintroduction Efforts
To: tom_mackenzie@fws.gov, jeffrey_m_fleming@fws.gov, elsie_davis@fws.gov

FYI

Sent from my iPhone

Begin forwarded message:

From: Colby Griffin <iambub3@gmail.com>
Date: December 9, 2016 at 2:36:27 PM EST



To: <Vanessa_Kauffman@fws.gov>
Subject: Red Wolf Reintroduction Efforts

Hello,
I would like to address the topic of Red Wolves being brought back to Tennessee and the entire Southeast
region. I am aware that the last effort to bring them to the Great Smoky Mountains National Park failed,
but I honestly believe that is the fault of the soft-release. I recently was aware of a petition emailed to the
USFWS by an Environmental/ Wildlife group an I was very pleased to see the movement gaining support.
I am aware of the backlash from farmers and parents for reintroducing the red wolves, but restricting those
animals to a small sector of federal land in North Carolina does them no good. As you know their numbers
are dwindling and we are nearing the point of no return for revamping their populations. I'm here today to
show my support for the movement and to request further action. I am fully aware that public support is
key to this species' success. I hope to hear back from you all soon, and if there is anything I can do to help,
I would be glad to. I am planning on becoming a Game Warden for the TWRA here in Tennessee and I
would be more than happy to assist with any volunteer or publicity work. I encourage you to forward this
message to the correct recipient if it is not you, the listed email for Tennessee is incorrect.
Best regards,
Colby Griffin



From: Weller, Emily
To: Fleming, Jeffrey M
Cc: Davis, Elsie; Valenta, Aaron; Benjamin, Pete; Tom MacKenzie
Subject: Re: Red Wolf Reintroduction Efforts
Date: Tuesday, December 13, 2016 10:34:54 AM
Importance: High

I can provide an excerpt from the petition response letter I just drafted. I'll send a draft for review a little
later this morning.

On Tue, Dec 13, 2016 at 9:28 AM, Fleming, Jeffrey <jeffrey_m_fleming@fws.gov> wrote:
I would like a short note to go back to Colby with a link to our September 12 announcement
that says we are committed to recovery of the red wolf and are now pursuing a number of
steps we announced in September to that end.  

Lets not address his thoughts relative to the position he is pursuing at TWRA.  I imagine his
supervisors will have some thinking on that that we should leave to them. 

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Mon, Dec 12, 2016 at 4:45 PM, Davis, Elsie <elsie_davis@fws.gov> wrote:
Hi:

How should we respond to the following e-mail?

Thank you.

Elsie
Elsie_Davis@fws.gov
404-679-7107
---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Fri, Dec 9, 2016 at 2:44 PM
Subject: Fwd: Red Wolf Reintroduction Efforts
To: tom_mackenzie@fws.gov, jeffrey_m_fleming@fws.gov, elsie_davis@fws.gov

FYI

Sent from my iPhone

Begin forwarded message:



From: Colby Griffin <iambub3@gmail.com>
Date: December 9, 2016 at 2:36:27 PM EST
To: <Vanessa_Kauffman@fws.gov>
Subject: Red Wolf Reintroduction Efforts

Hello,
I would like to address the topic of Red Wolves being brought back to Tennessee and the entire
Southeast region. I am aware that the last effort to bring them to the Great Smoky Mountains National
Park failed, but I honestly believe that is the fault of the soft-release. I recently was aware of a petition
emailed to the USFWS by an Environmental/ Wildlife group an I was very pleased to see the movement
gaining support. I am aware of the backlash from farmers and parents for reintroducing the red wolves,
but restricting those animals to a small sector of federal land in North Carolina does them no good. As
you know their numbers are dwindling and we are nearing the point of no return for revamping their
populations. I'm here today to show my support for the movement and to request further action. I am
fully aware that public support is key to this species' success. I hope to hear back from you all soon, and
if there is anything I can do to help, I would be glad to. I am planning on becoming a Game Warden for
the TWRA here in Tennessee and I would be more than happy to assist with any volunteer or publicity
work. I encourage you to forward this message to the correct recipient if it is not you, the listed email
for Tennessee is incorrect.
Best regards,
Colby Griffin

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Valenta, Aaron; Benjamin, Pete; Eversen, Michelle; Miranda, Leopoldo
Subject: Fwd: Information on the Cherokee Nation in Oklahoma
Date: Friday, January 26, 2018 9:49:27 AM
Attachments: 20130923_Mail - Red Wolf news.pdf

20131125_Mail - FW_ This Endangered Wolf Is Now Even More Endangered.pdf
20131219_Mail - Red Wolf.pdf
20140130_Mail - Communication update with Cherokee Nation OK.pdf
20140204_Mail - Cherokee Nation Red Wolf Project_attachment.pdf

FYI - Pat has contacted Joe with and interest in partnering again.

---------- Forwarded message ----------
From: Madison, Joseph <joseph_madison@fws.gov>
Date: Thu, Jan 25, 2018 at 3:05 PM
Subject: Information on the Cherokee Nation in Oklahoma
To: Emily Weller <emily_weller@fws.gov>

Emily,

Sorry it has taken me this long to get this to you.  The individual that called with interest in the
red wolf program and potentially being an active partner with red wolf recovery, including the
possibility of having both captive red wolves and a wild red wolf population on tribal lands in
Oklahoma is Pat Gwin.  His phone number is 918-453-5704.

I have a string of emails in 2013 and 2014 between Pat and David Rabon, who used to hold a
position that was pretty much a combination of your position and my position.  I've attached a
few of the most pertinent emails to give you a taste of those past discussions.  There's also
some emails regarding Pat finding some specific grants to apply for, but I didn't attach those
because they're so out of date, but thought it was important to note that he seemed like he was
spending time tracking down funding sources at that point in time.

There was also communications between Pat, David, Will Waddell and Craig Standbridge
(author of the Return of the Red Wolf graphic novel) regarding Craig working with Pat and
the tribe to develop outreach materials in Cherokee.

Hope this information helps.

Thanks,

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



Rabon, David <david_rabon@fws.gov>

Red Wolf news
7 messages

Pat Gwin <Pat-Gwin@cherokee.org> Mon, Sep 23, 2013 at 3:11 PM
To: "David Rabon (david_rabon@fws.gov)" <david_rabon@fws.gov>
Cc: Mark Dunham <mark-dunham@cherokee.org>

Mr. Rabon:

 

Any thoughts on possible Cherokee Nation-Red Wolf partnerships as yet?

 

psg

Rabon, David <david_rabon@fws.gov> Wed, Sep 25, 2013 at 9:15 PM
To: Pat Gwin <Pat-Gwin@cherokee.org>
Cc: Mark Dunham <mark-dunham@cherokee.org>

Hi Pat and Mark:

I apologize for not responding before now.  I have been on travel and had limited opportunity to respond to email.  

I have been thinking a lot about ideas for the Cherokee Nation-Red Wolf partnership.  My thoughts kind of run the
gamut from individual on-the-ground projects, like developing a new captive management and breeding facility on
Tribal lands in Oklahoma or elsewhere within the Cherokee Nation, to something more esoteric, like the
development of a (historic) range wide assessment of potential habitats (e.g., predictive models) for
reintroduction.  

We also have a more immediate need for an on-the-ground action that could be a good fit for a partnership
project.  We are currently working on a plan to refurbish an existing captive management facility within the
Northeastern North Carolina restoration area into a pre-release holding facility.  Basically, the facility would be
transformed from its current state into a restricted, limited access facility in which we could begin acclimating
captive born, young red wolves for release into the wild.  The plans are in the very early stages, but funding for the
project has not been identified.  While a project like this is much needed, I find that it is very narrow in scope and
offers limited opportunities to promote the partnership.  However, it might work well if partnered with another or
several other projects.    

Obviously, I would like to maximize any potential funds to the greatest extent possible.  So, I have spent most of
my time trying to not only identify individual projects, but to also think about how we can package them into a
comprehensive larger proposal.  For example, I would really like to incorporate an educational and outreach
component into the project, in part, by preparing a book about the red wolf in the dual language format that you
mentioned, but also in the larger context of educating the greater public about wildlife conservation and its
importance in our lives, possibly by using the Tribal traditions and philosophy as a teaching tool.  That approach
has little in common with conversion of the captive management facility into a release acclimation facility.  But it
might go along better with the development of a new captive management and breeding facility within the
Cherokee Nation... where the book and other outreach become natural marketing tools for the new captive facility
and vice versa.  



If it would be okay with you and Mark, I would like to take more time to work through some ideas and seek advice
from our cooperators.  We have a Recovery Implementation Team meeting in late October.  The Team is
comprised of representatives from academia, NGO's, and state and federal governments, and they are experts in
various traditional and nontraditional fields of study (e.g., wildlife biology and management, wildlife conflict
resolution, environmental economics, social programs and ecotourism).  They operate as an advisory committee
to the Red Wolf Recovery Program, assessing our bigger issues and offer potential approaches or solutions in a
big-picture approach.  I would like to present this opportunity to them to consider how we might best apply
potential funds and grow the partnership between the Cherokee Nation and the Red Wolf Recovery Program.  I
am sure they will have some exciting and innovative ideas.  I would be happy to elaborate on their thoughts, as
well as narrow our focus to what could be accomplished should we be awarded the funds.

Please feel free to contact me if you have any questions.  And please feel free to reel me in should I wander too
far from what you have in mind as a possible project or scope for the partnership.

Best regards,
David
   
[Quoted text hidden]

-- 

David R. Rabon, Jr., PhD
Coordinator, Red Wolf Recovery Program
U.S. Fish and Wildlife Service
Post Office Box 1969
Manteo, North Carolina 27954

telephone:  252.473.1132 x 240
telefax:  252.473.4836
email:  david_rabon@fws.gov

website:  www.fws.gov/redwolf
Facebook:  www.facebook.com/redwolfrecoveryprogram
blog:  trackthepack.blogspot.com 
Twitter:  www.twitter.com/redwolfrecovery

CONFIDENTIALITY NOTICE -- This message is intended exclusively for the individual or entity to which it is addressed.  This

communication may contain information that is proprietary, privileged or confidential or otherwise legally exempt from disclosure.  If you

think you have received this email in error, please notify the sender.

Pat Gwin <Pat-Gwin@cherokee.org> Thu, Sep 26, 2013 at 9:33 AM
To: "Rabon, David" <david_rabon@fws.gov>
Cc: Mark Dunham <mark-dunham@cherokee.org>

Sounds perfect.

 

From: Rabon, David [mailto:david_rabon@fws.gov] 
Sent: Wednesday, September 25, 2013 8:16 PM
To: Pat Gwin
Cc: Mark Dunham
Subject: Re: Red Wolf news

[Quoted text hidden]



Rabon, David <david_rabon@fws.gov> Fri, Sep 27, 2013 at 12:13 PM
To: Pat Gwin <Pat-Gwin@cherokee.org>
Cc: Mark Dunham <mark-dunham@cherokee.org>

Hi Pat:

Can you please send me the book titles or any other information on the dual language books you mentioned?  I
would like to explore those a little more.

Thank you,
David
[Quoted text hidden]

Pat Gwin <Pat-Gwin@cherokee.org> Mon, Sep 30, 2013 at 9:02 AM
To: "Rabon, David" <david_rabon@fws.gov>

DR

 

The books area available only to Cherokee Citizens…it’s a long story.  The new/expanded book should be
available to all once published.  However, I will “loan” you a copy of the booklets…I will mail to your
address.

 

psg

 

From: Rabon, David [mailto:david_rabon@fws.gov] 
Sent: Friday, September 27, 2013 11:14 AM

[Quoted text hidden]

[Quoted text hidden]

Rabon, David <david_rabon@fws.gov> Mon, Sep 30, 2013 at 9:20 AM
To: Pat Gwin <Pat-Gwin@cherokee.org>

Hi Pat:

Thank you.  I will look through the books and return them as soon as possible.  

Best regards,
David
[Quoted text hidden]

Pat Gwin <Pat-Gwin@cherokee.org> Mon, Sep 30, 2013 at 10:00 AM
To: "Rabon, David" <david_rabon@fws.gov>

Just keep them on “loan” for awhile.

 



From: Rabon, David [mailto:david_rabon@fws.gov] 
Sent: Monday, September 30, 2013 8:20 AM
To: Pat Gwin

[Quoted text hidden]

[Quoted text hidden]



Rabon, David <david_rabon@fws.gov>

FW: This Endangered Wolf Is Now Even More Endangered
1 message

Pat Gwin <Pat-Gwin@cherokee.org> Mon, Nov 25, 2013 at 4:41 PM
To: "David Rabon (david_rabon@fws.gov)" <david_rabon@fws.gov>

DR

 

Just FYI…well either for better or worse, the genesis of the Red Wolf idea has taken on “legs” here.  Our
Admin seems to be very interested in this idea….the possible breeding project.  Any ideas on your end…
no rush, just trying to prepare and keep expectations in check on my end.

 

psg

 

From: Dawnena Mackey 
Sent: Friday, November 22, 2013 10:59 PM
To: Pat Gwin; Chuck Hoskin Jr.
Subject: This Endangered Wolf Is Now Even More Endangered

 

I was reading this article on Huffington Post, and I thought you might be interested in reading it, too. 

This Endangered Wolf Is Now Even More Endangered

http://www.huffingtonpost.com/2013/11/22/red-wolves-killed-endangered-species-north-carolina_n_4319147.html

DOWNLOAD_HUFFPOST

Sent from my iPhone



Rabon, David <david_rabon@fws.gov>

Red Wolf
3 messages

Pat Gwin <Pat-Gwin@cherokee.org> Thu, Dec 19, 2013 at 10:10 AM
To: "David Rabon (david_rabon@fws.gov)" <david_rabon@fws.gov>

DR

 

Our Admin has been briefed on a couple of alternatives re activities for wildlife conservation….they have asked me
to provide a few bullet points re the possibility of a Red Wolf breeding site.  I know you have been busy…but have
you had time to contemplate this issue? 

 

…or would it be best to place this on hiatus for a while to allow for more “think-tanking”?  Again, not meaning to
rush, but our fiscal planning is generally done a year in advance and I have to have something in soon.

 

 

psg

Rabon, David <david_rabon@fws.gov> Thu, Dec 19, 2013 at 11:24 AM
To: Pat Gwin <Pat-Gwin@cherokee.org>
Cc: Rebecca Bartel <rebecca_bartel@fws.gov>, William Waddell <William.Waddell@pdza.org>

Hi Pat:

Thank you for your email.  I believe we have honed our ideas down to a few specifics that I would like to compile
into a single proposal for a wildlife conservation grant, the components of which all tie together and in the greater
context of red wolf conservation.  Basically, I would like to include a educational action, a direct on-the-ground
conservation action, and a research action.  

My idea for the educational action would be the development of a dual language booklet showcasing the
relationship between the Cherokee Nation and the red wolf.  The booklet could continue the "overall strategy to
continue the increased awareness, preservation, and revitalization of traditional Cherokee environmental
knowledge" as noted in your Wild Plants booklet.  I think this would be a nice way to reacquaint readers to the
importance of this species and its connection to the Cherokee culture.  This component also feeds the on-the-
ground conservation action nicely by acting as a primer to continue education.

My idea for the on-the-ground conservation action would to construct a new SSP captive facility in the Cherokee
Nation.  This type of facility serves the Red Wolf Recovery Program in at least two ways -- 1) an SSP facility
provides space to maintain endangered red wolves that contribute to our goal of maintaining genetic diversity of
the species, and 2) an SSP facility contributes to the wild populations by providing offspring for fostering and
possibly juveniles or adults for future releases in the wild.  In short, the SSP facilities provide a vital and critical
role in red wolf conservation because they are the only completely protected population and a repository of the
genetic integrity of the species. Of course, the establishment and approval of an SSP facility is a thorough and
rigorous process, but I have discussed this option with our SSP Coordinator and he is supportive of us exploring



the creation of a new facility in cooperation with the Cherokee Nation.

My idea for the research component is to use the basis of the first two components of this proposal to extend
current research we are conducting on exploring future potential reintroduction sites.  Basically, we have started
an assessment of predicting potential red wolf habitats in NC, SC, and GA.  I would like to extend this analysis
to other portions of the red wolf's historic range, and especially into areas that are part of the Cherokee Nation.
 This would be fairly easy to do, and we can even customize the analysis based on specifics conservation
objectives identified around specific lands.  We are working on an analysis of this type with Department of
Defense lands and surrounding properties.  Another research component that contributes to our data collection
and would improve our assessment of future habitats is to continue the development of better telemetry tracking
equipment to assess animal movements, habitat use, and habitat interactions.  We are working with a few
companies to try to prototype equipment suitable for our purposes.  I envision that some of the money allocated
for research could be used to further that effort and then the corresponding data could be used to better assess
habitats for future reintroductions.                  

I am still working through the costs for these ideas, and hope to have some preliminary numbers soon after the
first of the year.  I will share these with you as they develop.  The development of an SSP facility will by far be the
bulk of the costs.  If we need to readjust the proposed budget to account for available funds through the
conservation grant, then we can do so by altering other components of the proposal.  However, I think all of these
can be accomplished in some capacity so that they each contribute to our overall goal. 

I hope this helps provide some clarity on what we are thinking.  Please let me know if you need additional
information.  

Best,
David
[Quoted text hidden]

-- 

David R. Rabon, Jr., PhD
Coordinator, Red Wolf Recovery Program
U.S. Fish and Wildlife Service
Post Office Box 1969
Manteo, North Carolina 27954

telephone:  252.473.1132 x 240
telefax:  252.473.4836
email:  david_rabon@fws.gov

website:  www.fws.gov/redwolf
Facebook:  www.facebook.com/redwolfrecoveryprogram
blog:  trackthepack.blogspot.com 
Twitter:  www.twitter.com/redwolfrecovery

CONFIDENTIALITY NOTICE -- This message is intended exclusively for the individual or entity to which it is addressed.  This

communication may contain information that is proprietary, privileged or confidential or otherwise legally exempt from disclosure.  If you

think you have received this email in error, please notify the sender.

Pat Gwin <Pat-Gwin@cherokee.org> Thu, Dec 19, 2013 at 3:47 PM
To: "Rabon, David" <david_rabon@fws.gov>
Cc: Rebecca Bartel <rebecca_bartel@fws.gov>, William Waddell <William.Waddell@pdza.org>, Mark Dunham
<mark-dunham@cherokee.org>

DR



 

Thanks for the info…I had to get an info document in front of Admin today, and such was integral.  As for
your proposed, project/chronology, we thought it both well thought out and doable (on both of our

ends).  If in fact you had envisioned we would conduct this project sequentially—1st.  Education, 2nd.  SSP
captive facility, and 3rd. reintroduction research, we could basically begin now (given approval of our
admin.)…as we are always engaged in drafting cultural/educational publications.  We would of course
need to have a few conf. calls/exchange info prior to getting started in earnest.

 

That being said, as of now, I need to await a bit of direction from my Bosses.  However, since I have
nothing concrete to give them at this point, I assume they will request more info.  Thus, I think it would
be helpful to have a quick conference call to outline the above proposal/chronology….maybe getting a
few estimates/approximations of the physicalities of “step 2” above ( just so we can get a range of
estimated resource/time/TA needs.  What is your thought on this?

 

As for the “telemetry” aspect…I would guess our Tribal IS/GIS programs are second to none…and could be
utilized to a great effect (…with significant amt.’s of “in-kind” assistance to minimize costs). 

 

Your thoughts?

 

psg

 

From: Rabon, David [mailto:david_rabon@fws.gov] 
Sent: Thursday, December 19, 2013 10:25 AM
To: Pat Gwin
Cc: Rebecca Bartel; William Waddell
Subject: Re: Red Wolf

[Quoted text hidden]



Rabon, David <david_rabon@fws.gov>

Communication update with Cherokee Nation OK
6 messages

Rabon, David <david_rabon@fws.gov> Thu, Jan 30, 2014 at 12:11 PM
To: Aaron Valenta <Aaron_Valenta@fws.gov>
Cc: Pete Benjamin <Pete_Benjamin@fws.gov>
Bcc: Rebecca Bartel <rebecca_bartel@fws.gov>

Hi Aaron:

I wanted to give you a status update on my communications with the Cherokee Nation OK.  You may remember
that I was put in contact with Pat Gwin at Cherokee OK by Joe Early in the Albuquerque RO.  The Cherokee OK
is interested in working with the Red Wolf Recovery Program and has discussed us applying for a Tribal Wildlife
Conservation Grant this year.  .  

I have had several conversations with Pat Gwin and we are narrowing some ideas for the Grant.  At this time we
are looking at a three part grant -- education, conservation action, and research.  In short, the educational
component is the development of a dual language book about the red wolf and the development of education
programs.  The conservation action component is the construction, operation, and maintenance of a captive
breeding facility on tribal lands in OK (this action will largely be coordinated through our SSP Coordinator).  This
facility will participate in the SSP and offer education programs to the public.  The research component of the
grant will be exploring and assessing potential reintroduction sites throughout the Southeast, with emphasis on
areas using Tribal lands.  This part will tie in with the work that we are doing with DoD and ODS on exploring
potential use of military facilities in future reintroduction sites.  

I just wanted to give you a heads up on this in case Joe Early gives you a call and to also ask if there was
anything special or different that I need to be doing in working with a Federal Tribe.  Please let me know if you
have any questions or if there is anything I need to be doing differently.

Thanks,
David

-- 

David R. Rabon, Jr., PhD
Coordinator, Red Wolf Recovery Program
U.S. Fish and Wildlife Service
Post Office Box 1969
Manteo, North Carolina 27954

telephone:  252.473.1132 x 240
telefax:  252.473.4836
email:  david_rabon@fws.gov

website:  www.fws.gov/redwolf
Facebook:  www.facebook.com/redwolfrecoveryprogram
blog:  trackthepack.blogspot.com 
Twitter:  www.twitter.com/redwolfrecovery

CONFIDENTIALITY NOTICE -- This message is intended exclusively for the individual or entity to which it is addressed.  This

communication may contain information that is proprietary, privileged or confidential or otherwise legally exempt from disclosure.  If you



think you have received this email in error, please notify the sender.

Rabon, David <david_rabon@fws.gov> Fri, Jan 31, 2014 at 7:40 AM
To: Tom MacKenzie <tom_mackenzie@fws.gov>
Cc: Pete Benjamin <Pete_Benjamin@fws.gov>

Tom:

I sent the following message to Aaron because I was unclear on who the Tribal Liaison is for the RO.  Just want
to keep the right people informed.  Please let me know who I should be communicating with on Tribal issues.

Best,
David
[Quoted text hidden]

MacKenzie, Tom <tom_mackenzie@fws.gov> Fri, Jan 31, 2014 at 7:48 AM
To: "Rabon, David" <david_rabon@fws.gov>
Cc: Pete Benjamin <Pete_Benjamin@fws.gov>, ". Leopoldo Miranda" <Leopoldo_Miranda@fws.gov>, Aaron Valenta
<aaron_valenta@fws.gov>, Jeffrey M Fleming <Jeffrey_M_Fleming@fws.gov>

I am assuming you are looking at FY15 right?  That will be due Sep 1 2014.

I do the TWG grants for our region. 

Just so you know, the Tribal Wildlife Grant is competitive, so no guarantees.  Each region gets two for sure, and
the rest fall to national competition based on regional scoring.

We have just over $4 million in grant money in FY14, so $3.2 million are committed to those primary two grants
per region.  If they make that cut they are in good shape.  We usually announce the successful grants until the
March time frame.

We don't know what we will get for FY15.

Good luck!

Tom

[Quoted text hidden]

-- 

Tom R. MacKenzie
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov

Rabon, David <david_rabon@fws.gov> Fri, Jan 31, 2014 at 8:20 AM
To: "MacKenzie, Tom" <tom_mackenzie@fws.gov>
Cc: Pete Benjamin <Pete_Benjamin@fws.gov>, ". Leopoldo Miranda" <Leopoldo_Miranda@fws.gov>, Aaron Valenta
<aaron_valenta@fws.gov>, Jeffrey M Fleming <Jeffrey_M_Fleming@fws.gov>

Yes, this would be for the FY15.  I will keep you posted.  I just didn't want to get too far down this road without



working through our tribal liaison to know what we are doing.

Thank you,
David
[Quoted text hidden]

Valenta, Aaron <aaron_valenta@fws.gov> Fri, Jan 31, 2014 at 8:50 AM
To: "Rabon, David" <david_rabon@fws.gov>
Cc: "MacKenzie, Tom" <tom_mackenzie@fws.gov>, Pete Benjamin <Pete_Benjamin@fws.gov>, ". Leopoldo
Miranda" <Leopoldo_Miranda@fws.gov>, Jeffrey M Fleming <Jeffrey_M_Fleming@fws.gov>

David,

This looks like a promising approach.  Tom's the man for all things tribal.

In the meantime I'm wondering if we need to get together and figure out where we are going with the red wolf
recovery program as a whole.  What are the next steps with the existing eastern NC NEP?  Are we looking to
establish additional NEPs or standard reintroduction sites?  What geographies are being targeted?   Future rule-
making?  Development of partnerships (such as this opportunity with the Cherokee OK.)

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard, Suite 200
Atlanta, Georgia  30345
404/679-4144
[Quoted text hidden]

Rabon, David <david_rabon@fws.gov> Fri, Jan 31, 2014 at 2:22 PM
To: "Valenta, Aaron" <aaron_valenta@fws.gov>
Cc: "MacKenzie, Tom" <tom_mackenzie@fws.gov>, Pete Benjamin <Pete_Benjamin@fws.gov>, ". Leopoldo
Miranda" <Leopoldo_Miranda@fws.gov>, Jeffrey M Fleming <Jeffrey_M_Fleming@fws.gov>

Hi Aaron:

 Pete is putting the finishing touches on our meeting with NCWRC.  We should probably have a conference call
 prior to that meeting to see if anyone has any questions or comments they want to raise.

Best,
David  

 
[Quoted text hidden]



Cherokee Nation  

Red Wolf (Canis rufus) /  (Wa Ya) Project 

Phase I - Background/education/cultural importance 

 US Fish and Wildlife Service, Endangered Species Act.  “The Red Wolf is one of 

the most endangered animals in the world” (FWS).  The International Union for 

the Conservation of Nature lists the Red Wolf as critically endangered (the 

highest risk category assigned by this organization).  Today, the wild population 

of this animal is approximately 100 individuals.  There are 43 captive breeding 

sites that hold another 200 animals.  These captive breeding facilities are 

responsible for producing all of the stock for reintroduction efforts.  The CN and 

FWS propose to conduct a cooperative project to assist in saving this species 

from extinction.   

 The Red Wolf is a canid that can reach sizes of 80lbs and 26” shoulder height.  It 

was once native to both our Eastern Homelands and the Oklahoma TJSA.  

Extermination efforts in the last 2 centuries have extirpated this species from the 

wild (with only a few FWS experimental populations existing on the east coast on 

NWR lands).  The FWS in need of additional captive breeding programs. 

 Cherokee Culture.  The Red wolf is inextricably linked to the Cherokee People:   

o Cherokee Wolf Clan – “The Wolf has been known throughout time to be 

the largest clan. During the time of the Peace Chief and War Chief 

government setting, the War Chief would come from this clan. Wolves are 

known as protectors. At some Cherokee ceremonial grounds, the Wolf 

arbor is to the left of the Blue arbor.”  

o The Red Wolf is a sacred being, on equal footing with man…it could 

never be harmed or molested in anyway.  If a wolf was mistreated, it 

would take revenge upon the offender.  Although the Cherokee and the 

Wolf were rivals in regards to deer hunting, agreements/treaties were 

entered into and neither side’s harvests would be hindered. 

 Task 1:  the Cherokee Nation will draft/publish a bilingual booklet 

describing the plight of this species and the need for immediate action.  This 

publication will outline a CN proposal to cooperate with the USFWS in the 

Red Wolf’s SSP (including a TWG proposal). 

Phase II - Facility planning 

 Task 2:  The CN and FWS will meet to discuss an array of cooperative 

strategies, initially focusing upon the development of a remote breeding site 

within the TJSA. 



 This activity will consider AZA and SSP criteria, as well as the “cultural needs” 

the CN would need to incorporate into a site. 

 Once a design concept is agreed upon, costs will be estimated and the TWG 

proposal will be drafted. 

Phase III - Facility construction 

 Task 3:  Draft and receive TWG.   Implement grant activities. 

 CN Staff Training 

 Construction 

 Permitting 

 Schedule development and receipt of animals 

Phase IV - O&M/Breeding – Specifics TBD in Tasks 2 & 3 

 Daily care activities(feed/water/observation)  

 Veterinary – contract 

 Cultural and Scientific education 

 Supervision via FWS 

Phase V – Research - TBD 

 Genetics and the SSP– FWS and AZA 

 New release sites – CN/FWS 

 



From: Weller, Emily
To: Miranda, Leopoldo; Valenta, Aaron; Eversen, Michelle; Benjamin, Pete; Madison, Joseph S
Subject: Fwd: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 3:52:47 PM
Attachments: image004.png
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Importance: High

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave me your
email to coordinate with you concerning the potential process for reintroducing red wolves on
the Ouachita and Ozark National Forests. I have only been in Arkansas for about a year and a
half, however the past 20 years I have been in gray wolf areas, in Montana, Wyoming, Utah,
and Oregon. I have experienced firsthand some of the social issues with wolves, and I am very
interested in playing a role in this process, if it is determined by decision makers to occur. I
have spoken to my supervisor about my communication with Regina and my boss is very
interested. She suggested I coordinate a presentation to be given at our Arkansas wildlife
cooperative meeting, which may be jumping the gun due to the sensitivity of the topic
(uncontrolled rumors start flying, even within agency personnel). I certainly have much to
learn about the red wolf and any information you may have, but I am more than willing to do
so.

 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 



Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily; Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 3:55:17 PM
Attachments: image004.png
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Importance: High

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me, happiness
is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave me your
email to coordinate with you concerning the potential process for reintroducing red wolves
on the Ouachita and Ozark National Forests. I have only been in Arkansas for about a year
and a half, however the past 20 years I have been in gray wolf areas, in Montana, Wyoming,
Utah, and Oregon. I have experienced firsthand some of the social issues with wolves, and I
am very interested in playing a role in this process, if it is determined by decision makers to
occur. I have spoken to my supervisor about my communication with Regina and my boss is
very interested. She suggested I coordinate a presentation to be given at our Arkansas
wildlife cooperative meeting, which may be jumping the gun due to the sensitivity of the
topic (uncontrolled rumors start flying, even within agency personnel). I certainly have
much to learn about the red wolf and any information you may have, but I am more than
willing to do so.



 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily; Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 3:55:17 PM
Attachments: image004.png
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Importance: High

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me, happiness
is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave me your
email to coordinate with you concerning the potential process for reintroducing red wolves
on the Ouachita and Ozark National Forests. I have only been in Arkansas for about a year
and a half, however the past 20 years I have been in gray wolf areas, in Montana, Wyoming,
Utah, and Oregon. I have experienced firsthand some of the social issues with wolves, and I
am very interested in playing a role in this process, if it is determined by decision makers to
occur. I have spoken to my supervisor about my communication with Regina and my boss is
very interested. She suggested I coordinate a presentation to be given at our Arkansas
wildlife cooperative meeting, which may be jumping the gun due to the sensitivity of the
topic (uncontrolled rumors start flying, even within agency personnel). I certainly have
much to learn about the red wolf and any information you may have, but I am more than
willing to do so.



 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Benjamin, Pete
Cc: Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 4:00:09 PM
Attachments: image001.png
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Importance: High

I can follow up. Since our partners don't know about the change, I don't want to draw any suspicion. If I'm
able to speak with him before our call Thursday, I'll give everyone an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me,
happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave me your
email to coordinate with you concerning the potential process for reintroducing red wolves
on the Ouachita and Ozark National Forests. I have only been in Arkansas for about a year
and a half, however the past 20 years I have been in gray wolf areas, in Montana,
Wyoming, Utah, and Oregon. I have experienced firsthand some of the social issues with
wolves, and I am very interested in playing a role in this process, if it is determined by
decision makers to occur. I have spoken to my supervisor about my communication with



Regina and my boss is very interested. She suggested I coordinate a presentation to be
given at our Arkansas wildlife cooperative meeting, which may be jumping the gun due to
the sensitivity of the topic (uncontrolled rumors start flying, even within agency
personnel). I certainly have much to learn about the red wolf and any information you may
have, but I am more than willing to do so.

 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Miranda, Leopoldo
To: Weller, Emily
Cc: Valenta, Aaron; Eversen, Michelle; Benjamin, Pete; Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 4:10:00 PM
Importance: High

These are awesome news!!!! If we have willing partners like this, we can certainly support
that! 

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mar 6, 2018, at 3:52 PM, Weller, Emily <emily_weller@fws.gov> wrote:

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave
me your email to coordinate with you concerning the potential process for
reintroducing red wolves on the Ouachita and Ozark National Forests. I have only
been in Arkansas for about a year and a half, however the past 20 years I have
been in gray wolf areas, in Montana, Wyoming, Utah, and Oregon. I have
experienced firsthand some of the social issues with wolves, and I am very
interested in playing a role in this process, if it is determined by decision makers
to occur. I have spoken to my supervisor about my communication with Regina
and my boss is very interested. She suggested I coordinate a presentation to be
given at our Arkansas wildlife cooperative meeting, which may be jumping the
gun due to the sensitivity of the topic (uncontrolled rumors start flying, even



within agency personnel). I certainly have much to learn about the red wolf and
any information you may have, but I am more than willing to do so.

 

I look forward to possibly working with you,

 

<image001.png> David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 
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Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Cc: Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 4:24:50 PM
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Importance: High

Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me, happiness
is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov> wrote:
I can follow up. Since our partners don't know about the change, I don't want to draw any suspicion. If
I'm able to speak with him before our call Thursday, I'll give everyone an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me,
happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>



Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave me
your email to coordinate with you concerning the potential process for reintroducing red
wolves on the Ouachita and Ozark National Forests. I have only been in Arkansas for
about a year and a half, however the past 20 years I have been in gray wolf areas, in
Montana, Wyoming, Utah, and Oregon. I have experienced firsthand some of the social
issues with wolves, and I am very interested in playing a role in this process, if it is
determined by decision makers to occur. I have spoken to my supervisor about my
communication with Regina and my boss is very interested. She suggested I coordinate
a presentation to be given at our Arkansas wildlife cooperative meeting, which may be
jumping the gun due to the sensitivity of the topic (uncontrolled rumors start flying,
even within agency personnel). I certainly have much to learn about the red wolf and
any information you may have, but I am more than willing to do so.

 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 



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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Cc: Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 4:24:50 PM
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Importance: High

Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me, happiness
is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov> wrote:
I can follow up. Since our partners don't know about the change, I don't want to draw any suspicion. If
I'm able to speak with him before our call Thursday, I'll give everyone an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me,
happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>



Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave me
your email to coordinate with you concerning the potential process for reintroducing red
wolves on the Ouachita and Ozark National Forests. I have only been in Arkansas for
about a year and a half, however the past 20 years I have been in gray wolf areas, in
Montana, Wyoming, Utah, and Oregon. I have experienced firsthand some of the social
issues with wolves, and I am very interested in playing a role in this process, if it is
determined by decision makers to occur. I have spoken to my supervisor about my
communication with Regina and my boss is very interested. She suggested I coordinate
a presentation to be given at our Arkansas wildlife cooperative meeting, which may be
jumping the gun due to the sensitivity of the topic (uncontrolled rumors start flying,
even within agency personnel). I certainly have much to learn about the red wolf and
any information you may have, but I am more than willing to do so.

 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 



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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Benjamin, Pete
Cc: Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Tuesday, March 6, 2018 4:50:03 PM
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Importance: High

I scheduled a call with him for tomorrow. 

On Tue, Mar 6, 2018 at 3:24 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me,
happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov> wrote:
I can follow up. Since our partners don't know about the change, I don't want to draw any suspicion.
If I'm able to speak with him before our call Thursday, I'll give everyone an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me,
happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov> wrote:



FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She gave me
your email to coordinate with you concerning the potential process for reintroducing
red wolves on the Ouachita and Ozark National Forests. I have only been in Arkansas
for about a year and a half, however the past 20 years I have been in gray wolf areas,
in Montana, Wyoming, Utah, and Oregon. I have experienced firsthand some of the
social issues with wolves, and I am very interested in playing a role in this process, if
it is determined by decision makers to occur. I have spoken to my supervisor about my
communication with Regina and my boss is very interested. She suggested I
coordinate a presentation to be given at our Arkansas wildlife cooperative meeting,
which may be jumping the gun due to the sensitivity of the topic (uncontrolled rumors
start flying, even within agency personnel). I certainly have much to learn about the
red wolf and any information you may have, but I am more than willing to do so.

 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 



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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom

of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 



Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Madison, Joseph S
To: Benjamin, Pete
Subject: Re: Red wolf reintroduction coordination
Date: Wednesday, March 7, 2018 7:10:11 AM
Importance: High

Pete,

It is of course without question great news to have the local Forest Service folks in a potential
reintroduction area as our willing partners, especially if they are vocal advocates, and this will
definitely add positively to the existing narrative regarding Arkansas as an area of interest. 
And we should definitely start fostering this relationship. 

I would feel remiss if I didn’t bring up a couple of things.  First, since this is an initial phone
call to start building a relationship/partnership it makes little to no sense to me for Emily to
conduct the phone call only to not be the point of contact or even with the red wolf program in
the very near future.  I understand the logic laid out for her to do it, especially given the work I
need to do on the EA, but at the very least I should be on the call. 

Second, I value this contact for the reasons stated above, but for folks that may not be as
intimately knowledgeable on the Forest Service structure (I don’t presume to know anybody’s
level of knowledge but my own), this email might appear to come from much higher up their
chain of command.  Based on his information, he’s in a position exactly like I held for many
years as a district or zone wildlife biologist that supervises the other Forest Service biologists
in that area. Again, I want to stress that I’m not trying to devalue him as a partner, but when I
see folks at Leo’s level being immediately brought into the conversation it gives me pause that
perhaps it is thought this is a much higher level Forest Service contact. 

Thanks,

Joe

Sent from my iPhone

On Mar 6, 2018, at 4:24 PM,  I Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Good.  Thanks,

Pete Benjamin
Field Supervisorw 
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe



me, happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov> wrote:
I can follow up. Since our partners don't know about the change, I don't want to draw any
suspicion. If I'm able to speak with him before our call Thursday, I'll give everyone an
update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe
me, happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov>
wrote:

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas. She
gave me your email to coordinate with you concerning the potential process
for reintroducing red wolves on the Ouachita and Ozark National Forests. I
have only been in Arkansas for about a year and a half, however the past 20
years I have been in gray wolf areas, in Montana, Wyoming, Utah, and
Oregon. I have experienced firsthand some of the social issues with wolves,
and I am very interested in playing a role in this process, if it is determined
by decision makers to occur. I have spoken to my supervisor about my
communication with Regina and my boss is very interested. She suggested I
coordinate a presentation to be given at our Arkansas wildlife cooperative



meeting, which may be jumping the gun due to the sensitivity of the topic
(uncontrolled rumors start flying, even within agency personnel). I certainly
have much to learn about the red wolf and any information you may have,
but I am more than willing to do so.

 

I look forward to possibly working with you,

 

<image001.png> David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 
<image002.png><image003.png><image004.png>
Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Madison, Joseph S
To: Weller, Emily
Cc: Benjamin, Pete
Subject: Re: Red wolf reintroduction coordination
Date: Wednesday, March 7, 2018 7:16:40 AM
Attachments: image001.png
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Importance: High

Pete and Emily,

Given the circumstances of the red wolf coordinator position and the fact this gentleman holds
basically the exact same position I held for the Forest Service for 7 years on a different
National Forest, I feel like I should be on the call as well. Particularly since this is an initial
contact and relationship we are trying to build. I recognize we haven’t told the partners about
the transition and can’t explicitly tell him otherwise yet, but I think there’s value in him
hearing from us both on this call. 

Joe

Sent from my iPhone

On Mar 6, 2018, at 4:50 PM, Weller, Emily <emily_weller@fws.gov> wrote:

I scheduled a call with him for tomorrow. 

On Tue, Mar 6, 2018 at 3:24 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe
me, happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov>
wrote:

I can follow up. Since our partners don't know about the change, I don't want to draw
any suspicion. If I'm able to speak with him before our call Thursday, I'll give everyone
an update.



Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought,
man: Believe me, happiness is shy, And comes not aye when sought, man." 
Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov>
wrote:

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas.
She gave me your email to coordinate with you concerning the potential
process for reintroducing red wolves on the Ouachita and Ozark National
Forests. I have only been in Arkansas for about a year and a half, however
the past 20 years I have been in gray wolf areas, in Montana, Wyoming,
Utah, and Oregon. I have experienced firsthand some of the social issues
with wolves, and I am very interested in playing a role in this process, if it
is determined by decision makers to occur. I have spoken to my
supervisor about my communication with Regina and my boss is very
interested. She suggested I coordinate a presentation to be given at our
Arkansas wildlife cooperative meeting, which may be jumping the gun
due to the sensitivity of the topic (uncontrolled rumors start flying, even
within agency personnel). I certainly have much to learn about the red
wolf and any information you may have, but I am more than willing to do
so.



 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject

to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Wednesday, March 7, 2018 7:28:15 AM
Importance: High

I think it would be a good idea for you to contact Emily and arrange to be on the call.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me, happiness
is shy, And comes not aye when sought, man."  Robert Burns

On Wed, Mar 7, 2018 at 7:10 AM, Joseph Madison <joseph_madison@fws.gov> wrote:
Pete,

It is of course without question great news to have the local Forest Service folks in a
potential reintroduction area as our willing partners, especially if they are vocal advocates,
and this will definitely add positively to the existing narrative regarding Arkansas as an area
of interest.  And we should definitely start fostering this relationship. 

I would feel remiss if I didn’t bring up a couple of things.  First, since this is an initial phone
call to start building a relationship/partnership it makes little to no sense to me for Emily to
conduct the phone call only to not be the point of contact or even with the red wolf program
in the very near future.  I understand the logic laid out for her to do it, especially given the
work I need to do on the EA, but at the very least I should be on the call. 

Second, I value this contact for the reasons stated above, but for folks that may not be as
intimately knowledgeable on the Forest Service structure (I don’t presume to know
anybody’s level of knowledge but my own), this email might appear to come from much
higher up their chain of command.  Based on his information, he’s in a position exactly like
I held for many years as a district or zone wildlife biologist that supervises the other Forest
Service biologists in that area. Again, I want to stress that I’m not trying to devalue him as a
partner, but when I see folks at Leo’s level being immediately brought into the conversation
it gives me pause that perhaps it is thought this is a much higher level Forest Service
contact. 

Thanks,

Joe

Sent from my iPhone



On Mar 6, 2018, at 4:24 PM,  I Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Good.  Thanks,

Pete Benjamin
Field Supervisorw 
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe
me, happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov>
wrote:

I can follow up. Since our partners don't know about the change, I don't want to draw
any suspicion. If I'm able to speak with him before our call Thursday, I'll give everyone
an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought,
man: Believe me, happiness is shy, And comes not aye when sought, man." 
Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov>
wrote:

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM



Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas.
She gave me your email to coordinate with you concerning the potential
process for reintroducing red wolves on the Ouachita and Ozark National
Forests. I have only been in Arkansas for about a year and a half, however
the past 20 years I have been in gray wolf areas, in Montana, Wyoming,
Utah, and Oregon. I have experienced firsthand some of the social issues
with wolves, and I am very interested in playing a role in this process, if it
is determined by decision makers to occur. I have spoken to my
supervisor about my communication with Regina and my boss is very
interested. She suggested I coordinate a presentation to be given at our
Arkansas wildlife cooperative meeting, which may be jumping the gun
due to the sensitivity of the topic (uncontrolled rumors start flying, even
within agency personnel). I certainly have much to learn about the red
wolf and any information you may have, but I am more than willing to do
so.

 

I look forward to possibly working with you,

 

<image001.png> David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 
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Caring for the land and serving people

 

 



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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject

to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: Red wolf reintroduction coordination
Date: Wednesday, March 7, 2018 7:28:15 AM
Importance: High

I think it would be a good idea for you to contact Emily and arrange to be on the call.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe me, happiness
is shy, And comes not aye when sought, man."  Robert Burns

On Wed, Mar 7, 2018 at 7:10 AM, Joseph Madison <joseph_madison@fws.gov> wrote:
Pete,

It is of course without question great news to have the local Forest Service folks in a
potential reintroduction area as our willing partners, especially if they are vocal advocates,
and this will definitely add positively to the existing narrative regarding Arkansas as an area
of interest.  And we should definitely start fostering this relationship. 

I would feel remiss if I didn’t bring up a couple of things.  First, since this is an initial phone
call to start building a relationship/partnership it makes little to no sense to me for Emily to
conduct the phone call only to not be the point of contact or even with the red wolf program
in the very near future.  I understand the logic laid out for her to do it, especially given the
work I need to do on the EA, but at the very least I should be on the call. 

Second, I value this contact for the reasons stated above, but for folks that may not be as
intimately knowledgeable on the Forest Service structure (I don’t presume to know
anybody’s level of knowledge but my own), this email might appear to come from much
higher up their chain of command.  Based on his information, he’s in a position exactly like
I held for many years as a district or zone wildlife biologist that supervises the other Forest
Service biologists in that area. Again, I want to stress that I’m not trying to devalue him as a
partner, but when I see folks at Leo’s level being immediately brought into the conversation
it gives me pause that perhaps it is thought this is a much higher level Forest Service
contact. 

Thanks,

Joe

Sent from my iPhone



On Mar 6, 2018, at 4:24 PM,  I Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Good.  Thanks,

Pete Benjamin
Field Supervisorw 
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe
me, happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov>
wrote:

I can follow up. Since our partners don't know about the change, I don't want to draw
any suspicion. If I'm able to speak with him before our call Thursday, I'll give everyone
an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought,
man: Believe me, happiness is shy, And comes not aye when sought, man." 
Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily <emily_weller@fws.gov>
wrote:

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM



Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas.
She gave me your email to coordinate with you concerning the potential
process for reintroducing red wolves on the Ouachita and Ozark National
Forests. I have only been in Arkansas for about a year and a half, however
the past 20 years I have been in gray wolf areas, in Montana, Wyoming,
Utah, and Oregon. I have experienced firsthand some of the social issues
with wolves, and I am very interested in playing a role in this process, if it
is determined by decision makers to occur. I have spoken to my
supervisor about my communication with Regina and my boss is very
interested. She suggested I coordinate a presentation to be given at our
Arkansas wildlife cooperative meeting, which may be jumping the gun
due to the sensitivity of the topic (uncontrolled rumors start flying, even
within agency personnel). I certainly have much to learn about the red
wolf and any information you may have, but I am more than willing to do
so.

 

I look forward to possibly working with you,

 

<image001.png> David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
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This electronic message contains information generated by the USDA
solely for the intended recipients. Any unauthorized interception of this
message or the use or disclosure of the information it contains may
violate the law and subject the violator to civil or criminal penalties. If
you believe you have received this message in error, please notify the
sender and delete the email immediately.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject

to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Madison, Joseph S
Cc: Benjamin, Pete
Subject: Re: Red wolf reintroduction coordination
Date: Wednesday, March 7, 2018 7:46:54 AM
Attachments: image001.png
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Importance: High

No problem. Are you available today at 10 your time?

On Wed, Mar 7, 2018 at 6:16 AM, Joseph Madison <joseph_madison@fws.gov> wrote:
Pete and Emily,

Given the circumstances of the red wolf coordinator position and the fact this gentleman
holds basically the exact same position I held for the Forest Service for 7 years on a different
National Forest, I feel like I should be on the call as well. Particularly since this is an initial
contact and relationship we are trying to build. I recognize we haven’t told the partners
about the transition and can’t explicitly tell him otherwise yet, but I think there’s value in
him hearing from us both on this call. 

Joe

Sent from my iPhone

On Mar 6, 2018, at 4:50 PM, Weller, Emily <emily_weller@fws.gov> wrote:

I scheduled a call with him for tomorrow. 

On Tue, Mar 6, 2018 at 3:24 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought, man: Believe
me, happiness is shy, And comes not aye when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily <emily_weller@fws.gov>
wrote:



I can follow up. Since our partners don't know about the change, I don't want to draw
any suspicion. If I'm able to speak with him before our call Thursday, I'll give
everyone an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

"Then catch the moments as they fly, And use them as ye ought,
man: Believe me, happiness is shy, And comes not aye when sought,
man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily
<emily_weller@fws.gov> wrote:

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in Arkansas.
She gave me your email to coordinate with you concerning the potential
process for reintroducing red wolves on the Ouachita and Ozark
National Forests. I have only been in Arkansas for about a year and a
half, however the past 20 years I have been in gray wolf areas, in
Montana, Wyoming, Utah, and Oregon. I have experienced firsthand
some of the social issues with wolves, and I am very interested in
playing a role in this process, if it is determined by decision makers to
occur. I have spoken to my supervisor about my communication with
Regina and my boss is very interested. She suggested I coordinate a
presentation to be given at our Arkansas wildlife cooperative meeting,
which may be jumping the gun due to the sensitivity of the topic



(uncontrolled rumors start flying, even within agency personnel). I
certainly have much to learn about the red wolf and any information
you may have, but I am more than willing to do so.

 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 

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

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead



Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Madison, Joseph S
To: Weller, Emily
Cc: Benjamin, Pete
Subject: Re: Red wolf reintroduction coordination
Date: Wednesday, March 7, 2018 7:51:00 AM
Attachments: image001.png
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Importance: High

Yes, I’m available. Thank you. 

Sent from my iPhone

On Mar 7, 2018, at 7:46 AM, Weller, Emily <emily_weller@fws.gov> wrote:

No problem. Are you available today at 10 your time?

On Wed, Mar 7, 2018 at 6:16 AM, Joseph Madison <joseph_madison@fws.gov>
wrote:

Pete and Emily,

Given the circumstances of the red wolf coordinator position and the fact this
gentleman holds basically the exact same position I held for the Forest Service
for 7 years on a different National Forest, I feel like I should be on the call as
well. Particularly since this is an initial contact and relationship we are trying to
build. I recognize we haven’t told the partners about the transition and can’t
explicitly tell him otherwise yet, but I think there’s value in him hearing from us
both on this call. 

Joe

Sent from my iPhone

On Mar 6, 2018, at 4:50 PM, Weller, Emily <emily_weller@fws.gov> wrote:

I scheduled a call with him for tomorrow. 

On Tue, Mar 6, 2018 at 3:24 PM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



NOTE: This email correspondence and any attachments to and from this sender are
subject to the Freedom of Information Act (FOIA) and may be disclosed to third
parties.

"Then catch the moments as they fly, And use them as ye ought,
man: Believe me, happiness is shy, And comes not aye when
sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 4:00 PM, Weller, Emily
<emily_weller@fws.gov> wrote:

I can follow up. Since our partners don't know about the change, I don't
want to draw any suspicion. If I'm able to speak with him before our call
Thursday, I'll give everyone an update.

Em

On Tue, Mar 6, 2018 at 2:55 PM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Who's to follow up?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender
are subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

"Then catch the moments as they fly, And use them as ye
ought, man: Believe me, happiness is shy, And comes not aye
when sought, man."  Robert Burns

On Tue, Mar 6, 2018 at 3:52 PM, Weller, Emily
<emily_weller@fws.gov> wrote:

FYI - Encouraging email

---------- Forwarded message ----------
From: Probasco, David - FS <davidprobasco@fs.fed.us>
Date: Tue, Mar 6, 2018 at 2:25 PM
Subject: Red wolf reintroduction coordination
To: "emily_weller@fws.gov" <emily_weller@fws.gov>

Hello Emily,

 

I met with Regina Mossotti at a Wildlife Society meeting in
Arkansas. She gave me your email to coordinate with you



concerning the potential process for reintroducing red
wolves on the Ouachita and Ozark National Forests. I have
only been in Arkansas for about a year and a half, however
the past 20 years I have been in gray wolf areas, in Montana,
Wyoming, Utah, and Oregon. I have experienced firsthand
some of the social issues with wolves, and I am very
interested in playing a role in this process, if it is determined
by decision makers to occur. I have spoken to my supervisor
about my communication with Regina and my boss is very
interested. She suggested I coordinate a presentation to be
given at our Arkansas wildlife cooperative meeting, which
may be jumping the gun due to the sensitivity of the topic
(uncontrolled rumors start flying, even within agency
personnel). I certainly have much to learn about the red wolf
and any information you may have, but I am more than
willing to do so.

 

I look forward to possibly working with you,

 

David Probasco 
Wildlife Biologist Supervisor
Forest Service

Ouachita National Forest, Caddo-Womble Ranger District
p: 870-867-2101 x109 
f: 870-867-3338 
davidprobasco@fs.fed.us
1523 Highway 270 E
Mount Ida, AR 71957
www.fs.fed.us 

Caring for the land and serving people

 

 

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



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this

sender is subject to the Freedom of Information Act (FOIA) and may be

disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this

sender is subject to the Freedom of Information Act (FOIA) and may be

disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)



emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Krishna Pacifici
Subject: Re: Red Wolf Update
Date: Wednesday, February 17, 2016 9:45:40 AM
Importance: High

Hi Krishna,

I'd love to catch up with you.  This Friday works as does the 23rd.  Give me a call.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Feb 11, 2016 at 1:42 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hi Pete,
I wanted to get in touch and see if you had some time in the next few weeks to meet.  I
wanted to see how things went (and are going) with the Red Wolf project and give you an
update as to what we have been working on and are planning as well.

I could do the afternoon of 2/19 or Tuesday or Friday the following week (2/23, 2/26).

Let me know if any of those would work or feel free to list a few other days and times that
work for you.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Krishna Pacifici
To: Benjamin, Pete
Subject: Re: Red Wolf Update
Date: Wednesday, February 17, 2016 11:12:05 AM
Importance: High

Hi Pete,
that sounds great.  I'll give you a call around 2pm on the 23rd if that still works.

Thanks again,
Krishna

On Wed, Feb 17, 2016 at 9:45 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Krishna,

I'd love to catch up with you.  This Friday works as does the 23rd.  Give me a call.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Feb 11, 2016 at 1:42 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hi Pete,
I wanted to get in touch and see if you had some time in the next few weeks to meet.  I
wanted to see how things went (and are going) with the Red Wolf project and give you an
update as to what we have been working on and are planning as well.

I could do the afternoon of 2/19 or Tuesday or Friday the following week (2/23, 2/26).

Let me know if any of those would work or feel free to list a few other days and times that
work for you.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu

-- 



Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Eversen, Michelle
Subject: Re: Another question....
Date: Tuesday, February 23, 2016 8:51:45 AM
Importance: High

I should be getting an update today on the NCSU Taxonomy SDM project.  Their original timeline had a
workshop in May and a final report in September.  I'll let you know if that schedule is holding.  I'm not
sure what is going on with WMI and the historic range project.  I talked to Gassett about three weeks
ago and he said the final was imminent.  The newer genetic research is on-going, but I'm not sure when
we'll get a final product - most likely within the year.  So, if those are the reports we are waiting on
that would mean we'd be on the hook for the 5-year review within 18 months of about September 2016
- (March 2018 by my count).  If this is correct it seems workable.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 22, 2016 at 8:38 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
We are pushing to have a 5-yr review done 18 months after we get all
the reports this summer. We will need to announce the initiation in
the FR and all of that. Does that sounds reasonable?

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this
sender is subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.

Sent from my iPad



From: Krishna Pacifici
To: L. Scott Mills; Smith, David R; Kairsten Fay; Jaime Collazo; Richard Fredrickson
Bcc: Benjamin, Pete
Subject: Red Wolf Meeting May 23-27, 2016
Date: Thursday, February 25, 2016 3:19:44 PM
Attachments: letter Feb 2016.doc
Importance: High

Hello,
please see the attached letter with details about the upcoming workshop.  Please let me know
if you have any additional questions or concerns.

Thanks again for your patience and cooperation.

Sincerely,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



   

 
 

 
 

February 23, 2016 
 
 
 
Dear Red Wolf Meeting Attendee: 
 

Thank you once again for you participation in the upcoming Red Wolf Meeting.  We wanted 
to give you a quick update about the meeting and inform you of two action items (see below).  The 
meeting will take place the week of May 23 – 27 at the Charlie Elliott Wildlife Center in Georgia, 
about a 2 hour drive from the Atlanta airport.  We will cover all of your expenses (travel, room/board, 
and food) and provide an honorarium of $2000 if you can attend the full workshop and are able to 
accept it.  We have two action items related to travel and pre-workshop conference calls. 

 
1) We need participants to attend the full workshop from 8:30 am Tuesday (May 24) to 1 pm 

Thursday (May 26).  Therefore, flights to Atlanta should be on Monday May 23, with 
return after 4 pm on Thursday (or on Friday May 27).  We will purchase all airline 
tickets and arrange travel from the airport to the conference center in Georgia.  In order to 
expedite this process and to ensure enough time to purchase tickets, please provide the 
following information to Kairsten Fay (kafay@ncsu.edu) who will arrange everything and 
communicate directly with each attendee: 

a. Full name (First, Middle, Last), and Date of Birth 
b. Preferred airport to fly in and out of and preferred days and times. 
c. Please send this information no later than March 18. 

2) We will be hosting two conference calls on March 10 and March 24 at 2pm EST to 
discuss the agenda and expectations for the workshop along with any questions or 
comments the attendees might have.  Please try to attend one of these calls.  We will send 
out call information at the beginning of March. 

 
  We appreciate all of your patience and cooperation.  Please let us know if you have any 
questions or need any additional information. 

 
 
 
Sincerely, 
 

 L. Scott Mills, Department of Forestry and Environmental Resources, NCSU 
 Richard Fredrickson, Missoula, MT  
 David R. Smith, USGS - Leetown Science Center 
 Jaime Collazo, Department of Applied Ecology, NCSU 
 Krishna Pacifici, Department of Applied Ecology, NCSU 

College of Agriculture and Life Sciences  
Department of Applied Ecology 

127 David Clark Labs 
Campus Box 7617 
Raleigh, NC 27695-7617 
 
919.515.2741 
919.515.5327 (fax no.) 

North Carolina State University is a land-grant university and a 
constituent institution of The University of North Carolina 



From: Harrison, Rebecca
To: Krishna Pacifici
Cc: Jaime Collazo; Morse, Michael L; Benjamin, Pete
Subject: Re: Red Wolf Meeting May 23-27, 2016
Date: Tuesday, March 1, 2016 4:21:35 PM
Importance: High

Hi Krishna,

Thank you for sharing the information on the upcoming calls and meeting. 
Unfortunately, I will be unable to attend the meeting.  However, I do think it's very
important for representation from the program and the field crew and would like to
suggest a replacement.  I have spoken to one of our senior biologists, Michael Morse
(michael_l_morse@fws.gov), about attending in my place.  He has been with the
program more than 25 years and would provide valuable insights into some of these
issues and concerns about hybridization.  Please let me know if this would work.  I
apologize for the inconvenience--I was really looking forward to catching up with you.
 

If you'd like to discuss this more, please call me anytime at 252.473.1132 x245.

Hope you, Lara, and the boys are doing well!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Thu, Feb 25, 2016 at 3:19 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hello,
please see the attached letter with details about the upcoming workshop.  Please let me know
if you have any additional questions or concerns.

Thanks again for your patience and cooperation.

Sincerely,
Krishna

-- 



Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Krishna Pacifici
To: Harrison, Rebecca
Cc: Jaime Collazo; Morse, Michael L; Benjamin, Pete
Subject: Re: Red Wolf Meeting May 23-27, 2016
Date: Wednesday, March 2, 2016 3:30:17 PM
Importance: High

Thanks Becky,
I'm glad we got to catch up over the phone.  You will definitely be missed, but having Michael
there will be great, thanks for recommending him.

Michael,
I'll send the information and details shortly.

Thanks again,
Krishna

On Tue, Mar 1, 2016 at 4:21 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Krishna,

Thank you for sharing the information on the upcoming calls and meeting. 
Unfortunately, I will be unable to attend the meeting.  However, I do think it's very
important for representation from the program and the field crew and would like to
suggest a replacement.  I have spoken to one of our senior biologists, Michael
Morse (michael_l_morse@fws.gov), about attending in my place.  He has been with
the program more than 25 years and would provide valuable insights into some of
these issues and concerns about hybridization.  Please let me know if this would
work.  I apologize for the inconvenience--I was really looking forward to catching
up with you.  

If you'd like to discuss this more, please call me anytime at 252.473.1132 x245.

Hope you, Lara, and the boys are doing well!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



On Thu, Feb 25, 2016 at 3:19 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hello,
please see the attached letter with details about the upcoming workshop.  Please let me
know if you have any additional questions or concerns.

Thanks again for your patience and cooperation.

Sincerely,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Krishna Pacifici
To: Morse, Michael L; Jaime Collazo; Benjamin, Pete; Kairsten Fay
Subject: Red Wolf Workshop
Date: Wednesday, March 2, 2016 4:32:08 PM
Importance: High

Hi Michael,
Becky Harrison recommended you as a participant in the upcoming Red Wolf Workshop and I
wanted to provide some more details.  We hope you can make it as we are looking forward to
having you and your expertise present during the week.

The workshop will take place from May 23 - 27 at the Charlie Elliott Wildlife Center in
Georgia.  We are planning for Monday (23rd) and Friday (27th) to be travel days with the
actual workshop occurring from Tuesday morning - Thursday lunch so please plan
accordingly.  You will need to provide your own transportation to the workshop, but we
should be able to cover your room/board at the center.

In addition, we are hoping to have a few conference calls on March 10 and March 24 at 2pm
EST where we will provide more information about the goals, expectations, and schedule of
the workshop.  I will send out specific information for the conference calls shortly.

Again, we are excited to have you join and please let me know if you have any questions.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Morse, Michael L
To: Krishna Pacifici
Cc: Harrison, Rebecca; Jaime Collazo; Benjamin, Pete
Subject: Re: Red Wolf Meeting May 23-27, 2016
Date: Thursday, March 3, 2016 8:43:30 AM
Importance: High

Thank you Krishna - sounds good.

Regards,
Michael

On Wed, Mar 2, 2016 at 3:30 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Thanks Becky,
I'm glad we got to catch up over the phone.  You will definitely be missed, but having
Michael there will be great, thanks for recommending him.

Michael,
I'll send the information and details shortly.

Thanks again,
Krishna

On Tue, Mar 1, 2016 at 4:21 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Krishna,

Thank you for sharing the information on the upcoming calls and meeting. 
Unfortunately, I will be unable to attend the meeting.  However, I do think it's
very important for representation from the program and the field crew and would
like to suggest a replacement.  I have spoken to one of our senior biologists,
Michael Morse (michael_l_morse@fws.gov), about attending in my place.  He has
been with the program more than 25 years and would provide valuable insights
into some of these issues and concerns about hybridization.  Please let me know
if this would work.  I apologize for the inconvenience--I was really looking forward
to catching up with you.  

If you'd like to discuss this more, please call me anytime at 252.473.1132 x245.

Hope you, Lara, and the boys are doing well!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service



P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Thu, Feb 25, 2016 at 3:19 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hello,
please see the attached letter with details about the upcoming workshop.  Please let me
know if you have any additional questions or concerns.

Thanks again for your patience and cooperation.

Sincerely,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Krishna Pacifici
Cc: Jaime Collazo; Benjamin, Pete; Kairsten Fay
Subject: Re: Red Wolf Workshop
Date: Thursday, March 3, 2016 8:51:10 AM
Importance: High

Krishna,

I will be glad and look forward to attending the upcoming workshop in May.  I will also plan
to be in on the calls on March 10/24.  Question please - do I still provide travel information to
Kairsten Fay for my airline tickets?  Thank you.

Best regards,

Michael

On Wed, Mar 2, 2016 at 4:32 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hi Michael,
Becky Harrison recommended you as a participant in the upcoming Red Wolf Workshop
and I wanted to provide some more details.  We hope you can make it as we are looking
forward to having you and your expertise present during the week.

The workshop will take place from May 23 - 27 at the Charlie Elliott Wildlife Center in
Georgia.  We are planning for Monday (23rd) and Friday (27th) to be travel days with the
actual workshop occurring from Tuesday morning - Thursday lunch so please plan
accordingly.  You will need to provide your own transportation to the workshop, but we
should be able to cover your room/board at the center.

In addition, we are hoping to have a few conference calls on March 10 and March 24 at 2pm
EST where we will provide more information about the goals, expectations, and schedule of
the workshop.  I will send out specific information for the conference calls shortly.

Again, we are excited to have you join and please let me know if you have any questions.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu

-- 
Michael L. Morse



Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Kairsten Fay
To: Morse, Michael L; Benjamin, Pete
Cc: Krishna Pacifici
Subject: Red Wolf Conference May23 - May27
Date: Thursday, March 10, 2016 11:14:16 AM
Importance: High

Hello Michael and Pete,

Thank you for your interest in attending the Red Wolf Conference this May in Georgia. We
apologize if there was any confusion earlier, but our grants explicitly forbid us from paying for
your travel to Atlanta. However, we are able to cover your room, board and food expenses for
your duration at the conference.

When you two are able to purchase your plane tickets, please let me know so I may arrange
for shuttle service to take you from the airport to the Charlie Elliot Center outside of Atlanta.
As a reminder: we are requiring all travelers to arrive Monday, May 23 and to fly out between
4:45pm Thursday, May 26 and sometime Friday afternoon.

Please let me know if you have any questions.

Sincerely,
Kairsten

-- 
Kairsten Fay
Project Technician
Department of Applied Ecology
North Carolina State University
kafay@ncsu.edu
704.975.3698



From: Benjamin, Pete
To: Kairsten Fay
Cc: Morse, Michael L; Krishna Pacifici
Subject: Re: Red Wolf Conference May23 - May27
Date: Thursday, March 10, 2016 11:18:08 AM
Importance: High

No problem at all. I'll be driving in so I won't need a shuttle.  Let me know what other information you
need and thanks for arranging things.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Mar 10, 2016 at 11:14 AM, Kairsten Fay <kafay@ncsu.edu> wrote:
Hello Michael and Pete,

Thank you for your interest in attending the Red Wolf Conference this May in Georgia. We
apologize if there was any confusion earlier, but our grants explicitly forbid us from paying
for your travel to Atlanta. However, we are able to cover your room, board and food
expenses for your duration at the conference.

When you two are able to purchase your plane tickets, please let me know so I may arrange
for shuttle service to take you from the airport to the Charlie Elliot Center outside of Atlanta.
As a reminder: we are requiring all travelers to arrive Monday, May 23 and to fly out
between 4:45pm Thursday, May 26 and sometime Friday afternoon.

Please let me know if you have any questions.

Sincerely,
Kairsten

-- 
Kairsten Fay
Project Technician
Department of Applied Ecology
North Carolina State University
kafay@ncsu.edu
704.975.3698



From: Benjamin, Pete
To: Kairsten Fay
Cc: Morse, Michael L; Krishna Pacifici
Subject: Re: Red Wolf Conference May23 - May27
Date: Thursday, March 10, 2016 1:58:17 PM
Importance: High

Hi guys, is there a conference call today regarding the May red wolf conference?  If so, can you provide
the call in info.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Mar 10, 2016 at 11:14 AM, Kairsten Fay <kafay@ncsu.edu> wrote:
Hello Michael and Pete,

Thank you for your interest in attending the Red Wolf Conference this May in Georgia. We
apologize if there was any confusion earlier, but our grants explicitly forbid us from paying
for your travel to Atlanta. However, we are able to cover your room, board and food
expenses for your duration at the conference.

When you two are able to purchase your plane tickets, please let me know so I may arrange
for shuttle service to take you from the airport to the Charlie Elliot Center outside of Atlanta.
As a reminder: we are requiring all travelers to arrive Monday, May 23 and to fly out
between 4:45pm Thursday, May 26 and sometime Friday afternoon.

Please let me know if you have any questions.

Sincerely,
Kairsten

-- 
Kairsten Fay
Project Technician
Department of Applied Ecology
North Carolina State University
kafay@ncsu.edu
704.975.3698



From: Morse, Michael L
To: Benjamin, Pete
Subject: Re: Red Wolf Conference May23 - May27
Date: Thursday, March 10, 2016 1:59:17 PM
Importance: High

Thanks Pete - I was going crazy looking for it!

On Thu, Mar 10, 2016 at 1:58 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi guys, is there a conference call today regarding the May red wolf conference?  If so, can you
provide the call in info.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Mar 10, 2016 at 11:14 AM, Kairsten Fay <kafay@ncsu.edu> wrote:
Hello Michael and Pete,

Thank you for your interest in attending the Red Wolf Conference this May in Georgia.
We apologize if there was any confusion earlier, but our grants explicitly forbid us from
paying for your travel to Atlanta. However, we are able to cover your room, board and
food expenses for your duration at the conference.

When you two are able to purchase your plane tickets, please let me know so I may
arrange for shuttle service to take you from the airport to the Charlie Elliot Center outside
of Atlanta. As a reminder: we are requiring all travelers to arrive Monday, May 23 and to
fly out between 4:45pm Thursday, May 26 and sometime Friday afternoon.

Please let me know if you have any questions.

Sincerely,
Kairsten

-- 
Kairsten Fay
Project Technician
Department of Applied Ecology
North Carolina State University
kafay@ncsu.edu
704.975.3698

-- 
Michael L. Morse
Wildlife Biologist, USFWS



ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Krishna Pacifici
To: Benjamin, Pete; Morse, Michael L
Subject: Fwd: Red Wolf Webinar and Call March 10 2pm EST
Date: Thursday, March 10, 2016 1:59:50 PM
Importance: High

Sorry Pete and Michael, here's the information.

Sorry!
---------- Forwarded message ----------
From: Krishna Pacifici <jkpacifi@ncsu.edu>
Date: Mon, Mar 7, 2016 at 10:53 AM
Subject: Red Wolf Webinar and Call March 10 2pm EST
To: doug_smith@nps.gov, hdoremus@law.berkeley.edu, lr9@princeton.edu,
mkschwartz@fs.fed.us, rwayne@biology.ucla.edu, susan_haig@usgs.gov, "Cobb, David T."
<david.cobb@ncwildlife.org>, Dale Goble <gobled@uidaho.edu>, David Smith
<drsmith@usgs.gov>, Fred Allendorf <fred.allendorf@gmail.com>, Jaime Collazo
<jcollazo@ncsu.edu>, Krishna Pacifici <jkpacifi@ncsu.edu>, "L. Scott Mills"
<lsmills@ncsu.edu>, Lisette Waits <lwaits@uidaho.edu>, Luigi Boitani
<luigi.boitani@uniroma1.it>, "Mike Phillips (TESF-Bozeman)"
<Mike.Phillips@tedturner.com>, Philip Hedrick <philip.hedrick@asu.edu>, Prof Roland Kays
<rwkays@ncsu.edu>, Richard Fredrickson <fredrickson.richard@gmail.com>, Robin Waples
<robin.waples@noaa.gov>, Michael Morse <michael_l_morse@fws.gov>

Hello,
please find the call in number and link to the webinar for this Thursday March 10 at 2pm
EST.  The link will allow you to see the presentation, but you will still need to call in to the
conference number for audio (note that there is no passcode).

Please let me know if you have any additional questions.

We look forward to hearing from everyone on Thursday.

Call in number:
919-512-6302 (no passcode required)

Link to webinar:
https://usgs.webex.com/join/drsmith

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617



jkpacifi@ncsu.edu

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Morse, Michael L
To: Benjamin, Pete
Subject: Fwd: Red Wolf Webinar and Call March 10 2pm EST
Date: Thursday, March 10, 2016 2:00:20 PM
Importance: High

---------- Forwarded message ----------
From: Krishna Pacifici <jkpacifi@ncsu.edu>
Date: Mon, Mar 7, 2016 at 10:53 AM
Subject: Red Wolf Webinar and Call March 10 2pm EST
To: doug_smith@nps.gov, hdoremus@law.berkeley.edu, lr9@princeton.edu,
mkschwartz@fs.fed.us, rwayne@biology.ucla.edu, susan_haig@usgs.gov, "Cobb, David T."
<david.cobb@ncwildlife.org>, Dale Goble <gobled@uidaho.edu>, David Smith
<drsmith@usgs.gov>, Fred Allendorf <fred.allendorf@gmail.com>, Jaime Collazo
<jcollazo@ncsu.edu>, Krishna Pacifici <jkpacifi@ncsu.edu>, "L. Scott Mills"
<lsmills@ncsu.edu>, Lisette Waits <lwaits@uidaho.edu>, Luigi Boitani
<luigi.boitani@uniroma1.it>, "Mike Phillips (TESF-Bozeman)"
<Mike.Phillips@tedturner.com>, Philip Hedrick <philip.hedrick@asu.edu>, Prof Roland Kays
<rwkays@ncsu.edu>, Richard Fredrickson <fredrickson.richard@gmail.com>, Robin Waples
<robin.waples@noaa.gov>, Michael Morse <michael_l_morse@fws.gov>

Hello,
please find the call in number and link to the webinar for this Thursday March 10 at 2pm
EST.  The link will allow you to see the presentation, but you will still need to call in to the
conference number for audio (note that there is no passcode).

Please let me know if you have any additional questions.

We look forward to hearing from everyone on Thursday.

Call in number:
919-512-6302 (no passcode required)

Link to webinar:
https://usgs.webex.com/join/drsmith

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Morse, Michael L
Subject: Re: Red Wolf Webinar and Call March 10 2pm EST
Date: Thursday, March 10, 2016 2:03:18 PM

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Mar 10, 2016 at 2:00 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:

---------- Forwarded message ----------
From: Krishna Pacifici <jkpacifi@ncsu.edu>
Date: Mon, Mar 7, 2016 at 10:53 AM
Subject: Red Wolf Webinar and Call March 10 2pm EST
To: doug_smith@nps.gov, hdoremus@law.berkeley.edu, lr9@princeton.edu,
mkschwartz@fs.fed.us, rwayne@biology.ucla.edu, susan_haig@usgs.gov, "Cobb, David T."
<david.cobb@ncwildlife.org>, Dale Goble <gobled@uidaho.edu>, David Smith
<drsmith@usgs.gov>, Fred Allendorf <fred.allendorf@gmail.com>, Jaime Collazo
<jcollazo@ncsu.edu>, Krishna Pacifici <jkpacifi@ncsu.edu>, "L. Scott Mills"
<lsmills@ncsu.edu>, Lisette Waits <lwaits@uidaho.edu>, Luigi Boitani
<luigi.boitani@uniroma1.it>, "Mike Phillips (TESF-Bozeman)"
<Mike.Phillips@tedturner.com>, Philip Hedrick <philip.hedrick@asu.edu>, Prof Roland
Kays <rwkays@ncsu.edu>, Richard Fredrickson <fredrickson.richard@gmail.com>, Robin
Waples <robin.waples@noaa.gov>, Michael Morse <michael_l_morse@fws.gov>

Hello,
please find the call in number and link to the webinar for this Thursday March 10 at 2pm
EST.  The link will allow you to see the presentation, but you will still need to call in to the
conference number for audio (note that there is no passcode).

Please let me know if you have any additional questions.

We look forward to hearing from everyone on Thursday.

Call in number:
919-512-6302 (no passcode required)

Link to webinar:
https://usgs.webex.com/join/drsmith

Thanks again,
Krishna

-- 



Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Krishna Pacifici
To: Benjamin, Pete
Subject: question
Date: Monday, March 21, 2016 9:02:42 PM
Importance: High

Hi Pete,
I hope you are doing well.  I wanted to get your opinion on something if you don't mind.

We heard that Dr. Von Holt was upset that she was not invited to the red wolf workshop and
we are stuck about whether or not to extend an invitation to her.  The reason is that we wanted
to get a diverse set of opinions and we lumped her into the same group as Bob Wayne (her
PhD advisor).  At that time we did not know that Linda Rutledge was a postdoc in her lab (had
we known this we would have invited Von Holt or neither of them to be honest).  Before we
make a decision we wanted to ask your opinion related to two issues:

1) Do you see any gain from the USFWS perspective to have her on the panel?  She has done
some significant work on red wolf genetics, but was also one of Bob Wane's students (who is
invited), so there might be some pseudo-replication to some degree.  However, we do not want
any personal vendettas to exist which would cause her to react negatively to our findings or
that of the USFWS.

2) As much as you are able, could you comment on the rift between her and Dr. Lisette
Waits?  Neither Scott nor I know Dr. Von Holt and so we cannot comment on her personality,
but Scot knows Lisette really well and knows her to be a pretty mellow respectful person.  So
we want to be clear about what we might be getting into if both were to participate in the
workshop.

Again, thanks so much for all of your help and any information would be useful.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Krishna Pacifici
To: mkschwartz@fs.fed.us; rwayne@biology.ucla.edu; Cobb, David T.; Dale Goble; Smith, David R; Fred Allendorf;

Haig, Susan M; Holly Doremus; Jaime Collazo; Krishna Pacifici; L. Scott Mills; Linda Rutledge; Lisette Waits; Luigi
Boitani; Mike Phillips (TESF-Bozeman); Philip Hedrick; Prof Roland Kays; Richard Fredrickson; Robin Waples;
Smith, Doug W; Benjamin, Pete; Morse, Michael L; Kairsten Fay

Subject: Red Wolf Update and Information
Date: Monday, April 4, 2016 12:10:15 PM
Attachments: webinar march.pptx

Hello,
Thanks again to all of you that could make the webinar.  I have attached the powerpoint
presentation along with information on the website that has all of the papers we have been
collecting.  Feel free to take a look and to add new papers/folders that you may think are
relevant.

In the next few weeks we will be sending out a short list of papers to read before the workshop
along with information about a final webinar to be held before the workshop (most likely in
early May).

Again, please make sure that you have contacted Kairsten about travel arrangements and
please let us know if you have any other questions.

Website information:

The Proquest website is https://refworks.proquest.com/
Username: lsmills@ncsu.edu
Password: redwolves

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



Red Wolf Workshop
March 10, 2016



Outline

• Introductions
• Background on how we got here
• Objectives
• Expectations
• Upcoming schedule
• Questions



Introductions

• Facilitation team:
• Krishna Pacifici, North Carolina State University
• David Smith, Leetown Science Center, USGS
• Jaime Collazo, NC Cooperative Fish and Wildlife Research Unit, USGS



Red Wolf Adaptive Management Plan

1. Capture and sterilization of 
coyotes and hybrids

2. Strategic euthanasia of 
sterilized coyotes/hybrids

3. Insertion or natural  dispersal 
of wolves in areas recently 
vacated by  euthanized 
coyotes/hybrids

4. Opportunistic cross-fostering 
of captive-born wolf pups by 
wild red wolves



Background

• USFWS needs to make a decision: End the recovery program or 
continue

• Recovery team
• Wildlife Management Institute – range/distribution maps
• Additional genetic work

• USGS wanted to help
• Specifically Coop Units
• Contacted NC Coop Unit directly



Objectives

• Gather experts across diverse and relevant disciplines
• Conservation genetics
• Taxonomy
• Population Biology
• Endangered species policy/law

• Address two key questions at center of Red Wolf controversy:
• How does human-caused mortality affect reproductive barriers among red wolves 

and coyotes?
• At what biological point should genetic introgression prevent red wolves from being 

a “ unique species”?
• What is a species?
• What is the evolutionary origin of the red wolf?

• Provide input and range of expert opinions to USFWS
• Not looking necessarily for consensus



Objectives

• Leads to broader question(s) of interest
• How to address hybridization both in science and policy for the future?
• How do we separate out the science from the normative and value-laden 

component of the process?
• How do we define a listable entity under the ESA?
• Can we develop a general framework or formal process for evaluating these 

questions?
• What are the key elements to identify and address?
• What are the key sources of uncertainty?



Expectations

• Everyone selected for a reason; we want your opinion and input
• Experience with other species/problems similar in nature

• Can you generalize and take away what worked well, what did not
• Unique opportunity to make significant contribution

• To USFWS, and specific case of Red Wolves
• Beyond to science and policy in future

• Products:
• Publication(s)
• Report to USFWS
• Panel at TWS in Raleigh in October



Schedule

• Mid-April
• Conference call to begin process and formalize the problem

• Materials
• We will provide readings, annotated bibliography, and brief white paper for 

background before meeting
• Access to RefWorks database to populate with relevant articles
• Detailed agenda will be passed around before meeting



Questions?

• Logistics questions directed towards:
• Krishna Pacifici jkpacifi@ncsu.edu
• Kairsten Fay kafay@ncsu.edu

• Other questions?



From: Krishna Pacifici
To: Benjamin, Pete; Smith, David R; L. Scott Mills; Richard Fredrickson; Jaime Collazo
Subject: Red Wolf stuff
Date: Thursday, April 28, 2016 3:49:03 PM
Importance: High

Hi,
Thanks again for meeting today.

I just wanted to reiterate the few things I need from each of you by next week (5/5ish).

1. Feedback on the agenda
2. 5-10 key papers for the participants to read before the workshop
3. List of 5 or so key participants that we should solicit feedback from on the agenda.

Rich, if you don't mind passing around your outline we can provide feedback on that as well.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Smith, David R
To: Krishna Pacifici
Cc: Benjamin, Pete; L. Scott Mills; Richard Fredrickson; Jaime Collazo
Subject: Re: Red Wolf stuff
Date: Friday, April 29, 2016 3:07:38 PM
Attachments: image.png

straw-dog framework.png
Importance: High

Just to elaborate a bit more on what is in my mind when I think of a template or framework, I
drafted the attached diagram to show one way that elements or pieces of science and
normative/policy information can feed into a determination.  The choice of measurable criteria
are influenced by science and policy.  The science captures uncertainty in those measurable
criteria (competing hypotheses, e.g., 2 vs 3 spp hyp, and other sources of variability contribute
to that uncertainty).  The threshold that separates "qualifies for possible protection or not" is
set by the policy.  Using a structure like this, science contributes to identifying criteria and
estimating the current and future state based on the criteria.  Policy also contributes to
identifying criteria and exclusively sets the threshold.  Once the threshold is set, science can
come back in to explore the effect of uncertainty on the determination. (Information on costs
and benefits for correct or incorrect classification are needed to explore fully the effect of
uncertainty.)

Anyhow, this is how I am thinking about it.  I might be way off base.  Won't hurt my feelings
if you tell me so.  I just feel the need to be as explicit as possible so that we all enter the
workshop on the same page.

David R. Smith
USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov



304-724-4467
ResearchGate Profile
Google Scholar Citations

On Fri, Apr 29, 2016 at 11:15 AM, Smith, David <drsmith@usgs.gov> wrote:
Krishna,

Attached is my take and feedback on the agenda.  Basically, I'm thinking Day 1 would be
framing the problem and finding a general solution to the problem; Day 2 would be applying
the general solution to red wolf (adapt as needed); and Day 3 would be wrap up.  Easier said
than done, of course.  I added a bit more to the attached draft agenda, including a straw-man
framing of the problem.  It might be useful/important for all of us to reach a consensus on a
problem framing/problem statement.  I'm certainly not suggesting my view of the problem is
the right view, but I'm offering it up for discussion. Perhaps there is already an explicit
problem framing/statement but my impression is that it's a bit fluid.  I'd feel a lot better if I
knew that we as a team had the same problem framing/statement in mind as we enter the
workshop.  Maybe we already are there or I just need to catch up - not sure.

Looking forward to discussing this further with you all.

Dave

David R. Smith
USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov
304-724-4467
ResearchGate Profile
Google Scholar Citations

On Thu, Apr 28, 2016 at 3:49 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hi,
Thanks again for meeting today.

I just wanted to reiterate the few things I need from each of you by next week (5/5ish).

1. Feedback on the agenda
2. 5-10 key papers for the participants to read before the workshop
3. List of 5 or so key participants that we should solicit feedback from on the agenda.

Rich, if you don't mind passing around your outline we can provide feedback on that as
well.

Thanks again,
Krishna

-- 

Krishna Pacifici



Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu







From: Smith, David R
To: Krishna Pacifici
Cc: Benjamin, Pete; L. Scott Mills; Richard Fredrickson; Jaime Collazo
Subject: Re: Red Wolf stuff
Date: Saturday, April 30, 2016 7:33:34 AM
Attachments: image.png
Importance: High

Krishna,

The Doremus (1997) paper is terribly long but there is a section on "The Taxonomy Problem:
Identifying Protectable Groups" pp 1088 to 1112, which I offer up as recommended pre-
workshop reading.

Dave

David R. Smith
USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov
304-724-4467
ResearchGate Profile
Google Scholar Citations

On Fri, Apr 29, 2016 at 3:07 PM, Smith, David <drsmith@usgs.gov> wrote:
Just to elaborate a bit more on what is in my mind when I think of a template or framework,
I drafted the attached diagram to show one way that elements or pieces of science and
normative/policy information can feed into a determination.  The choice of measurable
criteria are influenced by science and policy.  The science captures uncertainty in those
measurable criteria (competing hypotheses, e.g., 2 vs 3 spp hyp, and other sources of
variability contribute to that uncertainty).  The threshold that separates "qualifies for
possible protection or not" is set by the policy.  Using a structure like this, science
contributes to identifying criteria and estimating the current and future state based on the
criteria.  Policy also contributes to identifying criteria and exclusively sets the threshold. 
Once the threshold is set, science can come back in to explore the effect of uncertainty on
the determination. (Information on costs and benefits for correct or incorrect classification
are needed to explore fully the effect of uncertainty.)

Anyhow, this is how I am thinking about it.  I might be way off base.  Won't hurt my
feelings if you tell me so.  I just feel the need to be as explicit as possible so that we all enter
the workshop on the same page.



David R. Smith
USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov
304-724-4467
ResearchGate Profile
Google Scholar Citations

On Fri, Apr 29, 2016 at 11:15 AM, Smith, David <drsmith@usgs.gov> wrote:
Krishna,

Attached is my take and feedback on the agenda.  Basically, I'm thinking Day 1 would be
framing the problem and finding a general solution to the problem; Day 2 would be
applying the general solution to red wolf (adapt as needed); and Day 3 would be wrap up. 
Easier said than done, of course.  I added a bit more to the attached draft agenda, including
a straw-man framing of the problem.  It might be useful/important for all of us to reach a
consensus on a problem framing/problem statement.  I'm certainly not suggesting my view
of the problem is the right view, but I'm offering it up for discussion. Perhaps there is
already an explicit problem framing/statement but my impression is that it's a bit fluid.  I'd
feel a lot better if I knew that we as a team had the same problem framing/statement in
mind as we enter the workshop.  Maybe we already are there or I just need to catch up -
not sure.

Looking forward to discussing this further with you all.

Dave

David R. Smith



USGS - Leetown Science Center
11649 Leetown Road
Kearneysville, WV 25430
drsmith@usgs.gov
304-724-4467
ResearchGate Profile
Google Scholar Citations

On Thu, Apr 28, 2016 at 3:49 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hi,
Thanks again for meeting today.

I just wanted to reiterate the few things I need from each of you by next week (5/5ish).

1. Feedback on the agenda
2. 5-10 key papers for the participants to read before the workshop
3. List of 5 or so key participants that we should solicit feedback from on the agenda.

Rich, if you don't mind passing around your outline we can provide feedback on that as
well.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu





From: Krishna Pacifici
To: Benjamin, Pete; Richard Fredrickson; L. Scott Mills
Subject: presentations for red wolf
Date: Monday, May 16, 2016 11:27:13 AM
Importance: High

Hi,
I just wanted to get back in touch to confirm with you all about presenting something on the
morning of Day 1 in addition to your 3 minute updates.

Pete, I was hoping you could give a quick overview (~10-15 min) on the problem and
objectives of the USFWS.  The idea would be just to let everyone know what is going on with
the program and why we are here more or less.

Rich/Scott, I was hoping one or both of you could give a quick update (~10-15 min) on the
current state of Red Wolf genetic status and management.  The key here is to make this as
objective as possible knowing that there are many people in the room currently researching
this topic and that people are pretty sensitive to this work.

Please let me know if you think you could do this or if you have any other questions.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Richard Fredrickson
To: Krishna Pacifici
Cc: Benjamin, Pete; L. Scott Mills
Subject: Re: presentations for red wolf
Date: Monday, May 16, 2016 12:49:14 PM
Importance: High

Krishna,

I could give a short talk on the current (or very recent) status of the captive and wild
populations in terms of genetics and demographics. I could also talk about recent management
of the wild population, but I probably can't say much about current (~last year) management.

This talk would not include discussion of taxonomy / evolutionary origins of red wolves. But
if you think that should be covered, I could present the two primary competing hypotheses and
the most recent work supporting both positions in a neutral way.

rjf

On Mon, May 16, 2016 at 9:27 AM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hi,
I just wanted to get back in touch to confirm with you all about presenting something on the
morning of Day 1 in addition to your 3 minute updates.

Pete, I was hoping you could give a quick overview (~10-15 min) on the problem and
objectives of the USFWS.  The idea would be just to let everyone know what is going on
with the program and why we are here more or less.

Rich/Scott, I was hoping one or both of you could give a quick update (~10-15 min) on the
current state of Red Wolf genetic status and management.  The key here is to make this as
objective as possible knowing that there are many people in the room currently researching
this topic and that people are pretty sensitive to this work.

Please let me know if you think you could do this or if you have any other questions.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



From: Krishna Pacifici
To: mkschwartz@fs.fed.us; rwayne@biology.ucla.edu; Cobb, David T.; Dale Goble; Smith, David R; Fred Allendorf;

Haig, Susan M; Holly Doremus; Jaime Collazo; Krishna Pacifici; L. Scott Mills; Linda Rutledge; Lisette Waits; Luigi
Boitani; Mike Phillips (TESF-Bozeman); Prof Roland Kays; Harrison, Rebecca; Richard Fredrickson; Robin Waples;
Benjamin, Pete; Kairsten Fay; Morse, Michael L; Ruby Valeton

Subject: Red Wolf meeting agenda and travel details
Date: Friday, May 20, 2016 3:11:36 PM
Attachments: Downtown Restaurants.pdf

Red Wolf Agenda Final.docx
Importance: High

Hello,
Thank you all for your patience and cooperation.  Again, I apologize for all of the confusion,
but thankfully we have things worked out.  Below I am providing some important details so
please let me know if you have any questions.

Conference Location:

The conference is going to be held at the Atlanta Marriott Marquis in Downtown Atlanta (265
Peachtree Center Avenue NE, Atlanta GA 30303-7402).

Check-in:

We have rooms reserved for everyone, however, when you check in to the hotel you will
need to provide your own credit card to pay for the room.  You will get reimbursed the
full amount, but we cannot pay for the rooms so please make sure you provide your own
credit card upon check-in.

Travel to and from hotel:

The hotel is on the MARTA subway system in Atlanta and is very easy to get to.  Here is a
link with specific directions on how to get from the ATL airport to the hotel.  

https://martaguide.com/2010/08/31/marta-to-the-atlanta-marriott-marquis/

Please let me know if you have any other questions or give us a call if you get held up in the
airport or somewhere else.

Krishna (706) 248-9968
Jaime (919) 649-1637

Reimbursements:

We will reimburse you for all of your traveling expenses, however please make sure you keep
all of your receipts for non-food related items (e.g., baggage fees, taxis, MARTA tickets,
parking...).  These will be needed when you submit for reimbursement after the workshop. 
Note that you do not need to keep receipts for food.  You will be reimbursed a per diem
amount for every day.

Hotel Dining:



The hotel is located in downtown Atlanta with a number of dining options.  I've attached a
document provided by the hotel with restaurants within walking distance.  Please let me know
if you have any other questions.

Parking:

For those of you driving to the workshop.  There is valet parking and garage parking with the
hotel and we will reimburse you the full amount for parking.

Monday night:

We'd like to get together for a brief introduction on Monday night at 9pm in the Pulse Lounge
within the hotel.  Please try to make it if possible.

Agenda:

I've included an agenda with a rough outline of what the workshop will entail.  Everything is
fairly flexible especially the times, but we wanted to provide some idea of the structure. 
Please let me know if you have any questions.

Again,
Thank you so much for your cooperation, we are looking forward to the workshop and to
seeing everyone.

Please let me know if you have any other questions.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu











Red Wolf Agenda (2.5 days) 

Atlanta Marriott Marquis Room M202 

Day 1 - Tuesday 

Breakfast on your own 

8:30-9:00: Introductions, goals, objectives, logistics 

9:00-10:30: Presentations on background and overview of problem. 

1. Pete Benjamin – overview of problem, USFWS position 
2. Rich Fredrickson – overview of current state of Red Wolf genetic status and management 
3. Holly Doremus/Dale Goble – overview of policy issues/precedence 
4. Round the table - 3 min reports 

10:30-11:00: Break 

11:00-12:00: Framing problem and begin general template to problem 

12 – 1:30: Lunch on your own 

1:30-3:00: Continue discussion 

3:00-3:30: Break 

3:30-5:00: Continue discussion and wrap up general template to problem 

Dinner on your own 

7:00: Meet up at Pulse bar in hotel 

Day 2 – Wednesday 

Breakfast on your own 

8:30 – 9:00 – Recap of Day 1  

9:00-10:30 – Red Wolf as case study:  

Apply the general template/framework to red wolf (adapt general framework as necessary) 

10:30 – 11:00: Break 

11:00 – 12:00: Continue Red Wolf Case Study 

12-1:30: Lunch on your own 

1:30 – 3:00: Continue Red Wolf Case Study 

3:00 – 3:30: Break 

3:30 - 5:00: Continue to apply the general template/framework to red wolf 

Commented [KP1]: One manuscript everybody’s involved 
 

Commented [KP2]: Problem statement/ what are we 
getting out of the workshop 

Commented [KP3]: Is there a purely scientific 
classification of a species or entity?  Separate from purpose 
(ESA listing).  May have many purposes (conservation, 
viability..) here for ESA.  What science question needs to be 
answered regardless of policy?  Ecological uniqueness, 
rarity…science questions that need to be addressed.  What 
does ESA say, interpretation? 
 
Science piece, ignore normative, what is a hybrid, can we 
classify a species 
Information, current information, future information 

Commented [KP4]: Science vs normative, uncertainty in 
science, competing hypotheses, structural uncertainty 
Narrative: hypotheses 
Conceptual model 
Quantitative model 
 
Structure for variation, capture scientific uncertainty, 
estimate thresholds, uncertainty about threshold 
 
Two evolving states: science threshold, policy threshold (risk 
tolerance; informed by science) 
 
How information is compiled, used 
 
ES, species status assessment: 

1.Compiling information 
2.Current condition 
3.Future condition 

 
Science piece: what are greatest threats, stressors… 

Commented [KP5]: Break out: 
Scenarios 

1.Infinite budget, best case 
2.Worst case, stressors high 
3.Moderate case 

Worst case, med case, best case 
Stressors (worst, best, med) 
Conservation (worst, best, med) 
Identify what these are specifically 

Commented [KP6]: Elicit information on hypotheses…if 
clear 2 or 3 hypotheses about science, assess uncertainty 



Dinner on your own 

7:00: Meet up at Pulse bar in hotel 

Day 3 - Thursday 

Breakfast on your own 

8:30-11:30: Tie up loose ends; talk about next steps and products (pubs and reports), TWS 
conference panel 

11:30-12: Wrap-up  

Lunch on your own 

Checkout and travel to Airport 

 

Commented [KP7]: Series of papers submitted to 
bioscience 
 
Maybe Scott discusses where we are going with 
pubs…everyone involved 
Multiple papers… 
Template paper 
Science paper on red wolves 
Policy paper 
Papers representing multiple sides? 



From: Krishna Pacifici
To: mkschwartz@fs.fed.us; rwayne@biology.ucla.edu; Cobb, David T.; Dale Goble; Smith, David R; Fred Allendorf;

Haig, Susan M; Holly Doremus; Jaime Collazo; Krishna Pacifici; L. Scott Mills; Linda Rutledge; Lisette Waits; Luigi
Boitani; Mike Phillips (TESF-Bozeman); Prof Roland Kays; Harrison, Rebecca; Richard Fredrickson; Robin Waples;
Benjamin, Pete; Kairsten Fay; Morse, Michael L; Ruby Valeton; Bridgett M. vonHoldt

Subject: Re: Red Wolf meeting agenda and travel details
Date: Friday, May 20, 2016 3:33:16 PM
Attachments: Red Wolf Agenda Final.docx
Importance: High

Hi,
Please see updated Agenda.

Thanks,
Krishna

On Fri, May 20, 2016 at 3:11 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:
Hello,
Thank you all for your patience and cooperation.  Again, I apologize for all of the confusion,
but thankfully we have things worked out.  Below I am providing some important details so
please let me know if you have any questions.

Conference Location:

The conference is going to be held at the Atlanta Marriott Marquis in Downtown Atlanta
(265 Peachtree Center Avenue NE, Atlanta GA 30303-7402).

Check-in:

We have rooms reserved for everyone, however, when you check in to the hotel you will
need to provide your own credit card to pay for the room.  You will get reimbursed the
full amount, but we cannot pay for the rooms so please make sure you provide your own
credit card upon check-in.

Travel to and from hotel:

The hotel is on the MARTA subway system in Atlanta and is very easy to get to.  Here is a
link with specific directions on how to get from the ATL airport to the hotel.  

https://martaguide.com/2010/08/31/marta-to-the-atlanta-marriott-marquis/

Please let me know if you have any other questions or give us a call if you get held up in the
airport or somewhere else.

Krishna (706) 248-9968
Jaime (919) 649-1637

Reimbursements:

We will reimburse you for all of your traveling expenses, however please make sure you
keep all of your receipts for non-food related items (e.g., baggage fees, taxis, MARTA



tickets, parking...).  These will be needed when you submit for reimbursement after the
workshop.  Note that you do not need to keep receipts for food.  You will be reimbursed a
per diem amount for every day.

Hotel Dining:

The hotel is located in downtown Atlanta with a number of dining options.  I've attached a
document provided by the hotel with restaurants within walking distance.  Please let me
know if you have any other questions.

Parking:

For those of you driving to the workshop.  There is valet parking and garage parking with
the hotel and we will reimburse you the full amount for parking.

Monday night:

We'd like to get together for a brief introduction on Monday night at 9pm in the Pulse
Lounge within the hotel.  Please try to make it if possible.

Agenda:

I've included an agenda with a rough outline of what the workshop will entail.  Everything is
fairly flexible especially the times, but we wanted to provide some idea of the structure. 
Please let me know if you have any questions.

Again,
Thank you so much for your cooperation, we are looking forward to the workshop and to
seeing everyone.

Please let me know if you have any other questions.

Thanks again,
Krishna

-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



-- 

Krishna Pacifici
Department of Applied Ecology
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695-7617
jkpacifi@ncsu.edu



Red Wolf Agenda (2.5 days) 

Atlanta Marriott Marquis Room M202 

Day 1 - Tuesday 

Breakfast on your own 

8:30-9:00: Introductions, goals, objectives, logistics 

9:00-10:30: Presentations on background and overview of problem. 

1. Pete Benjamin – overview of problem, USFWS position 
2. Rich Fredrickson – overview of current state of Red Wolf genetic status and management 
3. Holly Doremus/Dale Goble – overview of policy issues/precedence 
4. Round the table - 3 min reports 

10:30-11:00: Break 

11:00-12:00: Framing problem and begin general template to problem 

12 – 1:30: Lunch on your own 

1:30-3:00: Continue discussion 

3:00-3:30: Break 

3:30-5:00: Continue discussion and wrap up general template to problem 

Dinner on your own 

7:00: Meet up at Pulse bar in hotel 

Day 2 – Wednesday 

Breakfast on your own 

8:30 – 9:00 – Recap of Day 1  

9:00-10:30 – Red Wolf as case study:  

Apply the general template/framework to red wolf (adapt general framework as necessary) 

10:30 – 11:00: Break 

11:00 – 12:00: Continue Red Wolf Case Study 

12-1:30: Lunch on your own 

1:30 – 3:00: Continue Red Wolf Case Study 

3:00 – 3:30: Break 

3:30 - 5:00: Continue to apply the general template/framework to red wolf 



Dinner on your own 

7:00: Meet up at Pulse bar in hotel 

Day 3 - Thursday 

Breakfast on your own 

8:30-11:30: Tie up loose ends; talk about next steps and products (pubs and reports), TWS 
conference panel 

11:30-12: Wrap-up  

Lunch on your own 

Checkout and travel to Airport 

 



From: Miranda, Leopoldo
To: Jaime Collazo; Benjamin, Pete; Eversen, Michelle
Subject: DRAFT PRE-DECISIONAL Red wolf workshop notes
Date: Thursday, May 26, 2016 2:59:50 PM
Importance: High

These are my raw notes. Statements with "*" are my own.... 

--------

Mike P. "The red wolf recovery program has different components/projects. If the service
decides to terminate a project, it is just that."

The two fundamental questions are: is it listable? Or is it delistable?

Waddell & Long - we have had about 7 generations. 12 are represented fluctuating from 2% to
16% of the individual founders. Founder genome equivalent is 4.56. We want it around 7.36.
With no additional founders, we will never reach that goal. 

Lisette - We have DNA from the founders bones. 

All the reproduction by dispersing males with coyotes is not tracked. 

In 1998 we had the same amount of litters of wolves and hybrids.

Lisette -  Some degree of coyote DNA may be beneficial. 

Reproductive barriers between wolves and coyotes are essential. Size seems to be the most
important one. 

How many wolf-wolf displacements do we have? We have some but hasn't been quantified.
We must do that so we get a baseline to evaluate the wolf/coyote displacement... 

Holly from Berkeley Law talk -

The Services must give priority to those species where recovery is more likely. Still is in the
language of the recovery section in ESA. This provides a lot of flexibility. 

ESA Language from section 4:

(f)(1) RECOVERY PLANS.—.... The Secretary, in developing and implementing recovery plans, shall, to the maximum
extent practicable—

(A) give priority to those endangered species or threatened species, without regard to taxonomic classification, that
are most likely to benefit from such plans, particularly those species that are, or may be, in conflict with construc-
tion or other development projects or other forms of economic activity; 

"Working at the frontiers of science" and/or working on a highly technical-scientific issue"
this will provide a lot of deference to the agency. 



Decisions on hybridization and listing is currently made case by case basis. 
A good discussion on the draft 1996 hybrid policy....

There is a recent wolf-dog hybrids case Kuehl v Sellner in Iowa. Feb. 10, 2016. Hybrids were
not protected because otherwise dogs would be protected. 

Policy from 2000 on controlled propagation. Is very relevant. Uses parts of the 1996 draft
policy. 

"This is a heavily scientific issue therefore the agency has a lot of flexibility"

L. Boitani University of Rome. What we decide here may have implications to how we
manage hybrid wolves across the word. In Italy 37 to 40% of the wolves (but not the Alps) are
hybrids. They have developed protocols to make decisions on removing or releasing hybrids.
They can't kill any canids. They combine fenotipic and genetic information to make these
decisions. They are going to release a country wide management plan for wolves. They are
"adopting" the hybrids and removing only those that don't fit the fenotipic/genetic definitions.
Hybridization with dogs is the bad one. Hybridization with other wolves is more acceptable.
We need to accept that some species do go extinct. That is science based but the policies and
authorities don't follow that. Science should provide the map to navigate the uncertainty. Let's
think broadly about this issue. 

We all agree with that we are exhausted with the argument about the species question. Really
caution against relying only on genetic data. The red wolf deserves some kind of protection.
Focus on what we agree on. 

Lissette says that there are no big differences on red wolf and coyote diet. Mike P. Said that is
more differences in behavior. Dr. Boitani says that if their are not that different why not
manage the coyote for the ecosystem? 

*There are at least two lines of evidence supporting the red wolf as "coyote":  One is the
upcoming paper from Bridgett and Bob Wayne and the second is the reproductive behavior
and the viable progeny (traditional biological definition of a species).  On the other hand, there
is also another genetic line of evidence suggesting they are a species. Also, the morphology
and some behavior suggest they are different entities. We need to keep evaluating these lines
of evidence to make a decision about the status as a protected entity of the red wolf.*

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

We can all agree that we had a small wolf or a large coyote in the east. 
Regardless of what we had, the question is, given the modern hybridization of the last 100
years, do we have a listable entity now? 

What does "modern" means? 

There are 77 blood sample with Wayne....

Every red wolf we have today, shows a history of admixing. That is a fact. 

The selective breeding of red wolves artificially enhanced the gray wolf genetic markings



because they were selected for size among other characteristics. 

If you take any 12 animals and breed them exclusively, you will always see a distinct grouping
of them in DNA analyses.

From the 77 available samples of the 400. They were about 85% coyote. The 14 founders were
75% coyote. 

Agreement on that pre European colonization was a listable entity. Maybe until the 1940s this
was true (at least at the DPS level). The big question is the "modern" admixture events after
the 1940s. 

Mike P. There is little difference between RW and coyote in terms of diet. They are a mix
between wolf and coyote. "Small foot".  When we got the 14, we pushed the phenotype of the
gray wolf by selecting the biggest more wolf like animals. 

All different types of genetic analyses suggest red wolves and coyotes to be very close
together if not the same....

Can we restart scat sampling? 

If the FWS decides to terminate NEP it should focus on enhancing collection of sperm and
eggs. 

You may want to favor big wolves vs smaller ones. You may take a hit in inbreeding
coefficient but it may be good to do it for the survival in the wild. You have done it before.
There are techniques where you may be able to minimize the hit for the coefficient. You can
select for gray wolf markers within the current population. 

The red wolves in our population are already larger than the historical red wolf. 

The service may have missed the mark when selecting the founders by size we may have
selected for something different from the traditional red wolf. 

Suggestion to take over the genetics and select for big gray wolf like animals. This will
provide you with the only opportunity to be successful with establishing a population in the
wild. 

*The message I'm getting is that we are still managing with 1970s techniques and we need to
move to 21st century technology and knowledge.*

The current population is already drifting towards more coyote animal and the genetic
evidence demonstrate that. 

Mike P. Michael M. The current management focused on waterfowl is not compatible with red
wolf recovery. The alligator River NWR was created for the red wolf recovery. 

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

Challenge from Mike Phillips: what would you tell the Director to do with the current NEP? 



Terminate: 12
Keep: 2 and Cobb scale to back. (not counting Pete or Michael M.)

Scott/Roland
Terminate with a commitment of a new area. Must have a rapid population increase. 

There is no more places to go in NC. No more room for expansion. 

Terminate but Remain committed to recovery and to reopening a new open in the near future.

Fence out alligator River NWR.
Use the island populations in the transition.
Monitor what is left behind (something that Dan did say!)

Rich: Terminate but new area commitment. Must reintroduce many animals and very quickly. 
The landscape cannot sustain this NEP for both biological and social reasons. 

Bob:
Keep a residual population to be used as a source. 
Be careful with the liability of leaving these genes "out there"
This is a 30 year experiment that we have learned a lot. We now know how to do this. 
Must document what we have learned.

Luigii
It is imperative that this population live w/o coyotes. You will never be successful without
killing all the coyotes. 

 Dale:
If you can't get rid of coyotes, you can't be successful. 
A fence won't help. 
Looking for new areas is imperative.
This project in 30 hasn't been able to do what it was intended to do. 

Holly:
No opinion on it. 
It is important to summarize what we have learned in 30 years. What do we need to learn in
the future. What would we be giving up. 

Lissette:

I would stop the efforts in NC. It is critical to have monitoring. Share Luigii's concerns of
where to go next because coyotes are everywhere. We could learn a lot with another area. But
there are not a lot of good options out there. 

Robin:

There is not much future for the project. Must have one or more new sites available if there is
a future for this species. Must have good local support. The existing population in NC should
be used in conjunction with the captive population for new populations. I would use the wild
as much as possible. 



Fred: 

I agree. If we can't get 500 animals or more per population, recovery is impossible. 
We can and must use genomics to manage population.

Linda:

You don't stop until you get something else. Fence it out. Multiple potential small sites. Island
sites worries her. Must remove coyotes from the area before introducing, at least for the first
introduction efforts.

Bridgett:

Agree with Linda. Location, location, location is the key. Local support is critical. 

Michael M.:

 Dare county is not large enough even if you fence it. If you can't do it in a peninsula of 1.7 M
acres, where can you go and be successful? We basically are shutting down the program.
Island population may be useful to a small degree. Must pool from the wild population to
establish the new populations. You can't kill all coyotes. Placeholders are needed before you
go in with wolves. 

David:
Fencing is not viable. Limit the program but not terminate. It must be changed. Status quo is
not an option. Find other places. 

Mike P.: 
It must be terminated. Use Dare county to push the phenotype (Bigger wolf). Build a good
platform before going elsewhere. Need to find another silver bullet, and that may be size. Must
be a properly presented program. The Director should not decide on the overall program this
year. Scale really matters.  We missed the mark in scale issues and we must come clean about
it. You must clean the area from coyotes at the beginning and then walk away with minimal
management. You must have a bigger wolf to reintroduce. 

ACTION:   If there are packs that have held a territory for more than a decade in the NEP, we
need to characterize those habitats so we can look for that.

You must find a place or places to put these animals in and alligator River, Sandy ridge, and
islands may help. 

Rationale for terminating: We can't continue because it is compromising the listed entity and it
is not advancing the recovery of the species.  

You can reduce the population number and use two family groups to "train" new animals. Pass
them through each year before releasing in the new area. We can easily build a program to
reintroduce this species elsewhere. 

- Use Alligator River NWR as our small source for 5 to 10 animals.



Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad



From: Jaime Collazo
To: Miranda, Leopoldo
Cc: Benjamin, Pete; Eversen, Michelle
Subject: Re: DRAFT PRE-DECISIONAL Red wolf workshop notes
Date: Thursday, May 26, 2016 3:28:52 PM
Importance: High

Gracias Leo!

Jaime A. Collazo
North Carolina State University
http://appliedecology.cals.ncsu.edu/faculty/jaime-a-collazo/
Sent from my iPhone

On May 26, 2016, at 2:59 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:

These are my raw notes. Statements with "*" are my own.... 

--------

Mike P. "The red wolf recovery program has different components/projects. If the
service decides to terminate a project, it is just that."

The two fundamental questions are: is it listable? Or is it delistable?

Waddell & Long - we have had about 7 generations. 12 are represented
fluctuating from 2% to 16% of the individual founders. Founder genome
equivalent is 4.56. We want it around 7.36. With no additional founders, we will
never reach that goal. 

Lisette - We have DNA from the founders bones. 

All the reproduction by dispersing males with coyotes is not tracked. 

In 1998 we had the same amount of litters of wolves and hybrids.

Lisette -  Some degree of coyote DNA may be beneficial. 

Reproductive barriers between wolves and coyotes are essential. Size seems to be
the most important one. 

How many wolf-wolf displacements do we have? We have some but hasn't been
quantified. We must do that so we get a baseline to evaluate the wolf/coyote
displacement... 

Holly from Berkeley Law talk -

The Services must give priority to those species where recovery is more likely.
Still is in the language of the recovery section in ESA. This provides a lot of
flexibility. 



ESA Language from section 4:

(f)(1) RECOVERY PLANS.—.... The Secretary, in developing and implementing recovery plans, shall, to
the maximum extent practicable—

(A) give priority to those endangered species or threatened species, without regard to taxonomic
classification, that are most likely to benefit from such plans, particularly those species that are, or
may be, in conflict with construc- tion or other development projects or other forms of economic
activity; 

"Working at the frontiers of science" and/or working on a highly technical-
scientific issue" this will provide a lot of deference to the agency. 

Decisions on hybridization and listing is currently made case by case basis. 
A good discussion on the draft 1996 hybrid policy....

There is a recent wolf-dog hybrids case Kuehl v Sellner in Iowa. Feb. 10, 2016.
Hybrids were not protected because otherwise dogs would be protected. 

Policy from 2000 on controlled propagation. Is very relevant. Uses parts of the
1996 draft policy. 

"This is a heavily scientific issue therefore the agency has a lot of flexibility"

L. Boitani University of Rome. What we decide here may have implications to
how we manage hybrid wolves across the word. In Italy 37 to 40% of the wolves
(but not the Alps) are hybrids. They have developed protocols to make decisions
on removing or releasing hybrids. They can't kill any canids. They combine
fenotipic and genetic information to make these decisions. They are going to
release a country wide management plan for wolves. They are "adopting" the
hybrids and removing only those that don't fit the fenotipic/genetic definitions.
Hybridization with dogs is the bad one. Hybridization with other wolves is more
acceptable. We need to accept that some species do go extinct. That is science
based but the policies and authorities don't follow that. Science should provide the
map to navigate the uncertainty. Let's think broadly about this issue. 

We all agree with that we are exhausted with the argument about the species
question. Really caution against relying only on genetic data. The red wolf
deserves some kind of protection. Focus on what we agree on. 

Lissette says that there are no big differences on red wolf and coyote diet. Mike P.
Said that is more differences in behavior. Dr. Boitani says that if their are not that
different why not manage the coyote for the ecosystem? 

*There are at least two lines of evidence supporting the red wolf as "coyote":  One
is the upcoming paper from Bridgett and Bob Wayne and the second is the
reproductive behavior and the viable progeny (traditional biological definition of
a species).  On the other hand, there is also another genetic line of evidence
suggesting they are a species. Also, the morphology and some behavior suggest
they are different entities. We need to keep evaluating these lines of evidence to



make a decision about the status as a protected entity of the red wolf.*

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

We can all agree that we had a small wolf or a large coyote in the east. 
Regardless of what we had, the question is, given the modern hybridization of the
last 100 years, do we have a listable entity now? 

What does "modern" means? 

There are 77 blood sample with Wayne....

Every red wolf we have today, shows a history of admixing. That is a fact. 

The selective breeding of red wolves artificially enhanced the gray wolf genetic
markings because they were selected for size among other characteristics. 

If you take any 12 animals and breed them exclusively, you will always see a
distinct grouping of them in DNA analyses.

From the 77 available samples of the 400. They were about 85% coyote. The 14
founders were 75% coyote. 

Agreement on that pre European colonization was a listable entity. Maybe until
the 1940s this was true (at least at the DPS level). The big question is the
"modern" admixture events after the 1940s. 

Mike P. There is little difference between RW and coyote in terms of diet. They
are a mix between wolf and coyote. "Small foot".  When we got the 14, we
pushed the phenotype of the gray wolf by selecting the biggest more wolf like
animals. 

All different types of genetic analyses suggest red wolves and coyotes to be very
close together if not the same....

Can we restart scat sampling? 

If the FWS decides to terminate NEP it should focus on enhancing collection of
sperm and eggs. 

You may want to favor big wolves vs smaller ones. You may take a hit in
inbreeding coefficient but it may be good to do it for the survival in the wild. You
have done it before. There are techniques where you may be able to minimize the
hit for the coefficient. You can select for gray wolf markers within the current
population. 

The red wolves in our population are already larger than the historical red wolf. 

The service may have missed the mark when selecting the founders by size we
may have selected for something different from the traditional red wolf. 



Suggestion to take over the genetics and select for big gray wolf like animals.
This will provide you with the only opportunity to be successful with establishing
a population in the wild. 

*The message I'm getting is that we are still managing with 1970s techniques and
we need to move to 21st century technology and knowledge.*

The current population is already drifting towards more coyote animal and the
genetic evidence demonstrate that. 

Mike P. Michael M. The current management focused on waterfowl is not
compatible with red wolf recovery. The alligator River NWR was created for the
red wolf recovery. 

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

Challenge from Mike Phillips: what would you tell the Director to do with the
current NEP? 

Terminate: 12
Keep: 2 and Cobb scale to back. (not counting Pete or Michael M.)

Scott/Roland
Terminate with a commitment of a new area. Must have a rapid population
increase. 

There is no more places to go in NC. No more room for expansion. 

Terminate but Remain committed to recovery and to reopening a new open in the
near future.

Fence out alligator River NWR.
Use the island populations in the transition.
Monitor what is left behind (something that Dan did say!)

Rich: Terminate but new area commitment. Must reintroduce many animals and
very quickly.  The landscape cannot sustain this NEP for both biological and
social reasons. 

Bob:
Keep a residual population to be used as a source. 
Be careful with the liability of leaving these genes "out there"
This is a 30 year experiment that we have learned a lot. We now know how to do
this. 
Must document what we have learned.

Luigii
It is imperative that this population live w/o coyotes. You will never be successful
without killing all the coyotes. 



 Dale:
If you can't get rid of coyotes, you can't be successful. 
A fence won't help. 
Looking for new areas is imperative.
This project in 30 hasn't been able to do what it was intended to do. 

Holly:
No opinion on it. 
It is important to summarize what we have learned in 30 years. What do we need
to learn in the future. What would we be giving up. 

Lissette:

I would stop the efforts in NC. It is critical to have monitoring. Share Luigii's
concerns of where to go next because coyotes are everywhere. We could learn a
lot with another area. But there are not a lot of good options out there. 

Robin:

There is not much future for the project. Must have one or more new sites
available if there is a future for this species. Must have good local support. The
existing population in NC should be used in conjunction with the captive
population for new populations. I would use the wild as much as possible. 

Fred: 

I agree. If we can't get 500 animals or more per population, recovery is
impossible. 
We can and must use genomics to manage population.

Linda:

You don't stop until you get something else. Fence it out. Multiple potential small
sites. Island sites worries her. Must remove coyotes from the area before
introducing, at least for the first introduction efforts.

Bridgett:

Agree with Linda. Location, location, location is the key. Local support is
critical. 

Michael M.:

 Dare county is not large enough even if you fence it. If you can't do it in a
peninsula of 1.7 M acres, where can you go and be successful? We basically are
shutting down the program. Island population may be useful to a small degree.
Must pool from the wild population to establish the new populations. You can't
kill all coyotes. Placeholders are needed before you go in with wolves. 

David:



Fencing is not viable. Limit the program but not terminate. It must be changed.
Status quo is not an option. Find other places. 

Mike P.: 
It must be terminated. Use Dare county to push the phenotype (Bigger wolf).
Build a good platform before going elsewhere. Need to find another silver bullet,
and that may be size. Must be a properly presented program. The Director should
not decide on the overall program this year. Scale really matters.  We missed the
mark in scale issues and we must come clean about it. You must clean the area
from coyotes at the beginning and then walk away with minimal management.
You must have a bigger wolf to reintroduce. 

ACTION:   If there are packs that have held a territory for more than a decade in
the NEP, we need to characterize those habitats so we can look for that.

You must find a place or places to put these animals in and alligator River, Sandy
ridge, and islands may help. 

Rationale for terminating: We can't continue because it is compromising the listed
entity and it is not advancing the recovery of the species.  

You can reduce the population number and use two family groups to "train" new
animals. Pass them through each year before releasing in the new area. We can
easily build a program to reintroduce this species elsewhere. 

- Use Alligator River NWR as our small source for 5 to 10 animals.



Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

Sent from my iPad



From: Cynthia Dohner
To: Oetker, Michael; Miranda, Leopoldo; Arnold, Jack; Eversen, Michelle; Benjamin, Pete
Subject: Fwd: red wolf update?
Date: Friday, May 27, 2016 11:06:23 AM
Importance: High

FYI 

Begin forwarded message:

From: "Organ, John" <jorgan@usgs.gov>
Date: May 27, 2016 at 9:39:00 AM EDT
To: Wendi Weber <wendi_weber@fws.gov>, Cynthia Dohner
<Cynthia_Dohner@fws.gov>,  Dan Ashe <d_m_ashe@fws.gov>
Subject: Fwd: red wolf update?

Dan and Cindy,

Step 1 is done!  Moving forward....
John
---------- Forwarded message ----------
From: Whalen, Kevin <kwhalen@usgs.gov>
Date: Fri, May 27, 2016 at 8:54 AM
Subject: Fwd: red wolf update?
To: John Organ <jorgan@usgs.gov>, John D Thompson <jthompson@usgs.gov>

FYI recount from Jaime on RW workshop.  Kevin

---------- Forwarded message ----------
From: Jaime Collazo <jcollazo@ncsu.edu>
Date: Thu, May 26, 2016 at 9:52 PM
Subject: RE: red wolf update?
To: "Whalen, Kevin" <kwhalen@usgs.gov>, Jaime Collazo <jcollazo@ncsu.edu>
Cc: Thomas Kwak <tkwak@ncsu.edu>

Kevin, Tom:

 

Workshop went well; exceeded our expectations.  We addressed the fundamental
question—are RWs a listable entity under ESA?   We addressed this question under
multiple hypotheses regarding the origin of RWs.  We include all hypotheses because,
as you can imagine, there is uncertainty and disagreement about the supporting



evidence for each.   The approach we adopted acknowledges that uncertainty, but
under each one, we asked the fundamental question.   The answer is yes, with one
possible exception—new hypothesis, but there is no published support for it.   We will
mention it for the sake of completeness.  Otherwise, given the expertise and lawyers in
the room—the species could be include as a listed species if USFWS so determines.   Of
course, the species is listed, but the question was looming large over USFWS and
needed clarification.

 

I have to hand it to Scott Mills—the group composition was a great collection of the
best minds in a range of fields, and as such, provided a good “check and balance.”  
Lawyers kept us honest in terms of ESA, and other folks, in helping to separate science
and policy.   Of course, we did our part, with Krishna being main protagonist and
moderator.  David Smith and I were part of the “huddle” at every break and evenings,
planning the next step(s) on how to lead a “herd of cats” to the objective of the
workshop.

 

As you know, there were representatives of USFWS (Region 4), and David Cobb
(NCWRC).   They were extremely pleased!

 

Tasks ahead

1)      a short summary to be submitted to Pete Benjamin (Raleigh Field Office) before
the end of June.   He will be preparing a comprehensive briefing document for the
Regional RD and the Director himself that will include the salient points of our
workshop, and the latest from the Recovery Team and the Pop Viability group.

2)      White paper – this paper will be the summary/report on the fundamental question
of the work—RWs—listable?

 

There were discussions about many other issues/topics, sparked by participants
themselves.   This will be handled by Pete Benjamin as it covered a range of topics
dealing with genetic management, recovery, etc.  He is the POC for those sorts of
topics anyway.

 

Will keep you posted.  But Krishna, Scott, David Smith and I are glad it went well, but
also glad it is behind us, and by all measures thus far, we met our objective.

 



Saludos

 

Jaime

 

 

 

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

Jaime A. Collazo, Professor

Department of Applied Ecology

225 David Clark Labs

Campus Box 7617

North Carolina State University

Raleigh, North Carolina 27695-7617

919-515-8837

919-515-4454 (fax)

Jaime_Collazo@ncsu.edu

http://appliedecology.cals.ncsu.edu/faculty/jaime-a-collazo/

http://appliedecology.cals.ncsu.edu/nccoopunit/

 

 

From: Whalen, Kevin [mailto:kwhalen@usgs.gov] 
Sent: Monday, May 23, 2016 10:52 AM
To: Jaime Collazo
Cc: Thomas Kwak
Subject: red wolf update?

 

Jaime:  Am I correct in that the Red Wolf meeting was held(?) I
thought it was scheduled for early May.  Thanks, was hoping for
an update  



 

Kevin

 

--

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

Kevin Whalen

USGS Cooperative Research Units Program

Unit Supervisor

PO Box 185

Round Hill VA 20142

(703) 269-7711

kwhalen@usgs.gov

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

-- 
*************************************************
Kevin Whalen
USGS Cooperative Research Units Program
Unit Supervisor
PO Box 185
Round Hill VA 20142
(703) 269-7711
kwhalen@usgs.gov
***************************************************

-- 
John F. Organ, Ph.D., CWB®
Chief, Cooperative Fish and Wildlife Research Units
U.S. Geological Survey
12201 Sunrise Valley Drive MS303
Reston, VA 20192
703-648-4261; 
413-687-5789 (C
jorgan@usgs.gov

http://www.coopunits.org//Headquarters/People/John_Organ/index.html
 http://eco.umass.edu/people/adjunct-faculty/organ-john-f/
http://www.postgradounab.cl/academico/john-organ/
Follow CRU https://www.facebook.com/CRU1935
https://instagram.com/usgscoopunits/



 https://twitter.com/USGSCoopUnits



From: Krishna Pacifici (via Google Docs)
To: Benjamin, Pete
Cc: gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Smith, Doug W; fred.allendorf@gmail.com;

hdoremus@law.berkeley.edu; jcollazo@ncsu.edu; jkpacifi@ncsu.edu; lsmills@ncsu.edu; lr9@princeton.edu;
lwaits@uidaho.edu; luigi.boitani@uniroma1.it; Mike.Phillips@tedturner.com; mkschwartz@fs.fed.us;
rwkays@ncsu.edu; fredrickson.richard@gmail.com; robin.waples@noaa.gov; rwayne@biology.ucla.edu; Haig,
Susan M; vonholdt@princeton.edu; Morse, Michael L

Subject: Red Wolf Workshop Draft Summary - Invitation to edit
Date: Wednesday, June 1, 2016 11:39:52 AM

Krishna Pacifici has invited you to edit the following document:

Red Wolf Workshop Draft Summary

Thanks again everyone for a great workshop. Here is a link to the draft
summary of the workshop. Feel free to edit and wordsmith all you like.

I'll post the draft final report within a few weeks which will also be
editable.

Thanks again,
Krishna

Open in Docs

Google Docs: Create and edit documents online.



From: Krishna Pacifici
To: mkschwartz@fs.fed.us; rwayne@biology.ucla.edu; Cobb, David T.; Dale Goble; Smith, David R; Fred Allendorf;

Haig, Susan M; Holly Doremus; Jaime Collazo; Krishna Pacifici; L. Scott Mills; Linda Rutledge; Lisette Waits; Luigi
Boitani; Mike Phillips (TESF-Bozeman); Prof Roland Kays; Harrison, Rebecca; Richard Fredrickson; Robin Waples;
Benjamin, Pete; Morse, Michael L; Bridgett M. vonHoldt

Subject: Red Wolf Leak
Date: Monday, June 6, 2016 4:14:58 PM
Importance: High

Hello,
I wanted to let you know that there has been an unfortunate leak of someone's individual notes
from the workshop.  In order to prevent any further complications Pete and I would like to
finish our draft summary and possibly make a press release by the end of this week.

So please continue to make any changes/modifications to the google doc (I'll resend the link in
case you missed it).  Please make all comments/modifications by this Thursday (6/9) as Pete
and I will be finalizing the document on Friday.

Thanks again,
Krishna

-- 

Krishna Pacifici, Ph.D.
Assistant Professor of Quantitative Wildlife Ecology
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu



From: Krishna Pacifici (via Google Docs)
To: Benjamin, Pete
Cc: gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; fred.allendorf@gmail.com;

hdoremus@law.berkeley.edu; jcollazo@ncsu.edu; jkpacifi@ncsu.edu; lsmills@ncsu.edu; lr9@princeton.edu;
lwaits@uidaho.edu; luigi.boitani@uniroma1.it; Mike.Phillips@tedturner.com; mkschwartz@fs.fed.us;
rwkays@ncsu.edu; Harrison, Rebecca; fredrickson.richard@gmail.com; robin.waples@noaa.gov;
rwayne@biology.ucla.edu; Haig, Susan M; Morse, Michael L; vonholdt@princeton.edu

Subject: Red Wolf Workshop Draft Summary - Invitation to edit
Date: Monday, June 6, 2016 4:15:26 PM

Krishna Pacifici has invited you to edit the following document:

Red Wolf Workshop Draft Summary

Here is the link to the document. Again, please make changes by
Thursday 6/9. 

Thanks,
Krishna

Open in Docs

Google Docs: Create and edit documents online.



From: L. Scott Mills
To: Krishna Pacifici
Cc: Dale Goble; Smith, David R; Cobb, David T.; Fred Allendorf; Holly Doremus; Jaime Collazo; Linda Rutledge;

Lisette Waits; Luigi Boitani; Mike.Phillips@tedturner.com; Schwartz, Michael K -FS; Prof Roland Kays; Harrison,
Rebecca; Richard Fredrickson; Robin Waples; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse,
Michael L; Bridgett M. vonHoldt

Subject: Re: Red Wolf Workshop Draft Summary - Invitation to edit
Date: Wednesday, June 8, 2016 11:30:08 PM
Attachments: DRAFT Red wolf post TWS 6_9_16.docx

Hi everyone,

    Hope all is well, and that you've burned off all the shrimp and grits from Atlanta.

    As many of you know, a web site picked up and interpreted some (anonymous)
notes of our meeting.  

    Therefore, it seems important for us to tell a user-friendly version of what we
actually did in our Atlanta meeting.  We (the NCSU group) decided to write up
something in a Press Release type format to send to The Wildlife Society for
posting on their blog. So, by Friday morning I'll send this document (attached) to
TWS for posting (they may need to work with me to make some edits for brevity).

     This email is more of an FYI than it is a request for you to edit the document, but
if anything about the document or process gives you substantial heartburn please let
me know by tomorrow.

     If you get follow up calls from reporters, etc. before or after this blog posting, it's
your discretion whether you talk to them in more detail, or  send them to Krishna or
me or Pete.
   Thanks,
Scott 

Dr. L. Scott Mills, Professor
Chancellor’s Faculty Excellence Program in Global Environmental Change
Department of Forestry and Environmental Resources
Program in Fisheries, Wildlife and Conservation Biology
Box 7617, Room 257 David Clark Labs
North Carolina State University
Raleigh, NC 27695-7617
Phone: (919) 515-4585
http://research.cnr.ncsu.edu/sites/millslab/
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Guest post for The Wildlife Society blog 
Submitted by L. Scott Mills, 6/8/16 
CONTACTS: Krishna Pacifici (jkpacifi@ncsu.edu) and L. Scott Mills (Lsmills@ncsu.edu) 
 
Experts Provide Scientific Input on Challenges Facing Red Wolves  

 
The red wolf is the southeastern United States’ native wolf species, but is it real? Listed as 

endangered in 1967, thought nearly extinct in the wild by the 1970s, and reintroduced into North Carolina 
in the 1980s, red wolves have long been an intense source of wonder, excitement, and concern. As 
coyotes began colonizing eastern NC in the early 1990s, pairings between red wolves and coyotes became 
more common. What does the hybridization between red wolves and coyotes – past and present – mean 
for the management of the species under the Endangered Species Act (ESA)? 

 
In late May a top team of scientists and ESA experts met in Atlanta to ask whether hybridization 

between coyotes and red wolves jeopardized the listing of the red wolf under the ESA. Organized by 
researchers at North Carolina State University and funded by the U.S. Geological Survey to provide 
science-based input to the U.S. Fish and Wildlife Service, the group included some of the world’s top 
wolf and coyote ecologists, geneticists, taxonomists, and specialists in endangered species biology, policy 
and law. 

 
  Although the scientists brought a range of perspectives on the evolutionary origin of red wolves, 

a recurrent message was that hybridization among species and populations is relatively common in nature, 
and not a ‘dirty word’ for considering species for protection. In the case of red wolves, a majority of the 
scientific panel concluded that under all plausible evolutionary hypotheses the red wolf was a ‘listable 
entity’ under the ESA, meaning that its presence on the endangered species list is not an anomaly or 
mistake. 

 
“We had this incredibly eclectic and high-powered group of scientists and ESA policy experts 

with a diverse range of views on the origin of red wolves, yet came to a strong conclusion that the red 
wolf qualifies to be listed under ESA regardless of hybrid events in the past and present,” said Dr. L. 
Scott Mills of NC State University, one of the co-conveners of the workshop. “Now we’re taking the next 
steps of preparing a scientific paper that captures these perspectives.”   

 
The scientists heard of the tough realities for red wolf recovery from on-the-ground wildlife 

managers from the U.S. Fish and Wildlife Service and North Carolina Wildlife Resource Commission.   
The reintroduction program in North Carolina faces substantial challenges from high human-caused 
mortality that exacerbates hybridization with coyotes, and small population size that has struggled to 
exceed 100 animals in an increasingly hostile environment.   

 
Many of the scientists noted that additional reintroduction projects in the southeast would be 

required for red wolf recovery due to the challenging prospects for the persistence of the existing North 
Carolina population. However, the group did not make policy recommendations on recovery actions.   

 
“We wanted this meeting to serve as an honest broker of scientific perspectives, providing 

informed scientific opinions for the public and the management agencies without making policy 
recommendations,” said Dr. Krishna Pacifici, the lead organizer from NC State University. “Obviously 
much has been learned from the red wolf reintroductions and intense scientific scrutiny of the species, so 
we are hoping to help consolidate that knowledge to be used in decisions going forward.”    

 
A red wolf panel will be part of the 2016 TWS Annual Conference this October in Raleigh, North 

Carolina. 



From: Mike Phillips (TESF-Bozeman)
To: L. Scott Mills
Cc: Krishna Pacifici; Dale Goble; Smith, David R; Cobb, David T.; Fred Allendorf; Holly Doremus; Jaime Collazo; Linda

Rutledge; Lisette Waits; Luigi Boitani; Schwartz, Michael K -FS; Prof Roland Kays; Harrison, Rebecca; Richard
Fredrickson; Robin Waples; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L; Bridgett
M. vonHoldt

Subject: Re: Red Wolf Workshop Draft Summary - Invitation to edit
Date: Thursday, June 9, 2016 12:46:08 AM

Thanks, Scott, for sharing the summary. Relative to the 6th paragraph, even if the NENC reintroduction project had
been wildly successful, additional reintroductions to other areas to restore other populations would surely be needed
to achieve recovery. As written, the 6th paragraph suggests otherwise.

Mike

Sent from my iPhone

On Jun 8, 2016, at 9:31 PM, L. Scott Mills <lsmills@ncsu.edu<mailto:lsmills@ncsu.edu>> wrote:

Hi everyone,

    Hope all is well, and that you've burned off all the shrimp and grits from Atlanta.

    As many of you know, a web site picked up and interpreted some (anonymous) notes of our meeting.

    Therefore, it seems important for us to tell a user-friendly version of what we actually did in our Atlanta meeting. 
We (the NCSU group) decided to write up something in a Press Release type format to send to The Wildlife Society
for posting on their blog. So, by Friday morning I'll send this document (attached) to TWS for posting (they may
need to work with me to make some edits for brevity).

     This email is more of an FYI than it is a request for you to edit the document, but if anything about the document
or process gives you substantial heartburn please let me know by tomorrow.

     If you get follow up calls from reporters, etc. before or after this blog posting, it's your discretion whether you
talk to them in more detail, or  send them to Krishna or me or Pete.
   Thanks,
Scott

Dr. L. Scott Mills, Professor
Chancellor’s Faculty Excellence Program in Global Environmental Change
Department of Forestry and Environmental Resources
Program in Fisheries, Wildlife and Conservation Biology
Box 7617, Room 257 David Clark Labs
North Carolina State University
Raleigh, NC 27695-7617
Phone: (919) 515-4585<tel:%28919%29%20515-4585>
http://research.cnr.ncsu.edu/sites/millslab/
<DRAFT Red wolf post TWS 6_9_16.docx>



From: Holly Doremus
To: Mike Phillips (TESF-Bozeman); L. Scott Mills
Cc: Krishna Pacifici; Dale Goble; Smith, David R; Cobb, David T.; Fred Allendorf; Jaime Collazo; Linda Rutledge;

Lisette Waits; Luigi Boitani; Schwartz, Michael K -FS; Prof Roland Kays; Harrison, Rebecca; Richard Fredrickson;
Robin Waples; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L; Bridgett M. vonHoldt

Subject: Re: Red Wolf Workshop Draft Summary - Invitation to edit
Date: Thursday, June 9, 2016 9:53:37 AM

The draft blog post looks good to me. I think it fairly captures the gist of our group's
discussions. While I have no doubt that Mike is right about the need for other
populations even if one were successfully reestablished in northeast NC, my
memory of how we talked about other reintroductions was that we wanted to make
sure that the current project wasn't halted without serious attention to other possible
sites.

Thanks to all for a stimulating few days!
Holly 

On 6/8/2016 9:46 PM, Mike Phillips (TESF-Bozeman) wrote:

Thanks, Scott, for sharing the summary. Relative to the 6th 
paragraph, even if the NENC reintroduction project had been wildly 
successful, additional reintroductions to other areas to restore 
other populations would surely be needed to achieve recovery. As 
written, the 6th paragraph suggests otherwise.

Mike

Sent from my iPhone

On Jun 8, 2016, at 9:31 PM, L. Scott Mills 
<lsmills@ncsu.edu<mailto:lsmills@ncsu.edu>> wrote:

Hi everyone,

    Hope all is well, and that you've burned off all the shrimp and 
grits from Atlanta.

    As many of you know, a web site picked up and interpreted some 
(anonymous) notes of our meeting.

    Therefore, it seems important for us to tell a user-friendly 
version of what we actually did in our Atlanta meeting.  We (the 
NCSU group) decided to write up something in a Press Release type 
format to send to The Wildlife Society for posting on their blog. 
So, by Friday morning I'll send this document (attached) to TWS for 
posting (they may need to work with me to make some edits for 
brevity).

     This email is more of an FYI than it is a request for you to 
edit the document, but if anything about the document or process 
gives you substantial heartburn please let me know by tomorrow.

     If you get follow up calls from reporters, etc. before or 
after this blog posting, it's your discretion whether you talk to 
them in more detail, or  send them to Krishna or me or Pete.
   Thanks,
Scott

Dr. L. Scott Mills, Professor
Chancellor’s Faculty Excellence Program in Global Environmental 
Change
Department of Forestry and Environmental Resources
Program in Fisheries, Wildlife and Conservation Biology
Box 7617, Room 257 David Clark Labs



North Carolina State University
Raleigh, NC 27695-7617
Phone: (919) 515-4585<tel:%28919%29%20515-4585>
http://research.cnr.ncsu.edu/sites/millslab/
<DRAFT Red wolf post TWS 6_9_16.docx>

-- 
Holly Doremus
Associate Dean for Faculty Development and Research
James H. House and Hiram H. Hurd Professor of Environmental Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: (510) 643-5699
email: hdoremus@law.berkeley.edu



From: Cobb, David T.
To: "Vern Herr"; Benjamin, Pete
Cc: Bunn, Susan A.
Subject: FW: Email list of attendees of Red Wolf Meeting
Date: Monday, June 13, 2016 9:30:39 AM
Attachments: image005.png

image006.png
image007.png
image008.png

Importance: High

See below.  Do you want Susan to send information about parking today?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Bunn, Susan A. 
Sent: Monday, June 13, 2016 9:30 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Email list of attendees of Red Wolf Meeting
 
Do you have names and email list? We haven’t sent them parking information that I know of.
 
 
Susan Bunn
Administrative Officer 
 
NC Wildlife Resources Commission
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699-1722
office: 919-707-0058   //   fax: 919-707-0067    
 
ncwildlife.org 
 
 



 
         

 
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Cobb, David T.
Cc: Vern Herr; Bunn, Susan A.
Subject: Re: FW: Email list of attendees of Red Wolf Meeting
Date: Monday, June 13, 2016 9:34:16 AM
Attachments: image005.png

image008.png
image007.png
image006.png

Importance: High

Yes please.  Do you have the list or do you need it?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Jun 13, 2016 at 9:30 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

See below.  Do you want Susan to send information about parking today?

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 



         

 

 

From: Bunn, Susan A. 
Sent: Monday, June 13, 2016 9:30 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Email list of attendees of Red Wolf Meeting

 

Do you have names and email list? We haven’t sent them parking information that I know
of.

 

 

Susan Bunn

Administrative Officer 

 

NC Wildlife Resources Commission

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699-1722

office: 919-707-0058   //   fax: 919-707-0067    

 

ncwildlife.org 

 

 

 

         

 



 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Vern Herr
To: Cobb, David T.; Benjamin, Pete
Cc: Bunn, Susan A.
Subject: Re: FW: Email list of attendees of Red Wolf Meeting
Date: Monday, June 13, 2016 9:37:24 AM
Attachments: ATT00001.png

ATT00002.png
ATT00003.png
ATT00004.png
RWRT members.xlsx

Importance: High

Thanks for the reminder.

Here's my list. Names in red will not be attending

Call me with any questions/comments.

Thanks!

Vern Herr

Group Solutions

770.757.9828

On 6/13/16 9:30 AM, Cobb, David T. wrote:

See below.  Do you want Susan to send information about parking
today?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 



From: Bunn, Susan A. 
Sent: Monday, June 13, 2016 9:30 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Email list of attendees of Red Wolf Meeting
 
Do you have names and email list? We haven’t sent them parking information that I
know of.
 
 
Susan Bunn
Administrative Officer 
 
NC Wildlife Resources Commission
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699-1722
office: 919-707-0058   //   fax: 919-707-0067    
 
ncwildlife.org 
 
 

 
         

 
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.



Name Affiliation Column1
Bill Rich Hyde County
Jett Ferebee Landowner
Sarah Long Lincoln Park Zoo
Herb Vanderberry NC Farm Bureau
Michael Stoskopf, PhD NC State University
Christopher Serenari, PhD NC Wildlife Resources Commission
David Cobb, PhD NC Wildlife Resources Commission
Will Waddell Point Defiance Zoo and Aquarium
Mike Phillips Turner Endangered Species Fund
Pete Benjamin U.S. Fish and Wildlife Service
Lisette Waits, PhD University of Idaho
Eric Gese, PhD Utah State University

Vern Herr Group Solutions
 
 



Email Phone Mobile Column2
brich@hydecountync.gov 252-926-4179
jettferebee@aol.com 252-714-2774
slong@lpzoo.org 312-742-3993
herb.vanderberry@ncfb.org 919-420-7706 919-608-3134
michael_stoskopf@ncsu.edu 919-513-6230
christopher.serenari@ncwildlife.org 919-707-0057 919-618-1924
david.cobb@ncwildlife.org 919-707-0051
William.Waddell@pdza.org 253-858-9172 253-208-0481
mike.phillips@retranches.com 406-556-8500 406-599-5857
pete_benjamin@fws.gov 919-856-4520 x 11 919-816-6408
lwaits@uidaho.edu 208-885-7823
eric.gese@usu.edu 435-797-2542

vherr@groupsolutions.us 770-757-9828



Bio Link Address City State Zip
http://www.hydecountync.gov/news_and_information/commissioners_ente
http://www.wideopenspaces.com/another-side-north-carolina-red-wolf-stor
https://www.linkedin.com/profile/view?id=ADEAAAU7tH0Bs8I0DMVdVpO15
https://www.linkedin.com/pub/herb-vanderberry/79/5a5/599
https://cvm.ncsu.edu/c/l/docs/personnel/stoskopf_michael.html
https://www.linkedin.com/in/christopherserenari
http://www.ncwildlife.org/About/DivisionChiefs.aspx

http://teacher.scholastic.com/wolves/rte
http://tesf.org/our-team/
http://www.fws.gov/southeast/news/2004/r04-060.html
http://www.uidaho.edu/cnr/fishwild/lisettewaits
https://qcnr.usu.edu/pages/the_college/directory/faculty-directory/gese_er



er_contract_with_rich_to_serve_as_county_manager.php

5y7Sm5CvEmTS1y4&authType=NAME_SEARCH&authToken=RbsG&locale=en_US&srchid=168276881

http://www.zooborns.com/zooborns/2012/05/critically-endangered-red-wolf



446479584994&srchindex=1&srchtotal=1&trk=vsrp_people_res_name&trkInfo=VSRPsearchId%3A1



168276881446479584994%2CVSRPtargetId%3A87798909%2CVSRPcmpt%3Aprimary%2CVSRPnm%3



3Atrue%2CauthType%3ANAME_SEARCH



From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Cynthia Dohner; Eversen, Michelle; Oetker, Michael
Subject: Re: Red wolf info
Date: Monday, August 1, 2016 7:16:34 PM
Importance: High

Thanks for the updates,

Also FYI, at the SSP meeting a young scientist from Lisette's lab at the U of Idaho previewed canid
taxonomy/evolutionary work they will be publishing soon.  As one would expect, it contradicts the
recent Von Holdt et al paper.  There is no way I could explain the details, but they conclude that the
red wolf is a valid taxon most closely related to the eastern wolf, and that separated from the coyote
line many thousands of years ago.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 1, 2016 at 5:42 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
I had a conversation with her. She took a look a limited view from the case perspective.
Didn't have much from that perspective but will look at it later from the
legal/policy/management perspective as soon as she can. 

I did get some detailed feedback from DOJ that i rather discuss by phone 

Sent from my iPhone

On Aug 1, 2016, at 3:24 PM, Cynthia Dohner <cynthia_dohner@fws.gov> wrote:

Thank you and you are right 

On Aug 1, 2016, at 1:15 PM, Miranda, Leopoldo
<leopoldo_miranda@fws.gov> wrote:

I talked to Vicki and she has the document.
However, her mom is in the hospital and I
told her that her mom is the priority....

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov



NOTE: This email correspondence and any attachments to and
from this sender is subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

On Mon, Aug 1, 2016 at 12:59 PM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Thank you so much for sharing that update Cindy.  That is good
news.

Sent from my iPhone

On Aug 1, 2016, at 12:30 PM, Cynthia Dohner
<cynthia_dohner@fws.gov> wrote:

Talked to Gary.  He agrees with our recommendation
and suggested path forward.  

On Aug 1, 2016, at 7:55 AM, Miranda, Leopoldo
<leopoldo_miranda@fws.gov> wrote:

I had a email exchange with
DOJ and SOL on Pete's
participation on this
week's SSP meeting. We have
not received feedback on
the recommendation....

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological
Services
Southeast U.S., Puerto Rico and U.S. Virgin
Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and
any attachments to and from this
sender is subject to the Freedom of
Information Act (FOIA) and may be
disclosed to third parties.

On Mon, Aug 1, 2016 at 7:37 AM,
Cynthia Dohner
<cynthia_dohner@fws.gov> wrote:

Thanks you guys.  I picked up the red
wolf info this morning.   Were



you able to talk to the solicitors?



From: Harrison, Rebecca
To: vonholdt@princeton.edu; Linda Rutledge
Cc: William Waddell; Benjamin, Pete; Hunter, Chuck
Subject: Red wolf samples in recent paper
Date: Tuesday, August 2, 2016 12:29:49 PM
Importance: High

Hi Bridgett,

I am just digesting your most recent publication, but had a quick
question I was hoping you could assist me with. Where did the three
red wolf samples that your group evaluated in the whole-genome
sequence analysis come from? The tables/figures state they originated
from different locations in the captive breeding program, but I didn't
see additional details in the supplementary materials. Were there id
or studbook numbers associated with these individuals?

Thank you,
Becky

Sent from my iPhone



From: Bridgett M. vonHoldt
To: Harrison, Rebecca
Cc: William Waddell; Benjamin, Pete; Hunter, Chuck; Bob
Subject: Re: Red wolf samples in recent paper
Date: Thursday, August 4, 2016 2:05:37 PM
Importance: High

Hi Becky-

The field IDs for the three red wolves published in the Science Advances paper are:
RW277 (redwolf1)
RW179 (redwolf2)
RW212 (redwolf3)

Best,
Bridgett

On Aug 2, 2016, at 12:29 PM, Rebecca Harrison <rebecca_harrison@fws.gov> wrote:

> Hi Bridgett,
>
> I am just digesting your most recent publication, but had a quick
> question I was hoping you could assist me with. Where did the three
> red wolf samples that your group evaluated in the whole-genome
> sequence analysis come from? The tables/figures state they originated
> from different locations in the captive breeding program, but I didn't
> see additional details in the supplementary materials. Were there id
> or studbook numbers associated with these individuals?
>
> Thank you,
> Becky
>
> Sent from my iPhone



From: Bordelon, Seth
To: Benjamin, Pete
Subject: Fwd: Red Wolf Interim report
Date: Monday, August 8, 2016 8:47:43 AM
Attachments: Interim Report_Award F15AC01292_7-30-2016.pdf
Importance: High

Hi Pete.

Debbie Fuller from our office recently retired and I became the point of contact for the red
wolf/coyote genetics study in southwest Louisiana. Their interim report is attached.
Everything seems to be going well. I just wanted to say hello and share my contact info with
you. Let me know if you ever need anything from our office. Thanks.

Seth Bordelon
U.S. Fish and Wildlife Service
Louisiana Ecological Services Office
(337) 291-3138
seth_bordelon@fws.gov

---------- Forwarded message ----------
From: Maria Davidson <mdavidson@wlf.la.gov>
Date: Thu, Aug 4, 2016 at 8:01 AM
Subject: Red Wolf Interim report
To: "seth_bordelon@fws.gov" <seth_bordelon@fws.gov>

Seth

Please see the attached interim report for the Red Wolf project.  I know Jeff Weller is
interested in this project and would probably also like to see the report.

Let me know if you have any questions…

Maria

 

Maria Davidson

Large Carnivore Program Manager

Louisiana Department of Wildlife and Fisheries

646 Cajundome Blvd. Suite 127

Lafayette, LA 70506

Office: 337-262-2080/Fax: 337-262-2081/Cell: 225-931-3061



 



1 

 

 

 

 

Long-Term Genetic Consequences of Red Wolf-Coyote Hybridization and 

Demographics of a Large Canid in Southwestern Louisiana 

 

Cooperative Agreement Award: F15AC01292 

Interim Report (10/1/2015–6/30/2016) 

 

 

 

 

 

Sean M. Murphy 

Louisiana Department of Wildlife & Fisheries 

Baton Rouge, Louisiana 

 

July 21, 2016 
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PROJECT OBJECTIVES 

 Our primary objective is to 1) investigate the genetic characteristics of large canids in 

southwestern Louisiana, quantifying the potential level of red wolf (Canis rufus) genome 

persistence using canid-specific nuclear DNA microsatellite loci and mitochondrial DNA 

(mtDNA) sequencing. Our secondary objectives are to 2) estimate density and abundance of 

large canids within our 3 sampling areas in southwestern Louisiana, 3) evaluate methods for 

sampling large canids noninvasively, comparing a novel hair collection technique with scat 

sampling transects, and 4) characterize the coyote (Canis latrans) genome across the 

southeastern United States. 

 

ACCOMPLISHMENTS DURING REPORTING PERIOD (10/1/2015–6/30/2016) 

Noninvasive Sampling 

We deployed 98 noninvasive, ground-based rub pads at Sabine (n = 20), Cameron Prairie 

(n = 33), and Lacassine (n = 45) National Wildlife Refuges during December 2015. Updated 

maps of the sampling areas are provided at the end of this document. Each rub pad was checked 

weekly for 8 consecutive weeks (i.e., sampling sessions) from December 2015 to February 2016. 

We collected 203 total hair samples from large canids during our sampling: 61 samples at Sabine 

from 19 rub pads (95% of pads), 70 samples at Cameron Prairie from 27 rub pads (82% of pads), 

and 72 samples at Lacassine from 34 rub pads (75%). We simultaneously surveyed all 3 National 

Wildlife Refuges via scat collection transects for 8 consecutive week-long sampling sessions. 

From December 2015 to February 2016, we collected 338 scat samples from large canids: 61 

samples at Sabine, 157 samples at Cameron Prairie, and 120 samples at Lacassine.  
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Invasive Sampling 

Personnel from United States Department of Agriculture – APHIS/Wildlife Services, 

Louisiana Department of Wildlife & Fisheries, and University of Kentucky, as well as private 

landowners, opportunistically collected hair and tissue samples from live-captured, harvested, 

and road-killed large canids across the southeastern United States. A total of 174 samples were 

collected between December 2015 and March 2016 from Alabama (n = 16), Georgia (n = 26), 

Kentucky (n = 96), Louisiana (n = 20), Mississippi (n = 11), and Virginia (n = 5). Samples from 

Texas (n = 28) and North Carolina (n>1,000) were previously collected and already housed at 

the Laboratory for Ecological, Evolutionary and Conservation Genetics (LEECG) at University 

of Idaho, which will be included in our study. 

Genetics Analyses 

All collected hair and scat samples were sent to the Laboratory for Ecological, 

Evolutionary and Conservation Genetics during March 2016 for DNA extraction and 

amplification, gene sequencing, and genotyping. Analyses were initiated by LEECG during May 

2016, and are currently in the final stages. 

Statistical Analyses 

 Statistical models were developed during the reporting period to: 1) estimate genetic 

probability of identity between identified individuals, 2) assess the level of red wolf ancestry in 

identified individuals, 3) assess the power of the microsatellite loci used in this study to detect 

low levels of red wolf ancestry, 4) identify potential Mexican gray wolf (Canis lupus baileyi) and 

domestic dog (Canis lupus familiaris) ancestry in identified individuals, and 4) to determine if 

mtDNA sequences cluster with the unique red wolf mtDNA haplotype. Additionally, in 

collaboration with Virginia Polytechnic Institute & State University, development of a novel 
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spatially explicit capture-recapture model that allows input from multiple data types (e.g., hair 

from ground-based rub pads and scat from scat collection transects) to estimate density and 

abundance of large canids in southwestern Louisiana is currently underway. Personnel at the 

Service’s Louisiana Ecological Field Office reclassified National Land Cover GIS data to the 

appropriate classes for spatial capture-recapture modeling and supplied this data to the principle 

investigator during March 2016. 

 

PRODUCTS AND SCHEDULE 

 Per the scope of work, all rub pads were constructed during October–November 2015. 

Field sampling was initiated during December 2015; however, in contrast to the specified scope 

of work in the Cooperative Agreement, this sampling was extended from January to February 

2016 to increase sample sizes. Shipment of samples to LEECG was, therefore, delayed until 

March 2016 because of the extended sampling sessions that were needed and because of 

prolonged sample collection in other southeastern states. As a result, laboratory genetics analyses 

by LEECG were not initiated until May 2016. Laboratory analyses by LEECG are expected to be 

completed during August 2016 instead of the previously specified June 2016 (J. Adams and L. 

Waits, University of Idaho, personal communication). 

 The approximate 1.5-month delay that has been incurred in the schedule is unlikely to 

cause a prolonged lag in project completion because most of the statistical model development 

has been completed at the time of this writing. We, therefore, expect to provide preliminary 

results of our work to the Service by December 2016. All final analyses and syntheses are 

expected to be completed by the end of the final reporting period (10/1/2016–6/30/2017) without 

further delay. 
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BUDGET 

 The attached SF-425 details expenditures to-date. Importantly, because of restrictions 

imposed by Louisiana State Government during the 2015-2016 fiscal year, unexpected 

expenditures were incurred to rent vehicles for sampling. Because vehicles were expected to be 

supplied by Louisiana Department of Wildlife & Fisheries at the time the project proposal was 

submitted, these expenditures were not accounted for in the budget. Presently, the potential effect 

of these additional costs on the project budget are unclear and cannot be determined until 

LEECG completes genetics analyses. The majority of remaining funds in the account will be 

spent at the time of invoicing from LEECG (approximately August/September 2016). If any 

funds are leftover post-payment of services to LEECG, they will be used to pay for manuscript 

publications in peer-reviewed scientific journals. 
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MAPS OF SAMPLING AREAS IN SOUTHWESTERN LOUISIANA 

Sabine NWR 
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Cameron Prairie NWR 
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Lacassine NWR 

 



From: Benjamin, Pete
To: Bordelon, Seth
Subject: Re: Red Wolf Interim report
Date: Monday, August 8, 2016 8:55:00 AM

Hi Seth,

Thanks for the update.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 8, 2016 at 8:47 AM, Bordelon, Seth <seth_bordelon@fws.gov> wrote:

Hi Pete.

Debbie Fuller from our office recently retired and I became the point of contact for the red
wolf/coyote genetics study in southwest Louisiana. Their interim report is attached.
Everything seems to be going well. I just wanted to say hello and share my contact info with
you. Let me know if you ever need anything from our office. Thanks.

Seth Bordelon
U.S. Fish and Wildlife Service
Louisiana Ecological Services Office
(337) 291-3138
seth_bordelon@fws.gov

---------- Forwarded message ----------
From: Maria Davidson <mdavidson@wlf.la.gov>
Date: Thu, Aug 4, 2016 at 8:01 AM
Subject: Red Wolf Interim report
To: "seth_bordelon@fws.gov" <seth_bordelon@fws.gov>

Seth

Please see the attached interim report for the Red Wolf project.  I know Jeff Weller is
interested in this project and would probably also like to see the report.

Let me know if you have any questions…

Maria

 

Maria Davidson



Large Carnivore Program Manager

Louisiana Department of Wildlife and Fisheries

646 Cajundome Blvd. Suite 127

Lafayette, LA 70506

Office: 337-262-2080/Fax: 337-262-2081/Cell: 225-931-3061

 



From: Harrison, Rebecca
To: Lisette Waits; Adams, Jennifer (adamsj@uidaho.edu)
Cc: Benjamin, Pete; William Waddell
Subject: Fwd: Red wolf samples in recent paper
Date: Monday, August 8, 2016 1:17:50 PM
Importance: High

Hi Lisette and Jen,

FYI.  This is the information we received from Bridgett regarding the 3 samples they
used in the analyses for the most recent paper.  Will and I looked at these and if they
are the studbook #s, all of them are from captive-born animals from PDZA.

Jen--it was so wonderful to meet you in person last week.  Thank you so much for
being there--your presentation was perfectly timed!  I look forward to hearing more
about the ongoing work.  Pete will likely be in touch as he continues to develop the
programmatic permit as we discussed & how the lab may potentially be banking
additional specimens.

Thank you,
Becky
Becky (Bartel) Harrison, Ph.d.
Supervisory  Wildlife Biologist
Alligator River & Pea Island National Wildlife Refuges
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 2 31
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Bridgett M. vonHoldt <vonholdt@princeton.edu>
Date: Thu, Aug 4, 2016 at 2:05 PM
Subject: Re: Red wolf samples in recent paper
To: Rebecca Harrison <rebecca_harrison@fws.gov>
Cc: William Waddell <William.Waddell@pdza.org>, Pete Benjamin
<pete_benjamin@fws.gov>, Chuck Hunter <chuck_hunter@fws.gov>, Bob
<rwayne@eeb.ucla.edu>

Hi Becky-

The field IDs for the three red wolves published in the Science Advances paper are:
RW277 (redwolf1)
RW179 (redwolf2)
RW212 (redwolf3)

Best,
Bridgett

On Aug 2, 2016, at 12:29 PM, Rebecca Harrison <rebecca_harrison@fws.gov> wrote:



> Hi Bridgett,
>
> I am just digesting your most recent publication, but had a quick
> question I was hoping you could assist me with. Where did the three
> red wolf samples that your group evaluated in the whole-genome
> sequence analysis come from? The tables/figures state they originated
> from different locations in the captive breeding program, but I didn't
> see additional details in the supplementary materials. Were there id
> or studbook numbers associated with these individuals?
>
> Thank you,
> Becky
>
> Sent from my iPhone



From: Ron Sutherland
To: scienceAdvanceseditorial@aaas.org; pbenson@aaas.org
Subject: serious issues with vonHoldt wolf genomics paper
Date: Wednesday, August 10, 2016 12:58:52 PM
Importance: High

Dear Editors of Science Advances,
 
I am writing you to express serious concerns about the vonHoldt et al. article you
recently published on the topic of wild canid genomics in North America. There seem to
be some major technical and editorial deficiencies in this new paper, significant enough
to demand either an immediate published correction, or even a retraction of the paper
altogether if it turns out that correcting these deficiencies would lead to major changes in
the conclusions of the article.
 
Here are the key points for your consideration:
 
1. The paper indicates that a total of 3 red wolves had their genomes sequenced, one of
which apparently came from a previous study, and two of which were apparently newly
sequenced for this study. However, Table 1 provides an incorrect citation # for the origin
of redwolf1, "54", which in the bibliography of the vonHoldt paper is listed as a paper by
Lunter and Goodson that has nothing specific to do with canid genetics. So the origin and
identity of redwolf1 is completely unclear. Note also that the caption for Table 1
indicates the table shows ancestry proportions, but no ancestry proportions are actually
shown in Table 1.
 
2. The red wolves used in the study are described as having come from the captive
population, but on the map shown in Figure 1, all three red wolves are traced to eastern
North Carolina, an area that is home to the reintroduced wild population of red wolves,
but not a significant portion of the captive population. Looking in Table S1, which
presents D statistic results for various combinations of species, the three red wolves are
no longer referred to as redwolf1, 2, and 3, as they are in the text of the article. Instead,
there are only two red wolves referred to in Table S1, "redwolf661" and "redwolf762".
According to a university colleague, 661 and 762 happen to correspond to studbook
numbers for two members of the wild population that were captured (and then released)
as pups in the 1990's. So those two wolves may be wild and not captive? And there is no
third red wolf shown in Table S1, even though D statistic results are shown for three red
wolves in Figure S3, so presumably such calculations were completed. Interestingly, in
another portion of the text (page 7 last paragraph before the discussion) the authors
refer to complete sequenced genomes for only two red wolves, not three. 
 
3. The authors indicate that two of their canid genomes were obtained from Algonquin
Provincial Park, an area that they correctly indicate is thought to be home to the purest
remaining examples of the hypothetical eastern wolf (Canis lycaon). However, this area



of Canada is also known to have been an active zone of hybridization between eastern
wolves and coyotes. vonHoldt et al. do not provide any metadata about their two
specimens from Algonquin that would allow a reader to judge the likelihood that the
genomes they sequenced came from a coyote, a recent hybrid, or a relatively pure
eastern wolf. Linda Rutledge, an expert on eastern wolves and a postdoc in vonHoldt's
own laboratory, was quoted in the New York Times article about vonHoldt's new study
as indicating that the specimens were taken from the park at a time when hybridization
was even more of a problem than it is now. Given the lack of data to the contrary, it
seems reasonable to speculate that the Algonquin specimens used by vonHoldt may have
been recent wolf-coyote hybrids, which would undermine almost all of the authors'
points about putative ancestry for eastern wolves. It is also worth noting that vonHoldt
et al. (2011) were criticized by Rutledge et al. (2012 - Biological Conservation 155:186-
192) for making the exact same error (failing to report the origins of their Algonquin
specimens), so it is surprising they were allowed to repeat their mistake here in their
new article.
 
4. The authors of the paper mention several times that their Alabama coyote's DNA
showed no signs of excessive red wolf ancestry. However, the authors apparently forgot
to include the relevant D statistic results in their Table S1, which they refer to when
claiming a lack of red wolf ancestry for this specimen. Based on the information in the
article, the appropriate D statistic test of red wolf ancestry would apparently include one
of the three red wolves in the P3 introgressor position, and the Alabama coyote in the P2
or P1 positions. These tests should have been included in worksheet C of Table S1,
according to the legend for Table S1, which is contained in the supplemental materials
pdf.
            This is significant to the paper's conjectures as they proceed to use the Alabama
coyote as a reference genome for determining admixture rates in other canid
populations, even though at face value the Alabama locality for this animal strongly
implies a potential hybrid origin. Alabama is inside the undisputed former range of the
red wolf, and outside of the known historic range of the coyote. Any coyote traveling on
its own to Alabama from Texas or other points west would have likely crossed through
an area in eastern Texas that was known to be a hotspot for hybridizing canids, and
which according to Mech and Nowak (2010 - Southeastern Naturalist 9:587-594)
continues to contain canids that display signs of red wolf ancestry.
            Furthermore, it is worth noting that the legend for Table S1 assertively refers to
the red wolf and eastern wolf specimens as "hybrids", and then makes the unsupported
claim that D statistic tests with red wolves or eastern wolves in the P3 position are "not
useful for assessment of introgression." Such a statement would only be true if one
assumes with a priori certainty that red wolves and eastern wolves are hybrids of gray
wolves and coyotes.
 
5. The authors present two tables, Table 4 in the paper and Table S4 in the supplemental
results, that appear to describe the same information (% novel alleles) but which report



completely different sets of numbers. For example, the non-down-sampled result for
redwolf1 is listed as 8.78% in Table 4, but 11.78% in Table S4. In the methods section of
the paper (page 11, last paragraph) no clear distinction is offered indicating any key
differences between the two tables, though one may infer from the captions that Table 4
shows novelty with respect to (wolves + coyotes) and Table S4 shows novelty with
respect to wolves only. Since the authors in part rely on what they claim is a lack of
unique alleles to make their assessment that red wolves and eastern wolves must be
hybrids, it is fairly significant for readers to be able to understand what their % novel
allele data actually refer to.
            Also, it is worth noting that vonHoldt et al. do not actually provide a numerical
criteria for uniqueness in their description of their results of this test. Instead they
simply present their opinion that the novelty results they observed were too low to
support a unique species origin, without offering references or data to support this
conjecture (page 7): "If we assumed that the red and eastern wolves were distinct
species that hybridized with gray wolves and coyotes with proportions estimated as in
Table 3, then the expectation is that they would have more novel alleles than actually
observed." Such an opinion statement seems out of place in the results section of this
paper, and even in the discussion section it should have included some sort of references
to other published studies of genomic uniqueness with respect to taxonomic
designations and species origins. 
 
6. The D statistic tests used by the authors have been most famously used to derive
Neandertal ancestry proportions for modern human populations (Green et al., reference
30 in vonHoldt et al.'s paper). However, it should be noted that other authors (e.g.
Lowery et al. (2013) Gene 530:83-94) have refuted the claim that the D statistic is an
unambiguous test of admixture, and instead argue that the same results could be
obtained in a situation of structured patterns of common ancestry. As noted by Rutledge
et al. (2012), vonHoldt et al. (2011) essentially fail to even allow for the possibility that
common ancestry could explain the higher statistical affiliations they observed between
genes of coyotes, red wolves, and eastern wolves. A major critique of both the new work
by vonHoldt et al. (2016) and their previous work in 2011, is therefore that both papers
imply certainty about hybrid origins for red wolves and eastern wolves, without actually
proving that the data they report could not also be explained by a pattern of common
ancestry for coyotes and these two hypothetical wolf species.
 
To conclude, it seems that vonHoldt et al. (2016) have used poorly described and
possibly even misrepresented canid DNA specimens in a set of tests that may not be able
to distinguish between admixture and common ancestry anyway, and yet have arrived
with what appears to be great certainty at their result that red wolves and eastern
wolves must be hybrids. This would be a serious concern regardless of the situation, but
in this case these concerns are amplified by the fact that vonHoldt et al.'s new research
received (and continues to receive) a truly remarkable degree of uncritical coverage in
the national news media.



 
Also highly significant is the fact that the US Fish and Wildlife Service is officially
reviewing the red wolf program, with a decision about the future of the wild red wolf
population in North Carolina expected to be announced by Director Dan Ashe in
September of this year. It is therefore both extremely important and extremely urgent
that Science Advances either corrects or retracts this paper, and that you promptly
notify both the national media outlets that wrote about the article and the US Fish and
Wildlife Service Director's Office about your corrective actions.
 
Thank you for your consideration,
 
Ron Sutherland, Ph.D.
Conservation Scientist
Wildlands Network
ron@wildlandsnetwork.org



From: Benjamin, Pete
To: Harrison, Rebecca; Morse, Michael L; Nordsven, Ryan; Olson, Shaun E; Beyer, Arthur; Lanier, Scott; Mike Bryant;

Phillips, Howard
Subject: Fwd: serious issues with vonHoldt wolf genomics paper
Date: Wednesday, August 10, 2016 2:26:10 PM
Importance: High

Not sure if you guys have seen this.  We can talk about it tomorrow.  Dr. Sutherland has leveled some
significant charges herein and I'll wager he has given this a wide distribution on his own, so let's not
distribute it ourselves outside the agency so as to avoid any appearance that we are taking sides in this
dispute amongst scientists.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Ron Sutherland <ron@wildlandsnetwork.org>
Date: Wed, Aug 10, 2016 at 12:58 PM
Subject: serious issues with vonHoldt wolf genomics paper
To: scienceAdvanceseditorial@aaas.org, pbenson@aaas.org

Dear Editors of Science Advances,

 

I am writing you to express serious concerns about the vonHoldt et al. article you recently
published on the topic of wild canid genomics in North America. There seem to be some
major technical and editorial deficiencies in this new paper, significant enough to demand
either an immediate published correction, or even a retraction of the paper altogether if it turns
out that correcting these deficiencies would lead to major changes in the conclusions of the
article.

 

Here are the key points for your consideration:

 

1. The paper indicates that a total of 3 red wolves had their genomes sequenced, one of which
apparently came from a previous study, and two of which were apparently newly sequenced
for this study. However, Table 1 provides an incorrect citation # for the origin of redwolf1,
"54", which in the bibliography of the vonHoldt paper is listed as a paper by Lunter and
Goodson that has nothing specific to do with canid genetics. So the origin and identity of
redwolf1 is completely unclear. Note also that the caption for Table 1 indicates the table
shows ancestry proportions, but no ancestry proportions are actually shown in Table 1.

 

2. The red wolves used in the study are described as having come from the captive population,



but on the map shown in Figure 1, all three red wolves are traced to eastern North Carolina, an
area that is home to the reintroduced wild population of red wolves, but not a significant
portion of the captive population. Looking in Table S1, which presents D statistic results for
various combinations of species, the three red wolves are no longer referred to as redwolf1, 2,
and 3, as they are in the text of the article. Instead, there are only two red wolves referred to in
Table S1, "redwolf661" and "redwolf762". According to a university colleague, 661 and 762
happen to correspond to studbook numbers for two members of the wild population that were
captured (and then released) as pups in the 1990's. So those two wolves may be wild and not
captive? And there is no third red wolf shown in Table S1, even though D statistic results are
shown for three red wolves in Figure S3, so presumably such calculations were completed.
Interestingly, in another portion of the text (page 7 last paragraph before the discussion) the
authors refer to complete sequenced genomes for only two red wolves, not three. 

 

3. The authors indicate that two of their canid genomes were obtained from Algonquin
Provincial Park, an area that they correctly indicate is thought to be home to the purest
remaining examples of the hypothetical eastern wolf (Canis lycaon). However, this area of
Canada is also known to have been an active zone of hybridization between eastern wolves
and coyotes. vonHoldt et al. do not provide any metadata about their two specimens from
Algonquin that would allow a reader to judge the likelihood that the genomes they sequenced
came from a coyote, a recent hybrid, or a relatively pure eastern wolf. Linda Rutledge, an
expert on eastern wolves and a postdoc in vonHoldt's own laboratory, was quoted in the New
York Times article about vonHoldt's new study as indicating that the specimens were taken
from the park at a time when hybridization was even more of a problem than it is now. Given
the lack of data to the contrary, it seems reasonable to speculate that the Algonquin specimens
used by vonHoldt may have been recent wolf-coyote hybrids, which would undermine almost
all of the authors' points about putative ancestry for eastern wolves. It is also worth noting that
vonHoldt et al. (2011) were criticized by Rutledge et al. (2012 - Biological Conservation
155:186-192) for making the exact same error (failing to report the origins of their Algonquin
specimens), so it is surprising they were allowed to repeat their mistake here in their new
article.

 

4. The authors of the paper mention several times that their Alabama coyote's DNA showed no
signs of excessive red wolf ancestry. However, the authors apparently forgot to include the
relevant D statistic results in their Table S1, which they refer to when claiming a lack of red
wolf ancestry for this specimen. Based on the information in the article, the appropriate D
statistic test of red wolf ancestry would apparently include one of the three red wolves in the
P3 introgressor position, and the Alabama coyote in the P2 or P1 positions. These tests should
have been included in worksheet C of Table S1, according to the legend for Table S1, which is
contained in the supplemental materials pdf.

            This is significant to the paper's conjectures as they proceed to use the Alabama coyote
as a reference genome for determining admixture rates in other canid populations, even though
at face value the Alabama locality for this animal strongly implies a potential hybrid origin.
Alabama is inside the undisputed former range of the red wolf, and outside of the known
historic range of the coyote. Any coyote traveling on its own to Alabama from Texas or other
points west would have likely crossed through an area in eastern Texas that was known to be a
hotspot for hybridizing canids, and which according to Mech and Nowak (2010 - Southeastern



Naturalist 9:587-594) continues to contain canids that display signs of red wolf ancestry.

            Furthermore, it is worth noting that the legend for Table S1 assertively refers to the red
wolf and eastern wolf specimens as "hybrids", and then makes the unsupported claim that D
statistic tests with red wolves or eastern wolves in the P3 position are "not useful for
assessment of introgression." Such a statement would only be true if one assumes with a priori
certainty that red wolves and eastern wolves are hybrids of gray wolves and coyotes.

 

5. The authors present two tables, Table 4 in the paper and Table S4 in the supplemental
results, that appear to describe the same information (% novel alleles) but which report
completely different sets of numbers. For example, the non-down-sampled result for redwolf1
is listed as 8.78% in Table 4, but 11.78% in Table S4. In the methods section of the paper
(page 11, last paragraph) no clear distinction is offered indicating any key differences between
the two tables, though one may infer from the captions that Table 4 shows novelty with
respect to (wolves + coyotes) and Table S4 shows novelty with respect to wolves only. Since
the authors in part rely on what they claim is a lack of unique alleles to make their assessment
that red wolves and eastern wolves must be hybrids, it is fairly significant for readers to be
able to understand what their % novel allele data actually refer to.

            Also, it is worth noting that vonHoldt et al. do not actually provide a numerical criteria
for uniqueness in their description of their results of this test. Instead they simply present their
opinion that the novelty results they observed were too low to support a unique species origin,
without offering references or data to support this conjecture (page 7): "If we assumed that the
red and eastern wolves were distinct species that hybridized with gray wolves and coyotes
with proportions estimated as in Table 3, then the expectation is that they would have more
novel alleles than actually observed." Such an opinion statement seems out of place in the
results section of this paper, and even in the discussion section it should have included some
sort of references to other published studies of genomic uniqueness with respect to taxonomic
designations and species origins. 

 

6. The D statistic tests used by the authors have been most famously used to derive Neandertal
ancestry proportions for modern human populations (Green et al., reference 30 in vonHoldt et
al.'s paper). However, it should be noted that other authors (e.g. Lowery et al. (2013) Gene
530:83-94) have refuted the claim that the D statistic is an unambiguous test of admixture, and
instead argue that the same results could be obtained in a situation of structured patterns of
common ancestry. As noted by Rutledge et al. (2012), vonHoldt et al. (2011) essentially fail to
even allow for the possibility that common ancestry could explain the higher statistical
affiliations they observed between genes of coyotes, red wolves, and eastern wolves. A major
critique of both the new work by vonHoldt et al. (2016) and their previous work in 2011, is
therefore that both papers imply certainty about hybrid origins for red wolves and eastern
wolves, without actually proving that the data they report could not also be explained by a
pattern of common ancestry for coyotes and these two hypothetical wolf species.

 

To conclude, it seems that vonHoldt et al. (2016) have used poorly described and possibly
even misrepresented canid DNA specimens in a set of tests that may not be able to distinguish



between admixture and common ancestry anyway, and yet have arrived with what appears to
be great certainty at their result that red wolves and eastern wolves must be hybrids. This
would be a serious concern regardless of the situation, but in this case these concerns are
amplified by the fact that vonHoldt et al.'s new research received (and continues to receive) a
truly remarkable degree of uncritical coverage in the national news media.

 

Also highly significant is the fact that the US Fish and Wildlife Service is officially reviewing
the red wolf program, with a decision about the future of the wild red wolf population in North
Carolina expected to be announced by Director Dan Ashe in September of this year. It is
therefore both extremely important and extremely urgent that Science Advances either
corrects or retracts this paper, and that you promptly notify both the national media outlets that
wrote about the article and the US Fish and Wildlife Service Director's Office about your
corrective actions.

 

Thank you for your consideration,

 

Ron Sutherland, Ph.D.

Conservation Scientist

Wildlands Network

ron@wildlandsnetwork.org



From: William Waddell
To: Bridgett M. vonHoldt; Harrison, Rebecca
Cc: Benjamin, Pete; Hunter, Chuck; Bob
Subject: RE: Red wolf samples in recent paper
Date: Friday, August 12, 2016 5:26:28 PM
Importance: High

Hi Bridgett,

You mentioned that these are field IDs. Are these associated with studbook numbers? Also in Supplemental Table 1
there were two samples referenced, redwolf661 and redwolf762, but I didn't see a third one and are these sample
numbers connected to the ones mentioned below? 

Also do you happen to have any information on when and where these samples came from? I have been working on
recording that type of information in each individuals specimen report in the studbook.

Thanks,
Will

-----Original Message-----
From: Bridgett M. vonHoldt [mailto:vonholdt@Princeton.EDU]
Sent: Thursday, August 04, 2016 11:06 AM
To: Rebecca Harrison
Cc: William Waddell; Pete Benjamin; Chuck Hunter; Bob
Subject: Re: Red wolf samples in recent paper

Hi Becky-

The field IDs for the three red wolves published in the Science Advances paper are:
RW277 (redwolf1)
RW179 (redwolf2)
RW212 (redwolf3)

Best,
Bridgett

On Aug 2, 2016, at 12:29 PM, Rebecca Harrison <rebecca_harrison@fws.gov> wrote:

> Hi Bridgett,
>
> I am just digesting your most recent publication, but had a quick
> question I was hoping you could assist me with. Where did the three
> red wolf samples that your group evaluated in the whole-genome
> sequence analysis come from? The tables/figures state they originated
> from different locations in the captive breeding program, but I didn't
> see additional details in the supplementary materials. Were there id
> or studbook numbers associated with these individuals?
>
> Thank you,
> Becky
>
> Sent from my iPhone



From: Bridgett M. vonHoldt
To: William Waddell
Cc: Harrison, Rebecca; Benjamin, Pete; Hunter, Chuck; Bob
Subject: Re: Red wolf samples in recent paper
Date: Monday, August 15, 2016 8:38:09 AM
Importance: High

Hi Will-

I’m unsure what the studbook numbers are. Bob should comment further about the samples' origins.

Sorry, here is more info for multiple labels per sample:

RedWolf RKW661 is also fieldID RW277 and Sci Adv Redwolf1
RedWolf RKW701 is also fieldID RW179 and Sci Adv Redwolf2
RedWolf RKW762 fieldID RW212 and Sci Adv Redwolf3

Bridgett

On Aug 12, 2016, at 5:26 PM, William Waddell <William.Waddell@pdza.org> wrote:

> Hi Bridgett,
>
> You mentioned that these are field IDs. Are these associated with studbook numbers? Also in Supplemental Table
1 there were two samples referenced, redwolf661 and redwolf762, but I didn't see a third one and are these sample
numbers connected to the ones mentioned below? 
>
> Also do you happen to have any information on when and where these samples came from? I have been working
on recording that type of information in each individuals specimen report in the studbook.
>
> Thanks,
> Will
>
> -----Original Message-----
> From: Bridgett M. vonHoldt [mailto:vonholdt@Princeton.EDU]
> Sent: Thursday, August 04, 2016 11:06 AM
> To: Rebecca Harrison
> Cc: William Waddell; Pete Benjamin; Chuck Hunter; Bob
> Subject: Re: Red wolf samples in recent paper
>
> Hi Becky-
>
> The field IDs for the three red wolves published in the Science Advances paper are:
> RW277 (redwolf1)
> RW179 (redwolf2)
> RW212 (redwolf3)
>
> Best,
> Bridgett
>
> On Aug 2, 2016, at 12:29 PM, Rebecca Harrison <rebecca_harrison@fws.gov> wrote:
>
>> Hi Bridgett,
>>
>> I am just digesting your most recent publication, but had a quick



>> question I was hoping you could assist me with. Where did the three
>> red wolf samples that your group evaluated in the whole-genome
>> sequence analysis come from? The tables/figures state they originated
>> from different locations in the captive breeding program, but I didn't
>> see additional details in the supplementary materials. Were there id
>> or studbook numbers associated with these individuals?
>>
>> Thank you,
>> Becky
>>
>> Sent from my iPhone
>



From: William Waddell
To: Benjamin, Pete; Harrison, Rebecca; Hunter, Chuck
Subject: FW: Red wolf samples in recent paper
Date: Monday, August 15, 2016 6:06:37 PM
Importance: High

Well this really doesn't clarify things from what I can see? Interesting that Linda Rutledge was in Becky's initial
email but not in subsequent communication. 

-----Original Message-----
From: Bridgett M. vonHoldt [mailto:vonholdt@Princeton.EDU]
Sent: Monday, August 15, 2016 5:38 AM
To: William Waddell
Cc: Rebecca Harrison; Pete Benjamin; Chuck Hunter; Bob
Subject: Re: Red wolf samples in recent paper

Hi Will-

I'm unsure what the studbook numbers are. Bob should comment further about the samples' origins.

Sorry, here is more info for multiple labels per sample:

RedWolf RKW661 is also fieldID RW277 and Sci Adv Redwolf1 RedWolf RKW701 is also fieldID RW179 and
Sci Adv Redwolf2 RedWolf RKW762 fieldID RW212 and Sci Adv Redwolf3

Bridgett

On Aug 12, 2016, at 5:26 PM, William Waddell <William.Waddell@pdza.org> wrote:

> Hi Bridgett,
>
> You mentioned that these are field IDs. Are these associated with studbook numbers? Also in Supplemental Table
1 there were two samples referenced, redwolf661 and redwolf762, but I didn't see a third one and are these sample
numbers connected to the ones mentioned below? 
>
> Also do you happen to have any information on when and where these samples came from? I have been working
on recording that type of information in each individuals specimen report in the studbook.
>
> Thanks,
> Will
>
> -----Original Message-----
> From: Bridgett M. vonHoldt [mailto:vonholdt@Princeton.EDU]
> Sent: Thursday, August 04, 2016 11:06 AM
> To: Rebecca Harrison
> Cc: William Waddell; Pete Benjamin; Chuck Hunter; Bob
> Subject: Re: Red wolf samples in recent paper
>
> Hi Becky-
>
> The field IDs for the three red wolves published in the Science Advances paper are:
> RW277 (redwolf1)
> RW179 (redwolf2)
> RW212 (redwolf3)
>



> Best,
> Bridgett
>
> On Aug 2, 2016, at 12:29 PM, Rebecca Harrison <rebecca_harrison@fws.gov> wrote:
>
>> Hi Bridgett,
>>
>> I am just digesting your most recent publication, but had a quick
>> question I was hoping you could assist me with. Where did the three
>> red wolf samples that your group evaluated in the whole-genome
>> sequence analysis come from? The tables/figures state they originated
>> from different locations in the captive breeding program, but I
>> didn't see additional details in the supplementary materials. Were
>> there id or studbook numbers associated with these individuals?
>>
>> Thank you,
>> Becky
>>
>> Sent from my iPhone
>



From: Benjamin, Pete
To: Krishna Pacifici; Jaime Collazo
Subject: USGS Taxonomy Workshop
Date: Thursday, August 18, 2016 4:20:33 PM
Importance: High

Hi Guys,

Krishna sent me notes from the May workshop awhile ago.  Thanks for those.  I was hoping to get
something more like a brief (1 or 2 page) summary of the meeting (participants, key findings, next
steps - sort of thing).  I'm under fairly intense pressure to wrap up the work of the Recovery Team and
put a final product in front of my leadership (they want something like tomorrow), and they are looking
for a summary of the workshop to be part of that.  This is particularly important in light of the von
Holdt et al paper.  

Let me know what you guys can do.  Call if you need me.  Hope your summer has been as much fun as
mine.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Krishna Pacifici
To: Benjamin, Pete
Cc: Jaime Collazo
Subject: Re: USGS Taxonomy Workshop
Date: Thursday, August 18, 2016 4:32:38 PM
Importance: High

Pete, 
I'm calling now and we can discuss.

Sorry for the headache!

On Thu, Aug 18, 2016 at 4:20 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Guys,

Krishna sent me notes from the May workshop awhile ago.  Thanks for those.  I was hoping to get
something more like a brief (1 or 2 page) summary of the meeting (participants, key findings, next
steps - sort of thing).  I'm under fairly intense pressure to wrap up the work of the Recovery Team
and put a final product in front of my leadership (they want something like tomorrow), and they are
looking for a summary of the workshop to be part of that.  This is particularly important in light of
the von Holdt et al paper.  

Let me know what you guys can do.  Call if you need me.  Hope your summer has been as much fun
as mine.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435



From: William Waddell
To: Harrison, Rebecca; Lisette Waits; Adams, Jennifer (adamsj@uidaho.edu)
Cc: Benjamin, Pete
Subject: RE: Red wolf samples in recent paper
Date: Thursday, August 25, 2016 2:07:06 PM
Importance: High

Yes a belated thank you to Jen for taking the time to participate in the SSP meetings and for
presenting to the group on the timely subject.
 
I followed up with a note to Bridgett as well asking if the field ID’s were associated with studbook
numbers, that in supplemental table 1 there were only 2 samples referenced, and if there was any
info about when and where the samples came from.  Below is her response.
 
I’m unsure what the studbook numbers are. Bob should comment further about the samples'
origins.
 
Sorry, here is more info for multiple labels per sample:
 
RedWolf RKW661 is also fieldID RW277 and Sci Adv Redwolf1 RedWolf RKW701 is also fieldID
RW179 and Sci Adv Redwolf2 RedWolf RKW762 fieldID RW212 and Sci Adv Redwolf3
 
Take care,
 
 
Will Waddell | Red Wolf SSP Coordinator
Point Defiance Zoo & Aquarium | Metro Parks Tacoma
Office: 253-858-9172 | Cell: 253-208-0481
william.waddell@pdza.org | www.pdza.org
 
Discover! Connect! Conserve! Care!
 
 
 
From: Harrison, Rebecca [mailto:rebecca_harrison@fws.gov] 
Sent: Monday, August 08, 2016 10:18 AM
To: Lisette Waits; Adams, Jennifer (adamsj@uidaho.edu)
Cc: Pete Benjamin; William Waddell
Subject: Fwd: Red wolf samples in recent paper
 
Hi Lisette and Jen,
 
FYI.  This is the information we received from Bridgett regarding the 3 samples they
used in the analyses for the most recent paper.  Will and I looked at these and if they
are the studbook #s, all of them are from captive-born animals from PDZA.
 
Jen--it was so wonderful to meet you in person last week.  Thank you so much for
being there--your presentation was perfectly timed!  I look forward to hearing more
about the ongoing work.  Pete will likely be in touch as he continues to develop the
programmatic permit as we discussed & how the lab may potentially be banking
additional specimens.



 
Thank you,
Becky

Becky (Bartel) Harrison, Ph.d.
Supervisory 
Wildlife 
Biologist
Alligator River & Pea Island National Wildlife Refuges
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 2
31
 
Email: rebecca_harrison@fws.gov
 
 
 
---------- Forwarded message ----------
From: Bridgett M. vonHoldt <vonholdt@princeton.edu>
Date: Thu, Aug 4, 2016 at 2:05 PM
Subject: Re: Red wolf samples in recent paper
To: Rebecca Harrison <rebecca_harrison@fws.gov>
Cc: William Waddell <William.Waddell@pdza.org>, Pete Benjamin
<pete_benjamin@fws.gov>, Chuck Hunter <chuck_hunter@fws.gov>, Bob
<rwayne@eeb.ucla.edu>

Hi Becky-

The field IDs for the three red wolves published in the Science Advances paper are:
RW277 (redwolf1)
RW179 (redwolf2)
RW212 (redwolf3)

Best,
Bridgett

On Aug 2, 2016, at 12:29 PM, Rebecca Harrison <rebecca_harrison@fws.gov> wrote:

> Hi Bridgett,
>
> I am just digesting your most recent publication, but had a quick
> question I was hoping you could assist me with. Where did the three
> red wolf samples that your group evaluated in the whole-genome
> sequence analysis come from? The tables/figures state they originated
> from different locations in the captive breeding program, but I didn't
> see additional details in the supplementary materials. Were there id
> or studbook numbers associated with these individuals?
>



> Thank you,
> Becky
>
> Sent from my iPhone

 



From: Waits, Lisette (lwaits@uidaho.edu)
To: William Waddell; Harrison, Rebecca; Adams, Jennifer (adamsj@uidaho.edu)
Cc: Benjamin, Pete
Subject: Re: Red wolf samples in recent paper
Date: Thursday, August 25, 2016 2:16:29 PM
Importance: High

Thanks.  We are working on getting the response finalized and then can share with you.  The first week of 
class hit Monday which slowed us down…hoping to dig back out soon.

Lisette
Lisette Waits, PhD
Distinguished Professor 
Department Head
Dept Fish and Wildlife Sciences
University of Idaho
875 Perimeter Drive MS 1136
Moscow ID 83844-1136
Phone: (208) 885 7823

From: William Waddell <William.Waddell@pdza.org>
Date: Thursday, August 25, 2016 at 11:07 AM
To: "Harrison, Rebecca" <rebecca_harrison@fws.gov>, Lisette Waits <lwaits@uidaho.edu>, Jen 
<adamsj@uidaho.edu>
Cc: Pete Benjamin <pete_benjamin@fws.gov>
Subject: RE: Red wolf samples in recent paper

Yes a belated thank you to Jen for taking the time to participate in the SSP meetings and for 
presenting to the group on the timely subject.
 
I followed up with a note to Bridgett as well asking if the field ID’s were associated with studbook 
numbers, that in supplemental table 1 there were only 2 samples referenced, and if there was any 
info about when and where the samples came from.  Below is her response.
 
I’m unsure what the studbook numbers are. Bob should comment further about the samples' 
origins.
 
Sorry, here is more info for multiple labels per sample:
 
RedWolf RKW661 is also fieldID RW277 and Sci Adv Redwolf1 RedWolf RKW701 is also fieldID 
RW179 and Sci Adv Redwolf2 RedWolf RKW762 fieldID RW212 and Sci Adv Redwolf3
 
Take care,
 
 
Will Waddell| Red Wolf SSP Coordinator
Point Defiance Zoo & Aquarium | Metro Parks Tacoma



Office: 253-858-9172| Cell: 253-208-0481
william.waddell@pdza.org| www.pdza.org
 
Discover! Connect! Conserve! Care!
 
 
 
From: Harrison, Rebecca [mailto:rebecca_harrison@fws.gov] 
Sent: Monday, August 08, 2016 10:18 AM
To: Lisette Waits; Adams, Jennifer (adamsj@uidaho.edu)
Cc: Pete Benjamin; William Waddell
Subject: Fwd: Red wolf samples in recent paper
 
Hi Lisette and Jen,
 
FYI.  This is the information we received from Bridgett regarding the 3 samples they 
used in the analyses for the most recent paper.  Will and I looked at these and if they 
are the studbook #s, all of them are from captive-born animals from PDZA.
 
Jen--it was so wonderful to meet you in person last week.  Thank you so much for 
being there--your presentation was perfectly timed!  I look forward to hearing more 
about the ongoing work.  Pete will likely be in touch as he continues to develop the 
programmatic permit as we discussed & how the lab may potentially be banking 
additional specimens.
 
Thank you,
Becky

Becky (Bartel) Harrison, Ph.d.
Supervisory 
Wildlife 
Biologist
Alligator River & Pea Island National Wildlife Refuges
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 2
31
 
Email: rebecca_harrison@fws.gov
 
 
 
---------- Forwarded message ----------
From: Bridgett M. vonHoldt <vonholdt@princeton.edu>
Date: Thu, Aug 4, 2016 at 2:05 PM
Subject: Re: Red wolf samples in recent paper
To: Rebecca Harrison <rebecca_harrison@fws.gov>
Cc: William Waddell <William.Waddell@pdza.org>, Pete Benjamin 
<pete_benjamin@fws.gov>, Chuck Hunter <chuck_hunter@fws.gov>, Bob 
<rwayne@eeb.ucla.edu>



Hi Becky-

The field IDs for the three red wolves published in the Science Advances paper are:
RW277 (redwolf1)
RW179 (redwolf2)
RW212 (redwolf3)

Best,
Bridgett

On Aug 2, 2016, at 12:29 PM, Rebecca Harrison <rebecca_harrison@fws.gov> wrote:

> Hi Bridgett,
>
> I am just digesting your most recent publication, but had a quick
> question I was hoping you could assist me with. Where did the three
> red wolf samples that your group evaluated in the whole-genome
> sequence analysis come from? The tables/figures state they originated
> from different locations in the captive breeding program, but I didn't
> see additional details in the supplementary materials. Were there id
> or studbook numbers associated with these individuals?
>
> Thank you,
> Becky
>
> Sent from my iPhone

 



From: Krishna Pacifici
To: Mills, Scott; Richard Fredrickson; Benjamin, Pete; Lisette Waits; Linda Rutledge; Prof Roland Kays
Subject: Red Wolf Workshop
Date: Friday, October 21, 2016 12:16:29 PM
Importance: High

Hi,
I just wanted to say thanks again for your participation and help with the workshop.  I think it
went really well and we got some really positive feedback.  I hope you all had a great time at
the workshop and had safe travels back.

Thanks again!

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435



From: Linda Rutledge
To: Krishna Pacifici
Cc: Mills, Scott; Richard Fredrickson; Benjamin, Pete; Lisette Waits; Prof Roland Kays
Subject: Re: Red Wolf Workshop
Date: Friday, October 21, 2016 12:32:26 PM
Importance: High

Hi Krishna

Thanks to you and everyone for organizing and inviting panelists and all the hard work 
involved in all of this. I got lots of very positivie feedback from several people during the 
social events. So very well received I thnk overall. 

Linda

On Oct 21, 2016, at 12:16 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:

Hi,
I just wanted to say thanks again for your participation and help with the 
workshop.  I think it went really well and we got some really positive feedback.  I 
hope you all had a great time at the workshop and had safe travels back.

Thanks again!

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435



From: Prof Roland Kays
To: Linda Rutledge
Cc: Krishna Pacifici; Mills, Scott; Richard Fredrickson; Benjamin, Pete; Lisette Waits
Subject: Re: Red Wolf Workshop
Date: Friday, October 21, 2016 3:56:35 PM
Importance: High

Kudos for the least controversial red wolf event ever!  
 - and I mean that as a compliment :)

_____________________
Roland Kays, Ph.D.
Research Associate Professor, NC State University, Dept. Forestry & Environmental Resources
Lab Head, NC Museum of Natural Sciences

New Book! Candid Creatures: How Camera Traps Reveal the Mysteries of Nature
Buy, Sneak Peek

On Fri, Oct 21, 2016 at 12:32 PM, Linda Rutledge <lr9@princeton.edu> wrote:
Hi Krishna

Thanks to you and everyone for organizing and inviting panelists and all the hard work
involved in all of this. I got lots of very positivie feedback from several people during the
social events. So very well received I thnk overall. 

Linda

On Oct 21, 2016, at 12:16 PM, Krishna Pacifici <jkpacifi@ncsu.edu> wrote:

Hi,
I just wanted to say thanks again for your participation and help with the
workshop.  I think it went really well and we got some really positive feedback. 
I hope you all had a great time at the workshop and had safe travels back.

Thanks again!

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435



From: Constantino, Maricela
To: Delia, Jesse; Melbihess, Tracy; Sherry Barrett; Dwire, Maggie; Ragan, Laura; Parkin, Mary; Miller, Martin; Willey,

Seth; Hall, Sarah; Benjamin, Pete; Gober, Joy; Kissling, Michelle L; Erickson, Peter; Picco, Angela; Willy, Elizabeth
Cc: Gabriela Chavarria; Morgan, Don; Hornaday, Kelly; Brisendine, Amy; Crouse, Debby; Lewis Gorman
Subject: Re: Informal webinar by Steve Fain - update on current collaborations on wolf genetics
Date: Tuesday, December 20, 2016 1:26:55 PM

Good Afternoon Everyone,

My apologies if you already have the following information. I only sent the calendar invite to the folks who 
responded to the doodle poll but now realize I should have sent it out more broadly. The webinar has 
been scheduled for Wednesday Jan 4, 2017 from 12-1 pm ET. It is for FWS employees only and is being 
hosted by NCTC. Here is a link to register for the webinar. Registering will ensure that you receive email 
updates from NCTC about how to access the webinar. http://nctc.adobeconnect.com/e
4xb2eu64fr/event/registration.html 

Thanks,

Maricela Constantino
Endangered Species Biologist
Branch of Recovery and State Grants
Ecological Services - Headquarters Office
U.S. Fish and Wildlife Service

maricela_constantino@fws.gov
703/358-2113 (office)
571/969-9804 (cell)

On Fri, Dec 9, 2016 at 2:34 PM, Constantino, Maricela <maricela_constantino@fws.gov>
wrote:

Hello Everyone,
I was approached by the folks from the FWS National Forensics Lab recently to see
if I and any other Service staff working on wolves would like to have Steve Fain
give a webinar to update us on his current collaborations involving wolf genetics. 
Many of you may recall that Steve was one of the primary authors of the wolf
taxonomy manuscript published in North American Fauna back in 2012
(http://fwspubs.org/doi/full/10.3996/nafa.77.0001).  I'm excited about the
opportunity to talk with Steve and looking forward to hearing about his recent work
on wolf genetics/taxonomy.  

I've set up a doodle poll for dates/times in early January 2017 in order to find a
date/time that works for most.  If you are interested - or if you know of other
Service staff who may be - please identify your availability for the proposed dates. 
I'll plan to close the poll next Friday, Dec 16th.  Once I identify a date/time I'll send
out the details for the webinar.  Hope you can join!

Thanks,

http://doodle.com/poll/tt2qqi9qxpsgx545

Maricela Constantino
Endangered Species Biologist
Branch of Recovery and State Grants
Ecological Services - Headquarters Office



U.S. Fish and Wildlife Service

maricela_constantino@fws.gov
703/358-2113 (office)
571/969-9804 (cell)



From: Constantino, Maricela
To: Delia, Jesse; Melbihess, Tracy; Sherry Barrett; Dwire, Maggie; Ragan, Laura; Parkin, Mary; Miller, Martin; Willey,

Seth; Hall, Sarah; Benjamin, Pete; Gober, Joy; Kissling, Michelle L; Erickson, Peter; Picco, Angela; Willy,
Elizabeth; Weller, Emily; Hecht, Anne; Gardner, Colby; Gary Miller; White, Rollie

Cc: Gabriela Chavarria; Morgan, Don; Hornaday, Kelly; Brisendine, Amy; Crouse, Debby; Lewis Gorman; Fain, Steve
Subject: Re: Informal webinar by Steve Fain - update on current collaborations on wolf genetics
Date: Wednesday, January 4, 2017 12:13:34 PM

Good Afternoon,
The wolf webinar with Steve Fain has been cancelled for today - Ashland, OR is
closed due to bad weather.  I will coordinate with Steve and Gaby when the return to
the office to reschedule this webinar.  Please forward this message on to anyone I
may have missed.

Thanks for your patience.
  

Maricela Constantino
Endangered Species Biologist
Branch of Recovery and State Grants
Ecological Services - Headquarters Office
U.S. Fish and Wildlife Service

maricela_constantino@fws.gov
703/358-2113 (office)
571/969-9804 (cell)

On Tue, Dec 20, 2016 at 1:26 PM, Constantino, Maricela <maricela_constantino@fws.gov>
wrote:

Good Afternoon Everyone,

My apologies if you already have the following information. I only sent the calendar invite to the folks 
who responded to the doodle poll but now realize I should have sent it out more broadly. The webinar 
has been scheduled for Wednesday Jan 4, 2017 from 12-1 pm ET. It is for FWS employees only and is 
being hosted by NCTC. Here is a link to register for the webinar. Registering will ensure that you 
receive email updates from NCTC about how to access the webinar. http://nctc.adobeconnect.com/e
4xb2eu64fr/event/registration.html 

Thanks,

Maricela Constantino
Endangered Species Biologist
Branch of Recovery and State Grants
Ecological Services - Headquarters Office
U.S. Fish and Wildlife Service

maricela_constantino@fws.gov
703/358-2113 (office)
571/969-9804 (cell)

On Fri, Dec 9, 2016 at 2:34 PM, Constantino, Maricela <maricela_constantino@fws.gov>
wrote:

Hello Everyone,
I was approached by the folks from the FWS National Forensics Lab recently to
see if I and any other Service staff working on wolves would like to have Steve



Fain give a webinar to update us on his current collaborations involving wolf
genetics.  Many of you may recall that Steve was one of the primary authors of
the wolf taxonomy manuscript published in North American Fauna back in 2012
(http://fwspubs.org/doi/full/10.3996/nafa.77.0001).  I'm excited about the
opportunity to talk with Steve and looking forward to hearing about his recent
work on wolf genetics/taxonomy.  

I've set up a doodle poll for dates/times in early January 2017 in order to find a
date/time that works for most.  If you are interested - or if you know of other
Service staff who may be - please identify your availability for the proposed
dates.  I'll plan to close the poll next Friday, Dec 16th.  Once I identify a
date/time I'll send out the details for the webinar.  Hope you can join!

Thanks,

http://doodle.com/poll/tt2qqi9qxpsgx545

Maricela Constantino
Endangered Species Biologist
Branch of Recovery and State Grants
Ecological Services - Headquarters Office
U.S. Fish and Wildlife Service

maricela_constantino@fws.gov
703/358-2113 (office)
571/969-9804 (cell)



From: Constantino, Maricela
To: Hall, Sarah; Willey, Seth; Ragan, Laura; Erickson, Peter; Delia, Jesse; Willy, Elizabeth; Morgan, Don; Weller, Emily; White, Rollie; Benjamin, Pete; Hecht, Anne; Picco, Angela; Miller, Martin; Brisendine, Amy; gary_miller@fws.gov; Oakleaf, John;

sherry_barrett@fws.gov; Crouse, Debby; Parkin, Mary; Melbihess, Tracy; Gober, Joy; Dwire, Maggie; Gardner, Colby; gabriela_chavarria@fws.gov; Hornaday, Kelly; Newman, Jeff; Fain, Steve; Kissling, Michelle L; lewis_gorman@fws.gov
Subject: Invitation: Rescheduled - Steve Fain"s update on current collaboratio... @ Thu Jan 12, 2017 1pm - 2pm (pete_benjamin@fws.gov)
Start: Thursday, January 12, 2017 1:00:00 PM
End: Thursday, January 12, 2017 2:00:00 PM
Location: See below for details
Attachments: invite.ics

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=MzBoNmdpcWw1cHM3ajRzZzJoc2Myczcxcm8gcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjgjbWFyaWNlbGFfY29uc3RhbnRpbm9AZndzLmdvdmIwZTE4OWEyYjRiMDBmNWVhMmU0MTljZDQyZjBhZmM0ZWM0MTcwYjE&ctz=America/New_York&hl=en> 

Rescheduled - Steve Fain's update on current collaborations in wolf genetics

This webinar is for FWS employees only. All of the information you need to participate on the webinar is right here in this calendar invite (no pre-registration required). Looking forward to this topic! 

Conf Line: 866/731-3803
Passcode: 7591651

Webex Conference Details:
-------------------------------
Meeting Number: 743627001
Meeting Passcode: (none needed) 
Meeting Host: MARICELA CONSTANTINO

Join Instructions for Instant Net Conference:

1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=743627001&p=&t=c <https://www.google.com/url?
q=http%3A%2F%2Fwww.mymeetings.com%2Fnc%2Fjoin.php%3FsigKey%3Dmymeetings%26i%3D743627001%26p%3D%26t%3Dc&sa=D&ust=1483657995398000&usg=AFQjCNH19mHnjT993mdmll4AUr4OzUaVNw> 
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.

When
Thu Jan 12, 2017 1pm – 2pm Eastern Time 
Where
See below for details (map <https://maps.google.com/maps?q=See+below+for+details&hl=en> ) 
Video call
https://plus.google.com/hangouts/_/doi.gov/maricela-consta <https://plus.google.com/hangouts/_/doi.gov/maricela-consta?hceid=bWFyaWNlbGFfY29uc3RhbnRpbm9AZndzLmdvdg.30h6giql5ps7j4sg2hsc2s71ro>  
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From: Google Calendar on behalf of Constantino, Maricela
To: Miller, Martin; Ragan, Laura; sherry_barrett@fws.gov; Crouse, Debby; Parkin, Mary; Hall, Sarah;

lewis_gorman@fws.gov; gabriela_chavarria@fws.gov; Gober, Joy; gary_miller@fws.gov; Hornaday, Kelly;
Kissling, Michelle L; Fain, Steve; Weller, Emily; Constantino, Maricela; Hecht, Anne; Melbihess, Tracy; Willey,
Seth; White, Rollie; Erickson, Peter; Gardner, Colby; Morgan, Don; Brisendine, Amy; Picco, Angela; Willy,
Elizabeth; Oakleaf, John; Dwire, Maggie; Benjamin, Pete; Newman, Jeff; Delia, Jesse

Subject: [Update] Rescheduled - Steve Fain"s update on current collaborations in wolf genetics
Date: Thursday, January 12, 2017 12:35:22 PM

Reminder - this webinar is scheduled for 1pm ET today.

Rescheduled - Steve Fain's update on current collaborations in wolf
genetics
This webinar is for FWS employees only. All of the information you need to participate in the webinar 
is right here in this calendar invite (no pre-registration required). Looking forward to this topic! 

Conf Line: 866/731-3803
Passcode: 7591651

Webex Conference Details:
-------------------------------
Meeting Number: 743627001
Meeting Passcode: (none needed) 
Meeting Host: MARICELA CONSTANTINO

Join Instructions for Instant Net Conference:

1. Join the meeting now:
http://www.mymeetings.com/nc/join.php?sigKey=mymeetings&i=743627001&p=&t=c
2. Enter the required fields.
3. Indicate that you have read the Privacy Policy.
4. Click on Proceed.

When Thu Jan 12, 2017 1pm – 2pm Eastern Time

Where See below for details (map)

Video call https://plus.google.com/hangouts/_/doi.gov/maricela-consta

Who • maricela_constantino@fws.gov - organizer

• amy_brisendine@fws.gov
• maggie_dwire@fws.gov
• joy_gober@fws.gov
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• elizabeth_willy@fws.gov
• gary_miller@fws.gov
• jesse_delia@fws.gov
• anne_hecht@fws.gov
• seth_willey@fws.gov
• angela_picco@fws.gov
• john_oakleaf@fws.gov
• lewis_gorman@fws.gov
• jeff_newman@fws.gov
• don_morgan@fws.gov
• emily_weller@fws.gov
• tracy_melbihess@fws.gov
• pete_benjamin@fws.gov
• rollie_white@fws.gov
• steve_fain@fws.gov
• sarah_hall@fws.gov
• mary_parkin@fws.gov
• gabriela_chavarria@fws.gov
• michelle_kissling@fws.gov



From: Benjamin, Pete
To: Lisette Waits (lwaits@uidaho.edu)
Subject: Red Wolf Origins paper
Date: Tuesday, January 17, 2017 3:30:15 PM
Importance: High

Hi Lisette, 

Just checking.  You guys were working on a paper on red wolf genetics.  Can you give me a status
update?  The issue is circulating again.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Waits, Lisette (lwaits@uidaho.edu)
To: Benjamin, Pete
Cc: Hohenlohe, Paul (hohenlohe@uidaho.edu); Adams, Jennifer (adamsj@uidaho.edu)
Subject: Re: Red Wolf Origins paper
Date: Tuesday, January 17, 2017 10:51:20 PM
Importance: High

Hi Pete,

The response to VonHoldt is accepted in Science Advances but we haven’t heard when it will be out.  Jen is 
still working on finalizing analyses for the data that she presented last August so unfortunately that one is 
not close to being published yet.

Lisette
Lisette Waits, PhD
Distinguished Professor 
Department Head
Dept Fish and Wildlife Sciences
University of Idaho
875 Perimeter Drive MS 1136
Moscow ID 83844-1136
Phone: (208) 885 7823

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Tuesday, January 17, 2017 at 12:30 PM
To: Lisette Waits <lwaits@uidaho.edu>
Subject: Red Wolf Origins paper

Hi Lisette, 

Just checking.  You guys were working on a paper on red wolf genetics.  Can you give me a status 
update?  The issue is circulating again.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information 
Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Waits, Lisette (lwaits@uidaho.edu)
Cc: Hohenlohe, Paul (hohenlohe@uidaho.edu); Adams, Jennifer (adamsj@uidaho.edu)
Subject: Re: Red Wolf Origins paper
Date: Wednesday, January 18, 2017 8:04:20 AM

Thanks for the update.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jan 17, 2017 at 10:51 PM, Waits, Lisette (lwaits@uidaho.edu) <lwaits@uidaho.edu>
wrote:

Hi Pete,

The response to VonHoldt is accepted in Science Advances but we haven’t heard when it will be out.  Jen
is still working on finalizing analyses for the data that she presented last August so unfortunately that one
is not close to being published yet.

Lisette
Lisette Waits, PhD
Distinguished Professor 
Department Head
Dept Fish and Wildlife Sciences
University of Idaho
875 Perimeter Drive MS 1136
Moscow ID 83844-1136
Phone: (208) 885 7823

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Tuesday, January 17, 2017 at 12:30 PM
To: Lisette Waits <lwaits@uidaho.edu>
Subject: Red Wolf Origins paper

Hi Lisette, 

Just checking.  You guys were working on a paper on red wolf genetics.  Can you give me a status
update?  The issue is circulating again.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office



U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Valenta, Aaron; Miranda, Leopoldo; Eversen, Michelle; Benjamin, Pete
Subject: 3rd member for the taxonomy team
Date: Thursday, February 9, 2017 9:19:56 AM
Importance: High

Good morning, everyone.  Recently, Steve Fain (Nat'l Forensics Lab) did a webinar presentation on gray
wolf phylogeography and demographic history. I thought he might be a good person to ask to be on our
taxonomy team. Please see the link below for more information and the 2016 paper he presented during
the webinar.

Any objections?

Thanks,
Em

https://www.researchgate.net/profile/Steven_Fain

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Miranda, Leopoldo
To: Weller, Emily
Cc: Valenta, Aaron; Eversen, Michelle; Benjamin, Pete
Subject: Re: 3rd member for the taxonomy team
Date: Thursday, February 9, 2017 9:54:33 AM
Importance: High

i don't have any...

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Thu, Feb 9, 2017 at 9:19 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Good morning, everyone.  Recently, Steve Fain (Nat'l Forensics Lab) did a webinar presentation on gray
wolf phylogeography and demographic history. I thought he might be a good person to ask to be on our
taxonomy team. Please see the link below for more information and the 2016 paper he presented during
the webinar.

Any objections?

Thanks,
Em

https://www.researchgate.net/profile/Steven_Fain

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Hunter, Chuck
To: Weller, Emily; Benjamin, Pete; Valenta, Aaron; Eversen, Michelle; Martin, Rebekah; Miranda, Leopoldo; Peters,

Kristen E; Arnold, Jack; Kloer, Philip B; Fleming, Jeffrey M; Hunter, Brett; Viker, David
Subject: update on essay and report of unique biochemical genetic marker for red wolf
Date: Friday, February 17, 2017 12:51:48 PM
Attachments: Red Wolf Nowak 2002 paleontological study.pdf

Red Wolf Ferrell et al. (Morizot) genetic evidence for red wolf as separate species.pdf
Red Wolf Paleological-Archeaological-Biogeographical evidence (Recovered).docx

Importance: High

All:

Based on our discussions this past Monday, I was prompted to reread the WMI report, along
with other materials (including Chambers et al. 2012) and did not detect any serious treatment
of fossil or achaeological lines of evidence, and not much either on the biogeographical line of
evidence, at least not as thorough a treatment that I drafted last week.  

While reviewing these and other more recent materials, I also noticed no mention of an
important line of genetic-based (biochemical markers) evidence that was used at least early on
in selecting individuals that would become the 14 founders (Ferrell et al. 1980, see
attachment).  During the discussions we had with Bob Wayne and Susan Jenks, we asked them
whether they had looked into the findings from the folks at the Center for Demographic and
Population Genetics, University of Texas Health Science Center, Houston, Texas.  The
response to me was they could not find anything, but they did not try very hard.  So with that
response, I wondered whether the reported allele (for LDH-A, Lactate Dehydrogenase) that
was considered unique to the wolf populations then restricted to sw Louisiana coastal parishes
and upper Texas coast was still being checked for in the captive population.  If so, i wondered
if the allele was still being detected in the population or was it as Wayne thought only an
artifact.  So as part of the Ferrell et al. attachment I include my 1991 report based on data
provided to me by Curtis Carley (the Red Wolf Recovery coordinator at the time), and an
informative letter from Don Morizot (one of the et al's) to Mr. Carley regarding their work
during the early 1980s. I also have the raw data fro this, if that is deemed to be of interest. 
Regardless, I believe this is very important information to share with the Warm Springs folks,
especially as it should be something in their specific charge to evaluate genetic-based
evidence.

I have also updated the essay quite a bit, with a few more relevant references, and some
additional supplemental materials illustrating the geologic timeline described in the essay
comaparing the traditional interpretation of appearance in the fossil record of coyotes (or
"coyote-like") and gray wolf (or "gray wolf-like") canids compared with the timeline
promoted by the vonHoldt et al. (2016) results.  Aaron, please replace the Feb. 10 draft essay
with this Feb. 17 draft when sending to the Warm Springs folks, along with the other
attachments (I include again the Nowak 2002 paper for convenience).  Again happy to answer
any questions on any or all of this.

Finally, while rummaging through my personal files, I found micro-cassette tapes that were
made to record the conversations held at Point Defiance of the December 1990 meeting to
discuss Bob Wayne's draft paper (that would be published in 1991).  In attendance were Dr.
Wayne, Ron Nowak, Warren Parker, Dave Flemming, Roland Smith, and myself (there may
have been others that I'm just not remembering).  I believe these tapes were copies of what
should be in administrative files, but in case not these probably should be.  I have a micro-
cassette player, and I tried to play one of the tapes, but seems the timing is off (voices were



sped up).  Perhaps folks in External Affairs can help with deciphering what is actually on the
tapes?  Anyway, please let me know if there is interest in trying to eventually transcribing the
conversation that we held over 25 years ago, that is remarkably similar in my opinion to the
discussions underway now.

Thanks and wishing ya'll a great long holiday weekend,

Chuck

Chuck Hunter
Chief, Division of Strategic Resource Management
Regional Refuge Biologist
National Wildlife Refuge System
U.S. Fish and Wildlife Service
1875 Century Boulevard, Suite 420
Atlanta, GA  30345

404-679-7130 (office)
770-331-4475 (cell)
chuck_hunter@fws.gov
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SOUTHEASTERN NATURALIST2002 1(2):95-130

THE ORIGINAL STATUS OF WOLVES
IN EASTERN NORTH AMERICA

RONALD M. NOWAK 1

ABSTRACT – Assessment was made of all available cranial specimens of wild
Canis dating since the Blancan and prior to AD 1918 in the region east of the
Great Plains and south of the Prairie Peninsula, Lakes Erie and Ontario, and the
St. Lawrence River. The small wolf C. priscolatrans (= C. edwardii) of the early
Irvingtonian seems unrelated to the modern red wolf (C. rufus), but gave rise to
a lineage including the larger C. armbrusteri and culminating in C. dirus of the
late Rancholabrean. A small wolf, possibly a descendant of the Eurasian C.
mosbachensis, did not reappear in the east until near the end of the
Rancholabrean. At the same time, the coyote (C. latrans) disappeared from the
east, not to return until the small wolf was extirpated in the 20th century.
Fragmentary remains of the small wolf, dating from around 10,000 and 2,000-
200 ybp, show continuity with 14 complete, mostly modern, eastern skulls.
Multivariate analysis indicates those 14 represent a well-defined species, C.
rufus, distinct from large series of the western gray wolf (C. lupus) and coyote.
There is no evidence that the red wolf originated as a hybrid of the latter two
species, though early specimens from central Texas suggest it began to inter-
breed with C. latrans by about 1900. Three long-recognized red wolf subspecies
appear valid: C. r. floridanus, Maine to Florida; C. r. gregoryi, south-central
United States; and C. r. rufus, central and coastal Texas, southern Louisiana,
and probably now represented in the captive/reintroduced populations. The
subspecies C. lupus lycaon of southeastern Ontario and southern Quebec is
statistically intermediate to C. rufus and western C. lupus, and may have re-
sulted from natural hybridization of those two species. Such could explain how
the red and gray wolf differ so sharply where their ranges meet in the west but
morphologically approach one another in the east.

INTRODUCTION

Two species of wild Canis, the gray wolf (C. lupus Linnaeus) and the
coyote (C. latrans Say), occurred in most of northern and western North
America in historical time (Fig. 1). The situation is less clear in this
study’s region of interest: east of the Great Plains and south of the
Prairie Peninsula, Lakes Erie and Ontario, and the St. Lawrence River
(Fig. 2). A third species, the red wolf (C. rufus Audubon and Bachman),
reportedly inhabited much of that region (Hall 1981; Nowak 1979,
1995), but the full extent of its range and the nature of its relationship
with the gray wolf, coyote, and fossil species have never been resolved.
By the early 1900s, people had extirpated wolves from that part of the

1 2101 Greenwich Street, Falls Church, VA 22043, ron4nowak@cs.com.
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region of interest east of the Mississippi River. Wolves persisted in an
ever-shrinking area between the Mississippi and Great Plains but were
gone from the wild by about 1980. Their disappearance, together with
human habitat modification, opened a niche for the coyote, which now
occupies nearly the entire east. The coyote evidently hybridized with
some remnant wolf populations, further confusing the situation. A few
individuals were removed from the last population that appeared mor-
phologically close to original C. rufus, in southeastern Texas and south-

Figure 1. Distribution of North American Canis. Shading, C. lupus about AD
1500; diagonal hatching, C. latrans about AD 1500; dots, eastern records of C.
latrans in late Rancholabrean; polygons, limits of six western series of C. lupus
used in multivariate analyses.
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ern Louisiana, and were used to found extant captive and reintroduced
populations (Nowak 1979, 1999; Nowak et al. 1995). Whether those
populations will be maintained and used in further conservation efforts
is in question, in part because of controversy regarding their systematic
background (Brownlow 1996).

Audubon and Bachman (1851) named rufus as a subspecies of C.
lupus and assigned it a range centering in south-central Texas. They
regarded another subspecies, then called ater and subsequently desig-
nated floridanus or, incorrectly, niger, to occur east to Florida and
Kentucky. They treated C. latrans as a separate species, restricted to the
west. That basic view held for another century, with rufus and
floridanus being considered subspecies or full species but, in either
case, no more or less valid than the other named kinds of North Ameri-
can wolves. Goldman (1937, 1944) was the first to combine rufus with
other southeastern wolves to form a single species distinct from C.
lupus; the latter was thought to comprise all other North American
wolves. That position was supported by most later assessments of mod-

Figure 2. Distribution of eastern Canis. Open circles, pre-1918 complete skulls
of male C. rufus used in multivariate analyses (precise localities of Pennsylvania
specimens are unknown); squares, pre-1918 complete skulls of female C. rufus;
triangles, archeological fragments (2,000-200 ybp) referable to C. rufus;
crosses, paleontological fragments (c. 10,000 ybp) referable to C. rufus; X’s,
apparent hybrids of C. rufus x C. latrans, 1899-1906; L’s, C. lupus lycaon,
1905-1933; dashed lines, subspecific ranges: C. rufus floridanus (east), C. rufus
gregoryi (central), C. rufus rufus (southwest).
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ern and fossil material (Atkins and Dillon 1971, Elder and Hayden 1977,
Freeman 1976, Gipson et al. 1974, Hall 1981, Kurten and Anderson
1980, Nowak 1979, Paradiso 1968, Paradiso and Nowak 1972). How-
ever, based on a multivariate analysis of skulls, Lawrence and Bossert
(1967, 1975) concluded that the original wolf populations of the south-
east were not more than subspecifically distinct from C. lupus.

Some analyses of mitochondrial and nuclear DNA have suggested that
C. rufus is not a valid species or subspecies but is the product of
hybridization, most likely within historical time, between C. lupus and C.
latrans (Reich et al. 1999; Roy et al. 1994a, 1994b, 1996; Wayne 1992;
Wayne and Gittleman 1995; Wayne and Jenks 1991; Wayne et al. 1995,
1998). That there indeed has been hybridization between southeastern
wolf populations and the coyote long has been recognized (Elder and
Hayden 1977, Freeman 1976, Gipson et al. 1974, Goldman 1944, Jackson
1951, Lawrence and Bossert 1967, McCarley 1962, Nowak 1979,
Paradiso 1968). However, such hybridization generally was considered a
modern phenomenon that contributed to the demise, not the origin, of the
red wolf. In any case, hybrid derivation of rufus has not been supported by
morphometric analysis (Nowak 1979, 1992, 1995; Nowak and Federoff
1996, 1998), by observation of living animals (Nowak et al. 1995, Phillips
and Henry 1992), or by some geneticists who have reviewed the issue
(Cronin 1993; Dowling et al. 1992a, 1992b).

Recently, Wilson et al. (2000), also using DNA analysis, suggested
that rufus and the subspecies C. lupus lycaon Schreber constitute a
single species, independent of all other C. lupus and C. latrans.
Goldman (1944) had assigned lycaon a large range in eastern North
America, but more recent studies argue that it was restricted to extreme
southeastern Ontario, extreme southern Quebec, and possibly some
adjacent parts of the northeastern United States (Kolenosky and
Standfield 1975, Mech and Frenzel 1971, Nowak 1995, Nowak and
Federoff 1996, Skeel and Carbyn 1977, Van Ballenberghe 1977). Like
rufus, lycaon evidently has been affected through hybridization with C.
latrans (Kolenosky and Standfield 1975, Lehman et al. 1991, Nowak
1979, Sears 1999).

There never has been a detailed study centering on the oldest avail-
able series of eastern Canis, and their relationships to one another and to
known series of C. lupus and C. latrans. Both morphological and mo-
lecular analyses have been limited by the scarcity of specimens repre-
senting original wolf populations in the region of interest, especially
those present before the modern invasion of, and hybridization with, the
coyote. The following assessment covers all available material from the
region dating from before that invasion – modern, archeological, and
paleontological. Specimens of lycaon, from the restricted version of its
range, as delineated above, also have been considered.
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MATERIALS AND METHODS

This study relies entirely on cranial and dental morphology. Most
remains of eastern Canis dating prior to 1800 – those from paleontologi-
cal or archeological sites – are fragmentary. Many consist only of one or
a few teeth and/or small sections of bone. Such material is of limited
value, as the various species of Canis show considerable overlap in size
and other characters (Lawrence and Bossert 1967, Nowak 1979). How-
ever, univariate and bivariate analysis, or evaluation of dental cusps and
cingula, sometimes helps determine whether fragments are within the
range of variation shown by a population defined by more substantive
material. If a series of complete skulls indicates presence of a given
species, a series of chronologically or geographically proximal frag-
ments, showing no significant difference in those characters that can be
evaluated, may offer reasonable evidence of the presence of the same
species. Means and standard deviations were calculated for substantive
series used in the univariate analyses. In one of those analyses (see
Table 1), the raw measurements were tested for homogeneity of vari-
ances, using Bartlett’s test, and analysis of variance (ANOVA) was used
to test for significant differences among groups; group means then were
analyzed by the Tukey-Kramer Multiple Comparison Test and Tukey’s
Studentized Range (HSD) Test. Most paleontological and archeological
specimens assessed in this study are listed in Appendix I.

Most complete skulls of eastern Canis date from after 1800. Those
specimens usually can be evaluated by multivariate procedures that
simultaneously utilize a number of measurements to compare series.
Species of Canis tend to be highly mobile and adaptable to a wide range
of habitats. Therefore, significant morphometric difference between
populations that are geographically proximal and not isolated would
most likely result from true phylogenetic distinction. In this study, 10
measurements were taken on each skull: greatest length, zygomatic
width, alveolar length from P1 to M2, maximum width across outer
sides of P4, palatal width between alveoli of P1, width of frontal shield,
height from alveolus of M1 to most ventral point of orbit, depth of jugal,
crown length of P4, and greatest crown width of M2. The measurements
were subjected to canonical discriminant analysis using the Statistical
Analysis System (SAS Institute 1987). In that procedure, the various
measurements, weighted by their ability to distinguish designated
groups, assign each specimen a total abstract numerical value – the first
canonical variable. The next best distinguishing combination of mea-
surements, uncorrelated with the first, provides a second canonical
variable, and so on. Commonly, a single graphical position for each
specimen of a group is plotted based on the first two canonical variables
arranged as perpendicular axes. Individual specimens can be assigned
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positions in relation to established groups. Illustration and further de-
scription of the measurements, and more detailed explanation of statisti-
cal procedures, were provided in previous publications (Nowak 1979,
1995). Most complete skulls used in multivariate analysis in this study
are listed in Appendix II (more detailed information is provided for
specimens from the region of interest).

All skulls used in multivariate analyses were considered to have
reached full size, which occurs at about one year of age in small species
of Canis and by about two years of age in large species. For that part of
the region of interest east of the Mississippi River there are only nine
known complete skulls of all wild Canis (none of them C. latrans)
dating from the end of the Pleistocene to AD 1917. One of them, USNM
1804 from the Adirondacks of New York, may not be fully developed; it
is discussed further below. An additional specimen, ANSP 2259 col-
lected prior to 1859 at an unknown locality in Ohio, is from an immature
individual and lacks most of the components that must be measured for
multivariate analysis.

As in several previous studies (Nowak 1992, 1995; Nowak and
Federoff 1996), only the skulls of males were used in multivariate
analysis. Females tend to occur less frequently than do males in series of
Canis. Earlier work (Nowak 1979) indicated that analysis of either sex
produces about the same result and that males average significantly (p <
0.05) larger than females in all of the dimensions indicated above. Of
the eight fully developed skulls from that part of the region of interest
east of the Mississippi, two are females: USNM 38488, Horse Landing,
St. John’s River, Putnam County, Florida, collected 1890, and AMNH
112, New Harmony, Posey County, Indiana, collected 1832. The latter
specimen was incorrectly reported to be from Wabash County in north-
eastern Indiana by Goldman (1944) but actually is from the extreme
southwestern tip of the state, well south of the Prairie Peninsula
(Mumford and Whitaker 1982).

For specimens lacking data, assignment to sex was based primarily
on size in relation to individuals of known sex in the same series. Both
of the known females are smaller than are the remaining six skulls from
east of the Mississippi (Appendix II). Of those six, the smallest, from
Fern Cave, Alabama, is known to be a male because of the presence of a
baculum with the skeleton. It thus would not be unreasonable to treat the
remaining five as males, even though sex (male) was recorded only for
the specimen from near Cherokee, Alabama. The specimen from Miami,
Florida, is the largest of the group and is larger than any known female
wolf from the region of interest. Some postcranial elements are with the
skull from Moosehead Lake, Maine; the pelvis was examined by A. J.
Bezuidenhout (Department of Biomedical Sciences, College of Veteri-
nary Medicine, Cornell University), whose opinion (pers. comm., 30
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July 1999), based mainly on evidence of penile crura attachment to the
ischium, is that the specimen is a male. Goldman’s (1944) table of
measurements listed one of the skulls from Pennsylvania as a male, the
other as a female, and those designations were cited by Williams et al.
(1985). However, T. Daeschler (Academy of Natural Sciences, Phila-
delphia, pers. comm., 7 October 1999) reported that sex had not been
recorded for either specimen and that no postcranial elements are
known. Moreover, review of Goldman’s table indicates that many of his
assignments to sex were based on judgment, not recorded data.

Of the seven specimens taken 1898-1905 in northeastern Louisiana
and used in multivariate analysis (Appendix II), two lack recorded sex,
but both are much larger than two known females from the same area
and period (USNM 136105, 136106). Those two females closely re-
semble one another, as well as the two females from east of the Missis-
sippi, in size and other characters. Of the five skulls taken in 1900 in
Calhoun County, Texas, and used in multivariate analysis, four lack sex
data, but the one known male is smaller than all the others, and the one
known female from the same area is smaller still. Three additional early
females from southeastern Texas were collected in 1906 at Kountze,
Hardin County (USNM 147701), in 1906 near Dayton, Liberty County
(USNM 136563), and in 1904 at Frelsburg, Colorado County (USNM
135445). Most of the females were assessed in previous study (Nowak
1979) and all appear to exhibit the same relationships, as that of their
male counterparts, to C. lupus and C. latrans. A few skulls of immature
wolves were collected in northeastern Louisiana and coastal Texas
during the same period but do not appear to have any characters differ-
ing from the pattern evident in the adult material.

The sex recorded for two specimens assessed by this study is con-
sidered erroneous. A reported female, USNM 289995 from upper
Michigan, is among the three largest skulls known from that area and
is here included as a male. A reported male, CNM 5575 from southern
Quebec, is smaller than all males and nearly all females collected in
that region in 1905-1933 and is here regarded as a female. In addition,
the specimen collected near Avery Island, Louisiana in 1919, and
questionably listed as a female by Nowak (1979), has been reassessed
and treated as a male in this study.

Some chronological flexibility was used in selecting the series
thought to represent the original wolf populations of the region of
interest, such depending in part on the period in which C. latrans
moved into different parts of the east, replacing or hybridizing with the
native wolves. The skull collected in 1917 in Alabama seems accept-
able, as the coyote is not known to have crossed the Mississippi River,
south of the Prairie Peninsula, until the 1960s (Nowak 1979). Of the
other five skulls from east of the Mississippi and used in multivariate
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analysis, four are known to date from before 1870 and one, from Fern
Cave, Alabama, probably does (Paradiso and Nowak 1973). The seven
skulls taken 1898-1905 from northeastern Louisiana date from about
50 years before the coyote is known to have entered Louisiana (Nowak
1979). The small series (Appendix II) collected in 1900 from Calhoun
County, coastal Texas, is much closer geographically to the range of
C. latrans, but coyotes and other wild Canis are not known from that
area and time. The larger series (Appendix II) taken 1919-1943 from
coastal Texas, the Big Thicket area, and southern Louisiana and Mis-
sissippi was used not so much to define the original population as to
ascertain evidence of intergradation between the Calhoun County and
northeast Louisiana populations.

A skull (USNM 8098), collected prior to 1869 from Cherokee Town,
Garvin County, south-central Oklahoma, has been grouped with the
other old eastern specimens in some multivariate analyses. Although
taken from well within the range of C. latrans and immediately adjacent
to the known range of C. lupus, previous study (Nowak 1979) and recent
reassessment show it statistically and morphologically well removed
from both those species. It once had been placed within the USNM
collection of C. lupus nubilus Say. Goldman (1944) did not include it in
any of his lists of specimens examined, but he did write “C. rufus” on
the specimen tag. The original USNM catalog entry designates the
specimen “Lupus occidentalis niger,” apparently following Bartram’s
(1791) description of “Lupus niger” from Florida. Unfortunately, the
skin (USNM 9302) has been lost, but “black wolf” is written directly on
the skull. There thus is evidence of continuity of the black color phase,
known to have occurred in eastern wolves, from Florida to Louisiana
(Gregory 1935) and Oklahoma.

Goldman (1944) assigned a skull (AMNH 4609), reportedly col-
lected in 1893 from Warsaw, Hancock County, west-central Illinois, to
C. rufus. Paradiso and Nowak (1972) suggested that the specimen had
been brought to that area by a local animal dealer. Hoffmeister (1989)
made an exhaustive study of the matter and concluded that the specimen
was taken from the wild in that area, but that it probably was a domestic
dog (C. familiaris Linnaeus) x coyote hybrid.

The specimens from the region of interest were compared with six
series of male C. lupus from the western conterminous United States
(Fig. 1). Those samples represent six nominal subspecies (Appendix II),
though all were placed in the synonymy of C. lupus nubilus by Nowak
(1995). Three of the samples are the available series of C. lupus that are
geographically most proximal to the western edge of the region of
interest, and just west of those series are the other three samples. The six
series therefore may help determine whether C. lupus tends to grade
morphometrically towards the eastern wolf as the two approach geo-
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graphically. Also used for comparison was a series (Appendix II) of 10
male lycaon collected 1905-1933 from southeastern Ontario and Que-
bec, long before C. latrans became established in that region, and a
series (Appendix II) of 16 male C. lupus taken before 1966 from the
upper peninsula of Michigan, when the original population was still
present (that population was extirpated shortly thereafter, though C.
lupus recently was reestablished in upper Michigan through migration
from Minnesota). Each of those wolf samples comprises every available
fully developed male from the involved area and period; no other selec-
tivity was used. The comparative series (Appendix II) of coyotes con-
tains 96 male C. latrans lestes from Colorado and Idaho; that subspecies
is considered a relatively large coyote (Jackson 1951).

A survey was made to locate additional specimens from the original
wolf populations of the region of interest. All of the depositories reported
in the FAUNMAP electronic data base (Illinois State Museum) to hold
any kind of wild Canis from that region were contacted, as were many
other natural history, archeological, paleontological, historical, and gen-
eral museums, and individual authorities. Approximately 400 potential
sources of specimens or information were surveyed, but the project was
largely unsuccessful. Many parties did not respond. Many others indi-
cated that the specimens had been lost, were curatorially inaccessible, or
consisted of material (postcranial and/or highly fragmentary) not directly
usable for this study. The existence of a few old mounted “wolves” was
ascertained but responsible parties were understandably reluctant to au-
thorize an effort to uncover any underlying skull.

RESULTS

There have been suggestions that C. rufus is closely related to, if not
identical with, C. edwardii Gazin, a small wolf known from early
Irvingtonian (2-1 million ybp) sites in Arizona, California, Colorado,
Kansas, Oregon, Texas, and Mexico (Albright 2000, Anderson 1996,
Kurten and Anderson 1980, Nowak 1979). C. edwardii was placed in the
synonymy of C. priscolatrans Cope from the Irvingtonian Port Kennedy
Deposit in Montgomery County, Pennsylvania, by Kurten (1974) and
Kurten and Anderson (1980); the latter designation is used henceforth.
A cranial fragment from the early Irvingtonian Inglis 1A site in Citrus
County, Florida, had been assigned to C. rufus (Nowak 1979, Webb
1974), but Berta (1995) and Morgan and Hulbert (1995) referred that
and most other early Florida specimens of Canis to C. priscolatrans.
Examination of extensive material from Florida now indicates that C.
priscolatrans is a distinct species and that it, not C. rufus, was present in
the Irvingtonian. The largest collection of early Florida Canis is from
the Leisey Shell Pits in Hillsborough County. Berta (1995) identified
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both C. priscolatrans and C. armbrusteri Gidley from that site, as well
as from Haile 21A, Alachua County. The latter species attains a much
larger size and has been found in abundance at several other eastern sites
from the middle Irvingtonian (1 million-600,000 ybp) to the early
Rancholabrean (300,000-130,000 ybp). Martin (1974) considered it
synonymous with C. lupus, but most authorities (Berta 1988, 1995;
Gidley and Gazin 1938; Kurten and Anderson 1980; Morgan and
Hulbert 1995; Nowak 1979) have treated it as distinct.

Most Irvingtonian material from Florida consists of teeth and small
cranial fragments (Appendix I). Upper molars are well represented and
show modest over-all size, a relatively large talon (medial section),
pronounced sculpturing, and trenchant cusps. The occlusal surface of M1
is characterized by a relatively wide and deep basin between the high
outer ridge, formed by the metacone and paracone, and the lower but
prominent medial cusps, the protocone and metaconule, and by another
deep basin between the latter cusps and the hypocone at the inner edge of
the tooth. M1 also has a well-defined buccal cingulum and usually a
pronounced anterior cingulum. Although comparable characters often are
present in modern specimens referred to C. rufus, they are not sufficiently
pronounced to justify treating C. priscolatrans as conspecific. Moreover,
there now are morphometric indications that the latter species was the
progenitor, not of C. rufus, but of an entirely separate line of wolves.

Figure 3 depicts a bivariate analysis of the size of M1 in Irvingtonian
and Rancholabrean specimens of wolves from the region of interest
(Appendix I). The early Irvingtonian material from Florida is clinal, with
no clear demarcation between specimens designated (Berta 1995) C.
priscolatrans (= C. edwardii) and C. armbrusteri. The later Irvingtonian
and early Rancholabrean specimens, here considered to represent C.
armbrusteri, are all larger. The material from the late Rancholabrean
(130,000-10,000 ybp), all designated C. dirus Leidy (Kurten 1984, Mor-
gan and Hulbert 1995, Nowak 1979), is mostly even larger. The progres-
sive increase in size of M1 (Fig. 3) accompanied an enlargement of the
outer cusps, decrease in relative size of the talon (medial section), and
lessening of sculpturing and buccal and anterior cingula. The reduction of
the talon in C. dirus, even though the overall size of M1 is generally
greater, contributes to the overlap seen between that species and C.
armbrusteri. The trend expressed by M1 suggests evolution from a small,
generalized canid, with some dependence on dietary vegetation, to a large
wolf, highly specialized for carnivory. The development of M1 was
associated with overall growth and broadening of the skull and attainment
of relatively larger teeth. This progression seems to represent a single
evolutionary sequence; there is no evidence of another lineage, a smaller
wolf, continuing into the late Irvingtonian and early Rancholabrean.
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Further perspective on such a progression may be seen in the devel-
opment of m1 (lower carnassial), which is perhaps the most commonly
preserved of the larger, diagnostic teeth found at paleontological and
archeological sites (Fig. 4). Inclusion of m1 allows assessment of a few
additional specimens (Appendix I) extending back to the late Blancan
(2.5-2 million ybp). A small coyote-like species of that age, C.
lepophagus Johnston, seems to be near the stem line from which arose
the later coyotes and wolves; it is known mainly from the western
United States but also has been recorded from Florida (Martin and
Hulbert 1995, Nowak 1979). Whether all Blancan Canis from North
America is referable to C. lepophagus is not certain, but available
specimens do indicate presence only of coyote-sized individuals.

The size of m1 in all available eastern Canis from the Blancan to late
Rancholabrean (Appendix I) is plotted in Figure 4. The Blancan speci-
mens are small and presumably represent C. lepophagus. Early
Irvingtonian material, all from Leisey and other Florida sites, is decid-
edly larger. Although some of it could represent C. armbrusteri (Berta
1995), here it all is referred tentatively to C. priscolatrans. In contrast,
nearly all of the later Irvingtonian and early Rancholabrean specimens
are much larger, show no overlap with C. priscolatrans, and can be
assigned to C. armbrusteri. A single available specimen from

Figure 3. Bivariate analysis comparing measurements (in millimeters) of trans-
verse diameter and anteroposterior length of M1 in individual specimens of
fossil eastern Canis. Solid triangles, C. priscolatrans; circled triangles, speci-
mens identified as C. armbrusteri by Berta (1995) but considered here to
represent C. priscolatrans; A’s, C. armbrusteri; D’s, C. dirus.
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Cumberland Cave, Maryland, is much smaller and indistinguishable
from C. latrans. The late Rancholabrean specimens, likewise, show
almost no overlap with C. armbrusteri, but apparently represent three
other species. One, substantially larger, is C. dirus. Another, far smaller,
apparently is an eastern form of C. latrans. A third, intermediate-sized,
represents a small wolf, most likely the emergence of a modern species,
herein considered to be C. rufus.

The data plotted in Figure 4 extend the evolutionary sequence shown
in Figure 3. C. lepophagus, or some related small Blancan species, may
have given rise to C. priscolatrans of the early Irvingtonian, which in
turn evolved into the larger C. armbrusteri of the late Irvingtonian and
early Rancholabrean. That line apparently culminated in the large C.
dirus of the later Rancholabrean. The progressive increase in size of that
line seems to have allowed reopening of the niche for a smaller kind of
Canis, initially just C. latrans by the late Irvingtonian, but also another
wolf at the end of the Pleistocene.

There is no evidence of the presence of a small wolf in the later
Irvingtonian or early Rancholabrean (Figs. 3, 4). Small wolves seem to
disappear from eastern North America following the extinction of C.
priscolatrans and do not reappear until the terminal Pleistocene, around
15,000-10,000 ybp, a gap of nearly 1 million years. There have been a
few reports of a small wolf in the east during that interval but they are
not valid. Martin (1974, Fig. 3.13) indicated nine specimens of C. lupus

Figure 4. Length (in millimeters) of m1in eastern fossil Canis. The slender horizontal
line with vertical lines at each end represents the range in size, the bar indicates one
standard deviation on either side of the mean, and the vertical line above the bar
shows the mean. Ages and apparent species identifications (with number of speci-
mens) are: Blancan, C. lepophagus (3); early Irvingtonian, C. priscolatrans (15); late
Irvingtonian to early Rancholabrean, C. latrans (single individual to left, represented
by a vertical line above a short horizontal line), C. armbrusteri (right, 19); late
Rancholabrean, C. latrans (left, 15), C. rufus (center, 7), C. dirus (right, 20).
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or C. rufus at the early Rancholabrean Haile 7A site, Alachua County,
Florida. However, these specimens actually represent modern C. rufus
from other areas that were used for comparison (Robert A. Martin, pers.
comm., 7 April 1999). One specimen, UF 11845, is from Haile 7A, but
recent reexamination shows it to be C. armbrusteri (Figs. 3, 4). Nowak
(1979) reported still another specimen of C. rufus from Haile 7A, but
that was a double error. The specimen, unnumbered by Nowak, is
actually UF 11516 and is not from Haile 7A but Haile 12B. Moreover,
whereas Haile 12B sometimes has been considered early
Rancholabrean, it actually is late Blancan (S. David Webb, pers. comm.,
6 March 2000). UF 11516, listed by Nowak (1979) as a small example
of C. rufus, most likely represents a different species. Haile 12B also
contains the mandible of another specimen of Canis, which Nowak
(1979) referred to C. latrans. Taken together, the two specimens from
Haile 12B may represent the transition from C. lepophagus to C.
priscolatrans and thus part of the overall evolutionary sequence shown
in Figures 3 and 4. Nowak (1979) also listed UF 17074 from the Crystal
River Power Plant, Citrus County, Florida, as C. rufus, and indicated the
site to be late Rancholabrean, but Morgan and Hulbert (1995) reported it
to be early Irvingtonian and assigned the specimen to C. priscolatrans.

There are only two more reports of an eastern wolf, other than C.
armbrusteri or C. dirus, from the period between the disappearance of
C. priscolatrans and the appearance of modern wolves at the end of the
Pleistocene. Brown (1908) listed C. lupus at the early Rancholabrean
Conrad Fissure, Newton County, Arkansas. However, the specimens
(AMNH 11761, 11762) are fragments that include no diagnostic teeth;
they could be referable to C. armbrusteri. Ray (1967) reported C. lupus
from a late Rancholabrean (10,000-35,000 ybp) site at Ladds, Georgia,
based on a single M1 (USNM 23698). The specimen is heavily worn and
its length, 18.0 mm, and diameter, 22.7 mm, are within the lower range
of C. dirus (Kurten 1984).

If there is no definitive evidence of a small wolf in the east for nearly
a million years prior to the latest Rancholabrean, where was the progeni-
tor of the modern wolf population of the region? It has been suggested
(Nowak 1979) that C. priscolatrans, or a close relative, extended its
range to Eurasia via the Bering Land Bridge, and there evolved into
extant C. lupus, which subsequently reinvaded North America. C.
etruscus Major, a small wolf of the European early Pleistocene (Kurten
1968, Kurten and Anderson 1980), may be an Old World counterpart of
C. priscolatrans and the ancestor of C. lupus. There was, however, an
intermediate stage in the transition from priscolatrans/etruscus to lupus.
That stage is represented by C. mosbachensis Soergel, a modest-sized
wolf of the Eurasian Pleistocene. Five mandibles and two maxillary
fragments of that species, on loan to Richard Tedford (American Mu-
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seum of Natural History, pers. comm., 24 March 1999), were examined.
They were collected in the Lake Baikal region of south-central Siberia
and date from about 700,000 ybp, which would be a period correspond-
ing to the mid- to late Irvingtonian of North America. Mean length of
m1 is 25.4 mm (range 23.0-27.5) in the five C. mosbachensis, 25.8 mm
(24.8-27.5) in the seven late Rancholabrean eastern wolves (Fig. 4),
26.7 mm (25.0-28.6) in the eight complete and mostly modern skulls
from east of the Mississippi, 28.4 mm (25.9-31.6) in a series of 123 male
and female C. lupus nubilus from the western United States, and 29.8
mm (26.4-33.0) in 217 male and female C. lupus occidentalis
Richardson from Alaska and western Canada. Two mandibles and one
maxillary fragment (AMNH 67173, 67181, 67186) from the Cripple
Creek Sump of Alaska were examined. They date from about the same
period and appear to represent the same population as the Siberian
material; the two m1 have lengths of 26.6 and 27.2 mm. Since the
Alaskan and Siberian specimens are close to the size of the later material
from eastern North America, and smaller than western C. lupus, and
since wolf evolution generally involves progression from smaller to
larger size, C. mosbachensis seems a logical candidate for the ancestor
of modern North American (as well as Eurasian) wolves.

Although the late Irvingtonian population in Alaska and Siberia may
represent the progenitor of modern wolves, there is little evidence that it
moved to the south of the glaciated region before the late
Rancholabrean. Western North America appears to have much the same
evolutionary sequence of Canis that occurred in the east. C. lepophagus
and C. priscolatrans were widespread, respectively, in the Blancan and
early Irvingtonian, and C. dirus was abundant in the late Rancholabrean
(Kurten 1974, 1984; Kurten and Anderson 1980; Nowak 1979). Unlike
eastern North America, the west has yielded no substantial collections
of middle Irvingtonian to early Rancholabrean Canis. Three fragments
from Hay Springs and Mullen, Nebraska, which do date from that
period, were assigned to C. lupus by Nowak (1979), and one from
Rushville, Nebraska, was referred to C. armbrusteri. In retrospect, it is
questionable whether a population identical to modern C. lupus was
then present to the south of the glaciers. Each of the Nebraska specimens
is considerably larger than C. mosbachensis; the Hay Springs and
Mullen fragments include two m1’s, with lengths of 29.9 and 29.8 mm.
It is unlikely that C. lupus could then have been so far removed,
morphologically and geographically, from its progenitor species. Per-
haps the Nebraska material represents a population of C. armbrusteri
that was beginning to develop in the direction of C. dirus; both the latter
species and C. lupus have some parallel differences from C.
armbrusteri. In any case, C. lupus is not otherwise known from North
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America before the late Rancholabrean, when for a time it evidently was
sympatric with C. dirus (Graham and Lundelius 1994, Nowak 1979).

By the terminal Pleistocene, the east had been reoccupied by a wolf
differing from C. dirus, C. armbrusteri, and C. latrans (Fig. 4). Assess-
ment of later specimens (Appendices I, II) indicates continuity of this
small eastern wolf. There is no significant difference in size of m1 of
paleontological fragments dating about 10,000 ybp, archeological frag-
ments dating 2,000-200 ybp, and complete, mostly modern skulls (Fig.
5). However, there is a significant difference in m1 between each of
those samples and western C. lupus and C. latrans (Table 1). That the
latter two species overlap at all with the other samples may be attribut-
able in part to inclusion of both sexes in Figure 5.

Figure 5. Length (in millimeters) of m1 in six samples (number of specimens in
parentheses) of both sexes of Canis. The slender horizontal line with vertical
lines at each end represents the range in size, the bar indicates one standard
deviation on either side of the mean, and the vertical line above the bar shows
the mean. The western gray wolf (C. lupus) and coyote (C. latrans) series are
from the mountainous region of the western conterminous United States. The
eastern complete skulls are the same six used in multivariate analysis (Fig. 6),
plus two females, all dating prior to 1918. The Louisiana specimens are the same
seven used in multivariate analysis (Fig.7), plus two females, all dating 1898-
1905. The eastern archeological specimens date 2,000-200 ybp. The eastern
paleontological specimens date c. 10,000 ybp.
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The number of early mandibular fragments that has been recovered
east of the Mississippi is considerably greater than that of maxillary
fragments (Appendix I). Of the latter, eight contain both P4 and M1
and seven of those date 2,000-200 ybp. They are from Ohio, Pennsyl-
vania, New York, Maryland, and North Carolina (Appendix I) and
seem closely related. Range is 23.1-24.8 mm for length of P4 and 20.0-
22.0 mm for diameter of M1. In the eight complete, mostly modern
skulls from east of the Mississippi, including two females, range is
21.8-25.2 mm for P4 and 20.5-22.0 mm for M1. The ninth eastern
maxillary fragment (CM G-756), from Frontenac Island, Cayuga
County, western New York, dates from at least 5,000 ybp. At 27.5 mm
in P4 length and 24.4 in M1 diameter, it is the size of a large C. lupus
(Nowak 1979, 1995) and may represent an early movement of that
species into the northeast.

The Frontenac Island specimen is the only indication that, at least for
a time, two different wolf species (C. lupus and C. rufus) occurred in
parts of the east subsequent to the Pleistocene, as was suggested by
earlier studies (Goldman 1944, Nowak 1979). However, measurements
of the other eastern material show no more variation than do those of
other wolf populations. Moreover, the diagnostic teeth of the fragmen-
tary specimens are approximately the same size as those in the series of
complete eastern skulls.

The complete skulls (Appendix II) can be assessed through multi-
variate procedures to determine whether they represent a single species

Table 1. Results of the Tukey-Kramer Multiple Comparison Test of length of m1 in the six
groups of Canis shown in Figure 5. The q value is a measure of statistical distance. Degree
of affinity is given in descending order, with groups closest to one another at the top of the
table and those farthest apart at the bottom. Statistically significant differences (ANOVA)
are indicated by *** (P < 0.001). The groups so indicated also are all statistically different
(P < 0.05) using Tukey’s Studentized Range (HSD) Test.

Group comparisons q Value

Eastern Archeological vs. Eastern Complete 0.569
Eastern Complete vs. Louisiana 1.149
Eastern Paleontological vs. Louisiana 1.160
Eastern Archeological vs. Louisiana 1.960
Eastern Paleontological vs. Eastern Complete 2.208
Eastern Archeological vs. Eastern Paleontological 3.108
Western Gray Wolf vs. Eastern Complete 6.054 ***
Western Gray Wolf vs. Eastern Archeological 7.796 ***
Western Gray Wolf vs. Louisiana  8.014 ***
Western Gray Wolf vs. Eastern Paleontological 8.626 ***
Western Coyote vs. Eastern Paleontological 13.354 ***
Western Coyote vs. Louisiana 16.755 ***
Western Coyote vs. Eastern Complete 17.385 ***
Western Coyote vs. Eastern Archeological 26.289 ***
Western Coyote vs. Western Gray Wolf 70.585 ***
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that differs from other well-defined species. One such analysis, the
graphical results of which are shown in Figure 6, deals with the six
available skulls of fully developed males dating prior to 1918 and
collected in the region of interest (Fig. 2). Those six specimens are
compared as a group with the six groups of C. lupus from western North
America, including the three samples geographically most proximal to
the eastern group (Fig. 1). The series of C. lupus all overlap one another
and are not similar morphologically to the eastern material, even as they
approach the latter geographically. The eastern specimens group to-
gether separate from all the western specimens and, although they were
taken from a much larger region than were any of the western samples,
they show less statistical variation than do most of the latter.

A second analysis (Fig. 7) compares the same six specimens, as a
group, with the six samples of western C. lupus, combined as one group,
and the series of 96 western male C. latrans (Appendix II). In addition,
the seven skulls of males, taken just west of the Mississippi in northeast-
ern Louisiana in 1898-1905, and the one specimen from Garvin County,
Oklahoma (Fig. 2), were tested as individuals against the three defined
series. Again, the six eastern skulls form a statistical group distinct from
C. lupus and also far separated from C. latrans. The Louisiana and

Figure 6. Statistical distribution of seven groups of North American male Canis,
plotted on the first and second canonical variables. G’s, C. lupus from southern
Rocky Mountains; I’s, C. lupus from northern Rocky Mountains; K’s, C. lupus
from Minnesota; N’s, C. lupus from Nebraska, Kansas, and Oklahoma; S’s, C.
lupus from central and western Texas; Y’s, C. lupus from central Rocky Moun-
tains); open circles, pre-1918 C. rufus from east of Mississippi River.
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Oklahoma specimens fall within or near the range of variation of the six
skulls from farther east.

The 14 pre-1918 skulls of eastern male wolves evidently represent a
statistically well-defined species. They were combined in a single group
and compared to western C. lupus, likewise in a single group (Fig. 8).
Another series tested in that analysis comprised the 10 oldest available
specimens of male C. lupus lycaon from southeastern Ontario and ex-
treme southern Quebec (Appendix II). Those 10 skulls were taken 1905-
1933 and are unlikely to represent hybridization with C. latrans, which
apparently subsequently affected lycaon in southeastern Canada
(Kolenosky and Standfield 1975, Lehman et al. 1991, Sears 1999). The
coyote was first reported in southeastern Ontario in 1919, but that record
was only 100 km northeast of Detroit, Michigan, and the species did not
become established farther east until the 1940s (Nowak 1979). Also
used in the analysis was the series of C. lupus collected from 1905 to
1965 in the upper peninsula of Michigan.

The analysis (Fig. 8) once again shows complete and wide statistical
separation between the series of southeastern wolves and western C.
lupus. Lycaon is intermediate to those populations, just about filling the
statistical gap between them. While lycaon does not overlap with the
southeastern wolves and only slightly with western C. lupus, it does
show more affinity to the sample from upper Michigan. That sample is
from an area geographically between the range of lycaon and that of the
Minnesota/Isle Royale sample of western C. lupus. A single specimen
(USNM 1804), collected prior to 1855 in the Adirondacks of northern

Figure 7. Statistical distribution of three groups and certain individuals of
North American male Canis, plotted on the first and second canonical vari-
ables. Dots, western C. latrans; solid squares, western C. lupus; open circles,
pre-1918 C. rufus from east of Mississippi River; open stars, individual north-
eastern Louisiana C. rufus dating 1898-1905; asterisk, individual Oklahoma
specimen dating prior to 1869.
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New York, was tested as an individual against the four series used in the
analysis. Its statistical position falls among those of lycaon from just to
the northwest and it may be part of the same population. It was not
included in any of the series, as it may not be fully developed, but it
probably would not have grown much larger. Its general size is about
that of males from the southeastern series and smaller than that of any
male lycaon or other C. lupus assessed in this study. In proportion and
dental characters it more closely resembles C. lupus than it does the
southeastern series. In those respects it contrasts sharply with an 1863
specimen from Maine (Appendix II), which has the slender proportions
and well-sculptured molars typical of the southeastern wolves.

The morphological approach seen in the northeast is not evident as
the wolf populations of the southeast geographically converge with
western C. lupus. The original situation on the western edge of the range
of the southeastern wolves, especially in central Texas, is partly ob-
scured by hybridization with C. latrans, but prior studies have shown C.
lupus to be statistically well removed from the affected population
(Nowak 1979, Nowak and Federoff 1996, Nowak et al. 1995). There is

Figure 8. Statistical distribution of four groups and one individual of North
American male Canis, plotted on the first and second canonical variables. Solid
squares, western C. lupus; Z’s, C. lupus from upper peninsula of Michigan; L’s,
C. lupus lycaon dating 1905 - 1933; inverted triangle, C. lupus lycaon (?) from
Adirondacks of northern New York (pre-1855 specimen); open circles, pre-
1918 C. rufus from east of Mississippi River, northeastern Louisiana, and
Oklahoma (pre-1869 specimen).
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one old series that may represent the unmodified southeastern wolf near
the western extremity of its range: the five males collected in 1900 in
Calhoun County on the south Texas Gulf coast (Appendix II). A single
female (USNM 99720), morphologically compatible with those males,
also was taken there, but no other specimens – identified as C. rufus, C.
latrans, or any other wild Canis – are known from that area and period.
The Calhoun County males were compared to three other groups of
males (Fig. 9): the six specimens from east of the Mississippi and dating
prior to 1918, the seven taken 1898-1905 in northeastern Louisiana, and
western C. latrans. The Calhoun County group was found to occupy a
statistical position separate from those of the more easterly series but
not intermediate to those two and C. latrans. Visually, the Calhoun
County specimens are smaller and narrower than the other two and have
relatively smaller teeth.

Considered alone, the statistical distributions of Figure 9 may sug-
gest that the Calhoun County skulls represent a separate species,
intergrading neither with more easterly wolf populations nor C. latrans.
Both the Calhoun County and northeastern Louisiana series date from
about a century ago and, unfortunately, there are no contemporary
samples of males from geographically intermediate areas, and hence no
direct evidence for or against intergradation. A series of males was

Figure 9. Statistical distribution of four groups and one individual of North
American male Canis, plotted on the first and second canonical variables. Dots,
western C. latrans; open circles, pre-1918 C. rufus from east of Mississippi
River; open stars, northeastern Louisiana C. rufus dating 1898-1905; diamonds,
C. rufus from Calhoun County, coastal Texas, dating 1900; asterisk, individual
Oklahoma specimen dating prior to 1869.
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collected from 1919 to 1943 farther north along the Texas coast, in the
Big Thicket area of inland southeastern Texas, and in southern Louisi-
ana and Mississippi (Appendix II).

The 1919-1943 specimens were tested as individuals against the four
groups shown in figure 9. They fill most of the statistical gap between
the Calhoun County and more easterly series (Fig. 10). The Big Thicket
and south Mississippi skulls fall close to the northeast Louisiana
sample, while the Texas coastal and south Louisiana skulls are nearer to
the early Calhoun County series. The pre-1869 skull from south-central
Oklahoma also was tested in this analysis and falls precisely between
the northeast Louisiana and east-of-the-Mississippi series.

The 1919-1943 series shows no statistical tendency to approach or
blend with C. latrans; such a tendency might have been expected if that
series had experienced substantive introgression from the latter species.
However, hybridization with C. latrans most certainly had begun at the
western edge of the range of C. rufus earlier in the century. Five males,

Figure 10. Statistical distribution of four groups (the same depicted in Fig. 9) and
certain individuals of North American male Canis, plotted on the first and second
canonical variables. Solid lines, limits of western C. latrans (letter C shows mean
position), C. rufus rufus (letter R shows mean), C. rufus gregoryi (letter E shows
mean), and C. rufus floridanus (letter F shows mean); B’s, individuals from
southern Mississippi and Big Thicket area of Texas; T’s, individuals from coastal
southeastern Texas; solid stars, individuals from southern Louisiana; circled
crosses, individuals from reintroduced population in North Carolina; asterisk,
individual Oklahoma specimen dating prior to 1869; X’s, apparent hybrids of C.
rufus x C. latrans from central Texas dating 1899-1906.
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collected 1899-1906 in Edwards and Kerr counties, central Texas, are
statistically intermediate to C. latrans and coastal wolves, and may
represent initial hybridization between the two species (Fig. 10).

A much larger series from central Texas was collected 1915-1918
and shows a complete statistical blending of C. latrans and the south-
eastern wolf, though the entire involved population seemingly was
extirpated by human agency shortly thereafter (Nowak 1979). Addi-
tional hybrid populations formed in the Ozark region and pushed to the
south and east in ensuing decades. Nonetheless, a largely unmodified
wolf population apparently persisted in extreme southeastern Texas and
southern Louisiana until the 1970s. The close morphometric resem-
blance of that population, and of 14 individuals removed therefrom to
begin the existing captive/reintroduced population, to the original
southeastern wolf population has been documented (Nowak 1979,
1992). This study centers on the original, not current, status of eastern
wolves. However, to briefly update the current situation, six recently
collected individuals (seen at Alligator River National Wildlife Refuge,
Dare County, North Carolina, 17 April 1999) were compared to the
three series of old southeastern wolves and to C. latrans (Fig. 10). Those
six are males that were born in the wild and raised to maturity in the
population reintroduced in North Carolina (Nowak et al. 1995), and
were the only available specimens meeting those criteria. The six skulls
are statistically close to the century-old series from Calhoun County,
though there is some approach to the old northeast Louisiana series.

DISCUSSION

The view (Nowak 1979) that the red wolf is a primitive species,
closely related or identical to C. priscolatrans of the early Irvingtonian,
is not supported by this study. It is conceivable that a small wolf,
descended from C. priscolatrans, persisted in the eastern forests after
that period and has not yet shown up in the fossil record, though that
now seems unlikely. Available material suggests an archaic New World
evolutionary sequence, from the Blancan C. lepophagus (or some re-
lated small species), through the early Irvingtonian C. priscolatrans, to
the late Irvingtonian and early Rancholabrean C. armbrusteri, and fi-
nally culminating in the late Rancholabrean C. dirus. Certain specimens
at several sites suggest transition, or at least are difficult to distinguish,
between two sequential species: C. lepophagus and C. priscolatrans at
Haile 12B, Florida (see above), C. priscolatrans and C. armbrusteri at
Haile 21A and Leisey, Florida (Berta 1995), and Port Kennedy, Penn-
sylvania (Cope 1899), and C. armbrusteri and C. dirus at Cumberland
Cave, Maryland (Martin 1974). In any case, the outline given here may
be an oversimplification, as there probably were additional species
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involved and some phases of the sequence that extended beyond eastern
North America. In particular, one or two species of South America may
represent part of the transition from C. armbrusteri to C. dirus (Berta
1988, Nowak 1979). With the extinction of the dire wolf, about 8,000
ybp, the entire New World wolf line terminated.

The New World evolutionary progression was primarily in the di-
rection of increasing size, from a relatively small to a relatively large
species of Canis (Figs. 3, 4). There was little or no overlap in the size of
the species present during any one period. A coyote-like species of the
Blancan (C. lepophagus) was replaced by the small wolf (C.
priscolatrans) of the early Irvingtonian. A coyote-sized species reap-
peared in the east, in the form of modern C. latrans, only when the wolf
line had grown much larger, becoming the species C. armbrusteri in the
late Irvingtonian to early Rancholabrean. After C. priscolatrans disap-
peared, nearly a million years passed before a small wolf again was
evident in the east. This wolf could have been a direct descendant of the
Eurasian C. mosbachensis. The above data suggest that C.
mosbachensis was considerably smaller than most modern wolves. In-
deed, Kurten (1968) reported C. mosbachensis to be about the size of C.
lupus pallipes Sykes, the living wolf of southwestern Asia, which
Nowak (1995) indicated is smaller than C. rufus. Kurten (1968) noted
that C. mosbachensis still was present in Europe during a period corre-
sponding to the early Rancholabrean of North America and that transi-
tion to the larger C. lupus did not occur until the time of the late
Rancholabrean. Such a background offers the possibility that C.
mosbachensis gave rise to small wolves that entered North America,
became isolated by glaciation, and developed into the modern eastern
populations. Eurasian mosbachensis then may have evolved into C.
lupus and subsequent invasions of North America may have led to the
modern subspecific differentiation of the latter species (Nowak 1995).
Ecological space for the modern small wolf, as well as the modern
small coyote, became available in the east only when the archaic New
World wolf line had grown to enormous size, becoming C. dirus, in the
late Rancholabrean (Fig. 4). Both the small coyote and large wolf
disappeared from the east at the end of the Pleistocene but the new
small wolf persisted until the 20th century. Remarkably, when that wolf
was itself extirpated in our own times, the coyote again occupied the
east (Bekoff 1999, Hill et al. 1987, Nowak 1979).

Kurten (1974) regarded C. priscolatrans as part of the coyote line
leading from C. lepophagus to modern C. latrans. This study suggests
that while C. lepophagus may have given rise to both C. priscolatrans
and C. latrans, the latter represents a separate line of descent. It may
have remained primarily in the west, moving eastward only when the
niche for a smaller Canis sufficiently widened. A large subspecies of C.
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latrans was abundantly sympatric with C. dirus at Rancho La Brea and
some other western Rancholabrean sites (Kurten 1974, 1984; Nowak
1979). Replacement of C. dirus by C. lupus may be a factor in the
smaller size of modern C. latrans in the west. Eastern coyotes are not
well represented in the fossil record (Fig. 1). It even has been suggested
that the late Rancholabrean (about 10,000 ybp) records of C. latrans in
Florida are referable to C. familiaris (Martin and Webb 1974). Reex-
amination of that material in the course of this study supports identifi-
cation as C. latrans. The specimens are exceedingly small, perhaps as a
consequence of sympatry with a small wolf as well as C. dirus, but are
within the overall size range of modern C. latrans (Jackson 1951) and
show other characters of that species, not C. familiaris. The earlier
occurrence (c. 33,500 ybp) at Megenity Cave in southern Indiana is of a
somewhat larger coyote; the only sympatric wolf there is C. dirus (R. L.
Richards, Indiana State Museum, pers. comm., 3 January 2000).
Frankstown Cave, a late Rancholabrean (c. 14,000 ybp) site in Pennsyl-
vania, also has a large coyote, as well as a relatively small dire wolf,
but no other Canis (Nowak 1979). Additional late Rancholabrean
records of eastern C. latrans are from West Virginia (Graham and
Lundelius 1994), Mississippi (Kurten 1974, Kurten and Kaye 1982),
and Alabama (Morey 1994). The influx of a small wolf, apparently late
in the Rancholabrean, may have been a factor in the ultimate disappear-
ance of the coyote from most of the east.

From the end of the Pleistocene until the mid-20th century, the coyote
was absent from the region of interest, except for a zone of perhaps 100 -
200 km extending eastward and southward from the prairies (Fig. 1).
Archeological records indicate that C. latrans, at least at times, occurred
as far as southern Indiana, southern Missouri, and northwestern Arkan-
sas (Graham and Lundelius 1994). In 1919-1925, a series of C. latrans
was collected in and around the St. Francois Mountains of southeastern
Missouri, together with a large series apparently representing an isolated
wolf population. Previous study showed no morphometric overlap be-
tween the two series, hence demonstrating that each represented a sepa-
rate species and that hybridization had not yet developed in that area
(Nowak 1979). All Recent specimens from that period and earlier, and
from farther south and east within the zone of interest, are wolves.

It again is emphasized that there are only six known complete and
fully developed skulls of male wild Canis dating prior to 1918 and
collected in the region of interest: east of the Mississippi and south of
the Prairie Peninsula, Lakes Erie and Ontario, and the St. Lawrence
River. Using multivariate analysis (Fig. 6), those six skulls group to-
gether and have a statistical distribution completely separate from the
extensively overlapping distributions of six samples of western C. lu-
pus, including the samples most proximal to the eastern series (Fig. 1).
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Those six specimens also are completely removed from the statistical
distribution of C. latrans. Seven additional complete skulls of males
from northeastern Louisiana, taken 1898-1905, and one collected prior
to 1869 in south-central Oklahoma, have about the same statistical
distribution as the six more easterly specimens, when compared to C.
lupus and C. latrans (Fig. 7). Such an arrangement argues for recogni-
tion of the eastern sample as a distinct species that is appropriately
named C. rufus. Moreover, that species, as defined by the complete
eastern skulls, has diagnostic measurements that are statistically identi-
cal to those of two series of fragmentary specimens, collected in the
same region and dating from around 10,000 ybp and from 2,000-200
ybp (Table 1). Although not conclusive, this evidence supports the view
that C. rufus has continuously occupied the east since the terminal
Pleistocene and that it is the only species of wild Canis that was present
in most of the region.

None of the archeological or modern specimens, either examined as
part of this study or reported by others (Graham and Lundelius 1994)
indicate the presence of C. latrans, or hybridization between C. latrans
and another wild species in the southeast between 10,000 and 100 ybp.
Subsequently, C. latrans did recolonize the southeast and begin to
hybridize with the native wolf, C. rufus. The hybridization process
signaled the end of that species, not its beginning. This study thus is not
in agreement with some of the recent DNA analyses, particularly the
suggestion that C. rufus originated from hybridization between C.
latrans and C. lupus, probably within the last 250 years as a result of
environmental disruption by European colonists (Reich et al. 1999, Roy
et al. 1996, Wayne et al. 1998).

Surprisingly, this investigation provides evidence that another
named kind of eastern wolf did have a hybrid origin. The oldest avail-
able series of C. lupus lycaon from the northeast is statistically interme-
diate to C. rufus and western C. lupus (Fig. 8). The morphological
similarity of rufus and lycaon has long been recognized and has con-
fused the systematic status of eastern Canis. Recognition of lycaon –
specifically the population of extreme southeastern Ontario and south-
ern Quebec, and possibly northern New York – as a hybrid provides a
solution to the problem of why the red and gray wolf differ so much
along most of the line where their ranges meet, but resemble one another
so closely in the northeast.

That solution also is in keeping with mitochondrial DNA analyses
indicating that C. rufus and lycaon contain genetic sequences similarly
divergent from C. latrans and differing from those of C. lupus. Wilson
et al. (2000) interpreted those analyses to mean that rufus and lycaon
form a single species, independent of C. lupus and C. latrans, that
would appropriately be known as C. lycaon. However, another plau-



Southeastern Naturalist Vol. 1, No. 2120

sible interpretation is that the modern range of lycaon originally had
been occupied by C. lupus, which had moved in from the west follow-
ing the retreat of the glaciers at the end of the Pleistocene, as attested by
the large specimen from Frontenac Island in western New York. C.
rufus would also then have moved northward to the southern edge of
that area. That newly available and perhaps unstable habitat may have
been conducive to hybridization.

The predominant flow of introgression probably was from rufus to
lycaon, with consequent modification of the latter, rather than the re-
verse. Although lycaon is statistically near rufus, available material
shows no definite overlap, whereas lycaon shows greater statistical
similarity with C. lupus, especially the original population of northern
Michigan, which is geographically most proximal. Lycaon also does not
substantively differ ecologically and behaviorally from other gray wolf
subspecies (Forbes and Theberge 1995, Mech 1970, Pimlott et al. 1969).
Lycaon may still be regarded as a subspecies of C. lupus, but one that
perhaps developed as a result of natural hybridization with C. rufus.
While lycaon thus would not represent an early wave of C. lupus that
had invaded North America and become isolated by glaciation, it and
the other gray wolf subspecies suggested by previous study (Nowak
1995) should for now be retained.

There does remain the question of subspeciation in the red wolf.
Audubon and Bachman (1851) had restricted rufus to Texas and some
adjacent areas. Goldman (1937, 1944) thought that two more subspecies
could be identified farther to the east: C. rufus gregoryi Goldman in the
lower Mississippi Valley and C. r. floridanus Miller from Alabama to
the Atlantic. Lawrence and Bossert (1967) suggested that inclusion of
the larger eastern forms with the smaller C. r. rufus of Texas might
never have occurred if the systematic delineation of southeastern wolves
had been based initially on eastern, rather than Texas, material.

That, essentially, is what was done in this study: the oldest available
eastern specimens were assessed first, then specimens from just west of
the Mississippi, and finally material from Texas. The results support
Goldman’s original arrangement, both with respect to the east-west
distribution of C. rufus and its separation as a species from C. lupus and
C. latrans. The red wolf does become smaller to the west, especially in
Texas, but such character displacement might be expected as it ap-
proaches a zone of sympatry with the larger gray wolf.

The multivariate analyses (Figs. 9, 10) reinforce Goldman’s (1944)
designation of three subspecies of C. rufus. However, some rearrange-
ment of subspecific lines is advisable, based on assessment of the oldest
available material (Fig. 2). C. r. floridanus apparently occurred all along
the Atlantic coast, from Maine to Florida, and inland to Ohio and
northern Alabama. C. r. gregoryi was found throughout the lower Mis-
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sissippi Valley, including some country along the Ohio and Red rivers,
and in the Big Thicket area of eastern Texas. C. r. rufus occupied the
Texas coast and probably central Texas, though it is known from the
latter area only as a hybrid with C. latrans. There is no conclusive
evidence that it originally occurred farther north. Although Goldman
reported its range to reach Oklahoma, southwestern Missouri, and
northwestern Arkansas, the pertinent specimens probably express the
spread of hybridization with C. latrans and hence smaller size (Nowak
1979). The oldest known Oklahoma skull, the pre-1869 specimen from
Garvin County, shows statistical affinity to gregoryi/floridanus.

The range of C. r. rufus may have extended farther east along the
Gulf coast than was indicated by Goldman. Specimens from the coastal
counties of extreme southeastern Texas and from southern Louisiana
have statistical affinity to the old series of C. r. rufus from Calhoun
County, Texas, to the west (Fig. 10). All of those skulls are character-
ized by small size and relatively small teeth, perhaps reflecting a
scarcity or small size of prey in coastal habitat and the semiarid coun-
try of central Texas.

Several specimens from central Texas (Fig. 10) show that C. rufus
had begun to hybridize with C. latrans by 1900. The same process was
evident not long afterwards in eastern Oklahoma and western Arkan-
sas. The further spread of hybridization and of coyote-like animals
through the southeast is well documented (Hill et al. 1987, Kennedy et
al. 1986, Nowak 1979). However, statistical evidence also shows that
the population of wild Canis that persisted in southeastern Texas and
southern Louisiana until the 1970s, as well as individuals removed
from that area and used to found the existing captive/reintroduced
population, were similar to the original red wolf (Nowak 1979, 1992).
Available specimens (Fig. 10) indicate that the breeding population
now established in the wild in North Carolina retains the morphomet-
ric characterization of C. rufus rufus.
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Appendix 1. Paleontological and Archeological Specimens Examined. This list
provides details for series from the region of interest, thought to date prior to AD
1800. Specific identifications are as determined in this study. Information on a
few additional individuals is given in the text. Abbreviations used are: ANSP,
Academy of Natural Sciences, Philadelphia; AMNH, American Museum of
Natural History; CM, Carnegie Museum; CNM, National Museum of Canada;
FGS, Florida Geological Survey; ILSM, Illinois State Museum; INSM, Indiana
State Museum; MCZ, Harvard University Museum of Comparative Zoology;
MSU, Michigan State University Museum; MVZ, University of California Mu-
seum of Vertebrate Zoology; NCSU, North Carolina State University Depart-
ment of Zoology; PU, Purdue University Department of Forestry and Conserva-
tion; ROM, Royal Ontario Museum; UAR, University of Arkansas Department
of Zoology; UF, Florida Museum of Natural History; UMI, University of Michi-
gan Museum of Zoology; UMN, University of Minnesota Museum of Natural
History; USNM, United States National Museum.

Canis lepophagus. – FLORIDA. Alachua County: Haile 12B, late Blancan,
mandibular fragment (UF unnumbered). Gilchrist County: Santa Fe River 1B,
late Blancan, five mandibular fragments (UF 10423, 10424, 10836, 10837,
10858); mandible (collection of D. Damrow, Mosinee, Wisconsin).

Canis latrans. – FLORIDA. Brevard County: Melbourne, late Rancholabrean
(c. 10,000 ybp), rostral fragment (MCZ 5909), mandibular fragment (USNM
12947). Dade County: Cutler site, near Perrine, late Rancholabrean, maxillary
fragment (UF 143286), mandibular fragment (UF 143279). Indian River
County: Vero (stratum 3), late Rancholabrean, maxilla (FGS 7036). Levy
County: Devil’s Den, late Rancholabrean (c. 10,000 ybp), three mandibular
fragments (UF 11514, 11515, 11517). INDIANA. Crawford County: Megenity
Peccary Cave, late Rancholabrean (c. 33,500 ybp), cranium and maxillae (INSM
71-3-62-5-1), two maxillary fragments (INSM 71-3-60-5-6, 71-3-63-5-24),
mandible (INSM 71-3-60-5-1), four mandibular fragments (INSM 71-3-62-5-
59, 71-3-62-5-84, 71-3-62-5-85, 71-3-62-5-96), four P4 (INSM 71-3-62-5-44,
71-3-62-5-66, 71-3-63-5-22, 71-3-63-5-43), three M1 (INSM 71-3-62-5-129,
71-3-62-5-142, 71-3-62-5-129), three m1 (INSM 71-3-62-5-25, 71-3-62-5-117,
71-3-62-5-140). MARYLAND. Allegany County: Cumberland Cave, early
Rancholabrean, mandibular fragment (USNM unnumbered). PENNSYLVA-
NIA. Blair County: Frankstown Cave, late Rancholabrean (c. 14,000 ybp), two
mandibular fragments from same individual (CM 11027). VIRGINIA.
Shenandoah County: stone quarry 1 km NW Edinburgh, early Rancholabrean,
maxillary fragment (USNM). WEST VIRGINIA. Pendleton County: New Trout
Cave, late Rancholabrean (10,000 - 40,000 ybp), p4 (USNM unnumbered).

Canis priscolatrans (= Canis edwardii). – FLORIDA. Alachua County: Haile
12A, late Blancan, cranial fragment (UF 11516); Haile 21A, early Irvingtonian,
cast of rostral fragment (UF 62561), mandible (UF 63175), casts of three man-
dibles (UF 62562, 62563, 62564), four mandibular fragments (UF 62568, 63174,
63527, 62565), two P4 (UF 18049, 124537), M1 (UF 63623), two p4 (UF 63311,
124539), m1 (UF 62567). Charlotte County: Punta Gorda, early Irvingtonian,
mandibular fragment (UF 36429). Citrus County: Inglis 1A, early Irvingtonian,



Southeastern Naturalist Vol. 1, No. 2128

three maxillary fragments (UF 18046, 18047, 67846), two mandibular fragments
(UF 19323, 19324), P2 (UF 18050), P4 (UF 18049), two M1 (UF 19405, 19406),
two M2 (UF 18048), m1 (UF 19404); Crystal River Power Plant, early
Irvingtonian, maxillary fragment (UF17074). Hillsborough County: Leisey Shell
Pits, early Irvingtonian, cranial fragment (UF 67092), seven maxillary fragments
(UF 81654, 81655, 81663, 81664, 81665, 81666, 124531), mandible (UF 63667),
three mandibular fragments (UF 64399, 87283, 95647), four P4 (UF 80662,
81656, 81661, 81668), two M1 (UF 81657, 81669), p2 (UF 81675), p3 (UF
81674), two p4 (UF 81658, 81659), six m1 (UF 81660, 81662, 81672, 81673,
84752, 87285), two m2 (UF 81689, 87297). Polk County: Phosphoria Mine,
early Irvingtonian, cast of maxillary fragment (UF 58332). Sarasota County:
Rigby Shell Pit, early Irvingtonian, maxillary fragment (UF 40090), mandibular
fragment (UF 40091). PENNSYLVANIA. Montgomery County: Port Kennedy
deposit, early Irvingtonian, P4, M1, M2, and p4 (ANSP 57-58).

Canis armbrusteri. – ARKANSAS. Newton County: Conrad Fissure, early
Rancholabrean, cranial fragment, isolated teeth (AMNH 11761), mandibular
fragment (AMNH 11762). FLORIDA. Alachua County: Haile 7A, early
Rancholabrean, maxillary fragment and pair of mandibles (UF 11845). Levy
County: McLeod lime rock mine, middle Irvingtonian, cranial fragment
(AMNH 67286), two maxillary fragments, probably from same individual
(AMNH 67287-67288), two mandibular fragments, probably from same indi-
vidual (AMNH 67289-67290), mandibular fragment (AMNH 67291). Sumter
County: Coleman 2A Local Fauna, late Irvingtonian, near-complete skull with-
out mandibles (UF 11519), cranial fragment, maxillary fragment, and three
mandibular fragments (UF 11520), mandibular fragment and two m1 (UF
12121), mandibular fragment (UF 11518), two P4 (UF 12114). MARYLAND.
Allegany County: Cumberland Cave, early Rancholabrean, two skulls with
mandibular fragments (USNM 8144, 11881), six skulls (USNM 7994,11883,
11885, 11886, 11887, 12288), 13 mandibular fragments (USNM 7482, 7661,
8144, 8168, 8169, 8172, 11881, 11882, 11888, 12290, 12291, 12293, 12295).

Canis dirus (all late Rancholabrean). – FLORIDA. Alachua County: Hornsby
Springs, maxillary fragment (UF 3988), mandibular fragment (UF 3987).
Brevard County: Melbourne, mandible (USNM 12946), two isolated P4, two
M1, and four m1 (USNM unnumbered). Columbia County: Ichetucknee River,
maxillary fragment (UF 8006), three mandibular fragments (UF 8005, 12899,
17717). Dade County: Cutler site, near Perrine, mandibular fragment (UF
156956), p4 and m1 (UF 135887). Indian River County: Vero (stratum 2), skull
without mandibles (FGS 7166). Levy County: Devil’s Den, incomplete skull
(UF 7996); Wekiva River, mandibular fragment (UF 14204). Manatee County:
Bradenton, maxillary fragment (UF 3276), mandibular fragment (UF 2259).
Marion County: Eichelberger Cave, two mandibular fragments, probably from
same individual (UF 1622, 1623); Reddick 1A, crushed skull with mandibles
(UF 2923), two crushed skulls without mandibles (UF 3081 and unnumbered),
mandibular fragment (UF unnumbered), isolated P4, two M1, M2, and m1 (UF
unnumbered). Pinellas County: Seminole Field, mandibular fragment (AMNH
23568), M1 (AMNH 23582), M2 (AMNH 23569), two m1 (AMNH 23565,
23567). GEORGIA. Bartow County: Ladds, M1 (USNM 23698). INDIANA.
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Vanderburgh County: Ohio River, maxillary fragment (ANSP 11614). KEN-
TUCKY. Woodford County: Welsh Cave, cast of skull without mandibles (CM
12625), cast of mandible from different individual (CM 12625a). PENNSYL-
VANIA. Blair County: Frankstown Cave, maxillary fragment (CM 11023),
three mandibular fragments (CM 11022, 11024, 11026). WEST VIRGINIA.
Greenbrier County: Rennick, mandible (CM 24327).

Canis rufus. – ALABAMA. Jackson County: Crow Island Indian midden, c.
1,000 ybp, mandible (UMI 91100). ARKANSAS. Crittenden County: Banks
Site, c. 425 ybp, mandible (ILSM). Washington County: Eddy Bluff shelter,
early Recent, maxillary fragment (UAR unnumbered). FLORIDA. Brevard
County: Melbourne, late Rancholabrean (c. 10,000 ybp), mandibular fragment
(MCZ 17789). Citrus County: Withlacoochee River, late Rancholabrean (c.
10,000 ybp), m1 (collection of D. Wells, Falls Church, Virginia). Columbia
County:  Ichetucknee River, late Rancholabrean, m1 (collection of D. Damrow,
Mosinee, Wisconsin). Dade County: Nichol’s Hammock, c. 200 ybp, mandible
(UF 16711). Gilchrist County:  Santa Fe River bottom, late Rancholabrean or
early Recent, mandibular fragment (collection of D. Damrow, Mosinee, Wis-
consin). Indian River County: Jungerman Site, c. 250 ybp, m1 and m2 (UF
unnumbered). Levy County: Devils’s Den, late Rancholabrean (c. 10,000 ybp),
cranial fragment (UF 16397), mandible (UF 11513). ILLINOIS. Crawford
County: Palestine site, c. 2,000 ybp, maxillary fragment (ILSM CW4F67),
mandibular fragment (ILSM CW4F66). Montgomery County: Litchfield, late
Rancholabrean, mandible (collection of D. Damrow, Mosinee, Wisconsin).
MARYLAND. Anne Arundel County: Doepkin’s Farm site, c. 300 ybp, maxil-
lary fragment (seen at site, current location unknown). NEW YORK. Fulton
County: Garoga site, c. 400 ybp, maxillary fragment and two mandibular frag-
ments (CM G-837). NORTH CAROLINA. Macon County: Franklin site, c. 300
ybp, maxillary fragment (NCSU unnumbered). OHIO. Ross County: Blain site,
c. 800 ybp, maxillary fragment (ILSM unnumbered). PENNSYLVANIA.
Bedford County: New Paris Sinkhole No. 2, c. 1,900 ybp, incomplete skull and
pair of mandibles (CM 6548a, 6548b). Greene County: Hartley site, c. 500 ybp,
mandibular fragment (CM 4531). Indiana County: Johnston site, c. 350 ybp,
maxillary fragment (CM 802). Lancaster County: Eschelman site, c. 350 ybp,
cranial fragment, pair of mandibles, and three mandibular fragments (CM 36 La
12). TENNESSEE. Hamilton County: Citico Mound, c. 1,000 ybp, mandible
(USNM 200145). WEST VIRGINIA. Fayette County: Mount Carbon site, c.
500 ybp, m1 (CM 46 Fa 7). Greenbrier County: Piercy’s Cave, late
Rancholabrean, m1 (USNM unnumbered). Putnam County: Buffalo Village site,
c. 300 ybp, three mandibular fragments and isolated m1 (CM 46 Pu 31).

Appendix 2. Specimens Used in Multivariate Analyses. This list provides infor-
mation on those series subjected to canonical discriminant analysis. Greater
detail is given for specimens from the region of interest; specific and subspecific
identifications in that region are as determined in this study. Details on a few
additional individuals, also used in multivariate analysis, are provided in the
text. For abbreviations used, see Appendix I.

Canis latrans lestes. – COLORADO (44 USNM), IDAHO (52 USNM).



Southeastern Naturalist Vol. 1, No. 2130

Canis lupus (western series). C. l. irremotus. – IDAHO (3 USNM). MONTANA
(4 USNM). WYOMING (7 USNM). C. l. lycaon (original identification). –
MICHIGAN, Isle Royale (5 PU). MINNESOTA (15 USNM, 8 UMN). C. l.
mogollonensis. – ARIZONA (4 USNM). NEW MEXICO (13 USNM). C. l.
monstrabilis. – TEXAS (7 USNM). C. l. nubilus. – KANSAS (2 USNM).
NEBRASKA (3 USNM). OKLAHOMA (1 AMNH, 1 USNM). C. l. youngi. –
COLORADO (5 USNM). NEW MEXICO (12 USNM). UTAH (6 USNM).
WYOMING (5 USNM).

Canis lupus. – MICHIGAN, upper peninsula (3 MSU, 4 UMI, 9 USNM).

Canis lupus lycaon. – ONTARIO. Brent, 1922 (ROM 24-11-19-1); Carling,
1932 (ROM 32-11-30-1); Dacre, 1930 (ROM 31-2-12-1); Nipissing, 1933
(ROM 33-3-24-1); Opeongo Lake, Algonquin Provincial Park, 1910 (ROM
32213); Whitney, 1931 (MVZ 77344). QUEBEC. Jim’s Lake, Pontiac County,
1924 (CNM 5572); Lucerne, 1931 (MVZ 77343); 67 km NE Mattawa, Ontario
(locality in Quebec), 1905 (USNM 140562); Montebello, 1931 (ROM 31-12-
29-2).

Canis rufus floridanus. – ALABAMA. Colbert County: 18 km S Cherokee, 1917
(USNM 223936). Jackson County: Fern Cave, probably prehistoric (USNM
348063). FLORIDA. Dade County: vicinity of Miami, 1854 (MCZ 11179.
MAINE. Piscataquis County: Moosehead Lake, 1863 (MCZ 326). PENNSYL-
VANIA. Indefinite localities, prior to 1859 (ANSP 2261, 2262).

Canis rufus gregoryi. – LOUISIANA. Concordia Parish: 32 km SW Vidalia,
1905 (USNM 137125). Madison Parish: 4 km NW Tallulah, 1904 (USNM
133687); 29 km SW Tallulah, 1905 (USNM 136731); 37 km SW Tallulah, 1905
(USNM 136834). Morehouse Parish: Mer Rouge, 1898 (MCZ 9114); Mer
Rouge, 1904 (USNM 132229). West Carroll Parish: 16 km SW Floyd, 1904
(USNM 133688).

Canis rufus rufus. – TEXAS. Calhoun County: 11 km SW Port Lavaca, 1900
(USNM 99705, 99706); O’Connorsport, 1900 (USNM 99718, 99719, 99721).

Canis rufus (1919-1943 series). – LOUISIANA. Beauregard Parish: near Sabine
River, 1928 (USNM 248332). Iberia Parish: 18 km N Avery Island, 1919
(USNM 234227). MISSISSIPPI. Harrison County: Biloxi, 1931 (AMNH
100225). TEXAS. Brazoria County: Angleton, 1936 (USNM 261753); 14 km
NE Angleton, 1943 (USNM 273537). Chambers County: 5 km E Mont Belvieu,
1926 (USNM 246552). Hardin County: indefinite locality, 1937 (USNM
262473). Liberty County: Cleveland, 1932 (USNM 289990); 2 km N Rye, 1943
(USNM 274080). Montgomery County: Porter, 1933 (USNM 251084, 251085).
Polk County: near Wakefield, 1933 (USNM 250757); southern part of county,
1933 (USNM 250679).

Canis rufus x C. latrans. – TEXAS (central). Edwards County: Nueces River,
1900 (USNM 108680). Kerr County: Kerrville, 1901 (USNM 108657); indefi-
nite locality, 1899 (USNM 108655); indefinite localities, 1906 (USNM 146744,
146745).
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The findings from differing disciplines need to be brought into the continuing debate on the 
relationships of present-day members of the genus Canis in North America.  Regardless of which 
group of researchers is involved in recent genetic studies, there seems to be virtually no reference 
to these differing disciplines, including providing a sound rationale as to why information based 
on fossil and archaeological specimens as well as the notes of the early naturalists and more 
modern-day mammalogists may be suspect or not relevant to the existing investigations.  In this 
essay are the core findings from past understandings of canid relationships, especially for gray 
wolf (Canis lupus) and coyote (Canis latrans) ancestral species spanning through the Pleistocene 
back into the Pliocene, about 10 million ybp in North America and forward to the present day.  
This information is considered essential for placing contextual meaning with respect to genetic 
findings within the canids now under discussion in the Southeastern U.S.    

The application of non-genetic lines of evidence can be used to sort through and evaluate the 
validity of genetic-based evidence regarding red wolf (Canis rufus), eastern wolf (Canis lycaon), 
gray wolf and coyote.  In particular, several unresolved issues were not addressed by vonHoldt et 
al. (2016) with specific relevance to at least the red wolf taxonomic discussion: 

(1) A provocative claim is made by vanHoldt (2016) for a chronologically “much later” than 
expected time estimate of divergence from a common ancestor which speculatively 
occurred in Eurasia, and with both gray wolf and coyote then migrating to North 
America.  This is in direct contrast to many decades of understanding with respect to the 
origins of these two species and their respective presence in North America.  Meanwhile 
the authors of this study appear dismissive of the presence of “coyote- and wolf-like 
forms” documented by fossil evidence occurring in North America long before their 
genetic based findings. This implies the authors reject these forms as ancestral species for 
modern-day gray wolf, coyote, or both of the small wolf-like forms in eastern North 
America.   
 

(2) vonHoldt et al. (2016) do not explain how it was possible for a hybrid swarm with wolves 
and coyotes in eastern North America to have formed either during the later Pleistocene 
and early Holocene or during more modern times, given the available fossil and 



 

archaeological data demonstrating no morphological overlap among red wolf and the two 
purported parental species that would have been expected from a true hybrid swarm.  
Also, unaddressed are the accounts from the earliest European naturalists describing the 
only canids known from the Southeast U.S. as best assigned as modern red wolves.  
There is no direct reference made by these naturalists of coyotes east of the Great Plains, 
and this absence east of the Great Plains was well documented by mammalogists until the 
mid-to-late 1900s.  It is also questionable that gray wolves, other than a rare individual 
ever ventured south of eastern.   
 

(3) If we concede that in eastern U.S. prior to 1900 it was possible for remaining and widely 
scattered gray wolves (surviving from European settler efforts to eradicate them) were 
hybridizing with a very small number of coyotes that may have slipped eastward of the 
Great Plains, why is it that no such hybrid swarm has ever formed in western North 
America?   

Each of these three issues is expanded upon in more detail below: 

What does all the evidence suggest regarding divergence times among North American 
Canis? 

 It is safe to say that the taxonomic relationship of North American canids is extremely 
complicated and the subject of many monographs and journal publications.  Taking into account 
all the potential findings specifically from genetic research there may be at least five possible 
interpretations for how many species in the Genus Canis occur presently in North America (not 
including dogs [“Canis familiaris”], which have occurred in North America for at least 10,000 
ybp and are variously treated as conspecific with gray wolf and have interbreed with all other 
wild forms of canids): 

(1) Only one species (where gray wolf [including eastern and red] and coyote are not 
genetically divergent enough to qualify as separate species; one possible interpretation 
from vanHoldt et al. 2016), 

(2) two species (gray wolf and coyote, vanHoldt et al. 2016),  
(3) three species (gray [including eastern] wolf, red wolf, and coyote; Nowak 1979, 2002) 
(4) three species (gray wolf, and eastern [including red] wolf, and coyote; Wilson et al. 2000,  

2003, 2012), or  
(5) four species (three species of wolves and coyote; Chambers et al. 2012).   

For evidence regarding the first possibility suggested above, that gray wolf and coyote may not 
be divergent enough genetically to be generally considered separate species, see vonHoldt et al. 
(2016:3): 

… If we assume a generation time of 3 years, and an effective population size of 45,000, 
then this corresponds to a divergence time of 50.8 to 52.1 thousand years ago (ka), 



 

roughly the same as previous estimates of the divergence time of extant wolves.  Thus, 
the amount of genetic differentiation between gray wolves and coyotes is low and not 
much greater than the amount of differentiation within each species (for example, 
Eurasian versus North American gray wolf…).  This result contradicts molecular clock 
calculations based on short mitochondrial region sequences, which were calibrated using 
a 1-Ma (million years ago) divergence time between gray wolves and coyotes.  Despite 
body size and other phenotypic differences between the two species …and a long history 
of coyote- and wolf-like forms in North America, the genomic data suggest that modern 
coyotes and gray wolves are very close relatives with a recent common ancestry. 

In fact, vonHoldt et al. (2016) point out that their pairwise divergence estimates collectively 
“…are comparable to those found among human populations…”  Thus, with an estimate (if 
correct) of only about 50,000 ybp (with a range in estimates from 6,000 to 117,000 ybp) between 
gray wolf and coyote, an argument could be made that not only are gray wolf and coyote closely 
related, they may not warrant separate species-level status.  For instance, of the four groups 
compared against each other in vonHoldt et al. (2016), the most divergent pairwise estimates 
were between red wolf and Eurasian gray wolf (followed closely by red wolf versus North 
American gray wolf, as well as by coyote versus both gray wolf groups).   

In one news report, by Carl Zimmer for Science Times Newsletter (July 27, 2016), Dr. vonHoldt 
was quoted as follows: 

The new study revealed that coyotes and North American wolves shared a remarkably 
recent common ancestor. Scientists had previously estimated their ancestor lived a 
million years ago, but the new study put the figure at just 50,000 years ago. 

“I could not have put money on it being so recent,” Dr. vonHoldt said. 

That ancestor gave rise to two species — the predecessor of today’s gray wolves and that 
of today’s coyotes — somewhere in Eurasia. Dr. vonHoldt said that the two species then 
migrated into North America. 

There, coyotes evolved into small predators that specialize in taking down smaller prey. 
Wolves took a different path, relying on their larger size and great speed to prey on 
moose and other big mammals. 

The vonHoldt et al. (2016) genetic based estimate of divergence between these two species of 
about 50,000 ybp is in stark variance to paleontological (fossil) evidence of modern coyotes and 
their ancestral species diverging from a common canid ancestor many hundreds of thousands to 
potentially 1.5 million ybp (see supplemental materials below illustrating geologic timelines and 
traditional interpretations of canid appearance vs. that estimated by vonHoldt et al. 2016).  In 
addition, fossil evidence suggests the modern gray wolf did in fact migrate from Eurasia to North 
America (perhaps in at least three separate waves), but much earlier than suggested by vonHoldt 



 

et al. (2016) as this species is first found in the fossil record in North America about 400-500 
thousand ybp, and with coyote already well established in North America at this time (Nowak 
1979, Chambers et al. 2012).  So either the genetic results of vonHoldt et al. (2106) are suspect 
or interpretations of fossils are suspect. 

Actually, there are several lines of evidence to be skeptical about the reported estimated time of 
divergence between gray wolf and coyote reported by vonHoldt et al. (2016).  First, they indicate 
that gray wolves and coyotes were sympatric when they started to develop their modern-day 
differences, but there is no other evidence (or suggestion) that coyotes ever occurred in Eurasia 
(see discussion in Nowak 1979).  Fossils attributable to coyotes have been described from the 
mid Pleistocene (the early Irvingtonian mammalian age between 1 and 1.5 million ybp).  The 
most likely ancestral species to coyote according to Nowak (1979) is Canis lepohagus, described 
as a small coyote-like canid (and was possibly not restricted to North America with some 
suggested affinity with jackals and foxes of the Eastern Hemisphere) and occurred from the late 
Pliocene to the early Pleistocene (the Blancan mammalian age, from 1.5 to 3.7 million ybp).  
These estimates, if correct, are well before gray wolves emerged as a species in either 
hemisphere.  vonHoldt et al. (2016) provide no evidence that would lead to a reinterpretation of 
the fossil record on the origins on modern-day coyotes as anything other than a species restricted 
to North American species with very long history (certainly longer than 50,000 ybp). 

Similarly, the presently understood evolutionary history of gray wolf does not match well with 
the explanation given by vonHoldt et al. (2016).  The Eurasian gray wolf according to Nowak 
(1979, see updated treatment in Nowak 2002) may have been derived from a relatively small 
wolf in North America, perhaps even a common ancestor with Canis lepophagus; with the root 
ancestor to all the North American and Eurasian canid taxa extending back between 3.7 and 10 
million ybp during the Pliocene.  Populations of ancestral Eurasian gray wolf evolved during the 
glacial ages and then returned based on fossil evidence to North America during the Irvingtonian 
mammalian age, presumably across the Bering Land Bridge during the Kansan Glacial Age 
(about 1 million ybp). However, there appears to have been separate waves of gray wolves 
coming from Eurasia (see Chambers et al. 2012) with the second such wave of modern gray wolf 
populations appearing in North America based on fossil evidence at about 400-500 thousand 
ybp.   Then another wave appears to have occurred during the Wisconsian Glacial Age (Rancho 
Lebrean mammalian age, 100 thousand ybp) that would lead to establishment of gray wolf over 
most of North America (except apparently east of the Great Plains or south of the boreal forests 
of eastern Canada) at about the same time the very large “dire wolf” (Canis dirus) was becoming 
extinct after its “brief reign” (also during the Wisconsian Glacial Age, Rancho Lebrean 
mammalian age).  

The extinction of dire wolf was at the same time many other megafauna became extinct at the 
end of the Pleistocene about 10,000 ybp.  Interestingly many dire wolf fossils were found in the 
Southeast U.S., at the same time there were fossils representative of red wolf-like as well as a 



 

small coyote-like canids, but the very few fossils attributed in the past to gray wolf (Nowak 
1979) have been now attributed to one or more extinct species that occurred in the Southeast 
U.S. (Nowak 2002).   

The fossil evidence strongly contradicts a late divergence date for coyote of about 50,000 ybp 
and contradicts that coyotes ever have occurred in Eurasia (while a very distant precursor for 
coyotes could have occurred in Eurasia, it would have occurred more than 3.7 million ybp).  
Also, while it is documented that closely related taxa (i.e., subspecies, distinct populations) can 
show rapid divergence in size and behavior during relatively brief time periods (geologically 
speaking) this phenomenon most frequently occurs when the taxa are isolated from each other 
(such as on island versus continental populations, or with populations co-occurring in space but 
not in time, seasonally speaking).  vonHoldt et al. (2016) suggested an explanation for their 
findings that has little support from the long history of evolutionary studies and is certainly 
contradicted by the present interpretation of fossil and archaeological evidence.  While we 
should not doubt what vonHoldt et al. (2016) reported in their genetic study is actually what they 
found, we should be skeptical about the interpretation and encourage further work to seek better 
reconciliation of these genetic based findings with other lines of evidence. 

If there were hybrid swarms forming to explain the origin of red wolf, then how did 
coyotes and gray wolves escape documentation prior to such swarms and how did they 
escape documentation after such formation in eastern North America? 

The genetic findings from vonHoldt et al. 2016 (as well as the original genetics paper that 
intensified the on-going debate by Wayne and Jenks 1991) can only be explained by coyotes co-
occurring widely with gray wolf at some point in eastern North America prior to the Twentieth 
Century.  This assumption is made in stark contrast to existing fossil and archaeological evidence 
that strongly suggests coyotes were almost if not completely absent east of the Great Plains 
during most of the Pleistocene (the exception involved a very small form with most fossils dating 
from the late Pleistocene around 10,000 ybp, Nowak 2002).  As mentioned above, the only 
known wolf-like canid during both the later Pleistocene and continuing to occur through the 
Holocene within the Southeast U.S. was a “red wolf-like” canid, with dental and skull fragments 
essentially unchanged in size or morphology from individual red wolves we have today in the 
recovery program.   The red wolf thus can be documented to have occurred in the southeastern 
U.S. in the near complete absence of gray wolf and with the extinction of the dire wolf as well as 
the extirpation of the “small” coyote-like canid after the Pleistocene (Nowak 2002).  
 
With respect to more modern times with human presence starting from 12-15,000 ybp, there is 
no evidence of coyotes (also referred to as the “prairie wolf;” Audubon and Bachman 1851) 
naturally occurring in eastern North America until the early 1900s (see supplemental materials 
below illustrating changes in coyote range after 1900).   Coyote movement eastward in the Great 
Lakes and Upper Midwest U.S. started to be documented during the first decade of the Twentieth 



 

Century.  In the Southeast U.S. west of the Mississippi River, coyotes were absent from eastern 
Arkansas and through all of Louisiana until the 1950s (for the latter, see Hall and Kelson 1959, 
Lowery 1974).  Movement across the Mississippi River in the southeast did not occur until after 
the 1970s (again see supplemental materials below).  At the time of European settlement (over 
500 ybp), coyotes were either exceptionally rare or completely absent east of the Great Plains.  In 
contrast, wolves (regardless of what kind of wolf, but they were consistently described to match 
today’s red wolf) were well documented as persisting especially in the Southeast U.S. in the 
absence of coyotes, east of the Mississippi River at least into the early decades of the Twentieth 
Century.    
 
Wolves in the southeast (again described as red wolf) were extirpated from intense persecution in 
the absence of any naturally occurring coyotes along the Atlantic Coastal States by 1920 and the 
last verifiable specimens in Alabama from around 1944 and Mississippi by 1932.  West of the 
Mississippi River, wolves existed essentially unchanged morphologically through most of 
Arkansas, Louisiana, southern Missouri, eastern Oklahoma, and eastern Texas, despite some co-
occurring coyotes along the prairie edges at least until 1930.  After 1930, increasing persecution 
took a heavy toll with the remaining wolf populations, with a notable increase of specimens 
illustrating hybridization with coyotes that continued well into the Twentieth Century.   
 
As we all know this sweep ended with the last remnant southeast wolf population in the early 
1970s, as the spread of coyotes eastward was now well underway west of the Mississippi River.  
Only in coastal Louisiana and the Upper Texas Coast were canids continuing to exhibit the range 
of morphological traits (as well as unique biomarker evidence; Ferrell et al. 1980, Hunter 1991, 
Nowak et al. 1995) for red wolves represented from across the former range with their 
descendants now all within the recovery program.  If coyotes were in fact present anywhere in 
east of the Great Plains before 1900 and gray wolves were in fact south of eastern boreal Canada, 
where did they go and why did they completely disappear, with coyote only to reappear in the 
Southeast after over 50 years since red wolf extirpation?  Since it is necessary to have both 
coyotes and gray wolves present to create a hybrid swarm from those two species, their 
documented absence in the southeastern U.S. is strong evidence to dispute a hybrid origin for red 
wolf. 
 
Also arguing against there ever being a hybrid swarm involving gray wolves and coyotes (even if 
they had been present, which data strongly suggest they were not), morphological data clearly 
indicate very distinct groupings of characteristics among the three taxa (Nowak 1979, 2002).  If 
indeed there was a hybrid swarm the morphological data should indicate a wide range and 
multiple overlapping measurements among the taxa as was demonstrated as coyotes replaced red 
wolves in Texas and Missouri after the 1930s (Nowak 1979, 2002).  There is little doubt that 
some interbreeding occurred along the edge of the Great Plains where coyotes and red wolves 
co-occurred (as did gray wolf) along the prairie-forest edges as in in Texas and Missouri, but it 



 

was not until greatly reduced red wolf populations from intensive persecution that a hybrid 
swarm formed and shifted eastward (Nowak 1979). 

Why are there no such hybrid swarms in western North America, with similar persecution 
against wolves over the last 150 years? 

Why would remaining and widely scattered gray wolves in western North America, also 
systematically eliminated after the late 1800s and into the early 1900s, not also hybridize 
extensively with coyotes and form hybrid swarms?  While there is evidence that gray wolves and 
coyotes can in fact interbreed successfully under very controlled conditions (using artificial 
insemination, see below) and there is some evidence of interbreeding in the wild in the west 
(vonHoldt et al. 2016), there is very sparse evidence that such interbreeding is actually occurring 
successfully often enough to lead to any modification of gray wolf morphology in the wild, 
including with individual gray wolves now found dispersing south of known packs in the western 
U.S.  The only morphological indication of hybridization in western North America is with three 
specimens examined by Nowak (1979; one each from Arizona, Chihuahua, and Veracruz) all 
within the present and former range of the Mexican wolf (Canis lupus baileyi), the smallest of 
the recognized gray wolf subspecies in North America. 

In contrast, there is little dispute today that there has been widespread hybridization in the 
western Great Lakes Region of the U.S. and Canada, but there is disagreement on whether the 
hybridization is between gray wolves and coyotes or gray wolves and eastern wolves (the latter 
assuming eastern wolves are not themselves hybrids between gray wolves and coyotes).  Mech 
(2011; also see excerpt in supplemental materials) with respect to this situation involving the 
western Great Lakes region described non-genetic lines of evidence to evaluate the origin of the 
eastern wolf:  (1) morphological data, (2) reproductive information, and (3) behavior.  In both 
body mass and skull measurements, the Great Lakes wolves are more similar to the gray wolf 
than to the coyote, providing evidence that they have resulted not from crossing gray wolves 
with coyotes but rather from gray wolves with eastern wolf.  On the second point, Mech (2011) 
reported that no hybrid between gray wolves and coyotes had been found west of the Great 
Lakes where there were no phenotypic eastern wolves, and that within the western Great Lake 
States of all the wolves examined none were reported as showing coyote characteristics (despite 
coyote-like mtDNA found in that populations).  Mech noted that while eastern wolves had been 
successfully crossed with a coyote in captivity, no one had attempted to mate a western gray 
wolf with a coyote to determine to see if that was even possible (see below for the results of such 
an experiment; Mech et al. 2014; also see abstract in supplemental materials).  For the third 
point, Mech (2011) considered whether there were regional differences in how coyotes were 
tolerated by wolves behaviorally with the evidence available indicating that western Great Lakes 
wolves kill coyotes just as western gray wolves do, supporting the position that coyote-like 
mtDNA sequences found in some Great Lakes wolves are not derived from coyotes, “a finding 
that leaves the alternative—that they derive from the eastern wolves.” 



 

Then in 2014, Mech et al. published the result of an experiment to cross western gray wolves and 
coyotes in captivity to address one of the recommendations stemming from Mech (2011).  Of the 
nine coyotes artificially inseminated, three became pregnant.  One of those ate her pups, one 
failed to give live birth, but the third did produce seven hybrid pups, six of which survived at 
least into 2014.   

While Mech et al. (2014) demonstrated that it is possible that interbreeding could occur 
sporadically in the western U.S. between gray wolves and coyotes, it is apparent that such 
hybridization has not occurred frequently enough to support numerous morphological hybrids 
that would lead to a hybrid swarm.  The eastern situation where an apparent hybrid swarm does 
occur in the western Great Lakes region, the genetic mixing into the wolf population in this 
region apparently is not from actual coyotes but from eastern wolves that have mtDNA that is 
coyote-like, but not the same as found in western coyotes, estimated time of divergence from 
coyote judged to be between 150 to 300 thousand ypb (Wilson et al 2000).  Thus, there is no 
evidence to support the possibility promoted by Wayne and Jenks (1991) and now elaborated on 
by vonHoldt et al. (2016) that even if gray wolves and coyotes did at one time co-occur (but 
undocumented or otherwise undetected) in the southeastern U.S. prior to 1930, that they would 
have led to an allopatric population of hybrids.   

Summary 

The recent results from vonHoldt et al. (2016) ultimately adds little to the debate based on 
genetic studies on the origin of the red wolf that has now been going on for well over 35 years.  
The one new claim based on the most recent analysis is of the relatively recent estimated 
divergence date of about 50,000 years between gray wolf and coyote, and that divergence had 
occurred in Eurasia.  This claim is a direct contradiction to long-established fossil based 
estimates that the divergence was over a million years earlier, with a common ancestor likely 
emerging in North America between 1.5 to 3.7 million ybp that then possibly expanded to 
Eurasia.  The North American populations of this potential ancestral species led to the 
emergence of coyotes and Eurasian populations after several intermediate forms led to Eurasian 
gray wolf.  It is difficult to reconcile the vonHoldt et al. (2016) results with other lines of 
evidence when there is no evidence for coyotes ever occurring in Eurasia while coyotes have 
existed in North America for well over 1 million years, along fossil evidence that gray wolves 
arrived in North America as early as 500 thousand ybp.   

Assuming some additional work may be necessary to replicate the mtDNA based time of 
divergence (including perhaps a check on recalibrating the molecular clock, which often uses the 
fossil evidence to base the calibration), what’s left are the same claims being made since Wayne 
and Jenks (1991). That is from this perspective, genetic evidence alone supports hybrid origins 
for the red (and now eastern) wolf and it is apparent to these authors that they deem evidence 
from paleontological, archeological, or biogeographical disciplines as not informative to the 
discussion.   



 

In addition, there has been no follow-up by any of the research teams on the demonstration of a 
unique biochemical marker described in the late 1970s and used to help select individual wolves 
to form the recovery population (Ferrell et al. 1980).  This biochemical marker that does (or at 
least did) exist in the last remnant red wolf population during the late 1970s, and absent from all 
sampled coyote and gray wolf populations, continued with the resulting captive red wolf 
population with inheritance consistent with classic Mendelian expectations into subsequent 
generations (Hunter 1991).  Despite what would seem to be an important line of genetic-based 
evidence, there has been no mention of this finding since the mid-1990s (Nowak et al. 1995).   

With respect to hybrid swarms, or frequent hybridization events, as noted by Chambers et al. 
(2012) and others it is interesting that assuming there are three or four species of wild canids, 
hybrid swarms do occur as follows: 

(1) between gray wolf and eastern wolf (western Great Lakes region; Mech 2011, Chambers 
et al. 2012),  

(2) eastern wolf and coyote (the “eastern coyote”) spreading south of southeastern Canada 
into northeastern U.S. (Rutledge 2010, Rutledge et al. 2012, 2015),  

(3) red wolf and coyote (beginning along the forest-prairie edge west of the Mississippi 
River in the 1930s, Nowak 2002) and now a major threat with the persistence of the only 
wild population in eastern North Carolina, 

(4) red wolf and gray wolf (also along the forest prairie edge west of the Mississippi River, 
during the 1930s, especially in central Texas; Nowak 2002; while not forming obvious 
swarms as both wolf taxa were being decimated at the time while coyotes spread 
eastward) 

(5) red wolf and eastern wolf (Nowak 2002 suggested intermediate wolves between red wolf 
and gray wolf in the northeastern U.S. were what is referred to as eastern wolf today, but 
another and more prevailing view is eastern wolf and red wolf are very closely related, 
possibly conspecific, with both emerging from a common ancestor with the modern 
coyote 150-300 thousand ybp; Wilson et al. 2000, 2003, 2012, Chambers et al. 2012) 

In all these cases, wolf populations were being decimated, but swarms only formed with taxa that 
were closest in size to each other.  To date there is no evidence that such a phenomenon has 
occurred between gray wolf and coyote historically or presently.  Despite the possibility of some 
hybridization (at least experimentally, with some evidence of genetic hybrids and historically 
with Mexican wolf a few morphological hybrids), these are the two taxa most divergent to each 
other in size, even as gray wolves also were heavily persecuted until the 1990s and no evidence 
of hybrid swarms forming. 

Finally, there is no support for such a hybrid swarm event to have ever occurred in the 
southeastern U.S., especially given that there is no evidence that modern coyote or gray wolf 
populations actually ever occurred together within this same region.    



 

Literature cited 

Audubon, J.J., and J. Bachman. 1851. The Quadrupeds of North America, vol. 2. New York, 
NY. 334 pp. 
 
Chambers, S.M., Fain, S.R., B. Fazio, M. Amaral. (2012). An account of the taxonomy of North 
American wolves from morphological and genetic analyses. North American Fauna 77: 1–67. 
doi:10.3996/nafa.77.0001.  

Ferrell, R.E., D.C. Morizot, J. Horn, and C.J. Carley. 1980.  Biochemical markers in a species 
endangered by introgression: the red wolf.  Biochemical Genetics 18(1/2):39-49. 

Hall, E.R., and K. R. Kelson. 1959. The Mammals of North America. Volume II. New York: 
Ronald Press. 
 
Hunter, W.C. 1991. Letter dated March 4, 1991, to Mr. Roland Smith, Senior Research 
Biologist, Point Defiance Zoo and Aquarium, Tacoma, WA.  U.S. Fish and Wildlife Service, 
Atlanta, GA.  9 pp. (includes 3 tables).  

Lowery, G.H. 1974.  The Mammals of Louisiana and Its Adjacent Waters.  Published for the 
Louisiana Wild Life and Fisheries Commission by the Louisiana State University Press.  565 pp. 

Mech, L.D.  2011.  Non-genetic data supporting genetic evidence for the eastern wolf.  
Northeastern Naturalist  18(4):521-526. 

Mech, L.D., B.W. Christensen, C.S. Asa, M. Callahan, J.K. Young. 2014. Production of hybrids 
between western gray wolves and western coyotes. PLoS ONE. 9 (2): e88861. 
Bibcode:2014PLoSO...988861M. doi:10.1371/journal.pone.0088861.  
 
Nowak, R.M. 1979. North American Quaternary Canis. Monograph of the Museum of Natural 
History, University of Kansas 6:1–154. 
 
Nowak, R.M. 2002. The original status of wolves in eastern North America. Southeastern 
Naturalist 1:95–130. 
 
Nowak, R.M., M.K. Phillips, V.G. Henry, W.C. Hunter, and R. Smith. 1995. The origin and fate 
of the red wolf. Pp. 409-416, In L.N. Carbyn, S.H. Fritts, and D.R. Seip (Eds.). Ecology and 
Conservation of Wolves in a Changing World: Proceedings of the Second North American 
Symposium on Wolves. Canadian Circumpolar Institute, University of Alberta, Edmonton, AB. 
642 pp. 
 
Rutledge, L.Y. 2010. Evolutionary origins, social structure, and hybridization of the eastern wolf 
(Canis lycaon) (Thesis). Peterborough, Ontario, Canada: Trent University. 
 



 

Rutledge, L.Y., B.N. White, J.R. Row, and B.R. Patterson. 2012. Intense harvesting of eastern 
wolves facilitated hybridization with coyotes. Ecology and Evolution 2(1): 19–33. 
doi:10.1002/ece3.61.  
 
Rutledge, L.Y., S. Devillard, J.Q. Boone, P.A. Hohenlohe, B.N. White. July 2015. RAD 
sequencing and genomic simulations resolve hybrid origins within North American Canis. 
Biology Letters 11: 1–4. doi:10.1098/rsbl.2015.0303.  
 
vonHoldt, B.M., J.A. Cahill,  Z. Fan, I. Gronau, J. Robinson, J.P. Pollinger, B. Shapiro, J. Wall, 
R.K. Wayne. 2016. Whole-genome sequence analysis shows that two endemic species of North 
American wolf are admixtures of the coyote and gray wolf. Science Advances 2 (7): e1501714–
e1501714. doi:10.1126/sciadv.1501714. 
 
Wayne, R.K., and S.M. Jenks. 1991. Mitochondrial DNA analysis implying extensive 
hybridization of the endangered red wolf Canis rufus. Nature 351:565–568. 
 
Wilson PJ, Grewal S, Lawford ID, Heal JNM, Granacki AG, Pennock D, Theberge JB, Theberge 
MT, Voigt DR, Waddell W, Chambers RE, Paquet PC, Goulet G, Cluff D, White BN. 2000.  
DNA profiles of the eastern Canadian wolf and the red wolf provide evidence for a common 
evolutionary history independent of the gray wolf. Canadian Journal of Zoology 78:2156–2166. 
 
Wilson P.J., S. Grewal, T. McFadden, R.C. Chambers, and B.N. White.  2003. Mitochondrial 
DNA extracted from eastern North American wolves killed in the 1800s is not of gray wolf 
origin.  Canadian Journal of Zoology 81:936–940. 
 
Wilson, P.J., L.Y. Rutledge, T.J. Wheeldon, B.R. Patterson, and B.N. White (2012). Y-
chromosome evidence supports widespread signatures of three-species Canis hybridization in 
eastern North America. Ecology and Evolution 2(9): 2325–2332. doi:10.1002/ece3.301.   



 

Supplemental materials 

The following wikipedia schematic follows Nowak (2002) closely 
(https://en.wikipedia.org/wiki/Evolution_of_the_wolf) 
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Mammalian ages in North America 

Cenozoic land mammal ages 

Holocene 14,000 ybp to present 

• Saintaugustinean: Lower boundary 0.4 ka. Upper boundary Present. 
• Santarosean: Lower boundary 0.014 Ma. Upper boundary 0.4 ka. 

Pleistocene 1,800,000 to 14,000 ybp 

• Rancholabrean: 240,000 to 14,000 ybp  

Canis latrans 

Canis lupus 

Canis dirus 

• Irvingtonian: 1,800,000 to 240,000 ybp 

Canis edwardii* (=priscolatrans) 

Canis armbrusteri (late Irvingtonian) 

Canis latrans  

(This would be well before the vonHoldt et al. 2016 date of the divergence [in Eurasia]: “Scientists had previously 
estimated their ancestor lived a million years ago, but the new study put the figure between 6k and 117k (or a mean 
estimate of 50,000 years ago). “I could not have put money on it being so recent,” Dr. vonHoldt said.  That ancestor 
gave rise to two species — the predecessor of today’s gray wolves and that of today’s coyotes — somewhere in 
Eurasia. Dr. vonHoldt said that the two species then migrated into North America.” 

Canis lupus 

Pliocene 5,300,000 to 1,800,000 ybp 

• Blancan: 4,900,000 to 1,800,000 ybp 

Canis lepophagus (thought to be ancestral to modern coyotes in North America and perhaps also modern 
wolves that evolved in Eurasia) 

Canis edwardii*  

• Hemphillian: Lower boundary 10.3 Ma. Upper boundary 4.9 Ma. 

Miocene 



 

Geological Time and the History of Life in North America 

Comparing fossil vs. recent genetic evidence on the evolution of Coyote in North America and 
the arrival time for Gray Wolf into North America from Eurasia 

 



 

Coyote (Canis latrans) Distribution as of 1959 

 

 
 
 

Map 443.  
Canis 

latrans. 
 
Guide to subspecies 
1. C. l. cagottis 



 

2. C. l. clepticus 
3. C. Z. dickeyi 
4. C. l. frustror 
 
5. C. l. goldmani 
6. C. l. hondurensis 
7. C. l. impavidus 
8. C. l. incolatus 
9. C. l. ;amesi 
 
10. C. Z. latrans 
11. C. l. lestes 
12. C. Z. mearnsi 
13. C. l. microdon 
14. C. Z. ochropus 
 
15. C. Z. peninsulae 
16. C. l. texensis 
17. C. Z. thamnos 
18. . C. Z. umpquensis 
19. C. Z. vigilis 
 

 

This map shows the expansion of coyote range over the past three centuries. Aggressive predator control programs 
and hunting contributed to the eradication of larger predators like wolves, allowing coyotes to spread rapidly into 
nearly every area of North America. 

 

Kays, R. et al. (2009) Rapid adaptive evolution of northeastern coyotes via hybridization 
with wolves. Biology Letters, advance online. 
 



 

The dramatic expansion of the geographical range of coyotes over the last 90 years is 
partly explained by changes to the landscape and local extinctions of wolves, but 
hybridization may also have facilitated their movement. We present mtDNA sequence 
data from 686 eastern coyotes and measurements of 196 skulls related to their two-front 
colonization pattern. We find evidence for hybridization with Great Lakes wolves only 
along the northern front, which is correlated with larger skull size, increased sexual 
dimorphism and a five times faster colonization rate than the southern front. 
Northeastern haplotype diversity is low, suggesting that this population was founded by 
very few females moving across the Saint Lawrence River. This northern front then 
spread south and west, eventually coming in contact with an expanding front of non-
hybrid coyotes in western New York and Pennsylvania. We suggest that hybridization 
with wolves in Canada introduced adaptive variation that contributed to larger 
size, which in turn allowed eastern coyotes to better hunt deer, allowing a more 
rapid colonization of new areas than coyotes without introgressed wolf genes. 
Thus, hybridization is a conduit by which genetic variation from an extirpated 
species has been reintroduced into northeastern USA, enabling northeastern 
coyotes to occupy a portion of the niche left vacant by wolves.  

Quote: 

 
 
Figure 1. 
 
Colonization routes of coyotes moving from their historic range in the grasslands of 
western states into eastern deciduous forests (shading shows biomes). Dates are for the 
first coyote records from Ontario (Young & Jackson 1951), New York (Fener et al. 2005), 
Ohio (Weeks et al. 1990) and western Pennsylvania (Williams et al. 1985).  

the intro: 

Quote: 

Dramatic expansions in the distribution of a species without being introduced by humans 
are rare, and are typically explained by habitat change or release from competitors (Sakai 
et al. 2001). The coyote (Canis latrans) evolved as hunter of small prey in the Great 



 

Plains, but has rapidly colonized all of eastern North America in the last 90 years. The 
spread of agriculture and the extinction of wolves (C. lupus sensu lato) in parts of the 
region are thought to have facilitated coyote expansion, but genetic interchange with 
remnant wolf populations may have played a roll. Coyote colonization was fivefold faster 
via the northern route through Ontario, which exposed them to wolf populations, 
compared with the southern route through Ohio, where wolves were extirpated prior to 
coyote expansion (figure 1).  
 
The hybridization of colonizing coyotes with wolves (C. lupus lycaon) in Ontario has been 
demonstrated by recent studies (Leonard & Wayne 2008; Koblmuller et al. 2009; 
Schwartz & Vucetich 2009; Wheeldon & White 2009; Wilson et al. 2009). Mitochondrial 
phylogenies reveal three main lineages within Ontario wolves (grey wolf, Great Lakes wolf 
(GLW) and coyote), suggesting high rates of hybridization in the region. Nuclear loci 
reveal similar patterns, but suggest that the GLW remains a discrete ecotype despite 
hybridization. 
 
Less attention has been paid to the effect of this hybridization on eastern coyotes, which 
are now the largest predator in the region, are abundant in many areas, and are thus 
thought to play important ecological roles. Although northeastern coyotes are clearly 
smaller than wolves, they are larger than western coyotes, and have a unique ecology 
(Lawrence & Bossert 1969; Parker 1995; Kays et al. 2008). Here we examine both 
genetics and morphology from a large sample of coyotes to evaluate the potential 
introgression of adaptive variation through hybridization with wolves  

 

 

 

 

Non-genetic Data Supporting Genetic Evidence for 
the Eastern Wolf  
L. David Mech  
Northeastern Naturalist  
Vol. 18, No. 4 (2011), pp. 521-526  
 

Abstract 
Two schools of thought dominate the molecular-genetics literature on Canis spp. (wolves) in the western 
Great Lakes region of the US and Canada: (1) they are hybrids between Canis lupus (Gray Wolf) and 
Canis latrans (Coyote), or (2) they are hybrids between the Gray Wolf and Canis lycaon (Eastern Wolf). 
This article presents 3 types of non-genetic evidence that bears on the controversy and concludes that all 
3 support the second interpretation. 

Excerpts from Discussion: 

There are 3 types of non-genetic evidence relevant to the question of whether the Coyote-like 
mtDNA haplotypes in hybridized wolves are those of Coyotes (the Wayne interpretation) or those of the 
Eastern or Red Wolf that putatively evolved with Coyotes (the Wilson interpretation): (1) 
morphological data, (2) reproductive information, and (3) behavior. Some of this evidence has been dis- 
cussed before, but is included here for the sake of completeness. 



 

Phenotypically the Gray Wolf, the putative Eastern Wolf and the Red Wolf, and the Coyote are 
similar, with body and skull sizes decreasing from the Gray Wolf to the Coyote. There seems to be 
agreement that the Eastern Wolf (formerly C. l. lycaon) and the Red Wolf appear intermediate to the 
Gray Wolf and the Coyote (Kolenosky and Standfield 1975, Mech 1970). However, the picture is 
further con- founded by the fact that, in eastern North America, hybridization occurred between western 
Coyotes and the Eastern Wolf (Kays et al. 2009, Kolenosky and Standfield 1975, Kyle et al. 2006, Way 
et al. 2010, Wheeldon et al. 2010, Wilson et al. 2009). 

The crux of distinguishing between the Wayne and Wilson interpretations is determining whether 
Coyotes have ever hybridized with the Gray Wolf or whether they even can (Mech 2010). 
Morphological evidence that would help distinguish whether phenotypic wolves with Coyote-like 
mtDNA are Gray Wolves that have hybridized with Coyotes or with Eastern Wolves would be (1) the 
existence of Canis that generally appeared intermediate between Gray Wolves and Coyotes or that 
generally appeared intermediate between Gray Wolves and Eastern Wolves, or (2) skulls that appear 
similarly intermediate. 

As for the former, Great Lakes (Minnesota, Wisconsin, Michigan) wolves look like Gray Wolves 
both in appearance and size, although females in some areas are up to 12% lighter weight, and males up 
to 15% lighter weight than Gray Wolves (Mech and Paul 2008). Similarly, skulls of 1970–1976 Great 
Lakes wolves are similar to those of the Gray Wolf (Nowak 2009), although a sample taken later 
possess narrower rostra (Mech et al., in press). In both body mass and skull measurements, the Great 
Lakes wolves are more similar to the Gray Wolf than to the Coyote, providing evidence that they have 
resulted not from Gray Wolf x Coyote but rather from Gray Wolf x Eastern Wolf. Furthermore, the only 
animals or skulls that have been recorded that appeared to be a product of mating between Coyote and 
any kind of wolf were those in eastern Canada, which according to the Wilson interpretation would have 
resulted from matings between Coyotes and Eastern Wolves (Kolenosky and Standfield 1975, Sears et 
al. 2003). Not only do these hybrids only occur in eastern Canada and the northeastern US, but their 
sizes and skulls are intermediate between Eastern Wolves and Coyotes, or between Gray Wolves and 
Coyotes (Kolenosky and Standfield 1975:Fig. 5–2). 
…. 

It seems highly relevant that, although hybrids of Eastern Wolves and Coyotes have been recorded 
for years in eastern Canada, no such phenotypic hybrid between Gray Wolves and Coyotes has been 
found west of there. Neither has genetic evidence of Coyotes been found in Gray Wolves from 
Montana, Wyoming, or Manitoba (Carbyn 1982, Paquet 1992, Pilgrim et al. 1998), where no one 
disputes that the wolves are Gray Wolves and have long been sympatric with Coyotes. In Minnesota, 
Wisconsin, and Michigan alone, over 2000 wolves have been examined (Beyer et al. 2009, Mech and 
Paul 2008, Nowak 2009, Wydeven et al. 2009) with no one reporting an apparent Gray Wolf x Coyote 
hybrid. This finding supports the Wilson interpretation. 

The second line of relevant non-genetic evidence that might help distinguish between the Wayne and 
Wilson interpretations would be reproductive experiments. A wolf from eastern Canada (putative 
Eastern Wolf) has successfully bred in captivity with a Coyote (Kolenosky 1971), but no one has 
attempted to mate a Gray Wolf from the West with a Coyote. If such an experimental mating were 
accomplished, it would lend some support to the Wayne interpretation. 

The third type of non-genetic evidence relevant to the Wayne-Wilson difference in interpretation is 
behavioral. If a Gray Wolf mated with a Coyote, there had to be some tolerance between the 2 species. 
Here the record is clear. From Michigan westward, Gray Wolves kill Coyotes (summary by Ballard et 
al. 2003, Berger and Gese 2007), whereas I could find no record of wolves east of Michigan killing 
Coyotes, despite considerable field work there on both species (Table 1). 

In the Great Lakes area, the extant wolf population, considered Gray Wolf x Coyote under the 
Wayne interpretation and Gray Wolf x Eastern Wolf under the Wilson interpretation, does kill Coyotes 
(Table 1), although a few observations of wolves and Coyotes tolerating each other have been made 



 

(Thiel 2006). On balance, however, Great Lakes wolves kill Coyotes as do wolves farther west, a fact 
that makes it unlikely that the 2 species would mate. This is further evidence that the Coyote-like 
mtDNA sequences found in some Great Lakes wolves are not derived from Coyotes, a finding that 
leaves the alternative—that they derive from the Eastern Wolf—more plausible. 

In summary, non-genetic evidence based on morphology, reproduction, and interspecific relations all 
support the contention that Gray Wolf x Coyote hybridization is rare to non-existent from 
approximately Michigan westward. This finding then lends support to the Wilson (2000, 2009) 
hypothesis that the Coyote- like genetics found in wolves of the Great Lakes region represent the 
Eastern Wolf rather than the Coyote. 

[there needs to be an update to the following results, which were based on 
Mech’s second non-genetic evidence above, but while it does represent the 
potential of “western” Gray Wolves and Coyotes to hybridize in captivity, there is 
no evidence that they actually have in the wild, at least not in a way that mirrors 
what Wayne et al. project could have happened in the east where hybrid swarms 
emerged as “gray” wolves were extirpated and phenotypic coyotes somehow 
escaped any detection at the time of European arrival in North America only to 
“re-emerge” east of the prairies some 50 years or more later after “southern” 
wolf-like canids had become exceedingly rare.] 

Production of Hybrids between Western Gray 
Wolves and Western Coyotes  

• L. David Mech, Bruce W. Christensen, Cheryl S. Asa, Margaret Callahan, and Julie K. Young  
 
PLOS One February 2014 | Volume 9 | Issue 2 | e88861 

Abstract 
Using artificial insemination we attempted to produce hybrids between captive, male, western, gray wolves 
(Canis lupus) and female, western coyotes (Canis latrans) to determine whether their gametes would be 
compatible and the coyotes could produce and nurture offspring. The results contribute new information to an 
ongoing controversy over whether the eastern wolf (Canis lycaon) is a valid unique species that could be 
subject to the U. S. Endangered Species Act. Attempts with transcervically deposited wolf semen into nine 
coyotes over two breeding seasons yielded three coyote pregnancies. One coyote ate her pups, another 
produced a resorbed fetus and a dead fetus by C-section, and the third produced seven hybrids, six of which 
survived. These results show that, although it might be unlikely for male western wolves to successfully 
produce offspring with female western coyotes under natural conditions, western-gray-wolf sperm are 
compatible with western-coyote ova and that at least one coyote could produce and nurture hybrid 
offspring. This finding in turn demonstrates that gamete incompatibility would not have prevented 
western, gray wolves from inseminating western coyotes and thus producing hybrids with coyote 
mtDNA, a claim that counters the view that the eastern wolf is a separate species. However, some of the 
difficulties experienced by the other inseminated coyotes tend to temper that finding and suggest that 
more experimentation is needed, including determining the behavioral and physical compatibility of 
western gray wolves copulating with western coyotes. Thus although our study adds new information to 
the controversy, it does not settle it. Further study is needed to determine whether the putative Canis lycaon is 
indeed a unique species. 

Xxxxxxxxxxxxxxxxxxxxxxxxxx 



From: Miranda, Leopoldo
To: Benjamin, Pete; Valenta, Aaron; Eversen, Michelle; Weller, Emily; Arnold, Jack; Fleming, Jeffrey M
Subject: Fwd: update on essay and report of unique biochemical genetic marker for red wolf
Date: Friday, February 17, 2017 1:48:42 PM
Importance: High

No replies please. 

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Begin forwarded message:

From: "Hunter, Chuck" <chuck_hunter@fws.gov>
To: Emily Weller <emily_weller@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>, Aaron Valenta <aaron_valenta@fws.gov>, Michelle
Eversen <michelle_eversen@fws.gov>, Rebekah Martin
<rebekah_p_martin@fws.gov>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Jack
Arnold <jack_arnold@fws.gov>, Philip_Kloer <philip_kloer@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter <brett_hunter@fws.gov>,
David Viker <david_viker@fws.gov>
Subject: update on essay and report of unique biochemical genetic marker
for red wolf

All:

Based on our discussions this past Monday, I was prompted to reread the WMI
report, along with other materials (including Chambers et al. 2012) and did
not detect any serious treatment of fossil or achaeological lines of
evidence, and not much either on the biogeographical line of evidence, at
least not as thorough a treatment that I drafted last week.

While reviewing these and other more recent materials, I also noticed no
mention of an important line of genetic-based (biochemical markers)
evidence that was used at least early on in selecting individuals that
would become the 14 founders (Ferrell et al. 1980, see attachment).  During
the discussions we had with Bob Wayne and Susan Jenks, we asked them
whether they had looked into the findings from the folks at the Center for



Demographic and Population Genetics, University of Texas Health Science
Center, Houston, Texas.  The response to me was they could not find
anything, but they did not try very hard.  So with that response, I
wondered whether the reported allele (for LDH-A, Lactate Dehydrogenase)
that was considered unique to the wolf populations then restricted to sw
Louisiana coastal parishes and upper Texas coast was still being checked
for in the captive population.  If so, i wondered if the allele was still
being detected in the population or was it as Wayne thought only an
artifact.  So as part of the Ferrell et al. attachment I include my 1991
report based on data provided to me by Curtis Carley (the Red Wolf Recovery
coordinator at the time), and an informative letter from Don Morizot (one
of the et al's) to Mr. Carley regarding their work during the early 1980s.
I also have the raw data fro this, if that is deemed to be of interest.
Regardless, I believe this is very important information to share with the
Warm Springs folks, especially as it should be something in their specific
charge to evaluate genetic-based evidence.

I have also updated the essay quite a bit, with a few more relevant
references, and some additional supplemental materials illustrating the
geologic timeline described in the essay comaparing the traditional
interpretation of appearance in the fossil record of coyotes (or
"coyote-like") and gray wolf (or "gray wolf-like") canids compared with the
timeline promoted by the vonHoldt et al. (2016) results.  Aaron, please
replace the Feb. 10 draft essay with this Feb. 17 draft when sending to the
Warm Springs folks, along with the other attachments (I include again the
Nowak 2002 paper for convenience).  Again happy to answer any questions on
any or all of this.

Finally, while rummaging through my personal files, I found micro-cassette
tapes that were made to record the conversations held at Point Defiance of
the December 1990 meeting to discuss Bob Wayne's draft paper (that would be
published in 1991).  In attendance were Dr. Wayne, Ron Nowak, Warren
Parker, Dave Flemming, Roland Smith, and myself (there may have been others
that I'm just not remembering).  I believe these tapes were copies of what
should be in administrative files, but in case not these probably should
be.  I have a micro-cassette player, and I tried to play one of the tapes,
but seems the timing is off (voices were sped up).  Perhaps folks in
External Affairs can help with deciphering what is actually on the tapes?
Anyway, please let me know if there is interest in trying to eventually
transcribing the conversation that we held over 25 years ago, that is
remarkably similar in my opinion to the discussions underway now.

Thanks and wishing ya'll a great long holiday weekend,

Chuck

Chuck Hunter
Chief, Division of Strategic Resource Management
Regional Refuge Biologist
National Wildlife Refuge System



U.S. Fish and Wildlife Service
1875 Century Boulevard, Suite 420
Atlanta, GA  30345

404-679-7130 (office)
770-331-4475 (cell)
chuck_hunter@fws.gov

<Red Wolf Nowak 2002 paleontological study.pdf>

<Red Wolf Ferrell et al. (Morizot) genetic evidence for red wolf as separate
species.pdf>

<Red Wolf Paleological-Archeaological-Biogeographical evidence
(Recovered).docx>



From: Weller, Emily
To: Benjamin, Pete
Subject: May Taxonomy Meeting
Date: Tuesday, February 21, 2017 2:26:35 PM
Importance: High

Hey Pete! I know we've talked about this before, but I can't remember the conclusion... Is there a separate
report/summary from the May 2016 Meeting in Atlanta? I'd like to know more about the discussions
regarding taxonomy. In the red wolf recovery team recommendations doc, it says that USGS initiated an
investigation (Pacifici et al. in prep)...do you know if this document or something besides the 2-pager
summary exists? Or maybe the Pacifici et al. in prep is the 2-pager summary?

Thanks,
Em

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Benjamin, Pete; Miranda, Leopoldo; Eversen, Michelle; Valenta, Aaron; Wayman, William; Fain, Steve; Whelan, Nathan V
Subject: Invitation: Red Wolf Taxonomy @ Thu Mar 9, 2017 1pm - 2:30pm (pete_benjamin@fws.gov)
Start: Thursday, March 9, 2017 1:00:00 PM
End: Thursday, March 9, 2017 2:30:00 PM
Attachments: invite.ics

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=NGVsamxvYTZmdGpkbGM0bWMybXYxY21qcHMgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3Y1NzQ3ZDllNGM4NmVjNWU3ZTFhMmY5YjFiZmZjNDhkZmNlNGY2NmJh&ctz=America/New_York&hl=en> 

Red Wolf Taxonomy

866-663-5704
3531061#
When
Thu Mar 9, 2017 1pm – 2:30pm Eastern Time 
Video call
https://plus.google.com/hangouts/_/doi.gov/emily-weller <https://plus.google.com/hangouts/_/doi.gov/emily-weller?hceid=ZW1pbHlfd2VsbGVyQGZ3cy5nb3Y.4eljloa6ftjdlc4mc2mv1cmjps>  
Calendar
pete_benjamin@fws.gov 
Who
• emily_weller@fws.gov
- organizer
• pete_benjamin@fws.gov
• leopoldo_miranda@fws.gov
• michelle_eversen@fws.gov
• aaron_valenta@fws.gov
• william_wayman@fws.gov
• steve_fain@fws.gov
• nathan_whelan@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=NGVsamxvYTZmdGpkbGM0bWMybXYxY21qcHMgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=1&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3Y1NzQ3ZDllNGM4NmVjNWU3ZTFhMmY5YjFiZmZjNDhkZmNlNGY2NmJh&ctz=America/New_York&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=NGVsamxvYTZmdGpkbGM0bWMybXYxY21qcHMgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=3&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3Y1NzQ3ZDllNGM4NmVjNWU3ZTFhMmY5YjFiZmZjNDhkZmNlNGY2NmJh&ctz=America/New_York&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=NGVsamxvYTZmdGpkbGM0bWMybXYxY21qcHMgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=2&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3Y1NzQ3ZDllNGM4NmVjNWU3ZTFhMmY5YjFiZmZjNDhkZmNlNGY2NmJh&ctz=America/New_York&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=NGVsamxvYTZmdGpkbGM0bWMybXYxY21qcHMgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3Y1NzQ3ZDllNGM4NmVjNWU3ZTFhMmY5YjFiZmZjNDhkZmNlNGY2NmJh&ctz=America/New_York&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .
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From: Weller, Emily
To: Valenta, Aaron; Benjamin, Pete
Subject: Questions for the taxonomy team
Date: Monday, April 3, 2017 1:02:44 PM
Attachments: 20170328_Clarity on the Genetic Studies.docx
Importance: High

Good morning. Please see the attached document. This is a draft of the questions I'd like to send to the
geneticists on the taxonomy subteam. I believe if they are able to answer these questions, it will give us
the feedback we need to tease apart the available genetic and non-genetic information relevant to Canid
taxonomy. We should be able to sort out the reliable, scientifically sound information and determine
which theory is well supported.

Please let me know if you have questions or additions.

Thanks,
Em

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



Clarity on the Genetic and Non-genetic Studies Relevant to Red Wolf Origin and Taxonomy 

The questions below are intended to assist in understanding the genetic and non-genetic information 
available relevant to the taxonomic status of the red wolf, a debate that has continued for more than 30 
years. Genetic studies present conflicting interpretations and offer various theories on the origin of the 
red wolf and recommendations on the correct taxonomic status. Through examination of both the 
genetic and non-genetic information, we seek to determine which theory is supported by the available 
data. This includes assessing the various methods of the available studies, interpretations of the results, 
whether there may be alternative interpretations of the same results, whether genetic conclusions are 
supported by non-genetic data, etc. 

 

Simplistic summary of the available data 

There are three main theories on the origin of the red wolf: (1) the red wolf originated from ancient 
hybridization between gray wolves and coyotes, (2) the red wolf originated from recent hybridization 
between gray wolves and coyotes, and (3) the red wolf evolved from a common ancestor with the 
coyote, but is of a lineage divergent from coyotes. Additionally, there are recommendations that the red 
wolf be considered a subspecies of gray wolf, a gray wolf-coyote hybrid, or the same species or a 
subspecies of the eastern wolf. 

A variety of genetic information (nuclear microsatellite DNA, canine SNP array data, mtDNA, Y-
chromosome haplotypes) and non-genetic information (morphometric analyses) confirm that most red 
wolves are closer to coyotes than to gray wolves, indicating it is outside of the gray wolf lineage. 
Autosomal microsatellite DNA, mtDNA, and canine SNP array data indicate the red wolf falls within the 
coyote clade (Chambers et al. 2012, p. 29). 

Some results of genetic studies have been interpreted to mean that red wolves originated from 
hybridization between gray wolves and coyotes, with primary ancestry being from coyotes (e.g., Wayne 
and Jenks 1991; Roy et al. 1994, Roy et al. 1996, Reich et al. 1999, von Holdt et al. 2011, Brzeski et al. 
2016 (1 of 3 theories), von Holdt et al. 2016). Some (Jenks and Wayne 1992, Wayne 1992) have 
interpreted morphometric analyses (Nowak 1979; see Nowak 1995, p. 2) as indication that the red wolf 
is a hybrid rather than a distinct entity. These authors do not provide an explanation for why their 
interpretations are correct and the others are incorrect. Those that believe the red wolf is a result of 
recent hybridization (e.g., von Holdt et al. 2011 (287-430 years ago), 2016 (All NA canids diverged from a 
common ancestor less than 6,000-117,000 years ago), others?) do not offer an explanation for the 
evidence of a canid, intermediate to the coyote and gray wolf, in the fossil record dating back to the 
Pleistocene. 

Other results of genetic studies have been interpreted to support the theory that the red wolf evolved 
from a common ancestor with the coyote, but is of a lineage divergent from coyote (i.e., not a 
hybrid)(e.g., Bertorelle and Excoffier 1998, Wilson et al. 2000, Hedrick et al. 2002, Adams et al. 2003, 
Wilson et al. 2003, Hailer and Leonard 2008, Chambers et al. 2012, Brzeski et al. 2016 (1 of 3 theories), 



Hohlenlohe et al. in press). Non-genetic information also supports the theory that red wolves are a 
distinct entity from coyotes (Nowak 1992, Nowak et al. 1998, Nowak 2002, Hinton et al. 2014, Bohling et 
al. 2016). Although Hohlenlohe et al. (in press) offers an alternative interpretation to the results of von 
Holdt et al. (2016), there is little explanation for why interpretations supporting this theory are correct 
and those that support the hybrid theory are incorrect. 

 

QUESTIONS REGARDING METHODS 

1. Wayne and Jenks (1991); Roy et al. (1996); Wilson et al. (2000, 2012); Brzeski et al. (2016) all 
analyze mtDNA. 

a. Wayne and Jenks (1991): captive individuals, wild samples, and skins (1905-1930) 
b. Roy et al. (1996): pre-1940 wolves 
c. Wilson et al. (2000): Algonguin Park, captive red wolves, Texas coyotes, and gray wolves 
d. Wilson et al. (2012): wolves, coyotes, and captive red wolves 
e. Brzeskie et al. (2016): 3 samples 350-1900 years old (1 from Southeast, 2 from New 

England) 

Are the methods used in these studies comparable such that the results can be fairly compared? 
If not, is there a method(s) that is more reliable? Why? 

What is an analysis of mtDNA able to tell us about the origin of a species and/or its relationship 
to another species? Are there limitations, assumptions, etc. that should be considered when 
reading the results of these studies? 

  

2. Wilson et al. (2000) and Roy et al. (1994) conducted microsatellite analyses. 
a. Wilson et al. (2000): Algonquin Park wolves, and red wolves 
b. Roy et al. (1994): coyotes, gray wolf, red wolf 

Are the methods used in these studies comparable such that the results can be fairly compared? 
If not, is one more reliable? Why? 

What is an analysis of microsatellite loci able to tell us about the origin of a species and/or its 
relationship to another species? Are there limitations, assumptions, etc. that should be 
considered when reading the results of these studies? 

How does this method and results compare to an analysis of mtDNA? 

 

3. Wayne and Jenks 1991 also analyzed cytochrome b gene sequence variation in captive red 
wolves and 77 other canids captured.  
 



What is this analysis able to tell us about the origin of a species and/or its relationship to 
another species? Are there limitations, assumptions, etc. that should be considered when 
reading the results of this study? 
 
How does this method and results compare to an analysis of mtDNA and microsatellites? 
 
 

4. Wilson et al. (2012) also analyzed Y-chromosome intron sequence in combination with Y-
chromosome microsatellites.  

What is this analysis able to tell us about the origin of a species and/or its relationship to 
another species? Are there limitations, assumptions, etc. that should be considered when 
reading the results of this study? 

How does this method and results compare to an analysis using the other methods mentioned 
above? 

 

5. Von Holdt et al. (2016) used whole genome sequence data to demonstrate a lack of unique 
ancestry in red wolves. Hohlenlohe et al. (2017 draft manuscript submitted for publication) 
counters von Holdt et al. (2016) and offers different interpretations of the data. 

Of these two papers, which one provides better supported conclusions/interpretations of the 
data? 

 

6. Ferrell et al. (1980) reports the finding of a unique electrophoretically determined allele in red 
wolves that was absent in domestic dogs and pure coyote populations, suggesting survival of a 
gene originating in the red wolf population. However, other studies (e.g., Roy et al. 1994, 1996) 
state that no unique red wolf alleles have been found. 
 
Is there an explanation for this? Is Ferrell et al. (1980) flawed, unreliable, or do they use 
outdated methods? 

 

7. It seems that many of the samples taken from red wolves and coyotes are from the 
western/eastern edges, respectively, of their historic ranges where natural overlap could have 
occurred.  

Could this have an effect on the results? If so, what effect might it have? 



Do studies (genetic and non-genetic) using samples not taken from this edge/overlap area have 
different conclusions? 

 

QUESTIONS REGARDING VARIOUS THEORIES OF RED WOLF ORIGIN  
 

It appears that all/most of the studies agree that the red wolf is more closely related to coyotes than to 
gray wolves. However, the presence of both coyote and gray wolf genotypes is interpreted as meaning 
either 1) the red wolf is of a hybrid origin (coyote x gray wolf that then backcrossed with coyotes) or 2) 
the red wolf has evolved from a common ancestor to the coyote. 

8. With the information that is available, can we reliably distinguish between a hybrid/admixed 
origin and an origin from a common ancestor of the coyote? What are the differences between 
the 2 interpretations?  
 
 

9. With what we know today about hybridization, are these theories plausible? 
 
 

10. Is there an explanation for the presence of the gray wolf genotype in red wolves under theory 
2? 

 

QUESTIONS RELATED TO AVAILABLE NON-GENETIC INFORMATION 

 
11. Is there reliable evidence that coyotes and gray wolves co-occurred in the southeastern United 

States? 
 
 

12. The morphological studies conducted by Nowak (1992, 1995, 1995b,2002) and Hinton et al. 
(2014) indicate red wolves were intermediate to coyotes and gray wolves, with no overlap; 
therefore they concluded that the results show 3 distinct species (coyote, red wolf, and gray 
wolf). Would an animal of hybrid origin absolutely show overlap with one species or another? Or 
could a true coyote-gray wolf hybrid fall within the same distribution of red wolves? See Nowak 
1995 
 
 

13. What does all the evidence (genetic and non-genetic) suggest regarding divergence times 
among North American Canis? 



From: Valenta, Aaron
To: Weller, Emily
Cc: Benjamin, Pete
Subject: Re: Questions for the taxonomy team
Date: Monday, April 3, 2017 10:53:56 PM
Importance: High

Hi Emily,  

This is very thorough.  Thank you. I think you hit all the questions we've discussed.  Pete?

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Mon, Apr 3, 2017 at 1:02 PM, Weller, Emily <emily_weller@fws.gov> wrote:
Good morning. Please see the attached document. This is a draft of the questions I'd like to send to the
geneticists on the taxonomy subteam. I believe if they are able to answer these questions, it will give us
the feedback we need to tease apart the available genetic and non-genetic information relevant to Canid
taxonomy. We should be able to sort out the reliable, scientifically sound information and determine
which theory is well supported.

Please let me know if you have questions or additions.

Thanks,
Em

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Valenta, Aaron
Cc: Weller, Emily
Subject: Re: Questions for the taxonomy team
Date: Tuesday, April 4, 2017 10:09:47 AM
Attachments: 20170328_Clarity on the Genetic Studies.pmb.docx
Importance: High

It looks good to me.  I find the submitted manuscript by Hohenlohe et al. to be particularly damming to
the case made by von Holdt et al. (2016).  In light of all the attention the von Holdt paper drew, I've
included a couple additional questions particular to these two papers, in order for us non-geneticists to
be able to better weigh their merits.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Apr 3, 2017 at 10:53 PM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hi Emily,  

This is very thorough.  Thank you. I think you hit all the questions we've discussed.  Pete?

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Mon, Apr 3, 2017 at 1:02 PM, Weller, Emily <emily_weller@fws.gov> wrote:
Good morning. Please see the attached document. This is a draft of the questions I'd like to send to
the geneticists on the taxonomy subteam. I believe if they are able to answer these questions, it will
give us the feedback we need to tease apart the available genetic and non-genetic information
relevant to Canid taxonomy. We should be able to sort out the reliable, scientifically sound
information and determine which theory is well supported.

Please let me know if you have questions or additions.

Thanks,
Em



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



Clarity on the Genetic and Non-genetic Studies Relevant to Red Wolf Origin and Taxonomy 

The questions below are intended to assist in understanding the genetic and non-genetic information 
available relevant to the taxonomic status of the red wolf, a debate that has continued for more than 30 
years. Genetic studies present conflicting interpretations and offer various theories on the origin of the 
red wolf and recommendations on the correct taxonomic status. Through examination of both the 
genetic and non-genetic information, we seek to determine which theory is supported by the available 
data. This includes assessing the various methods of the available studies, interpretations of the results, 
whether there may be alternative interpretations of the same results, whether genetic conclusions are 
supported by non-genetic data, etc. 

 

Simplistic summary of the available data 

There are three main theories on the origin of the red wolf: (1) the red wolf originated from ancient 
hybridization between gray wolves and coyotes, (2) the red wolf originated from recent hybridization 
between gray wolves and coyotes, and (3) the red wolf evolved from a common ancestor with the 
coyote, but is of a lineage divergent from coyotes. Additionally, there are recommendations that the red 
wolf be considered a subspecies of gray wolf, a gray wolf-coyote hybrid, or the same species or a 
subspecies of the eastern wolf. 

A variety of genetic information (nuclear microsatellite DNA, canine SNP array data, mtDNA, Y-
chromosome haplotypes) and non-genetic information (morphometric analyses) confirm that most red 
wolves are closer to coyotes than to gray wolves, indicating it is outside of the gray wolf lineage. 
Autosomal microsatellite DNA, mtDNA, and canine SNP array data indicate the red wolf falls within the 
coyote clade (Chambers et al. 2012, p. 29). 

Some results of genetic studies have been interpreted to mean that red wolves originated from 
hybridization between gray wolves and coyotes, with primary ancestry being from coyotes (e.g., Wayne 
and Jenks 1991; Roy et al. 1994, Roy et al. 1996, Reich et al. 1999, von Holdt et al. 2011, Brzeski et al. 
2016 (1 of 3 theories), von Holdt et al. 2016). Some (Jenks and Wayne 1992, Wayne 1992) have 
interpreted morphometric analyses (Nowak 1979; see Nowak 1995, p. 2) as indication that the red wolf 
is a hybrid rather than a distinct entity. These authors do not provide an explanation for why their 
interpretations are correct and the others are incorrect. Those that believe the red wolf is a result of 
recent hybridization (e.g., von Holdt et al. 2011 (287-430 years ago), 2016 (All NA canids diverged from a 
common ancestor less than 6,000-117,000 years ago), others?) do not offer an explanation for the 
evidence of a canid, intermediate to the coyote and gray wolf, in the fossil record dating back to the 
Pleistocene. 

Other results of genetic studies have been interpreted to support the theory that the red wolf evolved 
from a common ancestor with the coyote, but is of a lineage divergent from coyote (i.e., not a 
hybrid)(e.g., Bertorelle and Excoffier 1998, Wilson et al. 2000, Hedrick et al. 2002, Adams et al. 2003, 
Wilson et al. 2003, Hailer and Leonard 2008, Chambers et al. 2012, Brzeski et al. 2016 (1 of 3 theories), 



Hohlenlohe et al. in press). Non-genetic information also supports the theory that red wolves are a 
distinct entity from coyotes (Nowak 1992, Nowak et al. 1998, Nowak 2002, Hinton et al. 2014, Bohling et 
al. 2016). Although Hohlenlohe et al. (in press) offers an alternative interpretation to the results of von 
Holdt et al. (2016), there is little explanation for why interpretations supporting this theory are correct 
and those that support the hybrid theory are incorrect. 

 

QUESTIONS REGARDING METHODS 

1. Wayne and Jenks (1991); Roy et al. (1996); Wilson et al. (2000, 2012); Brzeski et al. (2016) all 
analyze mtDNA. 

a. Wayne and Jenks (1991): captive individuals, wild samples, and skins (1905-1930) 
b. Roy et al. (1996): pre-1940 wolves 
c. Wilson et al. (2000): Algonguin Park, captive red wolves, Texas coyotes, and gray wolves 
d. Wilson et al. (2012): wolves, coyotes, and captive red wolves 
e. Brzeskie et al. (2016): 3 samples 350-1900 years old (1 from Southeast, 2 from New 

England) 

Are the methods used in these studies comparable such that the results can be fairly compared? 
If not, is there a method(s) that is more reliable? Why? 

What is an analysis of mtDNA able to tell us about the origin of a species and/or its relationship 
to another species? Are there limitations, assumptions, etc. that should be considered when 
reading the results of these studies? 

  

2. Wilson et al. (2000) and Roy et al. (1994) conducted microsatellite analyses. 
a. Wilson et al. (2000): Algonquin Park wolves, and red wolves 
b. Roy et al. (1994): coyotes, gray wolf, red wolf 

Are the methods used in these studies comparable such that the results can be fairly compared? 
If not, is one more reliable? Why? 

What is an analysis of microsatellite loci able to tell us about the origin of a species and/or its 
relationship to another species? Are there limitations, assumptions, etc. that should be 
considered when reading the results of these studies? 

How does this method and results compare to an analysis of mtDNA? 

 

3. Wayne and Jenks 1991 also analyzed cytochrome b gene sequence variation in captive red 
wolves and 77 other canids captured.  
 



What is this analysis able to tell us about the origin of a species and/or its relationship to 
another species? Are there limitations, assumptions, etc. that should be considered when 
reading the results of this study? 
 
How does this method and results compare to an analysis of mtDNA and microsatellites? 
 
 

4. Wilson et al. (2012) also analyzed Y-chromosome intron sequence in combination with Y-
chromosome microsatellites.  

What is this analysis able to tell us about the origin of a species and/or its relationship to 
another species? Are there limitations, assumptions, etc. that should be considered when 
reading the results of this study? 

How does this method and results compare to an analysis using the other methods mentioned 
above? 

 

5. Von Holdt et al. (2016) used whole genome sequence data to demonstrate a lack of unique 
ancestry in red wolves. Hohlenlohe et al. (2017 draft manuscript submitted for publication) 
counters von Holdt et al. (2016) and offers different interpretations of the data. 

Of these two papers, which one provides better supported conclusions/interpretations of the 
data? 

 

6. Ferrell et al. (1980) reports the finding of a unique electrophoretically determined allele in red 
wolves that was absent in domestic dogs and pure coyote populations, suggesting survival of a 
gene originating in the red wolf population. However, other studies (e.g., Roy et al. 1994, 1996) 
state that no unique red wolf alleles have been found. 
 
Is there an explanation for this? Is Ferrell et al. (1980) flawed, unreliable, or do they use 
outdated methods? 

 

7. It seems that many of the samples taken from red wolves and coyotes are from the 
western/eastern edges, respectively, of their historic ranges where natural overlap could have 
occurred.  

Could this have an effect on the results? If so, what effect might it have? 

Commented [PMB1]: I’d add another couple questions here: 
Q.  What is your assessment of the critiques of von Holdt et al. 
(2016) offered by Hohlenlohe et al. (2017)?   
 
Q.  If the critiques offered by Hohlenlohe  et al. have merit, what 
additional analyses would be needed to correct the weaknesses in 
the von Holdt et al. analysis? 



Do studies (genetic and non-genetic) using samples not taken from this edge/overlap area have 
different conclusions? 

 

QUESTIONS REGARDING VARIOUS THEORIES OF RED WOLF ORIGIN  
 

It appears that all/most of the studies agree that the red wolf is more closely related to coyotes than to 
gray wolves. However, the presence of both coyote and gray wolf genotypes is interpreted as meaning 
either 1) the red wolf is of a hybrid origin (coyote x gray wolf that then backcrossed with coyotes) or 2) 
the red wolf has evolved from a common ancestor to the coyote. 

8. With the information that is available, can we reliably distinguish between a hybrid/admixed 
origin and an origin from a common ancestor of the coyote? What are the differences between 
the 2 interpretations?  
 
 

9. With what we know today about hybridization, are these theories plausible? 
 
 

10. Is there an explanation for the presence of the gray wolf genotype in red wolves under theory 
2? 

 

QUESTIONS RELATED TO AVAILABLE NON-GENETIC INFORMATION 

 
11. Is there reliable evidence that coyotes and gray wolves co-occurred in the southeastern United 

States? 
 
 

12. The morphological studies conducted by Nowak (1992, 1995, 1995b,2002) and Hinton et al. 
(2014) indicate red wolves were intermediate to coyotes and gray wolves, with no overlap; 
therefore they concluded that the results show 3 distinct species (coyote, red wolf, and gray 
wolf). Would an animal of hybrid origin absolutely show overlap with one species or another? Or 
could a true coyote-gray wolf hybrid fall within the same distribution of red wolves? See Nowak 
1995 
 
 

13. What does all the evidence (genetic and non-genetic) suggest regarding divergence times 
among North American Canis? 



From: Weller, Emily
To: Benjamin, Pete
Cc: Valenta, Aaron
Subject: Re: Questions for the taxonomy team
Date: Tuesday, April 4, 2017 10:47:16 AM
Importance: High

Thank you, both! Pete, I added your questions.

Em

On Tue, Apr 4, 2017 at 9:09 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
It looks good to me.  I find the submitted manuscript by Hohenlohe et al. to be particularly damming
to the case made by von Holdt et al. (2016).  In light of all the attention the von Holdt paper drew,
I've included a couple additional questions particular to these two papers, in order for us non-
geneticists to be able to better weigh their merits.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Apr 3, 2017 at 10:53 PM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hi Emily,  

This is very thorough.  Thank you. I think you hit all the questions we've discussed.  Pete?

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Mon, Apr 3, 2017 at 1:02 PM, Weller, Emily <emily_weller@fws.gov> wrote:
Good morning. Please see the attached document. This is a draft of the questions I'd like to send to
the geneticists on the taxonomy subteam. I believe if they are able to answer these questions, it will
give us the feedback we need to tease apart the available genetic and non-genetic information
relevant to Canid taxonomy. We should be able to sort out the reliable, scientifically sound
information and determine which theory is well supported.

Please let me know if you have questions or additions.



Thanks,
Em

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Serenari, Christopher
To: Benjamin, Pete; Morse, Michael L
Subject: Response on Whole-genome sequence analysis shows two endemic species of North American wolf are

admixtures of the coyote and gray wolf
Date: Thursday, June 8, 2017 7:57:20 AM
Attachments: Hohenlohe et al 2017 - response to vonHoldt et al 2016.pdf

Maybe you’ve seen it already. Hot off the press. Response to von Holdt et al (2016):
 
http://advances.sciencemag.org/content/3/6/e1602250
 
-CS
 
------------------------------------------
Christopher Serenari, Ph.D.
Human Dimensions Biologist
 
NC Wildlife Resources Commission
1751 Varsity Drive
Raleigh, NC 27606
Office: 919.707.0057
Cell: 919.618.1924
 
http://www.ncwildlife.org
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Comment on “Whole genome sequence analysis shows
two endemic species of North American wolf are
admixtures of the coyote and gray wolf”
Paul A. Hohenlohe,1*† Linda Y. Rutledge,2† Lisette P. Waits,3 Kimberly R. Andrews,3

Jennifer R. Adams,3 Joseph W. Hinton,4 Ronald M. Nowak,5 Brent R. Patterson,6

Adrian P. Wydeven,7 Paul A. Wilson,2 Brad N. White2

INTRODUCTION
In a recent article, vonHoldt and colleagues (1) use whole-genome
sequence data to address the relationships and evolutionary origins
of several North American canid taxa. The authors conclude that
two taxa, the red wolf (Canis rufus) and the eastern wolf (Canis
lycaon), are not long-diverged lineages as other researchers have
concluded from genetic (2–7) and fossil evidence (8, 9) but are,
rather, populations resulting from recent admixture between gray
wolves (Canis lupus) and coyotes (Canis latrans). They use this
conclusion to argue that endangered species policy should better
account for hybridization and admixture. We agree that hybridiza-
tion and admixture are widespread in the natural world and that
the conservation policy needs to be updated to account for this
biological reality. However, we strongly disagree with their conclu-
sion that red and eastern wolves are of recent hybrid origin and we
conclude that their analysis does not actually test the hypothesis of
a recent hybrid origin. Their data are consistent with multiple
hypotheses for the origins of red and eastern wolves, including rel-
atively old origins of these taxa. Furthermore, we argue that their
data do not support “a lack of unique ancestry in red and eastern
wolves” (1); rather, substantial evidence still supports the conclu-
sion that red and eastern wolves represent genetically distinct taxa
among North American canids. Below, we detail this perspective
and argue for further analyses that would directly test competing
hypotheses for the evolutionary origins of these groups.

REPRESENTATIVE SAMPLES
Analysis of whole-genome sequence data necessarily relies on a rel-
atively small number of individual samples that are taken to be
representative of larger populations or taxa. In this case, the choice
of representative samples is problematic in several respects. First, of
the three individuals chosen as representative nonadmixed coyotes,
two are from outside the historic range of coyotes. These two in-
dividuals, from Alabama and Quebec, are actually from within the
historic ranges of red and eastern wolves, respectively. In these re-
gions, hybridization between eastward-expanding coyotes and na-

tive canid taxa [considered to be gray wolves by vonHoldt et al. (1)
and red and eastern wolves by others (9–13)] following wolf extir-
pation and European settlement has been well-documented. One of
these, the Quebec coyote, has at least 15.8% gray wolf ancestry [table S2
in the study of vonHoldt et al. (1)]. Introgression from eastern or red
wolves into the Quebec and Alabama samples was not directly tested
because of the previous assumption that red and eastern wolves are
admixed themselves. Any hybrid ancestry in these samples used as
representative coyotes would confound estimates of admixture in red
and eastern wolves.

Second, some analyses in the study of vonHoldt et al. (1) pool
two putative eastern wolves from the Algonquin Park region of
Ontario, recognized as the best contemporary representation of eastern
wolves, with Great Lakes wolves from Minnesota and Isle Royale,
despite genetic evidence that supports that Great Lakes wolves are
a hybridized population between gray and eastern wolves (14, 15).
Analyses where these two very different Canis types are grouped
together cannot be used to make any conclusions about hybrid an-
cestry of eastern wolves. Third, Algonquin wolves hybridize with Great
Lakes boreal wolves and eastern coyotes to the north and south of
Algonquin Park, respectively (15, 16); thus, the uncertain ancestry of
the two individuals from Algonquin Park used by vonHoldt et al. (1)
questions any conclusions regarding the evolutionary history of east-
ern wolves (17).

GENETIC DIFFERENTIATION
vonHoldt et al. (1) conduct two analyses of differentiation among
taxa that do not assume an evolutionary model a priori. First, they
calculate FST. Here, red wolves exhibit the greatest differentiation
from the other groups, which the authors attribute to recent genetic
drift in the captive population; but this degree of differentiation is
also consistent with an interpretation of red wolves as a distinct evo-
lutionary lineage. The Mexican wolf, which has a similar history of a
small captive founder population, is regarded by the authors as “a dis-
tinct North American wolf.” Second, in the principal components
analysis (PCA) of individual samples, Eurasian and North American
gray wolves are differentiated from coyotes along PC 1, whereas Great
Lakes wolves, eastern wolves, red wolves, and eastern coyotes are dif-
ferentiated from the other two groups along PC 2. This result does
not directly test evolutionary hypotheses, although it is consistent
with multiple scenarios, including ancient hybridization or a distinct
cladogenic origin for red and eastern wolves, and less consistent with
a more recent hybrid origin for these taxa (18). With the exception of
Great Lakes wolves clustering closer to eastern (Algonquin) wolves,
the PCA results are quite similar to those of Rutledge et al. (15),
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which were taken as support for eastern wolves as a distinct taxon,
possibly with an ancient hybrid origin (18, 19).

ANALYSIS OF ADMIXTURE
vonHoldt et al. (1) conducted two tests for admixture: D-statistics
(20, 21) and G-PhoCS (22). Both of these tests assume a specific
tree structure, in which each group is a distinct lineage. Both of
these analyses indicate support for relatively large amounts of
shared ancestry and admixture among North American canids.
However, a history of admixture implies neither that a taxon’s ori-
gins trace to a hybridization event nor that a taxon has a “lack of
unique ancestry,” as the authors conclude. For example, D-statistics
revealing introgression between Neandertals and Eurasian humans
were not interpreted to conclude that Eurasians contained no unique
ancestry because they were the product of hybridization between
Neandertals and Africans; instead, researchers concluded that intro-
gression occurred between Neandertals and a distinct Eurasian line-
age (20). Analogously, the results presented by vonHoldt et al. (1) are
consistent with a relatively old lineage leading to red and/or eastern
wolves, predating recent admixture from coyotes or gray wolves, and
this is the model assumed in both the D-statistics and G-PhoCS
analyses [Fig. 4 in the study of vonHoldt et al. (1)].

Nonetheless, it is important to understand when admixture has
occurred. G-PhoCs and D-statistics provide no information regard-
ing dates of gene flow between lineages [G-PhoCS assumes a constant
rate of migration over the time when the lineages co-occur (22)].
Haplotype-based analyses may provide an answer to the time scale of
admixture among these taxa [for example, the study of Loh et al. (23)].
Dates of introgression are an important consideration for the conserva-
tion of red and eastern wolves because current conservation policies
regard recent introgression as being less indicative of a distinct evolu-
tionary lineage, compared with more ancient introgression (24).

EVIDENCE FOR DISTINCTIVENESS IN RED AND
EASTERN WOLVES
Contrary to the authors’ overall conclusions of a recent and ad-
mixed history for red and eastern wolves, the G-PhoCS analysis
offered support for a relatively old origin of red wolves as a distinct
evolutionary lineage (eastern wolves were not included in this anal-
ysis). Divergence time from coyotes (using the California sample)
was estimated to be 55,000 to 117,000 years ago, and approximately
40,000 years ago if no subsequent gene flow from coyotes is allowed
in the model. It is not possible to directly compare the support for
these alternative models using G-PhoCS, but these estimates are
older than the authors’ estimated divergence time between Eurasian
and North American gray wolves [~20,000 years ago; fig. S5 in the
study of vonHoldt et al. (1)] and between Eurasian gray wolves and
coyotes (50,800 to 52,100 years ago). Calibration of these divergence
times depends on the mutation rate and generation time and is
dependent on estimates of effective population size. For instance,
the authors assume a 3-year generation time, compared to empirical
estimates of 4.7 years for Minnesota wolves (25), and an effective pop-
ulation size of 45,000 based on the domestic dog literature (26, 27); use
of longer generation time or larger effective population size estimates
would place the divergence estimates among the different lineages
much earlier. All of these estimates indicate that red wolves have
experienced significant evolution as a distinct taxon; if they are of

hybrid origin, these data are consistent with a relatively old (Pleistocene)
age for that admixture event (7). We suggest that these whole-genome
data be used in a model-selection approach to directly test support for
alternative evolutionary hypotheses.

The authors also estimate the proportion of unique alleles in
North American canids (that is, alleles not found in either reference
Eurasian gray wolf or reference coyote samples). Red wolves had an
average of 4.41% unique alleles and Algonquin wolves had 3.82%,
compared to Great Lakes boreal gray wolves (excluding the Quebec
wolf) with fewer unique alleles (3.61%) and North American gray
wolves with fewer still (3.30%). The authors state that for red and
eastern wolves to be a distinct species, they would expect the pro-
portion of new alleles to be higher than observed, but it is unclear
where this expectation originates. Comparison of explicit demo-
graphic models is needed to generate quantitative expectations of
proportion of unique alleles. Nonetheless, the observed proportions
of unique alleles reveal a higher degree of evolutionary distinctive-
ness in red and eastern wolves relative to other North American
canids, a finding that is inconsistent with the hypothesis of recent
hybrid origin for these taxa.

HYBRIDIZATION BETWEEN COYOTES AND GRAY WOLVES
The hypothesis of a recent hybrid origin for red and eastern wolves
requires interbreeding between gray wolves and coyotes. Although
gray wolves and coyotes have produced fertile offspring, this has
only occurred with limited success by artificial insemination in cap-
tivity (28), and evidence for interbreeding in the wild is limited.
vonHoldt et al. (1) suggest that gray wolves would breed naturally
with coyotes when wolf population density becomes very low.
However, there is no evidence in the Western Great Lakes, where
gray wolves and coyotes have coexisted since before European set-
tlement (29, 30), of ongoing or recent hybridization between these
two species (31, 32). Other North American canids have undergone
severe population bottlenecks, without resulting in hybridization
between gray wolves and coyotes, such as the lack of hybridization
between coyotes and Mexican wolves (33).

CONCLUSION
We agree with vonHoldt et al. (1) that genetic data support admix-
ture as part of the evolutionary history of North American canids,
and we also agree that endangered species conservation policy
needs to account for this biological reality in these and other
groups (24, 34, 35). However, in contrast to their conclusions, we
argue that their data are consistent with multiple evolutionary
hypotheses for the origins of red and eastern wolves, including
ancient hybridization, but that they do not definitively support a
recent origin by hybridization. However, their analyses do not di-
rectly test alternative evolutionary models for the origin of red and
eastern wolves.

Regardless of the evolutionary details of the origins of red and
eastern wolves, the genomic data presented by vonHoldt et al. (1)
provide support for the genetic and evolutionary distinctiveness of
these taxa. Along with the ecological role of top predators and the
benefits they provide to ecosystems through natural regulation, we
believe that these genomic data argue for continued recognition of
red and eastern wolves as distinct taxa for the purpose of conser-
vation policy.
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From: Weller, Emily
To: Valenta, Aaron; Miranda, Leopoldo; Eversen, Michelle; Benjamin, Pete; Madison, Joseph S
Subject: Fwd: Question on red wolf taxonomy literature
Date: Tuesday, June 27, 2017 10:07:08 AM
Importance: High

FYI - Maybe I narrow down the questions I provided to just #5:

1.       Von Holdt et al. (2016) used whole genome sequence data to demonstrate a lack of unique ancestry in
red wolves. Hohlenlohe et al. (2017) counters von Holdt et al. (2016) and offers different interpretations
of the data.

Of these two papers, which one provides better supported conclusions/interpretations of the
data?

What is your assessment of the critiques of von Holdt et al. (2016) offered by Hohlenlohe et al.
(2017)?

If the critiques offered by Hohlenlohe et al have merit, what additional analyses would be needed
to correct the weaknesses in the von Holdt et al. analysis?

---------- Forwarded message ----------
From: Nathan Whelan <nathan_whelan@fws.gov>
Date: Mon, Jun 26, 2017 at 4:07 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,

I apologize. I have been slammed with other work that has had to be a higher priority as it's
mission critical for my lab. 

To be honest, the sheer amount of literature involved is hindering my ability to get you
answers. When I was first asked to provide some technical guidance/expertise to this I figured
there would be one or two papers that needed some interpretation as with other ES requests
I've helped out with, but as you know there's decades of literature that was sent for Red Wolf.
I have to admit, I didn't realize how much literature I was being asked to review (because I
neglected to look) when I originally said I could get it done quickly.

I'm don't think I can get all the questions answered in the next two weeks. If there was a paper
or two, specifically, that are most in need of interpretation from a
genetics/systematics/taxonomy perspective I might be able to get to that this week. 

Best,
Nathan 

Sent from my iPhone

On Jun 26, 2017, at 2:42 PM, Weller, Emily <emily_weller@fws.gov> wrote:



Hi Nathan. Just wanted to check in and see if you have an estimated date on getting your
responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan <nathan_whelan@fws.gov>
wrote:

Hi Em,

I apologize, but this fell through the cracks. I will try to get to it soon.  Please
ignore a request you may have gotten from my personal e-mail about accessing
the google shared drive. I've accessed it now.

Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to get to this in the next three
weeks. There's a lot of reading involved, but I will definitely get you
something 6-8 weeks from your original e-mail.

Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you received this document? I did
not hear back on how long it may take you to complete your review. Any estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Good morning. Please see the attached document with a summary of this
project, a brief (VERY brief, simplistic, at the 50,000ft level) summary of the
information regarding the taxonomic status of the red wolf, and questions on the
methods, interpretations, results, etc. of the literature.

I will double check that the literature reference in this doc is on the Google
Drive. If I miss one, please let me know and I will add it.



Also, if there is information/input/feedback on the literature, methods, etc. that
you would like to add and did not come up in the questions, please feel free to
provide it. I've gotten my mind wrapped around the information that is out
there, but the nuances to that information is what we need assistance with. The
only thing we ask it to not provide a recommendation as to the correct
taxonomic status, but rather feed back on the conclusions, methods,
interpretations, etc in the literature.

Due date...after you read through the questions, can you let me know how long
you expect it will take to complete this review. Would 6-8 weeks be doable?

Please let me know if you have any questions.  Thank you again for
your assistance on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject

to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)



emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Cc: Valenta, Aaron; Miranda, Leopoldo; Eversen, Michelle; Madison, Joseph S
Subject: Re: Question on red wolf taxonomy literature
Date: Tuesday, June 27, 2017 11:23:37 AM
Importance: High

There is also von Holdt's response to Hohlenlohe on which that I would very much
like Nathan's thoughts.  As I read it, it looks like they are just reiterating what they
said in the original paper, but I can't follow the details.   

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 10:07 AM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Maybe I narrow down the questions I provided to just #5:

1.       Von Holdt et al. (2016) used whole genome sequence data to demonstrate a lack of unique ancestry
in red wolves. Hohlenlohe et al. (2017) counters von Holdt et al. (2016) and offers different
interpretations of the data.

Of these two papers, which one provides better supported conclusions/interpretations of the
data?

What is your assessment of the critiques of von Holdt et al. (2016) offered by Hohlenlohe et al.
(2017)?

If the critiques offered by Hohlenlohe et al have merit, what additional analyses would be
needed to correct the weaknesses in the von Holdt et al. analysis?

---------- Forwarded message ----------
From: Nathan Whelan <nathan_whelan@fws.gov>
Date: Mon, Jun 26, 2017 at 4:07 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,

I apologize. I have been slammed with other work that has had to be a higher priority as it's
mission critical for my lab. 



To be honest, the sheer amount of literature involved is hindering my ability to get you
answers. When I was first asked to provide some technical guidance/expertise to this I
figured there would be one or two papers that needed some interpretation as with other ES
requests I've helped out with, but as you know there's decades of literature that was sent for
Red Wolf. I have to admit, I didn't realize how much literature I was being asked to review
(because I neglected to look) when I originally said I could get it done quickly.

I'm don't think I can get all the questions answered in the next two weeks. If there was a
paper or two, specifically, that are most in need of interpretation from a
genetics/systematics/taxonomy perspective I might be able to get to that this week. 

Best,
Nathan 

Sent from my iPhone

On Jun 26, 2017, at 2:42 PM, Weller, Emily <emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if you have an estimated date on getting your
responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize, but this fell through the cracks. I will try to get to it soon.  Please
ignore a request you may have gotten from my personal e-mail about
accessing the google shared drive. I've accessed it now.

Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to get to this in the next three
weeks. There's a lot of reading involved, but I will definitely get you
something 6-8 weeks from your original e-mail.



Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you received this document? I did
not hear back on how long it may take you to complete your review. Any
estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Good morning. Please see the attached document with a summary of this
project, a brief (VERY brief, simplistic, at the 50,000ft level) summary of the
information regarding the taxonomic status of the red wolf, and questions on
the methods, interpretations, results, etc. of the literature.

I will double check that the literature reference in this doc is on the Google
Drive. If I miss one, please let me know and I will add it.

Also, if there is information/input/feedback on the literature, methods, etc.
that you would like to add and did not come up in the questions, please feel
free to provide it. I've gotten my mind wrapped around the information that is
out there, but the nuances to that information is what we need assistance with.
The only thing we ask it to not provide a recommendation as to the correct
taxonomic status, but rather feed back on the conclusions, methods,
interpretations, etc in the literature.

Due date...after you read through the questions, can you let me know how long
you expect it will take to complete this review. Would 6-8 weeks be doable?

Please let me know if you have any questions.  Thank you again for
your assistance on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.



-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Benjamin, Pete
Subject: Re: Question on red wolf taxonomy literature
Date: Tuesday, June 27, 2017 11:35:56 AM
Importance: High

There's a Von Holdt response to Hohlenlohe's response to Von Holdt? Where can I find that or do you have a
copy you can send?

On Tue, Jun 27, 2017 at 10:23 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
There is also von Holdt's response to Hohlenlohe on which that I would very much
like Nathan's thoughts.  As I read it, it looks like they are just reiterating what they
said in the original paper, but I can't follow the details.   

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 10:07 AM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Maybe I narrow down the questions I provided to just #5:

1.       Von Holdt et al. (2016) used whole genome sequence data to demonstrate a lack of unique
ancestry in red wolves. Hohlenlohe et al. (2017) counters von Holdt et al. (2016) and offers different
interpretations of the data.

Of these two papers, which one provides better supported conclusions/interpretations of the
data?

What is your assessment of the critiques of von Holdt et al. (2016) offered by Hohlenlohe et
al. (2017)?

If the critiques offered by Hohlenlohe et al have merit, what additional analyses would be
needed to correct the weaknesses in the von Holdt et al. analysis?

---------- Forwarded message ----------
From: Nathan Whelan <nathan_whelan@fws.gov>
Date: Mon, Jun 26, 2017 at 4:07 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,



I apologize. I have been slammed with other work that has had to be a higher priority as
it's mission critical for my lab. 

To be honest, the sheer amount of literature involved is hindering my ability to get you
answers. When I was first asked to provide some technical guidance/expertise to this I
figured there would be one or two papers that needed some interpretation as with other ES
requests I've helped out with, but as you know there's decades of literature that was sent
for Red Wolf. I have to admit, I didn't realize how much literature I was being asked to
review (because I neglected to look) when I originally said I could get it done quickly.

I'm don't think I can get all the questions answered in the next two weeks. If there was a
paper or two, specifically, that are most in need of interpretation from a
genetics/systematics/taxonomy perspective I might be able to get to that this week. 

Best,
Nathan 

Sent from my iPhone

On Jun 26, 2017, at 2:42 PM, Weller, Emily <emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if you have an estimated date on getting
your responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize, but this fell through the cracks. I will try to get to it soon. 
Please ignore a request you may have gotten from my personal e-mail about
accessing the google shared drive. I've accessed it now.

Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to get to this in the next



three weeks. There's a lot of reading involved, but I will definitely get
you something 6-8 weeks from your original e-mail.

Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you received this document? I
did not hear back on how long it may take you to complete your review. Any
estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Good morning. Please see the attached document with a summary of this
project, a brief (VERY brief, simplistic, at the 50,000ft level) summary of
the information regarding the taxonomic status of the red wolf, and
questions on the methods, interpretations, results, etc. of the literature.

I will double check that the literature reference in this doc is on the Google
Drive. If I miss one, please let me know and I will add it.

Also, if there is information/input/feedback on the literature, methods, etc.
that you would like to add and did not come up in the questions, please feel
free to provide it. I've gotten my mind wrapped around the information that
is out there, but the nuances to that information is what we need assistance
with. The only thing we ask it to not provide a recommendation as to the
correct taxonomic status, but rather feed back on the conclusions, methods,
interpretations, etc in the literature.

Due date...after you read through the questions, can you let me know how
long you expect it will take to complete this review. Would 6-8 weeks be
doable?

Please let me know if you have any questions.  Thank you again
for your assistance on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject

to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Subject: Re: Question on red wolf taxonomy literature
Date: Tuesday, June 27, 2017 12:48:53 PM
Attachments: e1701233.full.pdf
Importance: High

Yep.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 11:35 AM, Weller, Emily <emily_weller@fws.gov> wrote:
There's a Von Holdt response to Hohlenlohe's response to Von Holdt? Where can I find that or do you have a
copy you can send?

On Tue, Jun 27, 2017 at 10:23 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
There is also von Holdt's response to Hohlenlohe on which that I would very
much like Nathan's thoughts.  As I read it, it looks like they are just reiterating
what they said in the original paper, but I can't follow the details.   

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 10:07 AM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI - Maybe I narrow down the questions I provided to just #5:

1.       Von Holdt et al. (2016) used whole genome sequence data to demonstrate a lack of unique
ancestry in red wolves. Hohlenlohe et al. (2017) counters von Holdt et al. (2016) and offers
different interpretations of the data.

Of these two papers, which one provides better supported conclusions/interpretations of
the data?

What is your assessment of the critiques of von Holdt et al. (2016) offered by Hohlenlohe



et al. (2017)?

If the critiques offered by Hohlenlohe et al have merit, what additional analyses would be
needed to correct the weaknesses in the von Holdt et al. analysis?

---------- Forwarded message ----------
From: Nathan Whelan <nathan_whelan@fws.gov>
Date: Mon, Jun 26, 2017 at 4:07 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,

I apologize. I have been slammed with other work that has had to be a higher priority as
it's mission critical for my lab. 

To be honest, the sheer amount of literature involved is hindering my ability to get you
answers. When I was first asked to provide some technical guidance/expertise to this I
figured there would be one or two papers that needed some interpretation as with other
ES requests I've helped out with, but as you know there's decades of literature that was
sent for Red Wolf. I have to admit, I didn't realize how much literature I was being
asked to review (because I neglected to look) when I originally said I could get it done
quickly.

I'm don't think I can get all the questions answered in the next two weeks. If there was a
paper or two, specifically, that are most in need of interpretation from a
genetics/systematics/taxonomy perspective I might be able to get to that this week. 

Best,
Nathan 

Sent from my iPhone

On Jun 26, 2017, at 2:42 PM, Weller, Emily <emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if you have an estimated date on getting
your responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize, but this fell through the cracks. I will try to get to it soon. 
Please ignore a request you may have gotten from my personal e-mail
about accessing the google shared drive. I've accessed it now.



Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to get to this in the next
three weeks. There's a lot of reading involved, but I will definitely get
you something 6-8 weeks from your original e-mail.

Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you received this document? I
did not hear back on how long it may take you to complete your review. Any
estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Good morning. Please see the attached document with a summary of this
project, a brief (VERY brief, simplistic, at the 50,000ft level) summary of
the information regarding the taxonomic status of the red wolf, and
questions on the methods, interpretations, results, etc. of the literature.

I will double check that the literature reference in this doc is on the
Google Drive. If I miss one, please let me know and I will add it.

Also, if there is information/input/feedback on the literature, methods,
etc. that you would like to add and did not come up in the questions,
please feel free to provide it. I've gotten my mind wrapped around the
information that is out there, but the nuances to that information is what
we need assistance with. The only thing we ask it to not provide a
recommendation as to the correct taxonomic status, but rather feed back
on the conclusions, methods, interpretations, etc in the literature.

Due date...after you read through the questions, can you let me know how
long you expect it will take to complete this review. Would 6-8 weeks be
doable?

Please let me know if you have any questions.  Thank you again



for your assistance on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed

to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.
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Response to Hohenlohe et al.
Bridgett M. vonHoldt,1 James A. Cahill,2,3 Ilan Gronau,4 Beth Shapiro,2

Jeff Wall,5 Robert K. Wayne6*

A response to Hohenlohe et al.

INTRODUCTION
Hohenlohe et al. raise a number of concerns about our conclusions.We
focus on those involving species status, divergence time, admixture, and
D statistics because we regard them as themost consequential points. In
general, Hohenlohe et al. largely recapitulate criticisms about sample
composition, historic range, and the genuine species status of the eastern
and redwolvesmadeduring the 25-year history of genetic researchon the
two forms.With the exception ofWilson et al. (1), which was a prelim-
inary treatment, we know of no convincing genetic arguments for dis-
tinct species status of the red wolf. On the contrary, a large body of
evidence, including genome-wide studies of large population samples,
suggests that it is a hybrid between the coyote and a unique population
of the gray wolf (2–8), and our complete sequence data reaffirm these
past studies. The “eastern wolf” (ormore generally the Great Lakes wolf
population) has a controversial taxonomic status, and it has been argued
to represent a distinct ecotype of the gray wolf admixed with coyotes (9)
or a distinct species centered on Algonquin National Park and sur-
rounded by a large admixture zone of coyotes, gray wolves, and eastern
wolf hybrids. Gray wolves and coyotes are verified as interfertile by arti-
ficial insemination (10); however, these hybrids then reproduced with-
out assistance in captivity, forming F2s (11). In addition to the empirical
population genetic evidence (3, 4, 8, 9, 12–14), this purposeful and sub-
sequent unintentional breeding experiment showed that hybrids of gray
wolves and coyotes could readily be formed across two generations and
do not followHaldane’s rule expected for biological species or show any
evidence of infertility, confirming that they are very recently diverged, as
suggested by the sequence evidence (see below). These data provide sug-
gestive evidence that red and eastern wolves, which are hypothesized to
have diverged from the coyote lineagemore recently than gray wolf and
coyote, must likewise be genetically very similar, reproductively inter-
fertile, and, at best, questionably distinct from coyotes or gray wolves.

In support of this interpretation, we find a low level of unique alleles
and genetic divergence among all North American wolf taxa, which re-
quires that species-specific inferences should be made with caution and
qualification. Our principal results showed that, with a variety of
reference populations, redwolf andwolves from theGreat Lakes region,
including Algonquin wolves, were genetically very similar to coyotes or
gray wolves. Even if a distinct origin is assumed, species status as distinct
from either gray wolves or coyotes is questionable. Hohenlohe et al. note
that red wolves “exhibit the greatest differentiation from the other

groups,” and cite them as comparable to the Mexican wolf. Although
FST can be inflated in small populations, we note that FST between the
Mexican wolf and Eurasian Gray wolves is 0.416. Furthermore, differen-
tiation between the Mexican wolf and the three coyotes is higher (FST =
0.464); both FST values are more than twice as large as any comparison
involving red wolves [see Table 2 in our previous work (8)].We also note
that the maximal FST value involving red wolves (FST = 0.188) is subs-
tantially less than the largest value betweenhumanpopulations (FST of up
to 0.28) (15). This suggests that genetic differentiation between redwolves
and otherNorthAmerican canids is comparable to the amount of genetic
differentiation found betweendifferent continental human groups, which
of course are not considered to be distinct evolutionary lineages.

Hohenlohe et al. also claim that “the observed proportions of unique
alleles reveal a higher degree of evolutionary distinctiveness in red and
easternwolves relative to otherNorthAmerican canids.”This statement
is factually inaccurate. As stated in our paper (8), the fraction of unique
variants in North American canid groups varies from a high estimate of
5.13% innonreference coyotes to a low estimate of 3.3% inNorthAmer-
ican gray wolves (that is, the fraction of unique variants is higher in
coyotes, even though they are part of the reference group of samples than
they are in red or Eastern wolves). Qualitatively, distinct evolutionary
history should lead to increased fractions of novel alleles, but that is not
what we observed. If we assume, for example, that redwolves werewolf-
coyote hybrids with the ancestry proportions estimated [see Table 3 in
our previous work (8)], then their expected average fraction of unique
variantswould be 4.83%, higher than the 4.41%observed. In otherwords,
red wolves have fewer novel variants than expected under our simple
two-way admixturemodel, let alone, anymodel incorporating substantial
ancestry fromanadditionalNorthAmerican canid lineage.To emphasize
this point,weperformed a leave-one-out analysis to quantify the expected
number of novel alleles separately for high- and low-coverage genomes.
For example, for a high-coverage recent hybrid, that is, 75% coyote and
25% wolf (for example, red wolf), we expected ~8.8% of the genome to
contain novel alleles, which was comparable to the observed fraction
(8.78%) in the red wolf high-coverage sequence [see Table 4 in our pre-
vious work (8)]. Similarly, the expected fraction of novel alleles for a
recent hybrid with 69% gray wolf ancestry (for example, Great Lakes
wolf) is ~6.3%, slightly lower than the observed fraction of 7.13% for
the Minnesota wolf. Therefore, the observed fractions of novel alleles
in all red and eastern wolf genomes are comparable to, or less than, that
expected for a recent wolf-coyote hybrid. We conclude that there is no
evidence for an independent ancestry for any of theNewWorld wolves,
because this would have led to the observation of more “novel” alleles
than what was actually observed.

The divergence between the forms is unremarkable, not high enough
to justify a revised species status, and is far more recent than originally
advanced as 700,000 years ago (1). Our demographic analysis was de-
signed specifically to assess this supposition. The analysis assumes that
the red and eastern wolf each has a distinctly divergent origin in the
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canid phylogeny, and under this assumption, the Generalized Phyloge-
netic Coalescent Sampler (G-PhoCS) measures rates of gene flow and
divergence times. To explain a “distinct origin”model, we have to assume
extremely high rates of postdivergence gene flow from gray wolf and
coyote, with contributions to each the red andGreat Lakes wolf inferred
to be >50%. This estimate is an order of magnitude higher than that
inferred for species experiencing secondary contact after divergence,
such as humans and Neanderthals (16) or dogs and wolves (17). Con-
sequently, these values suggest that a small minority of red and Great
Lakes wolf lineages actually trace back through the distinct population
in the model. Thus, the divergence time inferred for these two popula-
tions cannot be used to argue a distinct origin. At best, it implies that a
small fraction of genetic contribution to red wolf comes from a popu-
lation that diverged from the California coyote population roughly
70,000 years ago. This does not seem sufficient to justify a claim of dis-
tinct species or taxon. Although admixture is common in nature, the
magnitude of gene flow among North American canids is atypical.
We found extensive admixture across genomes in the Great Lakes, with
~50% coyote and gray wolf ancestry in individuals from Algonquin
Park, and wolves found elsewhere in the Great Lakes have closer to
~75% gray wolf ancestry, a finding that is consistent with previous stu-
dies (6, 9, 13). This complicated evolutionary history presents significant
challenges to accurately infer evolutionary history.However, we do agree
withHohenlohe et al. that haplotype analysis would be useful for phased
data and that a conservation framework is needed so that effective sur-
rogates, even if admixed, can be preserved on the landscape (18).

Hohenlohe et al. also criticize our interpretation of the D statistic
results, arguing that they are uninformative as to the timing of admix-
ture. Although the D statistic does not directly estimate the timing of
admixture, it can provide some insight concerning the relative timing
of admixture. Gene flow between populations following an admixture
event will gradually equilibrate the amount of introgressed ancestry be-

tween populations. Uniformity across populations, exemplified by Ne-
anderthal ancestry in non-African humans (16), indicates ancient
admixture, whereas variation among populations, as we observed among
NorthAmerican canids, indicates recent or ongoing admixture. There are
many possible hypotheses for how this admixture occurred, but given the
major anthropogenic environmental disruptions over the last 400 years,
we believe that such disruptions are an important cause of hybridization
and represent themost parsimonioushypothesis that explains our results.

A goal of the D statistic analysis is to identify introgression from
either a coyote or candidate eastern wolf lineage into gray wolves. The
eastern wolf is hypothesized to be more closely related to the coyote
than to the graywolf (19). There are three possible outcomes of the anal-
ysis: (i) The D statistic values for the eastern wolf introgressor are
greater, in which case eastern wolves and coyotes are distinct and east-
ernwolveswere the introgressors; (ii) theD statistic values for the coyote
introgressor are greater, in which case the eastern wolves and coyotes
are distinct and coyotes were the introgressors; or (iii) the D statistic
values are the same, in which case the coyote and easternwolf are equal-
ly related to the introgressor, either because the introgressor is an out-
group to both or because the easternwolf and the coyote are not distinct.
In our previous work (8), the two genomes lacking any detectable gray
wolf ancestry are the California coyote, which is unequivocally a coyote,
and a canid from Quebec that is a putative eastern wolf. We compare
theD statistic values calculated using either the California coyote or the
Quebec canid as representative of coyote/eastern wolf and found very
similar results (Fig. 1). This leads us to provisionally reject the hypothesis
that eastern wolves and coyotes are substantially distinct lineages. Al-
though further sampling could theoretically reveal a cryptic eastern
wolf, the simplest conclusion from our data is that only two nonad-
mixed lineages, gray wolves and coyotes, exist in North America. In
summary, we disagree with Hohenlohe et al. and stand by the
conclusions in our previous work (8).
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From: William Waddell
To: Madison, Joseph S; Morse, Michael L; Nordsven, Ryan; Weller, Emily
Cc: Benjamin, Pete
Subject: FW: possible red wolf in coastal Texas
Date: Monday, July 10, 2017 4:26:52 PM
Importance: High

If it’s OK I’ll reply to this email and cc you all so you can provide an official response.
 
Thanks,
 
 
 
Will Waddell
Red Wolf SSP Coordinator
Zoological & Environmental Education Department
Office (253) 858-9172/ Mobile (253) 208-0481
Point Defiance Zoo & Aquarium, 5400 N. Pearl
Tacoma, WA 98407
 

From: Marta Stefaniuk [mailto:marta@martastefaniuk.com] 
Sent: Monday, July 10, 2017 11:55 AM
To: William Waddell
Subject: possible red wolf in coastal Texas
 
Hello!
 
I’m not positive, but I think I saw a red wolf on the island of Galveston, TX the other day.  I took a few photos and have attached them.  I thought it might be a red fox or coyote, but the animal was
too big to be either, plus the tail wasn’t long like a fox has and the body was too beefy for a coyote.  I’ve seen both in the wild and in captivity.  After a bit of research, I came across your name on an
article on the University of Michigan website.  Since I’m a U-M alumni, I figured it was sign that you’re the right person to contact for a positive ID.  The more research I did on red wolves, the
more I thought the animal I saw might well have been one and your name came up repeatedly.
 
Thank you for your time,
Marta Stefaniuk
 
P.S. I realize the photo quality isn’t great.  I only had a few seconds to snap the pics from my car while I was traveling.  I can send a larger file size if you need.
 



 
 
 



From: Benjamin, Pete
To: William Waddell
Cc: Madison, Joseph S; Morse, Michael L; Nordsven, Ryan; Weller, Emily
Subject: Re: FW: possible red wolf in coastal Texas
Date: Monday, July 10, 2017 4:37:49 PM
Importance: High

We got pictures of weird-looking canids from Galveston last year.  I don't remember if anyone ever decided what they were.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jul 10, 2017 at 4:26 PM, William Waddell <William.Waddell@pdza.org> wrote:

If it’s OK I’ll reply to this email and cc you all so you can provide an official response.

 

Thanks,

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

From: Marta Stefaniuk [mailto:marta@martastefaniuk.com] 
Sent: Monday, July 10, 2017 11:55 AM
To: William Waddell
Subject: possible red wolf in coastal Texas

 

Hello!

 

I’m not positive, but I think I saw a red wolf on the island of Galveston, TX the other day.  I took a few photos and have attached them.  I thought it might be a red fox or coyote, but the animal was
too big to be either, plus the tail wasn’t long like a fox has and the body was too beefy for a coyote.  I’ve seen both in the wild and in captivity.  After a bit of research, I came across your name on an
article on the University of Michigan website.  Since I’m a U-M alumni, I figured it was sign that you’re the right person to contact for a positive ID.  The more research I did on red wolves, the
more I thought the animal I saw might well have been one and your name came up repeatedly.

 

Thank you for your time,

Marta Stefaniuk

 

P.S. I realize the photo quality isn’t great.  I only had a few seconds to snap the pics from my car while I was traveling.  I can send a larger file size if you need.

 





 

 

 



From: Morse, Michael L
To: Benjamin, Pete
Cc: William Waddell; Madison, Joseph S; Nordsven, Ryan; Weller, Emily
Subject: Re: FW: possible red wolf in coastal Texas
Date: Tuesday, July 11, 2017 11:08:10 AM
Importance: High

Yes Will.  Please do.  I'm thinking officially, their coyotes.  Thanks.

On Mon, Jul 10, 2017 at 4:37 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
We got pictures of weird-looking canids from Galveston last year.  I don't remember if anyone ever decided what they were.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jul 10, 2017 at 4:26 PM, William Waddell <William.Waddell@pdza.org> wrote:

If it’s OK I’ll reply to this email and cc you all so you can provide an official response.

 

Thanks,

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

From: Marta Stefaniuk [mailto:marta@martastefaniuk.com] 
Sent: Monday, July 10, 2017 11:55 AM
To: William Waddell
Subject: possible red wolf in coastal Texas

 

Hello!

 

I’m not positive, but I think I saw a red wolf on the island of Galveston, TX the other day.  I took a few photos and have attached them.  I thought it might be a red fox or coyote, but the animal was
too big to be either, plus the tail wasn’t long like a fox has and the body was too beefy for a coyote.  I’ve seen both in the wild and in captivity.  After a bit of research, I came across your name on an
article on the University of Michigan website.  Since I’m a U-M alumni, I figured it was sign that you’re the right person to contact for a positive ID.  The more research I did on red wolves, the
more I thought the animal I saw might well have been one and your name came up repeatedly.

 

Thank you for your time,

Marta Stefaniuk

 

P.S. I realize the photo quality isn’t great.  I only had a few seconds to snap the pics from my car while I was traveling.  I can send a larger file size if you need.

 





 

 

 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Weller, Emily
To: Miranda, Leopoldo; Valenta, Aaron; Eversen, Michelle; Benjamin, Pete
Subject: Fwd: Question on red wolf taxonomy literature
Date: Monday, July 17, 2017 7:05:47 AM
Importance: High

FYI. Assessment from Nathan.

---------- Forwarded message ----------
From: Whelan, Nathan <nathan_whelan@fws.gov>
Date: Sat, Jul 15, 2017 at 3:18 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,

I've gone through the tree papers and below are my thoughts in regards to the Red Wolf. I can
provide my thoughts on how the findings relate to the eastern wolf/gray wolf/Great Lakes wolf
too, but I'd like to avoid commenting on stuff that is not your focus just to keep things simple.

The biggest take away of mine from the three papers is that they are simply arguing about
speciation timing, and the authors of both papers seem to dismiss the idea that recent
hybridization can still produce a distinct evolutionary lineage. True speciation that results
from the mating of two distinct species is well understood as a theoretical possibility, but in
animals it has not been well studied. This is largely in part because it is difficult to test with
available statistical and genetic tools. Both research groups appear to agree that Red Wolves
are distinct evolutionary lineages, but they disagree about whether hybridization and
admixture has been recent on an evolutionary time-scale. In my opinion, that is an interesting
question, but it's a question that is distinct from "is Red Wolf a valid species?".  

I do think there are some issues with the analyses in vonHoldt et al. that are brought up by
Hohenloe et al. The problem is that vonHoldt et al. attempt to rule out numerous speciation
process hypotheses, where I agree with Hohenloe et al. that their data could support numerous
hypotheses including recent genetic drift in the captive population or Red Wolf as a very
distinct evolutionary lineage. I'm not swayed by the follow up argument of vonHoldt et al. that
"If we assume, for example, that red wolves were wolfcoyote hybrids with the ancestry
proportions estimated [see Table 3 in our previous work (8)], then their expected average
fraction of unique variants would be 4.83%, higher than the 4.41% observed." There's got to
be some sort of confidence interval on those estimates, but it is not reported. 

Ultimately, the papers are arguing over whether Red Wolf speciation resulted from long-term
isolation, hybridization far in the past followed by isolation, or recent hybrid ancestry. What
neither paper seems to explicitly recognize is that distinct evolutionary lineages can be
produced from recent hybrid origin.s a distinct evolutionary lineage, but the jury is still out as
to how that lineage arose.

Please feel free to send me a few follow up questions. If a short conference call is appropriate,
I can probably fit one in this coming week (7/17-7/21).

Best,



Nathan

On Thu, Jul 13, 2017 at 8:22 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Thank you!

On Thu, Jul 13, 2017 at 7:20 AM, Whelan, Nathan <nathan_whelan@fws.gov> wrote:
Hi Em,

Just a heads up. I am at NCTC this week. I will be reviewing the red wolf papers on my
flight Friday.

Best,
Nathan 

On Thu, Jun 29, 2017 at 10:06 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Yes, thank you!!!

On Thu, Jun 29, 2017 at 9:04 AM, Whelan, Nathan <nathan_whelan@fws.gov> wrote:
Yes, I should be able to get to it in the next two weeks. Will that work?

Best,
Nathan

On Thu, Jun 29, 2017 at 9:56 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Hi Nathan. Just wanted to check in and see if reviewing these papers and giving your
assessment was something you would be able to do with your workload.

thanks,
Em

On Tue, Jun 27, 2017 at 12:18 PM, Weller, Emily <emily_weller@fws.gov> wrote:
Hi Nathan. If you could help us with interpreting these 3 papers, I would greatly appreciate
it. These are the latest papers on red wolf genetics/taxonomy. The Von Holdt et al. 2016 is
one that has caused quite a stir. Hohenlohe et al. 2017 is in response the Von Holdt and
provides alternative interpretations of the data. Von Holdt et al. 2017 is a response to
Hohenlohe et al. 2016.

Could you give us your opinion/assessment on these papers? 

Of the opposing views, does one provide better supported conclusions/interpretations of the
data?

On Mon, Jun 26, 2017 at 4:07 PM, Nathan Whelan <nathan_whelan@fws.gov>
wrote:

Hi Em,

I apologize. I have been slammed with other work that has had to be a higher
priority as it's mission critical for my lab. 

To be honest, the sheer amount of literature involved is hindering my ability to



get you answers. When I was first asked to provide some technical
guidance/expertise to this I figured there would be one or two papers that
needed some interpretation as with other ES requests I've helped out with, but as
you know there's decades of literature that was sent for Red Wolf. I have to
admit, I didn't realize how much literature I was being asked to review (because
I neglected to look) when I originally said I could get it done quickly.

I'm don't think I can get all the questions answered in the next two weeks. If
there was a paper or two, specifically, that are most in need of interpretation
from a genetics/systematics/taxonomy perspective I might be able to get to that
this week. 

Best,
Nathan 

Sent from my iPhone

On Jun 26, 2017, at 2:42 PM, Weller, Emily <emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if you have an estimated date on
getting your responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize, but this fell through the cracks. I will try to get to it
soon.  Please ignore a request you may have gotten from my
personal e-mail about accessing the google shared drive. I've
accessed it now.

Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to get to this in
the next three weeks. There's a lot of reading involved, but I



will definitely get you something 6-8 weeks from your
original e-mail.

Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you received this
document? I did not hear back on how long it may take you to
complete your review. Any estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Good morning. Please see the attached document with a
summary of this project, a brief (VERY brief, simplistic, at the
50,000ft level) summary of the information regarding the
taxonomic status of the red wolf, and questions on the methods,
interpretations, results, etc. of the literature.

I will double check that the literature reference in this doc is on
the Google Drive. If I miss one, please let me know and I will add
it.

Also, if there is information/input/feedback on the literature,
methods, etc. that you would like to add and did not come up in
the questions, please feel free to provide it. I've gotten my mind
wrapped around the information that is out there, but the
nuances to that information is what we need assistance with.
The only thing we ask it to not provide a recommendation as to
the correct taxonomic status, but rather feed back on the
conclusions, methods, interpretations, etc in the literature.

Due date...after you read through the questions, can you let me
know how long you expect it will take to complete this review.
Would 6-8 weeks be doable?

Please let me know if you have any questions.  Thank
you again for your assistance on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from



this sender is subject to the Freedom of Information Act (FOIA) and

may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this

sender is subject to the Freedom of Information Act (FOIA) and may be

disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this



sender is subject to the Freedom of Information Act (FOIA) and may be

disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead



Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Fwd: Question on red wolf taxonomy literature
Date: Monday, July 17, 2017 7:27:49 AM
Importance: High

Noticed that you haven't been on this chain.  Interesting.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Weller, Emily <emily_weller@fws.gov>
Date: Mon, Jul 17, 2017 at 7:05 AM
Subject: Fwd: Question on red wolf taxonomy literature
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, Aaron Valenta
<aaron_valenta@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>

FYI. Assessment from Nathan.

---------- Forwarded message ----------
From: Whelan, Nathan <nathan_whelan@fws.gov>
Date: Sat, Jul 15, 2017 at 3:18 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,

I've gone through the tree papers and below are my thoughts in regards to the Red Wolf. I can
provide my thoughts on how the findings relate to the eastern wolf/gray wolf/Great Lakes wolf
too, but I'd like to avoid commenting on stuff that is not your focus just to keep things simple.

The biggest take away of mine from the three papers is that they are simply arguing about
speciation timing, and the authors of both papers seem to dismiss the idea that recent
hybridization can still produce a distinct evolutionary lineage. True speciation that results
from the mating of two distinct species is well understood as a theoretical possibility, but in
animals it has not been well studied. This is largely in part because it is difficult to test with
available statistical and genetic tools. Both research groups appear to agree that Red Wolves
are distinct evolutionary lineages, but they disagree about whether hybridization and
admixture has been recent on an evolutionary time-scale. In my opinion, that is an interesting
question, but it's a question that is distinct from "is Red Wolf a valid species?".  



I do think there are some issues with the analyses in vonHoldt et al. that are brought up by
Hohenloe et al. The problem is that vonHoldt et al. attempt to rule out numerous speciation
process hypotheses, where I agree with Hohenloe et al. that their data could support numerous
hypotheses including recent genetic drift in the captive population or Red Wolf as a very
distinct evolutionary lineage. I'm not swayed by the follow up argument of vonHoldt et al. that
"If we assume, for example, that red wolves were wolfcoyote hybrids with the ancestry
proportions estimated [see Table 3 in our previous work (8)], then their expected average
fraction of unique variants would be 4.83%, higher than the 4.41% observed." There's got to
be some sort of confidence interval on those estimates, but it is not reported. 

Ultimately, the papers are arguing over whether Red Wolf speciation resulted from long-term
isolation, hybridization far in the past followed by isolation, or recent hybrid ancestry. What
neither paper seems to explicitly recognize is that distinct evolutionary lineages can be
produced from recent hybrid origin.s a distinct evolutionary lineage, but the jury is still out as
to how that lineage arose.

Please feel free to send me a few follow up questions. If a short conference call is appropriate,
I can probably fit one in this coming week (7/17-7/21).

Best,
Nathan

On Thu, Jul 13, 2017 at 8:22 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Thank you!

On Thu, Jul 13, 2017 at 7:20 AM, Whelan, Nathan <nathan_whelan@fws.gov> wrote:
Hi Em,

Just a heads up. I am at NCTC this week. I will be reviewing the red wolf papers on my
flight Friday.

Best,
Nathan 

On Thu, Jun 29, 2017 at 10:06 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Yes, thank you!!!

On Thu, Jun 29, 2017 at 9:04 AM, Whelan, Nathan <nathan_whelan@fws.gov> wrote:
Yes, I should be able to get to it in the next two weeks. Will that work?

Best,
Nathan

On Thu, Jun 29, 2017 at 9:56 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Hi Nathan. Just wanted to check in and see if reviewing these papers and giving your
assessment was something you would be able to do with your workload.

thanks,
Em

On Tue, Jun 27, 2017 at 12:18 PM, Weller, Emily <emily_weller@fws.gov> wrote:



Hi Nathan. If you could help us with interpreting these 3 papers, I would greatly appreciate
it. These are the latest papers on red wolf genetics/taxonomy. The Von Holdt et al. 2016 is
one that has caused quite a stir. Hohenlohe et al. 2017 is in response the Von Holdt and
provides alternative interpretations of the data. Von Holdt et al. 2017 is a response to
Hohenlohe et al. 2016.

Could you give us your opinion/assessment on these papers? 

Of the opposing views, does one provide better supported conclusions/interpretations of the
data?

On Mon, Jun 26, 2017 at 4:07 PM, Nathan Whelan <nathan_whelan@fws.gov>
wrote:

Hi Em,

I apologize. I have been slammed with other work that has had to be a higher
priority as it's mission critical for my lab. 

To be honest, the sheer amount of literature involved is hindering my ability to
get you answers. When I was first asked to provide some technical
guidance/expertise to this I figured there would be one or two papers that
needed some interpretation as with other ES requests I've helped out with, but as
you know there's decades of literature that was sent for Red Wolf. I have to
admit, I didn't realize how much literature I was being asked to review (because
I neglected to look) when I originally said I could get it done quickly.

I'm don't think I can get all the questions answered in the next two weeks. If
there was a paper or two, specifically, that are most in need of interpretation
from a genetics/systematics/taxonomy perspective I might be able to get to that
this week. 

Best,
Nathan 

Sent from my iPhone

On Jun 26, 2017, at 2:42 PM, Weller, Emily <emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if you have an estimated date on
getting your responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize, but this fell through the cracks. I will try to get to it



soon.  Please ignore a request you may have gotten from my
personal e-mail about accessing the google shared drive. I've
accessed it now.

Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to get to this in
the next three weeks. There's a lot of reading involved, but I
will definitely get you something 6-8 weeks from your
original e-mail.

Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you received this
document? I did not hear back on how long it may take you to
complete your review. Any estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Good morning. Please see the attached document with a
summary of this project, a brief (VERY brief, simplistic, at the
50,000ft level) summary of the information regarding the
taxonomic status of the red wolf, and questions on the methods,
interpretations, results, etc. of the literature.

I will double check that the literature reference in this doc is on
the Google Drive. If I miss one, please let me know and I will add
it.

Also, if there is information/input/feedback on the literature,
methods, etc. that you would like to add and did not come up in
the questions, please feel free to provide it. I've gotten my mind
wrapped around the information that is out there, but the
nuances to that information is what we need assistance with.
The only thing we ask it to not provide a recommendation as to



the correct taxonomic status, but rather feed back on the
conclusions, methods, interpretations, etc in the literature.

Due date...after you read through the questions, can you let me
know how long you expect it will take to complete this review.
Would 6-8 weeks be doable?

Please let me know if you have any questions.  Thank
you again for your assistance on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from

this sender is subject to the Freedom of Information Act (FOIA) and

may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this

sender is subject to the Freedom of Information Act (FOIA) and may be

disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 



Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this

sender is subject to the Freedom of Information Act (FOIA) and may be

disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third

parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192



U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Miranda, Leopoldo
To: Weller, Emily
Cc: Valenta, Aaron; Eversen, Michelle; Benjamin, Pete
Subject: Re: Question on red wolf taxonomy literature
Date: Monday, July 17, 2017 7:38:46 AM
Importance: High

Well, we have confirmation that we can't rely on the geneticists for a consensus! We are on the
same place as we were 30 yrs ago... 

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Jul 17, 2017, at 7:06 AM, Weller, Emily <emily_weller@fws.gov> wrote:

FYI. Assessment from Nathan.

---------- Forwarded message ----------
From: Whelan, Nathan <nathan_whelan@fws.gov>
Date: Sat, Jul 15, 2017 at 3:18 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,

I've gone through the tree papers and below are my thoughts in regards to the Red
Wolf. I can provide my thoughts on how the findings relate to the eastern
wolf/gray wolf/Great Lakes wolf too, but I'd like to avoid commenting on stuff
that is not your focus just to keep things simple.

The biggest take away of mine from the three papers is that they are simply
arguing about speciation timing, and the authors of both papers seem to dismiss
the idea that recent hybridization can still produce a distinct evolutionary lineage.
True speciation that results from the mating of two distinct species is well
understood as a theoretical possibility, but in animals it has not been well studied.
This is largely in part because it is difficult to test with available statistical and
genetic tools. Both research groups appear to agree that Red Wolves are distinct
evolutionary lineages, but they disagree about whether hybridization and
admixture has been recent on an evolutionary time-scale. In my opinion, that is an



interesting question, but it's a question that is distinct from "is Red Wolf a valid
species?".  

I do think there are some issues with the analyses in vonHoldt et al. that are
brought up by Hohenloe et al. The problem is that vonHoldt et al. attempt to rule
out numerous speciation process hypotheses, where I agree with Hohenloe et al.
that their data could support numerous hypotheses including recent genetic drift in
the captive population or Red Wolf as a very distinct evolutionary lineage. I'm not
swayed by the follow up argument of vonHoldt et al. that "If we assume, for
example, that red wolves were wolfcoyote hybrids with the ancestry proportions
estimated [see Table 3 in our previous work (8)], then their expected average
fraction of unique variants would be 4.83%, higher than the 4.41% observed."
There's got to be some sort of confidence interval on those estimates, but it is not
reported. 

Ultimately, the papers are arguing over whether Red Wolf speciation resulted
from long-term isolation, hybridization far in the past followed by isolation, or
recent hybrid ancestry. What neither paper seems to explicitly recognize is that
distinct evolutionary lineages can be produced from recent hybrid origin.s a
distinct evolutionary lineage, but the jury is still out as to how that lineage arose.

Please feel free to send me a few follow up questions. If a short conference call is
appropriate, I can probably fit one in this coming week (7/17-7/21).

Best,
Nathan

On Thu, Jul 13, 2017 at 8:22 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Thank you!

On Thu, Jul 13, 2017 at 7:20 AM, Whelan, Nathan <nathan_whelan@fws.gov>
wrote:

Hi Em,

Just a heads up. I am at NCTC this week. I will be reviewing the red wolf
papers on my flight Friday.

Best,
Nathan 

On Thu, Jun 29, 2017 at 10:06 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Yes, thank you!!!

On Thu, Jun 29, 2017 at 9:04 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Yes, I should be able to get to it in the next two weeks. Will that work?

Best,



Nathan

On Thu, Jun 29, 2017 at 9:56 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if reviewing these papers and giving
your assessment was something you would be able to do with your workload.

thanks,
Em

On Tue, Jun 27, 2017 at 12:18 PM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. If you could help us with interpreting these 3 papers, I would
greatly appreciate it. These are the latest papers on red wolf
genetics/taxonomy. The Von Holdt et al. 2016 is one that has caused quite a
stir. Hohenlohe et al. 2017 is in response the Von Holdt and provides
alternative interpretations of the data. Von Holdt et al. 2017 is a response to
Hohenlohe et al. 2016.

Could you give us your opinion/assessment on these papers? 

Of the opposing views, does one provide better supported
conclusions/interpretations of the data?

On Mon, Jun 26, 2017 at 4:07 PM, Nathan Whelan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize. I have been slammed with other work that has had to
be a higher priority as it's mission critical for my lab. 

To be honest, the sheer amount of literature involved is hindering
my ability to get you answers. When I was first asked to provide
some technical guidance/expertise to this I figured there would be
one or two papers that needed some interpretation as with other ES
requests I've helped out with, but as you know there's decades of
literature that was sent for Red Wolf. I have to admit, I didn't
realize how much literature I was being asked to review (because I
neglected to look) when I originally said I could get it done quickly.

I'm don't think I can get all the questions answered in the next two
weeks. If there was a paper or two, specifically, that are most in
need of interpretation from a genetics/systematics/taxonomy
perspective I might be able to get to that this week. 

Best,
Nathan 

Sent from my iPhone



On Jun 26, 2017, at 2:42 PM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if you have an
estimated date on getting your responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize, but this fell through the cracks. I will try
to get to it soon.  Please ignore a request you may
have gotten from my personal e-mail about accessing
the google shared drive. I've accessed it now.

Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan,
Nathan <nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to get
to this in the next three weeks. There's a lot of
reading involved, but I will definitely get you
something 6-8 weeks from your original e-mail.

Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller,
Emily <emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you
received this document? I did not hear back on how
long it may take you to complete your review. Any
estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller,



Emily <emily_weller@fws.gov> wrote:
Good morning. Please see the attached document
with a summary of this project, a brief (VERY
brief, simplistic, at the 50,000ft level) summary of
the information regarding the taxonomic status of
the red wolf, and questions on the methods,
interpretations, results, etc. of the literature.

I will double check that the literature reference in
this doc is on the Google Drive. If I miss one,
please let me know and I will add it.

Also, if there is information/input/feedback on the
literature, methods, etc. that you would like to add
and did not come up in the questions, please feel
free to provide it. I've gotten my mind wrapped
around the information that is out there, but the
nuances to that information is what we need
assistance with. The only thing we ask it to not
provide a recommendation as to the correct
taxonomic status, but rather feed back on the
conclusions, methods, interpretations, etc in the
literature.

Due date...after you read through the questions,
can you let me know how long you expect it will
take to complete this review. Would 6-8 weeks be
doable?

Please let me know if you have any
questions.  Thank you again for your assistance
on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any

attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be

disclosed to third parties.



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments

to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third

parties.

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to

and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and

from this sender is subject to the Freedom of Information Act

(FOIA) and may be disclosed to third parties.
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Emily Bizwell Weller
Red Wolf Regional Recovery Lead
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646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third
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Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
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Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender

is subject to the Freedom of Information Act (FOIA) and may be disclosed to third
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Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
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U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com
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Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
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337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov
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Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov
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-- 
Nathan Whelan, Ph.D.
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Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
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From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Weller, Emily; Valenta, Aaron; Eversen, Michelle
Subject: Re: Question on red wolf taxonomy literature
Date: Monday, July 17, 2017 7:51:07 AM

Bottom line: evolution happens, but it's complicated.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jul 17, 2017 at 7:38 AM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
Well, we have confirmation that we can't rely on the geneticists for a consensus! We are on
the same place as we were 30 yrs ago... 

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Jul 17, 2017, at 7:06 AM, Weller, Emily <emily_weller@fws.gov> wrote:

FYI. Assessment from Nathan.

---------- Forwarded message ----------
From: Whelan, Nathan <nathan_whelan@fws.gov>
Date: Sat, Jul 15, 2017 at 3:18 PM
Subject: Re: Question on red wolf taxonomy literature
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Em,

I've gone through the tree papers and below are my thoughts in regards to the
Red Wolf. I can provide my thoughts on how the findings relate to the eastern



wolf/gray wolf/Great Lakes wolf too, but I'd like to avoid commenting on stuff
that is not your focus just to keep things simple.

The biggest take away of mine from the three papers is that they are simply
arguing about speciation timing, and the authors of both papers seem to dismiss
the idea that recent hybridization can still produce a distinct evolutionary
lineage. True speciation that results from the mating of two distinct species is
well understood as a theoretical possibility, but in animals it has not been well
studied. This is largely in part because it is difficult to test with available
statistical and genetic tools. Both research groups appear to agree that Red
Wolves are distinct evolutionary lineages, but they disagree about whether
hybridization and admixture has been recent on an evolutionary time-scale. In
my opinion, that is an interesting question, but it's a question that is distinct
from "is Red Wolf a valid species?".  

I do think there are some issues with the analyses in vonHoldt et al. that are
brought up by Hohenloe et al. The problem is that vonHoldt et al. attempt to
rule out numerous speciation process hypotheses, where I agree with Hohenloe
et al. that their data could support numerous hypotheses including recent genetic
drift in the captive population or Red Wolf as a very distinct evolutionary
lineage. I'm not swayed by the follow up argument of vonHoldt et al. that "If we
assume, for example, that red wolves were wolfcoyote hybrids with the ancestry
proportions estimated [see Table 3 in our previous work (8)], then their
expected average fraction of unique variants would be 4.83%, higher than the
4.41% observed." There's got to be some sort of confidence interval on those
estimates, but it is not reported. 

Ultimately, the papers are arguing over whether Red Wolf speciation resulted
from long-term isolation, hybridization far in the past followed by isolation, or
recent hybrid ancestry. What neither paper seems to explicitly recognize is that
distinct evolutionary lineages can be produced from recent hybrid origin.s a
distinct evolutionary lineage, but the jury is still out as to how that lineage
arose.

Please feel free to send me a few follow up questions. If a short conference call
is appropriate, I can probably fit one in this coming week (7/17-7/21).

Best,
Nathan

On Thu, Jul 13, 2017 at 8:22 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Thank you!

On Thu, Jul 13, 2017 at 7:20 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

Just a heads up. I am at NCTC this week. I will be reviewing the red wolf
papers on my flight Friday.



Best,
Nathan 

On Thu, Jun 29, 2017 at 10:06 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Yes, thank you!!!

On Thu, Jun 29, 2017 at 9:04 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Yes, I should be able to get to it in the next two weeks. Will that work?

Best,
Nathan

On Thu, Jun 29, 2017 at 9:56 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if reviewing these papers and
giving your assessment was something you would be able to do with your
workload.

thanks,
Em

On Tue, Jun 27, 2017 at 12:18 PM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. If you could help us with interpreting these 3 papers, I would
greatly appreciate it. These are the latest papers on red wolf
genetics/taxonomy. The Von Holdt et al. 2016 is one that has caused quite a
stir. Hohenlohe et al. 2017 is in response the Von Holdt and provides
alternative interpretations of the data. Von Holdt et al. 2017 is a response to
Hohenlohe et al. 2016.

Could you give us your opinion/assessment on these papers? 

Of the opposing views, does one provide better supported
conclusions/interpretations of the data?

On Mon, Jun 26, 2017 at 4:07 PM, Nathan Whelan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize. I have been slammed with other work that has had to
be a higher priority as it's mission critical for my lab. 

To be honest, the sheer amount of literature involved is hindering
my ability to get you answers. When I was first asked to provide
some technical guidance/expertise to this I figured there would be
one or two papers that needed some interpretation as with other
ES requests I've helped out with, but as you know there's decades
of literature that was sent for Red Wolf. I have to admit, I didn't



realize how much literature I was being asked to review (because
I neglected to look) when I originally said I could get it done
quickly.

I'm don't think I can get all the questions answered in the next two
weeks. If there was a paper or two, specifically, that are most in
need of interpretation from a genetics/systematics/taxonomy
perspective I might be able to get to that this week. 

Best,
Nathan 

Sent from my iPhone

On Jun 26, 2017, at 2:42 PM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just wanted to check in and see if you have an
estimated date on getting your responses to me.

thanks,
Em

On Mon, Jun 12, 2017 at 8:03 AM, Whelan, Nathan
<nathan_whelan@fws.gov> wrote:

Hi Em,

I apologize, but this fell through the cracks. I will
try to get to it soon.  Please ignore a request you
may have gotten from my personal e-mail about
accessing the google shared drive. I've accessed it
now.

Best,
Nathan

On Mon, Jun 12, 2017 at 8:55 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Hi Nathan. Just checking in to see how this is going.

Thanks!
Em

On Thu, Apr 13, 2017 at 10:25 AM, Whelan,
Nathan <nathan_whelan@fws.gov> wrote:

Hi Emily,

I received your questions. I will do my best to
get to this in the next three weeks. There's a lot
of reading involved, but I will definitely get



you something 6-8 weeks from your original e-
mail.

Best,
Nathan

On Thu, Apr 13, 2017 at 11:22 AM, Weller,
Emily <emily_weller@fws.gov> wrote:

Hello! Just wanted to check in and make sure you
received this document? I did not hear back on
how long it may take you to complete your review.
Any estimates?

Thanks,
Em

On Tue, Apr 4, 2017 at 10:03 AM, Weller,
Emily <emily_weller@fws.gov> wrote:

Good morning. Please see the attached
document with a summary of this project, a
brief (VERY brief, simplistic, at the 50,000ft
level) summary of the information regarding the
taxonomic status of the red wolf, and questions
on the methods, interpretations, results, etc. of
the literature.

I will double check that the literature reference
in this doc is on the Google Drive. If I miss one,
please let me know and I will add it.

Also, if there is information/input/feedback on
the literature, methods, etc. that you would like
to add and did not come up in the questions,
please feel free to provide it. I've gotten my
mind wrapped around the information that is
out there, but the nuances to that information is
what we need assistance with. The only thing we
ask it to not provide a recommendation as to the
correct taxonomic status, but rather feed back
on the conclusions, methods, interpretations,
etc in the literature.

Due date...after you read through the questions,
can you let me know how long you expect it will
take to complete this review. Would 6-8 weeks
be doable?

Please let me know if you have any
questions.  Thank you again for your
assistance on this extremely important issue.
Em
-- 

Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery



Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov
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Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com

-- 
Emily Bizwell Weller
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From: Benjamin, Pete
To: Weller, Emily; Madison, Joseph S; Miranda, Leopoldo; Eversen, Michelle; Rivenbark, Erin; Valenta, Aaron
Subject: Federal Spending Proposal Calls for Review of Wolf Genetics | New Mexico News | US News | US News
Date: Wednesday, July 19, 2017 10:30:17 AM

FYI, 

ALBUQUERQUE, N.M. (AP) — Environmentalists are concerned that a proposed spending
plan for the U.S. Interior Department calls for a study to determine whether Mexican gray
wolves are a genetically distinct subspecies.  https://www.usnews.com/news/best-states/new-
mexico/articles/2017-07-19/federal-spending-proposal-calls-for-review-of-wolf-genetics



From: Weller, Emily
To: Madison, Joseph S; Miranda, Leopoldo; Eversen, Michelle; Benjamin, Pete; Valenta, Aaron
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (pete_benjamin@fws.gov)
Start: Thursday, August 3, 2017 9:00:00 AM
End: Thursday, August 3, 2017 4:00:00 PM
Attachments: invite.ics
Importance: High

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=YjIwN2gwNXIzdWdlcTc1YmpmOGFwc2JpaDQgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3YyMjQ0NGU0N2ZmODY2ODEwZTJjODUzMmJjNDk4NWFmZTdiMGQzMzkw&ctz=America/New_York&hl=en> 

Red Wolf Taxonomy

866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c <https://www.google.com/url?
q=http%3A%2F%2Fwww.mymeetings.com%2Fnc%2Fjoin.php%3Fi%3D749001474%26p%3D147369%26t%3Dc&sa=D&ust=1500563939986000&usg=AFQjCNFJOvRJrvSthWd19iMFKKpA_b7yZA> 
Meeting number: 749001474
Meeting passcode: 147369
When
Thu Aug 3, 2017 9am – 4pm Eastern Time 
Video call
https://plus.google.com/hangouts/_/doi.gov/emily-weller <https://plus.google.com/hangouts/_/doi.gov/emily-weller?hceid=ZW1pbHlfd2VsbGVyQGZ3cy5nb3Y.b207h05r3ugeq75bjf8apsbih4>  
Calendar
pete_benjamin@fws.gov 
Who
• emily_weller@fws.gov
- organizer
• joseph_madison@fws.gov
• leopoldo_miranda@fws.gov
• michelle_eversen@fws.gov
• pete_benjamin@fws.gov
• aaron_valenta@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=YjIwN2gwNXIzdWdlcTc1YmpmOGFwc2JpaDQgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=1&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3YyMjQ0NGU0N2ZmODY2ODEwZTJjODUzMmJjNDk4NWFmZTdiMGQzMzkw&ctz=America/New_York&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=YjIwN2gwNXIzdWdlcTc1YmpmOGFwc2JpaDQgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=3&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3YyMjQ0NGU0N2ZmODY2ODEwZTJjODUzMmJjNDk4NWFmZTdiMGQzMzkw&ctz=America/New_York&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=YjIwN2gwNXIzdWdlcTc1YmpmOGFwc2JpaDQgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=2&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3YyMjQ0NGU0N2ZmODY2ODEwZTJjODUzMmJjNDk4NWFmZTdiMGQzMzkw&ctz=America/New_York&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=YjIwN2gwNXIzdWdlcTc1YmpmOGFwc2JpaDQgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3YyMjQ0NGU0N2ZmODY2ODEwZTJjODUzMmJjNDk4NWFmZTdiMGQzMzkw&ctz=America/New_York&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .



Attachment 20170720 091900_Email_Invitation_ Red Wolf Taxonomy @ Thu Aug 3,.ics (2031 Bytes) cannot be converted to PDF format.



more details »

From: Valenta, Aaron
To: Eversen, Michelle; Benjamin, Pete
Subject: Fwd: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (aaron_valenta@fws.gov)
Date: Thursday, July 20, 2017 9:22:04 AM
Attachments: invite.ics
Importance: High

Hey,

Are you planning on being here in person?  

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

---------- Forwarded message ----------
From: Emily Weller <emily_weller@fws.gov>
Date: Thu, Jul 20, 2017 at 9:18 AM
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm
(aaron_valenta@fws.gov)
To: aaron_valenta@fws.gov, leopoldo_miranda@fws.gov, pete_benjamin@fws.gov,
michelle_eversen@fws.gov, joseph_madison@fws.gov

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar aaron_valenta@fws.gov

Who • emily_weller@fws.gov - organizer

• aaron_valenta@fws.gov
• leopoldo_miranda@fws.gov
• pete_benjamin@fws.gov
• michelle_eversen@fws.gov
• joseph_madison@fws.gov

Going?   Yes  - Maybe  - No    more options »



Invitation from Google Calendar

You are receiving this email at the account aaron_valenta@fws.gov because you are subscribed for invitations on
calendar aaron_valenta@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings
for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



Attachment 20170720 092204_Email_Fwd_ Invitation_ Red Wolf Taxonomy @ Thu A.ics (2031 Bytes) cannot be converted to PDF format.



more details »

From: Benjamin, Pete
To: Valenta, Aaron
Cc: Eversen, Michelle
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (aaron_valenta@fws.gov)
Date: Thursday, July 20, 2017 9:27:34 AM
Importance: High

I guess I didn't notice that it was an all day thing.  I suppose I'll need to see the agenda.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:22 AM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hey,

Are you planning on being here in person?  

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

---------- Forwarded message ----------
From: Emily Weller <emily_weller@fws.gov>
Date: Thu, Jul 20, 2017 at 9:18 AM
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm
(aaron_valenta@fws.gov)
To: aaron_valenta@fws.gov, leopoldo_miranda@fws.gov, pete_benjamin@fws.gov,
michelle_eversen@fws.gov, joseph_madison@fws.gov

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474



Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar aaron_valenta@fws.gov

Who • emily_weller@fws.gov - organizer

• aaron_valenta@fws.gov
• leopoldo_miranda@fws.gov
• pete_benjamin@fws.gov
• michelle_eversen@fws.gov
• joseph_madison@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account aaron_valenta@fws.gov because you are subscribed for invitations on
calendar aaron_valenta@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



more details »

From: Benjamin, Pete
To: Weller, Emily
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (pete_benjamin@fws.gov)
Date: Thursday, July 20, 2017 9:28:28 AM
Importance: High

What are we going to spend a full day talking about?  None of us know anything. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:19 AM, Emily Weller <emily_weller@fws.gov> wrote:

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar pete_benjamin@fws.gov

Who • emily_weller@fws.gov - organizer

• joseph_madison@fws.gov
• leopoldo_miranda@fws.gov
• michelle_eversen@fws.gov
• pete_benjamin@fws.gov
• aaron_valenta@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations on
calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



more details »

From: Weller, Emily
To: Benjamin, Pete
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (pete_benjamin@fws.gov)
Date: Thursday, July 20, 2017 10:58:47 AM
Importance: High

LOL...I'll be presenting the information I've found so that the group can make a decision. I don't think it'll
take a whole day, but that may just be my confidence in my presentation of the information. I expect there
will be a lot of discussion. Leo blocked the whole day, so just in case, I made the invitation for the same.

On Thu, Jul 20, 2017 at 8:28 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
What are we going to spend a full day talking about?  None of us know anything. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:19 AM, Emily Weller <emily_weller@fws.gov> wrote:

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar pete_benjamin@fws.gov

Who • emily_weller@fws.gov - organizer

• joseph_madison@fws.gov
• leopoldo_miranda@fws.gov
• michelle_eversen@fws.gov
• pete_benjamin@fws.gov
• aaron_valenta@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations on
calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



more details »

From: Benjamin, Pete
To: Weller, Emily
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (pete_benjamin@fws.gov)
Date: Thursday, July 20, 2017 11:04:19 AM
Importance: High

Are you planning to travel to Atl?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 10:58 AM, Weller, Emily <emily_weller@fws.gov> wrote:
LOL...I'll be presenting the information I've found so that the group can make a decision. I don't think
it'll take a whole day, but that may just be my confidence in my presentation of the information. I expect
there will be a lot of discussion. Leo blocked the whole day, so just in case, I made the invitation for the
same.

On Thu, Jul 20, 2017 at 8:28 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
What are we going to spend a full day talking about?  None of us know anything. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:19 AM, Emily Weller <emily_weller@fws.gov> wrote:

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar pete_benjamin@fws.gov

Who • emily_weller@fws.gov - organizer



• joseph_madison@fws.gov
• leopoldo_miranda@fws.gov
• michelle_eversen@fws.gov
• pete_benjamin@fws.gov
• aaron_valenta@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations
on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



more details »

From: Weller, Emily
To: Benjamin, Pete
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (pete_benjamin@fws.gov)
Date: Thursday, July 20, 2017 11:15:29 AM
Importance: High

I asked Aaron if I needed to. He doesn't think it's necessary. I'm not sure. I feel like I should be in person,
but if Joe, Michelle, and you don't travel, then it'll still be a conference call, so not sure that it really
matters that I'm in ATL.

On Thu, Jul 20, 2017 at 10:04 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are you planning to travel to Atl?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 10:58 AM, Weller, Emily <emily_weller@fws.gov> wrote:
LOL...I'll be presenting the information I've found so that the group can make a decision. I don't
think it'll take a whole day, but that may just be my confidence in my presentation of the information.
I expect there will be a lot of discussion. Leo blocked the whole day, so just in case, I made the
invitation for the same.

On Thu, Jul 20, 2017 at 8:28 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
What are we going to spend a full day talking about?  None of us know anything. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:19 AM, Emily Weller <emily_weller@fws.gov> wrote:

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369



When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar pete_benjamin@fws.gov

Who • emily_weller@fws.gov - organizer

• joseph_madison@fws.gov
• leopoldo_miranda@fws.gov
• michelle_eversen@fws.gov
• pete_benjamin@fws.gov
• aaron_valenta@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for
invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your
notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090



337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (pete_benjamin@fws.gov)
Date: Thursday, July 20, 2017 11:43:44 AM

There has been so much written on the "species problem" and from what I've read to date, the red wolf
sits right in the center of it all.  I've been meaning to read Wilkins' "Species: A History of the Idea" for
quite some time.  It has been recommended to me by several people as a foundational treatise on the
subject.  Maybe this will inspire me to do so.  I think we need to be very clear about our terms, and
consider the implications of this discussion (for wolves and beyond) prior to making any statements
regarding the taxonomic status of Canis rufus.  I've always considered our mandate to use the "best
available science" to include not just data, but thinking.  It should be fun.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 11:15 AM, Weller, Emily <emily_weller@fws.gov> wrote:
I asked Aaron if I needed to. He doesn't think it's necessary. I'm not sure. I feel like I should be in
person, but if Joe, Michelle, and you don't travel, then it'll still be a conference call, so not sure that it
really matters that I'm in ATL.

On Thu, Jul 20, 2017 at 10:04 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are you planning to travel to Atl?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 10:58 AM, Weller, Emily <emily_weller@fws.gov> wrote:
LOL...I'll be presenting the information I've found so that the group can make a decision. I don't
think it'll take a whole day, but that may just be my confidence in my presentation of the
information. I expect there will be a lot of discussion. Leo blocked the whole day, so just in case, I
made the invitation for the same.

On Thu, Jul 20, 2017 at 8:28 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
What are we going to spend a full day talking about?  None of us know anything. 

Pete Benjamin
Field Supervisor



more details »

Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:19 AM, Emily Weller <emily_weller@fws.gov> wrote:

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar pete_benjamin@fws.gov

Who • emily_weller@fws.gov - organizer

• joseph_madison@fws.gov
• leopoldo_miranda@fws.gov
• michelle_eversen@fws.gov
• pete_benjamin@fws.gov
• aaron_valenta@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for
invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your
notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Valenta, Aaron
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (aaron_valenta@fws.gov)
Date: Thursday, July 20, 2017 2:23:45 PM
Importance: High

Pete,

We anticipate it being 2-3 hours, but Leo suggested to block the entire day in case we need it. 
I asked the question since Emily and I are still trying to decide if she needs to be here in
person.

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Thu, Jul 20, 2017 at 9:27 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I guess I didn't notice that it was an all day thing.  I suppose I'll need to see the agenda.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:22 AM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hey,

Are you planning on being here in person?  

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345



more details »

404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

---------- Forwarded message ----------
From: Emily Weller <emily_weller@fws.gov>
Date: Thu, Jul 20, 2017 at 9:18 AM
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm
(aaron_valenta@fws.gov)
To: aaron_valenta@fws.gov, leopoldo_miranda@fws.gov, pete_benjamin@fws.gov,
michelle_eversen@fws.gov, joseph_madison@fws.gov

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar aaron_valenta@fws.gov

Who • emily_weller@fws.gov - organizer

• aaron_valenta@fws.gov
• leopoldo_miranda@fws.gov
• pete_benjamin@fws.gov
• michelle_eversen@fws.gov
• joseph_madison@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account aaron_valenta@fws.gov because you are subscribed for invitations on
calendar aaron_valenta@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



From: Benjamin, Pete
To: Valenta, Aaron
Cc: Eversen, Michelle
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (aaron_valenta@fws.gov)
Date: Thursday, July 20, 2017 2:35:25 PM
Importance: High

I've been corresponding with Emily on the topic today.  It is a very interesting subject about which I
have spent a lot of time thinking.  What do we hope to be the outcome of this meeting?
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 2:23 PM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Pete,

We anticipate it being 2-3 hours, but Leo suggested to block the entire day in case we need
it.  I asked the question since Emily and I are still trying to decide if she needs to be here in
person.

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Thu, Jul 20, 2017 at 9:27 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I guess I didn't notice that it was an all day thing.  I suppose I'll need to see the agenda.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



more details »

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:22 AM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hey,

Are you planning on being here in person?  

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may
be disclosed to third parties.  

---------- Forwarded message ----------
From: Emily Weller <emily_weller@fws.gov>
Date: Thu, Jul 20, 2017 at 9:18 AM
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm
(aaron_valenta@fws.gov)
To: aaron_valenta@fws.gov, leopoldo_miranda@fws.gov, pete_benjamin@fws.gov,
michelle_eversen@fws.gov, joseph_madison@fws.gov

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar aaron_valenta@fws.gov

Who • emily_weller@fws.gov - organizer

• aaron_valenta@fws.gov
• leopoldo_miranda@fws.gov
• pete_benjamin@fws.gov
• michelle_eversen@fws.gov
• joseph_madison@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account aaron_valenta@fws.gov because you are subscribed for invitations



on calendar aaron_valenta@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



From: Benjamin, Pete
To: Valenta, Aaron
Cc: Eversen, Michelle
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (aaron_valenta@fws.gov)
Date: Thursday, July 20, 2017 2:36:37 PM
Importance: High

Hey, if we really want it to be an all day meeting, we should invite Chuck.  ;-)

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 2:35 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I've been corresponding with Emily on the topic today.  It is a very interesting subject about which I
have spent a lot of time thinking.  What do we hope to be the outcome of this meeting?
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 2:23 PM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Pete,

We anticipate it being 2-3 hours, but Leo suggested to block the entire day in case we
need it.  I asked the question since Emily and I are still trying to decide if she needs to be
here in person.

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be



more details »

disclosed to third parties.  

On Thu, Jul 20, 2017 at 9:27 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I guess I didn't notice that it was an all day thing.  I suppose I'll need to see the agenda.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:22 AM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hey,

Are you planning on being here in person?  

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and
may be disclosed to third parties.  

---------- Forwarded message ----------
From: Emily Weller <emily_weller@fws.gov>
Date: Thu, Jul 20, 2017 at 9:18 AM
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm
(aaron_valenta@fws.gov)
To: aaron_valenta@fws.gov, leopoldo_miranda@fws.gov, pete_benjamin@fws.gov,
michelle_eversen@fws.gov, joseph_madison@fws.gov

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller



Calendar aaron_valenta@fws.gov

Who • emily_weller@fws.gov - organizer

• aaron_valenta@fws.gov
• leopoldo_miranda@fws.gov
• pete_benjamin@fws.gov
• michelle_eversen@fws.gov
• joseph_madison@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account aaron_valenta@fws.gov because you are subscribed for
invitations on calendar aaron_valenta@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your
notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



From: Valenta, Aaron
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (aaron_valenta@fws.gov)
Date: Thursday, July 20, 2017 2:53:06 PM
Importance: High

Best I can figure, is discuss the recent papers which deal with taxonomy, review our geneticist
review of the papers, and develop an agreed upon understanding.

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Thu, Jul 20, 2017 at 2:35 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I've been corresponding with Emily on the topic today.  It is a very interesting subject about which I
have spent a lot of time thinking.  What do we hope to be the outcome of this meeting?
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 2:23 PM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Pete,

We anticipate it being 2-3 hours, but Leo suggested to block the entire day in case we
need it.  I asked the question since Emily and I are still trying to decide if she needs to be
here in person.

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard



more details »

Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Thu, Jul 20, 2017 at 9:27 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I guess I didn't notice that it was an all day thing.  I suppose I'll need to see the agenda.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:22 AM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hey,

Are you planning on being here in person?  

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and
may be disclosed to third parties.  

---------- Forwarded message ----------
From: Emily Weller <emily_weller@fws.gov>
Date: Thu, Jul 20, 2017 at 9:18 AM
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm
(aaron_valenta@fws.gov)
To: aaron_valenta@fws.gov, leopoldo_miranda@fws.gov, pete_benjamin@fws.gov,
michelle_eversen@fws.gov, joseph_madison@fws.gov

Red Wolf Taxonomy
866-663-5705
3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474



Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar aaron_valenta@fws.gov

Who • emily_weller@fws.gov - organizer

• aaron_valenta@fws.gov
• leopoldo_miranda@fws.gov
• pete_benjamin@fws.gov
• michelle_eversen@fws.gov
• joseph_madison@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account aaron_valenta@fws.gov because you are subscribed for
invitations on calendar aaron_valenta@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your
notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.



more details »

From: Eversen, Michelle
To: Benjamin, Pete
Cc: Valenta, Aaron
Subject: Re: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm (aaron_valenta@fws.gov)
Date: Friday, July 21, 2017 11:29:01 AM
Importance: High

No - I am in ATL all next week so I don't plan on being there in person. 

On Thu, Jul 20, 2017 at 9:27 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I guess I didn't notice that it was an all day thing.  I suppose I'll need to see the agenda.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jul 20, 2017 at 9:22 AM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hey,

Are you planning on being here in person?  

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

---------- Forwarded message ----------
From: Emily Weller <emily_weller@fws.gov>
Date: Thu, Jul 20, 2017 at 9:18 AM
Subject: Invitation: Red Wolf Taxonomy @ Thu Aug 3, 2017 9am - 4pm
(aaron_valenta@fws.gov)
To: aaron_valenta@fws.gov, leopoldo_miranda@fws.gov, pete_benjamin@fws.gov,
michelle_eversen@fws.gov, joseph_madison@fws.gov

Red Wolf Taxonomy
866-663-5705



3531061#
Webinar: http://www.mymeetings.com/nc/join.php?i=749001474&p=147369&t=c
Meeting number: 749001474
Meeting passcode: 147369

When Thu Aug 3, 2017 9am – 4pm Eastern Time

Video call https://plus.google.com/hangouts/_/doi.gov/emily-weller

Calendar aaron_valenta@fws.gov

Who • emily_weller@fws.gov - organizer

• aaron_valenta@fws.gov
• leopoldo_miranda@fws.gov
• pete_benjamin@fws.gov
• michelle_eversen@fws.gov
• joseph_madison@fws.gov

Going?   Yes  - Maybe  - No    more options »

Invitation from Google Calendar

You are receiving this email at the account aaron_valenta@fws.gov because you are subscribed for invitations on
calendar aaron_valenta@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification
settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  KY, TN,  NC, SC, GA, and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service
1875 Century Blvd.
Atlanta, GA. 30345

1-404-679-4108 (Office and Mobile) - also during detail

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Miranda, Leopoldo
To: Weller, Emily; Rivenbark, Erin; Uihlein, Bill; Eversen, Michelle; Scott, David P; Arnold, Jack; Benjamin, Pete; Valenta, Aaron
Subject: Invitation: Red Wolf Taxonomy Meeting @ Wed Aug 30, 2017 (pete_benjamin@fws.gov)
Start: Wednesday, August 30, 2017 12:00:00 AM
End: Thursday, August 31, 2017 12:00:00 AM
Location: Regional Office, Sam Hamilton B Conference Room, 2nd Floor
Attachments: invite.ics
Importance: High

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 

Red Wolf Taxonomy Meeting

When
Wed Aug 30, 2017 
Where
Regional Office. (map <https://maps.google.com/maps?q=Regional+Office.&hl=en> ) 
Video call
https://plus.google.com/hangouts/_/doi.gov/leopoldo-mirand <https://plus.google.com/hangouts/_/doi.gov/leopoldo-mirand?hceid=bGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292.5nvpbjh5qppodcduuqllsl5h4b>  
Calendar
pete_benjamin@fws.gov 
Who
• leopoldo_miranda@fws.gov
- organizer
• emily_weller@fws.gov
• erin_rivenbark@fws.gov
• bill_uihlein@fws.gov
• michelle_eversen@fws.gov
• david_scott@fws.gov
• jack_arnold@fws.gov
• pete_benjamin@fws.gov
• aaron_valenta@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=1&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=3&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=2&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .



Attachment 20170803 102438_Email_Invitation_ Red Wolf Taxonomy Meeting @ We.ics (2381 Bytes) cannot be converted to PDF format.



From: Weller, Emily
To: Madison, Joseph S
Cc: Benjamin, Pete
Subject: Re: Tomorrow"s Taxonomy Meeting
Date: Friday, August 4, 2017 3:35:43 PM
Importance: High

Oh Geez, Joe...I completely missed this email. My apologies. The call was a conference call. We discussed
how the meeting should be conducted, who will be in the room, who the decision makers are - that sort of
thing. I can send you the notes from that meeting.

The actual decision meeting will be on August 30th. That's when we'll need you guys in the office. Leo
decided there will be no conference lines. We'll need Michael to lead the discussion/present information
on Behavior, maybe ecological differences, and possibly, if he knows, phenotype v. genotype. Let's all chat
early next week. Let me know yours and Michael's availability. I can look at Pete's calendar for his
availability.

thanks
Em

On Wed, Aug 2, 2017 at 10:18 AM, Madison, Joseph <joseph_madison@fws.gov> wrote:
Any word on this meeting?  Is it a go as a conference call?  Should Michael and/or I start
driving to Atlanta?

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Emily Weller (via Google Drive)
To: Benjamin, Pete
Cc: Valenta, Aaron; Miranda, Leopoldo; Eversen, Michelle; Madison, Joseph S; Morse, Michael L
Subject: 2017 TAXONOMY SUB-TEAM - Invitation to collaborate
Date: Monday, August 7, 2017 8:29:58 AM

Emily Weller has invited you to contribute to the following shared folder:

2017 TAXONOMY SUB-TEAM

Here is where I am keeping the literature related to taxonomy. As I work
on the presentation, I will organize the Non-genetic folder into more
specific folders. I may also add literature as I go along.

Open

Google Drive: Have all your files within reach from any device. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA



From: Weller, Emily
To: Madison, Joseph S; Benjamin, Pete; Morse, Michael L
Subject: Invitation: Taxonomy Prep @ Thu Aug 10, 2017 2pm - 3pm (pete_benjamin@fws.gov)
Start: Thursday, August 10, 2017 2:00:00 PM
End: Thursday, August 10, 2017 3:00:00 PM
Attachments: invite.ics
Importance: High

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=NGMwa201M20xaWF1MzgzZnBxbmdmYjBjN2QgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3ZlNTY5ZGU4MWU1OGU2ZGU5Yzk5M2QwOWFhMTlkNDI0ZWVlYWQ1NDE3&ctz=America/New_York&hl=en> 

Taxonomy Prep

866-663-5704
3531061#
When
Thu Aug 10, 2017 2pm – 3pm Eastern Time 
Video call
https://plus.google.com/hangouts/_/doi.gov/emily-weller <https://plus.google.com/hangouts/_/doi.gov/emily-weller?hceid=ZW1pbHlfd2VsbGVyQGZ3cy5nb3Y.4c0km53m1iau383fpqngfb0c7d>  
Calendar
pete_benjamin@fws.gov 
Who
• emily_weller@fws.gov
- organizer
• joseph_madison@fws.gov
• pete_benjamin@fws.gov
• michael_l_morse@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=NGMwa201M20xaWF1MzgzZnBxbmdmYjBjN2QgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=1&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3ZlNTY5ZGU4MWU1OGU2ZGU5Yzk5M2QwOWFhMTlkNDI0ZWVlYWQ1NDE3&ctz=America/New_York&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=NGMwa201M20xaWF1MzgzZnBxbmdmYjBjN2QgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=3&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3ZlNTY5ZGU4MWU1OGU2ZGU5Yzk5M2QwOWFhMTlkNDI0ZWVlYWQ1NDE3&ctz=America/New_York&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=NGMwa201M20xaWF1MzgzZnBxbmdmYjBjN2QgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=2&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3ZlNTY5ZGU4MWU1OGU2ZGU5Yzk5M2QwOWFhMTlkNDI0ZWVlYWQ1NDE3&ctz=America/New_York&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=NGMwa201M20xaWF1MzgzZnBxbmdmYjBjN2QgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjAjZW1pbHlfd2VsbGVyQGZ3cy5nb3ZlNTY5ZGU4MWU1OGU2ZGU5Yzk5M2QwOWFhMTlkNDI0ZWVlYWQ1NDE3&ctz=America/New_York&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .
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From: Weller, Emily
To: Benjamin, Pete; Madison, Joseph S; Morse, Michael L
Subject: Outline for RW discussion
Date: Monday, August 14, 2017 11:40:46 AM
Attachments: 20170811_Outline_RW taxonomy discussion.docx
Importance: High

Please let me know what you think, add in any addition topics, notes, etc.

Thanks,
Em

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



Does the red wolf meet the definition of a “species” under the ESA? 

Historical Information 

A. Did the red wolf historically exist? (Beginning of time to European settlement?) 
 
a. Evidence of wolf in SE United States 

i. Journal/personal writings 
ii. Bounty laws and records 

iii. Fossil records 
i. How far back is there evidence? 

b. Distinctness/Diagnosability 
i. How was this “wolf” identified 

a. Physical features 
b. Habitat 
c. Range 

c. Classification by various authors 
i. Species 

ii. Subspecies 
i. Range 

d. Range of canids in North America 
i. Map 

ii. Boundaries to ranges 
e. Origin – where did this wolf come from? 

i. Ancient hybrid origin 
a. Time line? 
b. Hybrid between what 2 species? 
c. Fossil record v. Genetics 

ii. “Recent” hybrid origin 
a. What is “recent”? 
b. Hybrid between what 2 species? 
c. Fossil record v. Genetics 

iii. Descendant of shared ancestor with coyote 
a. Evidence? 
b. Fossil record v. Genetics 

Current Information 

B. Entity on landscape following European settlement – is it the same species/subspecies? 
 
a. Post-European settlement 

i. Predator eradication 
ii. Coyote expansion 

a. Impacts 
i. Population decline 

Commented [WE1]: Where does this fit in the discussion? 



ii. Range reduction 
iii. Introgression 

b. Evidence of unmodified red wolf 
c. Evidence of introgression 

b. Search and Rescue 
i. TX/LA roundup 

a. Standards used to distinguish entities 
i. Side note for Emily - How do those standards line up with 

morphology studies 
ii. Selection of Founders 

a. What methods and characteristics/qualities were used to make 
selection/determination? 

c. Are these founders/descendants the same as the historical entity? 
i. Diagnosability 

a. Morphology 
i. Nowak, Hinton et al. 

b. Ecology 
c. Behavior 

i. Reproduction (tendency to exclude coyotes in right 
numbers, litter size) 

ii. Pack/family groups 
iii. Dispersal time 
iv. Defense of territories (wolf always displaces coyote, not the 

other way around) 
v. Howling? 

vi. Diet? (here or ecological) 
d. Genetics 
e. Physiology? 

 
 

 

Commented [WE2]: How do these compare with Nowak? 
Check Hinton et al. 2014. 

Commented [WE3]: Hailer and Leonard 2008, p. 8; Roy 
1994 

Commented [WE4]: Studies done on “ancient” samples? 



From: Morse, Michael L
To: Weller, Emily
Cc: Benjamin, Pete; Madison, Joseph S
Subject: Re: Outline for RW discussion
Date: Monday, August 14, 2017 2:41:05 PM
Importance: High

It looks good Emily.  I think I'd put the discussion of Diet, habitat preference and territory size
in the ecology section.  Thank you.

Michael

On Mon, Aug 14, 2017 at 11:40 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Please let me know what you think, add in any addition topics, notes, etc.

Thanks,
Em

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Weller, Emily
To: Morse, Michael L
Cc: Benjamin, Pete; Madison, Joseph S
Subject: Re: Outline for RW discussion
Date: Monday, August 14, 2017 2:54:33 PM
Importance: High

Done. Thank you!

On Mon, Aug 14, 2017 at 1:41 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
It looks good Emily.  I think I'd put the discussion of Diet, habitat preference and territory
size in the ecology section.  Thank you.

Michael

On Mon, Aug 14, 2017 at 11:40 AM, Weller, Emily <emily_weller@fws.gov> wrote:
Please let me know what you think, add in any addition topics, notes, etc.

Thanks,
Em

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Emily Bizwell Weller



Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Miranda, Leopoldo; Eversen, Michelle; Benjamin, Pete
Subject: Fwd: Red wolf review
Date: Friday, August 18, 2017 1:23:59 PM
Importance: High

Below is part of Robin Waples email from March. Is the manuscript he's referring to different than the
report we just received? Or are there 2 different documents that have/are being prepared?

Nice to hear from you.  Yes, I was at a red wolf workshop last May and have the lead
on a paper related to it.  However, that ms is waiting for others to prepare a summary
of recent genetic literature on wolves and coyotes, and Scott Mills is point person for
that (I cc:d him here; note he is now back at UM).  Scott also organized the workshop
so should be able to answer your question about notes (I did not take general notes). 
The ms I am involved with will evaluate current and historical information to evaluate
whether we think red wolves remain listable as a "species" under the ESA.

---------- Forwarded message ----------
From: Robin Waples <robin.waples@noaa.gov>
Date: Thu, Mar 23, 2017 at 4:18 PM
Subject: Re: Red wolf review
To: Krishna Pacifici <jkpacifi@ncsu.edu>, "Weller, Emily" <emily_weller@fws.gov>
Cc: "Mills, Scott" <scott.mills@mso.umt.edu>, "Fain, Steve" <steve_fain@fws.gov>,
Gabriela Chavarria <gabriela_chavarria@fws.gov>

I am afraid it is premature.  I am supposed to be lead author but I haven't seen it since last
summer.  Also, the authors of many of the genetics papers that are reviewed/summarized in
the new section were at the workshop and we need time for internal review of that material.

Robin

On 3/24/2017 4:41 AM, Krishna Pacifici wrote:

Thanks Emily,
I'll defer to Scott and Robin since I haven't actually seen a draft of the manuscript
yet either.

Thanks,
Krishna

On Thu, Mar 23, 2017 at 11:51 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Would it be possible for me to get a draft of the manuscript? I will not share the paper
beyond those in the taxonomy group (2 FWS employees) or my management team, nor
will I release/cite to any information within the manuscript without prior consent.

Thank you for considering,
Em



On Wed, Mar 15, 2017 at 10:45 AM, Krishna Pacifici <jkpacifi@ncsu.edu>
wrote:

Great,
Thanks Scott!

That would be fantastic if we can turn it around and get it submitted some
time in the next few months.  Let me know what I can do to help.

Thanks again,
Krishna

On Wed, Mar 15, 2017 at 10:11 AM, Mills, Scott
<scott.mills@mso.umt.edu> wrote:

Hi Robin, Steve et al.

   Steve: I hope all is well – it’s been a while!

    All: The ms that essentially captures the conceptual advances we made at the
workshop got sidetracked with a co-author I sent it to for what I thought would
be a 2 week turnaround that turned into 7 months.

   As luck would have it, he sent me his text just last night!

    So I will flip it quickly to Robin and the core group.

    Steve, what is your timeline?

Sincerely,

Scott

 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

Scott.mills@umontana.edu   (or alias to: scott.mills@mso.umt.edu)

Mills Lab Web Page: http://www.umt.edu/research/millslab/



 

 

 

From: Robin Waples [mailto:robin.waples@noaa.gov] 
Sent: Wednesday, March 15, 2017 4:52 AM
To: Fain, Steve <steve_fain@fws.gov>; Weller, Emily <emily_weller@fws.gov>
Cc: Gabriela Chavarria <gabriela_chavarria@fws.gov>; Mills, Scott
<scott.mills@mso.umt.edu>
Subject: Re: Red wolf review

 

Hi Steve,

Nice to hear from you.  Yes, I was at a red wolf workshop last May and
have the lead on a paper related to it.  However, that ms is waiting for
others to prepare a summary of recent genetic literature on wolves and
coyotes, and Scott Mills is point person for that (I cc:d him here; note he is
now back at UM).  Scott also organized the workshop so should be able to
answer your question about notes (I did not take general notes).  The ms I
am involved with will evaluate current and historical information to
evaluate whether we think red wolves remain listable as a "species" under
the ESA.

How are things going in FWS?  I remember some odd things going on in
Interior during the Bush administration, so it will be interesting to see how
things pan out this time.  At present I am in Tasmania for a couple of
months working with CSIRO colleagues on close-kin estimates of N and
Ne.  We are discussing extending my stay to 4 years.

best wishes,  Robin

 

On 3/15/2017 7:09 AM, Fain, Steve wrote:

Hi Robin,

 

I am helping Emily Weller with a red wolf taxonomy review
for a new Species Status Assessment.  I heard that you are the
keeper of the notes from a meeting held on red wolf genetics
back in May of last year.  Is it possible to get a copy of your
notes for the review?

 



It has been quite a while since we last met - I hope that all is
well with you and yours.

 

Best,

Steve

 

 

Steven R. Fain

Senior Research Geneticist

541-488-6523 (desk)

 

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the

Freedom of Information Act (FOIA) and may be disclosed to third parties.



-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Subject: Re: Red wolf review
Date: Tuesday, August 22, 2017 8:49:34 AM
Importance: High

Which report did we just receive?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Aug 18, 2017 at 1:23 PM, Weller, Emily <emily_weller@fws.gov> wrote:
Below is part of Robin Waples email from March. Is the manuscript he's referring to different than the
report we just received? Or are there 2 different documents that have/are being prepared?

Nice to hear from you.  Yes, I was at a red wolf workshop last May and have the
lead on a paper related to it.  However, that ms is waiting for others to prepare a
summary of recent genetic literature on wolves and coyotes, and Scott Mills is point
person for that (I cc:d him here; note he is now back at UM).  Scott also organized
the workshop so should be able to answer your question about notes (I did not take
general notes).  The ms I am involved with will evaluate current and historical
information to evaluate whether we think red wolves remain listable as a "species"
under the ESA.

---------- Forwarded message ----------
From: Robin Waples <robin.waples@noaa.gov>
Date: Thu, Mar 23, 2017 at 4:18 PM
Subject: Re: Red wolf review
To: Krishna Pacifici <jkpacifi@ncsu.edu>, "Weller, Emily" <emily_weller@fws.gov>
Cc: "Mills, Scott" <scott.mills@mso.umt.edu>, "Fain, Steve" <steve_fain@fws.gov>,
Gabriela Chavarria <gabriela_chavarria@fws.gov>

I am afraid it is premature.  I am supposed to be lead author but I haven't seen it since last
summer.  Also, the authors of many of the genetics papers that are reviewed/summarized in
the new section were at the workshop and we need time for internal review of that material.

Robin

On 3/24/2017 4:41 AM, Krishna Pacifici wrote:

Thanks Emily,
I'll defer to Scott and Robin since I haven't actually seen a draft of the



manuscript yet either.

Thanks,
Krishna

On Thu, Mar 23, 2017 at 11:51 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Would it be possible for me to get a draft of the manuscript? I will not share the paper
beyond those in the taxonomy group (2 FWS employees) or my management team, nor
will I release/cite to any information within the manuscript without prior consent.

Thank you for considering,
Em

On Wed, Mar 15, 2017 at 10:45 AM, Krishna Pacifici <jkpacifi@ncsu.edu>
wrote:

Great,
Thanks Scott!

That would be fantastic if we can turn it around and get it submitted some
time in the next few months.  Let me know what I can do to help.

Thanks again,
Krishna

On Wed, Mar 15, 2017 at 10:11 AM, Mills, Scott
<scott.mills@mso.umt.edu> wrote:

Hi Robin, Steve et al.

   Steve: I hope all is well – it’s been a while!

    All: The ms that essentially captures the conceptual advances we made at
the workshop got sidetracked with a co-author I sent it to for what I thought
would be a 2 week turnaround that turned into 7 months.

   As luck would have it, he sent me his text just last night!

    So I will flip it quickly to Robin and the core group.

    Steve, what is your timeline?

Sincerely,

Scott

 

 

L. Scott Mills, Ph.D.



Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

Scott.mills@umontana.edu   (or alias to: scott.mills@mso.umt.edu)

Mills Lab Web Page: http://www.umt.edu/research/millslab/

 

 

 

From: Robin Waples [mailto:robin.waples@noaa.gov] 
Sent: Wednesday, March 15, 2017 4:52 AM
To: Fain, Steve <steve_fain@fws.gov>; Weller, Emily <emily_weller@fws.gov>
Cc: Gabriela Chavarria <gabriela_chavarria@fws.gov>; Mills, Scott
<scott.mills@mso.umt.edu>
Subject: Re: Red wolf review

 

Hi Steve,

Nice to hear from you.  Yes, I was at a red wolf workshop last May and
have the lead on a paper related to it.  However, that ms is waiting for
others to prepare a summary of recent genetic literature on wolves and
coyotes, and Scott Mills is point person for that (I cc:d him here; note he
is now back at UM).  Scott also organized the workshop so should be able
to answer your question about notes (I did not take general notes).  The
ms I am involved with will evaluate current and historical information to
evaluate whether we think red wolves remain listable as a "species" under
the ESA.

How are things going in FWS?  I remember some odd things going on in
Interior during the Bush administration, so it will be interesting to see
how things pan out this time.  At present I am in Tasmania for a couple of
months working with CSIRO colleagues on close-kin estimates of N and
Ne.  We are discussing extending my stay to 4 years.

best wishes,  Robin

 



On 3/15/2017 7:09 AM, Fain, Steve wrote:

Hi Robin,

 

I am helping Emily Weller with a red wolf taxonomy review
for a new Species Status Assessment.  I heard that you are the
keeper of the notes from a meeting held on red wolf genetics
back in May of last year.  Is it possible to get a copy of your
notes for the review?

 

It has been quite a while since we last met - I hope that all is
well with you and yours.

 

Best,

Steve

 

 

Steven R. Fain

Senior Research Geneticist

541-488-6523 (desk)

 

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Benjamin, Pete
Subject: Re: Red wolf review
Date: Tuesday, August 22, 2017 9:03:32 AM
Attachments: Pacifici and Mills_2016_Report from May 2016 mtg.pdf
Importance: High

See attached

On Tue, Aug 22, 2017 at 7:49 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Which report did we just receive?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Aug 18, 2017 at 1:23 PM, Weller, Emily <emily_weller@fws.gov> wrote:
Below is part of Robin Waples email from March. Is the manuscript he's referring to different than
the report we just received? Or are there 2 different documents that have/are being prepared?

Nice to hear from you.  Yes, I was at a red wolf workshop last May and have the
lead on a paper related to it.  However, that ms is waiting for others to prepare a
summary of recent genetic literature on wolves and coyotes, and Scott Mills is
point person for that (I cc:d him here; note he is now back at UM).  Scott also
organized the workshop so should be able to answer your question about notes (I
did not take general notes).  The ms I am involved with will evaluate current and
historical information to evaluate whether we think red wolves remain listable as a
"species" under the ESA.

---------- Forwarded message ----------
From: Robin Waples <robin.waples@noaa.gov>
Date: Thu, Mar 23, 2017 at 4:18 PM
Subject: Re: Red wolf review
To: Krishna Pacifici <jkpacifi@ncsu.edu>, "Weller, Emily" <emily_weller@fws.gov>
Cc: "Mills, Scott" <scott.mills@mso.umt.edu>, "Fain, Steve" <steve_fain@fws.gov>,
Gabriela Chavarria <gabriela_chavarria@fws.gov>

I am afraid it is premature.  I am supposed to be lead author but I haven't seen it since last
summer.  Also, the authors of many of the genetics papers that are reviewed/summarized
in the new section were at the workshop and we need time for internal review of that
material.

Robin



On 3/24/2017 4:41 AM, Krishna Pacifici wrote:

Thanks Emily,
I'll defer to Scott and Robin since I haven't actually seen a draft of the
manuscript yet either.

Thanks,
Krishna

On Thu, Mar 23, 2017 at 11:51 AM, Weller, Emily <emily_weller@fws.gov>
wrote:

Would it be possible for me to get a draft of the manuscript? I will not share the
paper beyond those in the taxonomy group (2 FWS employees) or my management
team, nor will I release/cite to any information within the manuscript without prior
consent.

Thank you for considering,
Em

On Wed, Mar 15, 2017 at 10:45 AM, Krishna Pacifici <jkpacifi@ncsu.edu>
wrote:

Great,
Thanks Scott!

That would be fantastic if we can turn it around and get it submitted some
time in the next few months.  Let me know what I can do to help.

Thanks again,
Krishna

On Wed, Mar 15, 2017 at 10:11 AM, Mills, Scott
<scott.mills@mso.umt.edu> wrote:

Hi Robin, Steve et al.

   Steve: I hope all is well – it’s been a while!

    All: The ms that essentially captures the conceptual advances we made at
the workshop got sidetracked with a co-author I sent it to for what I thought
would be a 2 week turnaround that turned into 7 months.

   As luck would have it, he sent me his text just last night!

    So I will flip it quickly to Robin and the core group.

    Steve, what is your timeline?

Sincerely,

Scott



 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

Scott.mills@umontana.edu   (or alias to: scott.mills@mso.umt.edu)

Mills Lab Web Page: http://www.umt.edu/research/millslab/

 

 

 

From: Robin Waples [mailto:robin.waples@noaa.gov] 
Sent: Wednesday, March 15, 2017 4:52 AM
To: Fain, Steve <steve_fain@fws.gov>; Weller, Emily
<emily_weller@fws.gov>
Cc: Gabriela Chavarria <gabriela_chavarria@fws.gov>; Mills, Scott
<scott.mills@mso.umt.edu>
Subject: Re: Red wolf review

 

Hi Steve,

Nice to hear from you.  Yes, I was at a red wolf workshop last May and
have the lead on a paper related to it.  However, that ms is waiting for
others to prepare a summary of recent genetic literature on wolves and
coyotes, and Scott Mills is point person for that (I cc:d him here; note
he is now back at UM).  Scott also organized the workshop so should be
able to answer your question about notes (I did not take general notes). 
The ms I am involved with will evaluate current and historical
information to evaluate whether we think red wolves remain listable as
a "species" under the ESA.

How are things going in FWS?  I remember some odd things going on
in Interior during the Bush administration, so it will be interesting to see



how things pan out this time.  At present I am in Tasmania for a couple
of months working with CSIRO colleagues on close-kin estimates of N
and Ne.  We are discussing extending my stay to 4 years.

best wishes,  Robin

 

On 3/15/2017 7:09 AM, Fain, Steve wrote:

Hi Robin,

 

I am helping Emily Weller with a red wolf taxonomy
review for a new Species Status Assessment.  I heard that
you are the keeper of the notes from a meeting held on red
wolf genetics back in May of last year.  Is it possible to get
a copy of your notes for the review?

 

It has been quite a while since we last met - I hope that all
is well with you and yours.

 

Best,

Steve

 

 

Steven R. Fain

Senior Research Geneticist

541-488-6523 (desk)

 

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008



North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to

the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.
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Introduction 

After being nearly driven to extinction by the combination of human persecution, human-
caused habitat change, and subsequent hybridization with coyotes, red wolves (Canis rufus) were 
rescued from extinction by the establishment of a captive breeding program in 1973.  In 1987, red 
wolves were first released into a coyote-free (Canis latrans) area in northeastern North Carolina.  
But by the early 1990’s coyotes began colonizing the area, and pairings between red wolves and 
coyotes were first detected in 1993.  In 2000, a program to contain hybridization and introgression 
by sterilizing coyotes and removing hybrids began.  Genetic assignment tests were used to 
determine which canids were red wolves, hybrids, and coyotes.  But despite these management 
efforts, the number of red wolves in the reintroduced population has remained around 100.  Given 
these additional sources of uncertainty surrounding hybridization and the potential increase in 
introgression along with the existing challenges for survival of red wolves as individuals and a 
species, the success of the recovery program remains unclear.  We convened an expert workshop to 
investigate, address, and seek scientific consensus for two primary interrelated questions at the 
source of the uncertainty: (a) how does human-caused mortality affect reproductive barriers among 
red wolves and coyotes; and (b) at what biological point should genetic introgression prompt the 
delisting of red wolves?  These two objectives are critical steps in the management process 
required to guide strategic planning and conservation for the species. 
 

Recently, the USFWS contracted the Wildlife Management Institute (WMI) to conduct an 
independent review and evaluation of the red wolf recovery program. The WMI focused on three 
critical areas: (1) Supporting Science, (2) Program Management, and (3) Human Dimensions and 
identified gaps in each of these critical areas.  WMI also suggested potential avenues for 
improvement, but was quick to point out that the independent report was “not intended, nor should 
it be construed, to be a decision document with recommendations relative to the fate of the current 
red wolf recovery program”.  In light of the findings of the WMI and the ongoing and unresolved 
surrounding controversy, it is paramount that decisions associated with the future existence and 
planning of the red wolf recovery program be addressed.  In order to do so, the primary question 
revolves around whether or not the red wolf is a unique species worth conserving.  
 

We convened a workshop on May 24-26 in Atlanta, GA involving world-class, leading 
experts in endangered species policy/law, as well as in conservation genetics, taxonomy, and 
population biology, with special focus on canids and red wolves in particular (Table 1).  The 
workshop will employed structured decision making (SDM) as a framework to formally structure 
and evaluate the problem with a focus on the aforementioned questions.  Although SDM will be 
the foundational approach, we relied on expert elicitation (Burgman 2005) to gather scientific 
evidence and to identify and characterize major sources of uncertainty.  We used best practices for 
expert elicitation to engage the experts in facilitated discussion (USEPA 2011) and asked experts 
for their individual, professional knowledge on specific topics and encouraged group discussion 
and exchange. 

 
Below we provide the historical context including a literature review on the relevant topics 

related to the problem and an annotated bibliography (Appendix 1).  We then provide information 
on the selection of experts, workshop outcomes, next steps, and the summarized notes and results 
from the workshop. 
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Literature Review 
 
Red wolf evolutionary origin and taxonomy 
 

The origin of red wolves (Canis rufus) has long been a matter of debate. But since the 
advent of molecular markers, two primary hypotheses for the evolutionary origin of red wolves 
have been posited– the hybrid origin hypothesis (also called the “two species hypothesis”) and 
the “three species hypothesis.” 
 

Wayne and Jenks (1991) first proposed that red wolves arose from hybridization between 
gray wolves (Canis lupus) and coyotes (Canis latrans) or originated as a distinct taxon that 
hybridized with coyotes and gray wolves over much of its historic range. In this paper the 
authors examined mtDNA from coyotes and gray wolves throughout North America as well as 
from red wolves in the captive breeding program, wild canids captured in Louisiana and Texas 
from 1974 to 1976 to initiate the red wolf captive population, and from six historical specimens 
collected from 1905 – 1930. 
 

They found that the genotype of the captive red wolf population was identical to that 
found in two recent coyotes in Louisiana. Maximum parsimony placed this genotype in a 
monophyletic clade containing only coyote genotypes. This genotype was also common among 
the wild canids captured from 1974-1976 to found the captive breeding population. Genotypes 
among these wild canids were classified as 84% coyote, 7% northern gray wolf, and 9% 
Mexican wolf (Canis lupus baileyi). 
Morphological and genetic classifications of the wild canids often did not correspond. The high 
frequency of morphological hybrids, poor correspondences between morphological and genetic 
classifications, and the presence of only coyote and gray wolf haplotypes suggested hybridization 
between these species occurred in the source population from which the captive population was 
founded before 1974. 
 

Subsequently, a series of papers using autosomal microsatellites, mtDNA and increased 
sample sizes (Reich et al. 1999; Roy et al 1994; 1996) further explored the origin of red wolves. 
These papers also concluded that red wolves had a hybrid origin, dating from 12,800 years ago 
to as recent as the 1700’s. 
 

Von Holdt (2011) assessed genetic variation among wolf-like canids from around the 
world, across all 38 autosomes using 46k single nucleotide polymorphisms (SNP) based on the 
dog genome. They conducted several types of analyses with a particular focus on examining the 
genetic composition of red wolves and wolves from the Great Lakes region. The authors 
concluded red wolves are closely related to coyotes, “…but somewhat divergent from them due to 
a history of limited admixture with gray wolves. Such historic admixture between gray wolves and 
coyotes was followed by extensive backcrossing to coyotes, as the source population of gray 
wolves disappeared in the American South and the Southeast. We estimate admixture was 
initiated 144 generations (287–430 yr) ago.” 
 

Wilson et al. (2000) first proposed what has become known as the three species hypothesis 
for the origins of the eastern wolf (Canis lycaon), best typified by wolves in and around 
Algonquin Provincial Park(APP) in Ontario and red wolves. Specifically, they examined two 
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alternative hypotheses: 1) eastern and red wolves are hybrids of coyotes and gray wolves; and 2) 
eastern and red wolves evolved independently of gray wolves in North America. Like red wolves, 
the origin and taxonomy of eastern wolves has long been a matter of debate. Both wolves are 
known to hybridize with coyotes. To test  these hypotheses they used eight microsatellite loci 
from wolves in and around APP from 1960 – 1965 (n= 19) and from 1985 – 1996 (n = 49), and 
samples from the captive red wolf breeding program (n = 60). Coyotes were sampled from Texas 
(n = 24) which were the geographically closest population to the red wolf founders, and gray 
wolves were sampled from the Northwest Territories (n = 67). Prior microsatellite data from 
coyotes and gray wolves from additional locations were also used in analyses. In addition the 
authors examined mtDNA control region sequences from the early APP wolves. 
 

They concluded that eastern wolves, red wolves, and coyotes evolved in North America 
independently from gray wolves, which evolved in Eurasia. Based on mtDNA sequence 
divergence, they estimated eastern and red wolves shared a common ancestor with coyotes 
150,000 – 300,000 years ago. They further estimated that this new world lineage diverged from 
gray wolves 1 – 2 million years ago. The three “species” are gray wolves, eastern wolves 
(considered synonymous with red wolves), and coyotes. 
 

Further supporting the claim that eastern wolves are not gray wolves, Wilson et al. (2003) 
found that mtDNA from two historical wolf specimens collected in the late 1800’s in Maine and 
New York, about 40 years prior to the first documented presence of coyotes in the region, were 
not of gray wolf  origin. The Maine sample had an eastern wolf haplotype, and the New York 
sample had a haplotype found in modern western coyotes. And two samples from an 
archaeological site in southwestern Ontario dated to 1530 AD had coyote-like mtDNA sequences, 
suggesting the canids in this area were not gray wolves (Rutledge et al. 2010b). 
 

Rutledge et al. (2012) used the SNP data from vonHoldt et al. (2011) along with existing 
mtDNA and microsatellite data, the fossil record, ecological data, and early naturalists’ accounts 
“…to show how a broader frame of reference is important for interpretation of genomic data.” In 
their reanalysis of the SNP data they use the three species model (eastern wolves, gray wolves, 
and coyotes) for North American wolf-like canids, rather than the two species model (gray 
wolves and coyotes) used by vonHoldt et al. (2011). They concluded there is substantial support 
for the three species model of wolf evolution in North America. 
 

Rutledge et al. (2015) used 127,235 SNP loci based on a gray wolf genomic assembly 
from each of 17 individuals of five different Canis types (gray wolves, Great Lakes wolves, 
eastern wolves from Algonquin Provincial Park, western coyotes, and eastern coyotes) along with 
genomic simulations to test hypotheses of hybrid origins among eastern North American Canis. A 
principal components analysis was consistent with the eastern wolf being a distinct species. 
Simulated gray wolf x western coyote hybrid genomes failed to overlap with any other Canis 
type. But simulated eastern wolf x gray wolf genomes overlapped Great Lake wolves, and 
simulated eastern wolf x western coyote overlapped existing eastern coyotes. These patterns were 
consistent with previous suggestions that the eastern wolf is a conduit for gene flow between gray 
wolves and coyotes (Rutledge et al. 2010a), but are in contrast to previous work that concluded 
(under the assumption of the two-species model) that the eastern wolf from Algonquin Park was a 
gray wolf x western coyote hybrid. 
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History of red wolves 
 

Red wolves occurred historically throughout southeastern North America from eastern 
Texas into Pennsylvania and perhaps through Maine (Nowak 2002). Prior to European settlement 
of North America, the geographic range of red wolves had little overlap with that of coyotes, 
whose eastern limits largely coincided with the westerly plains (Nowak 2002). By the early 1900s 
the combination of direct persecution, forest clearing, road building, and perhaps the decline of 
deer herds had eliminated red wolves from most of their historic range (USFWS 1989), and 
hybridization between red wolves and coyotes had begun in central Texas (Nowak 2002). By the 
1960s red wolves were confined to a single small population in Louisiana and Texas, 
encompassed by coyotes that had expanded their range eastward (USFWS 1989). 

 
Upon learning that few red wolves remained in the wild and that they were interbreeding 

with coyotes, the U.S. Fish and Wildlife Service (USFWS) listed red wolves as endangered in 
1967 under the Endangered Species Preservation Act and initiated a captive breeding program for 
them in 1973 (Riley & McBride 1975; USFWS 1989). Over the next 7 years, more than 400 wild 
canids were captured from the area of the remaining red wolf population. Only 43 of these were 
thought to be red wolves. Initial pairings among some of these animals produced pups that were 
thought to be hybrids. Consequently the pups and parents were removed from the captive breeding 
program. Eventually, seventeen of these canids were considered to be “pure” red wolves, 
underscoring the precarious status of the species in the 1970s. Three of these animals, however, 
were too old to breed, and ultimately the captive breeding population was founded by 14 wild red 
wolves. 

 
Efforts to restore a wild population in eastern North Carolina began with the releases of 

captive-born red wolves into the Alligator River National Wildlife Refuge (ANWR) on the 
Albemarle Peninsula in 1987. The first litter of pups was born the following year. From October 
1987 through December 1994, 63 red wolves were released in the area (Phillips et al. 2003). In 
1992, efforts to establish a second wild population of red wolves began in Great Smoky 
Mountains National Park. This effort, however, was unsuccessful, and the wolves were removed 
in 1998. Red wolves were also released on at least three coastal islands in the southeastern USA 
from 1978 to at least 2005. The island releases were used to refine field methods and to provide a 
halfway house for captive born wolves before being released into eastern North Carolina. 

 
When red wolf releases began in eastern North Carolina, there was no evidence of coyotes 

in the area, but by 1992 coyotes had colonized the recovery area. And three red wolves (one 
female and two males) were observed consorting with coyotes. The female was removed. One of 
the males was shot and was thought to have not sired a litter. The second male did sire a hybrid 
litter in 1993, but the litter was removed (Phillips et al. 2003). 

 
An adaptive management plan to address hybridization was implemented in the spring of 

1999. This plan called for two strategies to minimize hybridization:  the use of sterile 
“placeholders” to reduce the production of hybrids and the use of genetic testing to identify 
hybrid individuals (Adams et al. 2006, Miller et al. 2003). Placeholders were single or paired 
coyotes or hybrids that had been sterilized, radiocollared, and released. These placeholders 
occupied space until they were killed or displaced by red wolves or removed by managers to 
provide space for red wolves (Gese & Terletsky 2015). Captured hybrids that were not sterilized 
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were removed. The plan called for initial implementation in the easternmost portion of the Red 
Wolf Experimental Population Area (RWEPA; Figure 1, Zone 1) and then to sequentially 
expand management actions westward into the other two zones. 
 
Current status of the captive and wild populations 

Captive population 

The captive population of red wolves had a total of 202 wolves distributed among 45 
institutions, as of July 20, 2015 (Waddell & Long 2015; Figure 2). The reproductively capable 
population, however, numbered 166 red wolves. Of the 36 red wolves that were not 
reproductively capable 13 had been sterilized, two had medical conditions, and 21 were 
considered to be too old to breed (females>10 and males > 12 years old). The pedigree is 100% 
known, and the target size for the captive population is 200. 

 
Although the captive population was founded by 14 wild-caught red wolves, the current 

population retains ancestry from only 12 founders. And founder representation in the current 
captive population is unequal, ranging from about 2 to 16% for each of the 12 founders (Figure 
3). Unequal founder contributions results in more rapid loss of genetic variation. The number of 
founder genome equivalents (FGE) for the captive population is 4.56. If founder representation 
could be equalized there would be 7.36 FGE. FGE are approximately the number of wild-caught 
animals that would be needed to obtain the same amount of genetic diversity as is in the current 
captive population. 

 
The mean kinship of the captive population is 0.1095 (range among individuals 0.0983 -  

0.1184) meaning that on average, individuals in the population are a bit less related to one another 
than half- siblings. The mean of individual inbreeding coefficients (f) for the population remains 
low at 0.0785. For reference, a pair consisting of half siblings would produce pups with f = 0.125. 

 
For 2016, the red wolf SSP recommended 39 breeding pairs to achieve a growth rate of 0-

2% to meet demographic and genetic goals. Litter size ranges from one to nine with a mean of 
four pups. The number of breeding pairs recommended is based on an average litter size of four 
and a 20% chance of a breeding pair will successfully reproduce. The low breeding success of 
captive pairs may in part be a result of reduced female fertility associated with delayed breeding 
(Penfold et al. 2014). 
 

Red wolf experimental population 

Following implementation of the adaptive management plan in 1999, the numbers of 
known red wolves and known red wolf social groups increased (Figure 4; Gese et al. 2015). 
Numbers of known red wolves exceeded 100 from 2006 – 2010, but then began to decline. The 
numbers of known red wolf social groups peaked at 22 in 2004 and then declined to 13 by 2013. 
Notably the numbers of red wolves and social groups in Zone 1 both declined during this period. 
The number of red wolf litters detected ranged from 6 – 12 each year (Figure 5), with the highest 
numbers of litters occurring from 2004 – 2009 when 10-12 litters were detected each year. By 
2013, however, the number of litters detected declined to seven. Mean inbreeding levels among 
red wolf litters increased linearly from 1988 to 2012 (Figure 6; Brzeski et al. 2014). Inbreeding 
coefficients were calculated from pedigree developed from genetic parentage and assignment 
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testing. From 1993 – 2013, zero to five hybrid litters were detected each year (Figure 5; Bohling 
& Waits 2015). Hybrid litters were removed when possible. Currently, only 45 red wolves are 
known to occur in the RWEPA (http://www.fws.gov/redwolf/Images/Mortalitytable.pdf). 

 
Systematic use of genetic assignment tests to identify hybrids, determined that two F1 

hybrids produced in 1993 went undetected. And at least one of these hybrids backcrossed with a 
red wolf. In addition, it was discovered that a substantial number of animals considered to be 
“pure” red wolves actually had some coyote ancestry as a result of hybrids backcrossing with red 
wolves. Removing all of these animals would have resulted in a substantial demographic cost to 
the population. In addition, the genetic assignment tests used to identify hybrids could reasonably 
detect hybrids with as little as 12.5% coyote ancestry. But distinguishing between “pure” red 
wolves and animals with <12.5% coyote ancestry was more complicated, requiring a tradeoff 
between type I and type II statistical errors. Consequently, it was decided that animals with 
<12.5% coyote ancestry would be considered red wolves for management purposes. 

 
Despite the discovery of coyote introgression and the ongoing generation of hybrids in the 

RWEPA, there has been little introgression of coyote ancestry into the red wolf population. In 
2014, it was estimated that among red wolves, 96.5% of the population’s ancestry was from red 
wolves and only 3.5% was coyote ancestry. And all coyote ancestry was from a single male 
coyote that bred a female red wolf in 1993 (J. Adams personal communication). 
 

Furthermore, Bohling (2011) estimated that only 4% of individuals in the RWEPA and in 
areas immediately west were hybrids. He also estimated that red wolves comprised 80 and 50% 
of canids in Zones 1 and 2, respectively. Coyotes were predominant in areas further west. No red 
wolves and few hybrids were detected west of the RWEPA. Over the entire sampling area, 
however, coyotes far outnumbered red wolves. An earlier survey of canids in a 22,000 km2 area 
ranging from the western boundary of the RWEPA north to the Virginia border also found no 
evidence of red wolves, and very little red wolf ancestry among the canids detected (Bohling & 
Waits 2011). 
 

For red wolves to persist in the presence of coyotes with minimal management, 
reproductive barriers between red wolves and coyotes must operate. Simulations by Fredrickson 
and Hedrick (2006) suggested that red wolves may persist in the presence of coyotes if there is 
some degree of positive assortative mating among red wolves and if red wolves displaced coyotes 
and hybrids at sufficient rates. Bohling and Waits (2015) found some evidence of assortative 
mating among red wolves. They noted that red wolves that did not pair with other red wolves 
appeared to preferentially pair with admixed individuals rather than coyotes, even though coyotes 
vastly outnumbered hybrids. And Gese and Terletzky (2015) found that from 1999 – 2013 there 
was an average 3.4 displacements of placeholders by red wolves annually. Twenty seven percent 
of displaced placeholders were killed by red wolves. 
 

Hinton et al. (2015) and Bohling and Waits (2015) evaluated factors associated with 
hybridization between red wolves and coyotes. They found that most hybridization events 
followed the disruption of social groups. And most disruptions resulted from the death or 
disappearance of a breeding adult. Most deaths leading to red wolves pairing with coyotes or 
hybrids resulted from human-caused mortality, particularly from gunshot shortly before or 
during the breeding season, which coincides with the deer hunting season. Similarly, wolf culls 
in APP resulted in increased hybridization among eastern wolves and coyotes (Rutledge et al. 
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2011). A later ban on wolf hunting and trapping around the park led to a reduction in coyote 
ancestry among park wolves and a large decrease in packs adopting unrelated wolves Rutledge et 
al. (2010). Hinton et al. (2015) found that anthropogenic break-ups among red wolf pairs 
increased from 15% in phase 1 of their study (1991-1998) to 48.2% in phase 3 (2006-2013). Both 
studies found evidence that female red wolves were more likely than males to pair with a coyote 
following loss of its mate. These data suggest that gunshot mortality among red wolves during the 
deer hunting season may be a particularly potent driver of hybridization. In addition to 
facilitating hybridization, Gese and Terletsky (2015) noted that gunshot mortality may also 
prevent production of red wolf pups the following year. 
 

Overall, Gese et al. (2015) concluded the success of the red wolf adaptive management 
program at controlling hybridization and facilitating recovery was mixed. Although the RWEP 
had low coyote ancestry, and hybrids were limited to 4% of the population, the numbers of 
coyotes and hybrids detected over time did not decrease, and the ratio of hybrid to red wolf litters 
did not decline over time indicating hybridization is an ongoing challenge. Ideally red wolves 
would fully occupy the area and coyotes entering the area would be excluded by resident red 
wolves. But the authors believe this is unlikely to occur because wolf habitat is discontinuous and 
anthropogenic changes in habitats will favor coyotes. At 90 – 95 adult red wolves, the population 
may have reached carrying capacity. Consistent with this, the habitat model developed by 
Dellinger et al. (2013) suggested that red wolves may be patchily distributed across the RWEPA. 
Finally, Gese et al. (2015) noted that the high rate of human caused mortality leading to 
hybridization may also be limiting. 
 
When should hybrids be listed under ESA? 
 

Below are listed a few thoughts from the literature on when conservation and / or listing of 
hybrids under the Endangered Species Act may be appropriate. 
 
Allendorf, F.W., R.F. Leary, P. Spruell, and J.K. Wenburg. 2001. The problems with hybrids: 
setting conservation guidelines. Trends in Ecology and Evolution 16:613-622. 

One factor is how many PURE POPULATIONS of the taxon remain. The smaller 
the number of pure populations, the greater the conservation and restoration value of any 
hybridized populations. In addition, the greater the phenotypic (behavior,morphology, etc.) 
differentiation between the hybridized population and remaining pure populations, the 
greater the conservation value of the hybridized population. Another factor to consider is 
whether the continued existence of hybridized populations poses a threat to remaining pure 
populations. The greater the perceived threat, the lower the value of the hybridized 
population. 
Note that the authors are speaking of populations, not species or subspecies. 
 

We believe that the pallid sturgeon represents an important evolutionary component 
of sturgeon in the Mississippi River that is worthy of protection. Nevertheless, the 
available genetic evidence suggests that pallid and shovelnose sturgeon are not isolated 
evolutionary lineages. The conservation policy for these taxa should consider these fish as 
a complex of populations that naturally exchange genes, rather than as two isolated 
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evolutionary lineages. The current listing of pallid sturgeon as a separate species would not 
allow protection of pallid sturgeon from the southern Mississippi River, because they are 
clearly hybrids. However, pallid sturgeon in the Atchafalaya River should be protected 
because the hybridization between pallid and shovelnose sturgeon appears to be natural. 
Note that in this case the authors are speaking of two species. 
 
Allendorf FW, Leary RF, Hitt NP, Knudsen KL, Lundquist LL, Spruell P. 2004. Intercrosses and 
the U.S. Endangered Species Act: Should hybridized populations be included as westslope 
cutthroat trout? Conservation Biology 18:1203–1213. 
 
“Although any remaining nonhybridized introgressed populations should be given priority in this 
case, remaining hybrids should be protected in the hope that they will fill the ecological role of 
the native taxon.” 
 
O’Brien, S.J., and E. Mayr. 1991. Bureaucratic mischief: recognizing endangered species and 
subspecies. Science 251:1187-1188. 
 

Hybridization between species should be discouraged, and listing of such hybrids under 
ESA would be inappropriate. But species that hybridize within zones that “does not disintegrate 
the genetic organization of the species in contact” should be listable. Hybridization between 
subspecies and populations may be acceptable in some cases, but “managed facilitation of 
subspecies mixing would generally be discouraged although, in certain extreme cases, it may be 
justified.” 
Von Holdt B et al. 2011 A genome-wide perspective on the evolutionary history of enigmatic wolf-
like canids. Genome Res. 21, 1294–1305. (doi:10.1101/gr.116301.110) 

 
The authors state: 

It has been suggested that hybrids are not clearly protected under the ESA 
(O’Brien and Mayr 1991), especially hybrids between nonlisted entities (U.S. Fish 
and Wildlife Service 1973). Since a critical aim of the red wolf recovery project is 
to maintain the introduced population free from hybridization (Hedrick and 
Fredrickson 2008), the rationale of the program may need reconsidering as the 
extant red wolves clearly derive from a process of admixture. 

The authors further conclude: 
Using a genome-wide approach, we show that the red and Great Lakes wolves 
have a distinct but admixed evolutionary history. This result has important 
implications for conservation policy, because current preservation efforts are 
focused on populations whose admixed genomes may be due in part to recent 
habitat changes and predator control efforts (Lehman et al. 1991; Wayne and 
Jenks 1991). However, these concerns must be weighed against the beneficial top-
down ecosystem effects that admixed populations have in environments, which 
now may be unsuitable for large wolves. Such ecologic, rather than strictly 
taxonomic considerations are also integral to deciding which species and 
subspecies should be preserved (e.g., Crandall et al. 2000; Allendorf et al. 2001; 
Carroll et al. 2010). 

 
Wilson, PJ, LY Rutledge, TJ Wheeldon, BR Patterson, and BN White. 2012. Y-chromosome 
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evidence supports widespread signatures of three-species Canis hybridization in eastern North 
America. Ecology and Evolution 2(9): 2325–2332. 
 
The authors note that: 

The contemporary hybrid species-complex represents various forms. Specifically, 
a spectrum of coyote to eastern wolf to gray wolf phenotypes exists in a range of 
natural to human-modified landscapes, including regional differences in wolves 
(Mech and Paul 2008) and eastern coyotes (Kays et al. 2010). 

They also state: 
As a result, standard taxonomic nomenclature is difficult to apply to the 
classification, conservation, and management of wolves and coyotes in eastern 
North America. We encourage managers and policy makers to consider the 
evolutionary potential of these hybrid genomes because they may support the 
adaptability necessary to refill the ecological role once occupied by the purer wolf 
species that existed prior to European colonization. 

Perhaps throwing red (or Algonquin Provincial Park) wolves a bone, they further state: 
However, we also recognize that in situations where sufficient habitat exists for 
recolonization of historic species, efforts to minimize anthropogenic factors that 
exacerbate hybridization are an important aspect of conservation. 

 

 
Identifying and Inviting Experts 
 
The workshop planning team (Pacifici, Mills, Fredrickson, Smith, and Collazo) used best practices 
for eliciting information from experts to identify and invite scientific experts to participate in the 
workshop (Burgman 2005).  The planning team first identified three main areas of interest relevant 
to the workshop: Conservation genetics/hybridization, Wolf/Coyote Biology, and ESA Law/Policy.  
Then, the planning team reviewed the literature to identify experts who had authored studies or 
participated in research relevant to these three main areas.  We used selection criteria based on an 
expert’s professional credentials, position, area of expertise, and experience to develop a list of 
potential invitees.  Part of the process was to ensure that we had representative groups from 
differing and competing scientific viewpoints.  In addition, we were less interested in having all of 
the wolf/coyote biologists in the room because the focus of the workshop was less about 
wolf/coyote management and more about genetics and policy therefore we limited the number of 
wolf/coyote biologists on the list of potential invitees.  These criteria helped ensure that the 
invitations to participate were made only to scientific experts familiar with the topic and that the 
selections were transparent, unbiased, and captured a broad diversity of expertise and professional 
judgments related to the topics of interest. 
 
The planning team identified experts based solely on their scientific qualifications, rather than their 
affiliation with a particular organization or interested party (with the exception of ensuring we had 
a representative from USFWS and the NC WRC).  The planning team then invited experts 
(Appendix 3) via email and served as the primary points of contact for the experts.  If an expert 
declined an invitation, the facilitators invited a replacement from the planning team’s list. 
 
Invited experts represented a diversity of expert judgment on the main areas of interest for the 
workshop within the scientific community and would effectively contribute to group discussions.  
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The facilitators limited the meeting size to (~20 experts) in order to maximize open, scientific 
discussion between all participants.  Further, in order to maintain an open, intimate meeting 
environment, only members of the workshop planning team were invited to observe the workshop. 
 
Preparing the Experts for the Workshop 
 
Before the workshop, the planning team hosted informational webinars attended by most of the 
experts.  The webinars explained the workshop’s purpose, agenda, and ground rules.  The planning 
team also provided a bibliography of background references and readings.   
 
Workshop Facilitation 
 
During the workshop, trained facilitators (Pacifici, Smith, and Collazo) used best practices for 
expert elicitation to engage the experts in facilitated discussion (Drescher 2013).  The facilitators 
used formal elicitation techniques on specific technical questions regarding genetics and 
evolutionary origins of the Red Wolf.  Throughout the workshop, the facilitators asked experts for 
their individual, professional knowledge on specific topics.  The workshop obtained facts and 
information only, and if needed to address uncertainty, professional judgment from each individual 
expert. 
 
Red Wolf Agenda  

Atlanta Marriott Marquis Room M202 

Day 1 - Tuesday 

Breakfast on your own 

8:30-9:00: Introductions, goals, objectives, logistics 

9:00-10:30: Presentations on background and overview of problem. 

1. Pete Benjamin – overview of problem, USFWS position 
2. Rich Fredrickson – overview of current state of Red Wolf genetic status and management 
3. Holly Doremus/Dale Goble – overview of policy issues/precedence 
4. Round the table - 3 min reports 

10:30-11:00: Break 

11:00-12:00: Framing problem and begin general template to problem 

12 – 1:30: Lunch on your own 

1:30-3:00: Continue discussion 

3:00-3:30: Break 

3:30-5:00: Continue discussion and wrap up general template to problem 

Dinner on your own 

7:00: Meet up at Pulse bar in hotel 



 

13 
 

Day 2 – Wednesday 

Breakfast on your own 

8:30 – 9:00 – Recap of Day 1  

9:00-10:30 – Red Wolf as case study:  

Apply the general template/framework to red wolf (adapt general framework as necessary) 

10:30 – 11:00: Break 

11:00 – 12:00: Continue Red Wolf Case Study 

12-1:30: Lunch on your own 

1:30 – 3:00: Continue Red Wolf Case Study 

3:00 – 3:30: Break 

3:30 - 5:00: Continue to apply the general template/framework to red wolf 

Dinner on your own 

7:00: Meet up at Pulse bar in hotel 

Day 3 - Thursday 

Breakfast on your own 

8:30-11:30: Tie up loose ends; talk about next steps and products (pubs and reports), TWS 
conference panel 

11:30-12: Wrap-up  

Lunch on your own 

Checkout and travel to Airport 

 
Workshop Outcomes 
 
The first contribution of the workshop was a review of the historical context for the recovery 
program and the current status of the program.  Several of the invited experts provided an overview 
of the program as well as their own research relevant to the project.  The majority of the time on 
the first day was spent in open discussion as it served to orient all of the participants on the 
problem and working with each other.  There was lively discussion about some of the factors 
surrounding the program and strong viewpoints regarding the challenges faced by the project.   
 
As the workshop moved forward it became clear that one of the major sticking points to deciding 
the fate of the recovery program was the evaluation of the evolutionary origin of the red wolf.  This 
became the central focus for the remaining 1.5 days of the workshop as well as the major 
contribution put forth by this effort.  We explored several of the competing hypotheses about the 
evolutionary origins of the red wolf at different points in time (Pre-Columbian, 1970’s, and 

eweller
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modern), specifically the 2-species hypothesis and the 3 or 4 species hypothesis.  Given the 
expertise in the room we were able to break down the different hypotheses (Figure 1). 
 
 

 
 

 
Figure 1.  Breakdown of the 2 and 3 or 4 species hypotheses at two time points: PreColumbian and 
Modern. 
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The goal was to evaluate the potential for the Red Wolf to be a listable entity under each of the 
different hypotheses and at each different time point.  To do so we first went over the criteria for 
deciding a listable entity: 
 
1996 DPS policy criteria 
 
Discreteness 

1. It is markedly separated from other populations of the same taxon as a consequence of 
physical, physiological, ecological, or behavioral factors. Quantitative measures of genetic 
or morphological discontinuity may provide evidence of this separation. 

2. It is delimited by international governmental boundaries within which differences in control 
of exploitation, management of habitat, conservation status, or regulatory mechanisms exist 
that are significant in light of Section 4(a)(1)(D) of the ESA. 

 
Significance 

1. persistence of the discrete segment in an ecological setting unusual or unique for the taxon,  
2. evidence that loss of the discrete segment would result in a significant gap in the range of 

the taxon,  
3. evidence that the discrete segment represents the only surviving natural occurrence of a 

taxon that may be more abundant elsewhere as an introduced population outside its 
historical range, or  

4. evidence that the discrete segment differs markedly from other populations of the species in 
its genetic characteristics. 

 
We then broke down each scenario and determined if there was a path to a listable entity.  In 
addition we explored a separate 2 species hypothesis (labelled 2 species II) which was posed 
suggesting that the red wolf might is a hybrid that is more related to C. latrans.  It is important to 
note that although this hypothesis was suggested there is currently no scientific evidence that 
suggests this is a viable hypothesis, however, we still went through the process of evaluating it. 
Below is the summary of plausible pathways to determining whether or not the red wolf is a 
listable entity under several different evolutionary origin hypotheses. 
 
4 Species hypothesis 
 C. rufus is a species 
 
3 Species hypothesis 

• RW is not a species 
• RW might be a subspecies of C. lycaon 
• If not, RW must be a DPS of C. lycaon 

o Discreteness:  meets both criteria 
o Significance:  meets #1, #2, maybe #4 

 
2 Species hypothesis I 

• RW is not a species 
• RW might be a subspecies of C. lupus 
• If not, RW likely is  a DPS of C. lupus 

eweller
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o Discreteness:  meets #1 based on PCA and Structure results; separated from 
Eastern lupus by international border 

o Significance:  arguably meets #1, meets #2  
 
2 Species hypothesis II (historic Pre-columbian) 

• RW is not a species 
• RW might be a subspecies of C. latrans 
• If not, RW likely is  a DPS of C. latrans 

o Discreteness:  meets #1 based on PCA and Structure results;  
o Significance:  arguably meets #1, meets #2  

2 Species hypothesis II (current 1970’s/now) 
• RW is not a species 
• RW might be a subspecies of C. latrans 
• If not, RW likely is  a DPS of C. latrans 

o Discreteness:  meets #1 based on PCA and Structure results;  
o Significance: might meet #4  

 
 
Under all scenarios it was clear there was a logical and valid pathway to make a determination that 
the red wolf is a listable entity.  Under the three hypotheses that have scientific evidence (2 
species, 3 species, or 4 species) there was unanimous support by the participants for the red wolf to 
be a listable entity.  This of course does depend on the interpretation of a DPS, but all participants 
recognized the logical and credible path that would lead to a listable entity. 
 
The participants were not comfortable discussing the degree of support for each of these different 
hypotheses and suggested that an independent team would be better suited to handle that task as 
many of the participants had played critical roles in putting forth and supporting either of the 2 
species or 3 species hypotheses.  Ideally, an unbiased and qualified group could determine this, but 
that was not the case for this workshop. 
 
The last morning of the workshop was spent drafting a summary of the workshop and discussing 
publications and next steps.  The agreed upon summary is below: 
 

o A majority of the group concluded that the red wolf was listable and that it 
continues to be listable under all plausible evolutionary hypotheses.   

o There was strong agreement that a number of factors including hybridization with 
coyotes, high human-caused mortality particularly gun shots, low public support, 
small population size lead to poor prospects for success of the reintroduction project 
in northeastern NC.  The group discussed how to phase out the reintroduction 
project in northeastern NC.  

o Many emphasized the importance of continuing the recovery program and of 
finding alternative reintroduction locations. 

o There are many important scientific understandings derived from the northeastern 
NC reintroduction project that will assist red wolf and other species reintroductions, 
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and the group discussed the importance of continued monitoring as the project 
changes. 

Future Directions 
 
The workshop participants agreed to produce at least one publishable product that summarizes the 
evaluation of the different evolutionary hypotheses and the determination of a listable entity.  This 
is to be led by Robin Waples as he was the driving force behind the framework for evaluation and 
the most experienced participant with the implementation of the DPS policy. 
 
Ideally, we could have elicited relative support for the different hypotheses to help provide 
information to USFWS, but this was not an appropriate task given the conflict of interest for many 
of the participants.  This could be something that is pursued in the future if warranted. 
 
Finally, we discussed the participation in The Wildlife Society Panel to be held in October in 
Raleigh, NC.  Several of the participants expressed their willingness to attend and be a part of the 
panel. 
 
Workshop Notes 
 

Red wolf workshop 24 – 26 May, Atlanta, GA 

24 May 2016 

• Intros (name and affiliation), ground rules, publication(s) wrkshp product 
• General template  RW case study 
• Products 

o Report to FWS 
o Publications 
o Panel at TWS in Raleigh in Oct 

• Trigger 
o Sue asked about trigger for the workshop.  
o Pete future directions for RW conservation under aggressive timeline. 
o Mike pointed out that conservation projects can be separate from recovery program, 

i.e., FWS could decide to discontinue the recovery program, but conservation 
projects could continue. 

• Agenda 
• (respect and ground rules regarding sensitive information that will be presented during the 

workshop…) 
• Pete: 

o Controversial conservation.  Concerns around reintroduction and concerns by 
private landowners.  Reintroduced popn is struggling; peaked and since declined. 
FWS HQ initiated review of recovery effort, management plan, and human 
dimension; conducted by WRI.  FWS HQ wants to decide on RW direction by end 
of summer. Recovery team meeting to formulate recommendations to feed into 
FWS decision making. 

o Looking through ESA.  Is RW a listable entity? (species, subspecies, or DPS)   
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 If no, delist.  
 If yes, recover. 
 If maybe, “sustainment focus”.  Manage to reduce uncertainty. 

o Recovery program: species survival program (SSP) cooperative program/started 
with 14 founders.  Wild populations in eastern NC (popn in Smokeys was 
terminated) 

o Is wild popn conservation-reliant to be self-sustaining?  
 If no, then move to full recovery.  Requires private lands.  Human caused 

mortality increases the chance of hybridization with coyote.   
 If yes, perpetual commitment to maintain populations in the wild and 

consider recovery differently  
• SSP plus small manageable popns with research focus or  

 If maybe, SSP plus on population managed to test the reliance hypothesis. 
Manage to reduce uncertainty. 

o What’s needed to get support from private landowners for recovery efforts. 
o Questions 

 Mike P: RW project was not always controversial. Simple NEPA process 
started without an EIS.  Had a good relationship with trappers.  Didn’t 
become controversial until coyotes showed up.  Current recovery plan does 
not include downlisting and delisting criteria. 

 Fred: emphasize that the questions about listing is separate from 
conservation reliance.  Proposes 2000 as a recovery goal using Ne criteria; if 
unattainable, always conservation reliant. 

 Mike S: is conservation-reliance part of the ESA framework?   
• Pete:  the Act talks about recovery and non-conservation-reliance is 

consistent with full recovery in the traditional sense. 
 Robin: important to be clear about the language from the ESA vs not in the 

ESA.  Do not know of anything from ESA that need to recover to 
functioning ecosystems – maybe in FWS policy but not in the Act. 

• Pete: section 2 – purpose of ESA is conserving species and 
ecosystems 

• Robin: restoring species to functioning ecosystems.  Bringing species 
to the point where no longer needs protection of the act = recovery 

• Rich (see briefing paper) 
o Current status of captive population 
o Current status of wild population 

 Criteria for level of admixture consistent with RW (<12.5% coyote) based 
on considerations of policy and detection limits 

 Whether RW popns can sustain themselves in the presence of coyotes.  How 
many displacements per year are needed for a population to be self-
sustaining. 

 Gunshot mortality contributes to hybridization by loss of a breeder.  Fall 
breeding season coincides with loss of cover (ag harvest) and deer hunting.  
Surviving breeder looks for options increasing chance for hybridization 

o evolutionary hypothesis  
 RW arose from hybrid of GW and coyotes 
 Or RW and EW share common ancestor with coyotes 
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• Holly (see presentation) 
o Long but inconclusive history re hybridization and ESA.  What should be saved, at 

what cost? 
o Listing 

 Is there a listable entity 
 Which individuals count as a listed entity 

o Consultation 
 Do actions cause or contribute to hybridization 

o Recovery 
 How does hybridization affect recovery potential 

o Distinguish between “must” and “should” 
 Services must comply with statutory and regulatory requirements, but 

substantial discretion 
• Things that must be done are subject to judicial reversal 

 ESA does not define what is a species 
 Best science and commercially available information required, but that 

standard does not mean an objective answer exists  
 What should the Services do?  Conserve species and prioritize species 

(allocation of funding) 
 Decisions can be overturned if they are arbitrary capricious or otherwise 

inconsistent with the law. Start with assumption the action is valid. 
 Courts are especially deferential to decision that are especially scientific or a 

the frontier of science 
 Statute does not directly address hybrids.  Except ‘similarity of appearance’ 

clause to a listed species (ESA 4(3)) 
 Not a formal hybrid policy, proposed but not adopted – never finalized and 

not withdrawn.  Can use the reasoning behind the policy but because it’s not 
formalized, the policy cannot be used to justify action. 

• Recognized both conservation value and conservation threat 
• Avoid need to protect taxonomic “purity” 
• ‘intercross’ policy, thus could apply to DPS 

 FWS tends to defer to established taxonomic consensus, if there is one and 
the consensus remains current 

 Review of listing, consultation and recovery case law and policy 
• 3 minute round (notes on slides) 

o Bob Wayne:  reviewed recent work on mtDNA D-Loop haplotypes; identified 
ancestral RW haplotype 

o Rich: referred to a ‘in review’ paper that applied RSF to identify potential areas 
where RW could exist 

o Mike P: present for many of the foundational wolf conservation efforts 
o Bridgett: presented recent work (in revision) on canid evolution. RW have a high 

ancestral proportion derived from coyote (>80%). Suggests RW lineage appeared 
55 to 117 kya. 

o Lunch 
o Mike S:  broad experience, some re hybridization including wolf, lynx, marten, 

grouse, WCT 
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o Lisette: recent work – bone samples and extracted DNA from RW founders looked 
at genetic groups and ancestry.  RW founders lumped with Algonquin wolf for K=3 
and 4, and splits off for K=5. Hybrid zone questions: frequency of hybridization, 
spatial structure of RW and coyote,…  Scat sampling to survey density of coyote, 
RW and hybrid.  Hybridization infrequent and lower than predicted by simulations 
(Fredrickson and Hedrick 2006).  Thus, some evidence of isolating mechanism and 
management effectiveness.  But why no RW outside of recovery area? 
 Mike S hypothesized whether reduced fitness plays a role in absence of 

backcrosses. (All detected introgression in RW populations traces to 1993 
and 2 F1 hybrid males.) 

o Luigi: European perspective. Hope focus is global scope. Hybridization is very 
important in Eurasia.  Dog intercross with wolf first noticed in 70’s. Some 30 to 
40% of canids in Apennines are hybrids (hybrid swarm).  National protocol for how 
and when to remove hybrids based on genetic analysis.  If hybrid, must be kept in 
captivity for life.  Italian wolf popn 1500-2000; free ranging dogs up to 1 million.  
Balkan wolf from Slovenia was tracked to mating with an wolf in Italian Alps; 3 
successful litters since – example of natural hybridization, viewed to be beneficial 
(positive) in contrast to intercross with domestic dogs.  Golden jackal (Asian 
species) moving in Latvia, Estonia, Switzerland.  Natural spread although human 
altered landscape has influenced spread.  Distinguish between natural and 
anthropogenic hybridization.  Accept that some subspecies will go extinct.  
Mismatch between science and policy.  Need a science that can be interpreted 
including rule to navigate uncertainty. 

o Fred: proposed guidelines in Allendorf et al. (2001).  Natural vs Anthropogenic is 
initial consideration results in 6 different hybrid types.  Reviewed the literature on 
hybrids (Allendorf et al. 2004).  Evaluated optional policies and made 
recommendation based on reduced fitness in intercrosses with RT.  

o Robin:  worked to provide scientific products for ESA determinations, including 
DPS/ESU identification, role of artificial propagation, and SPR.  Scientific basis for 
listing determination and recovery planning for salmon and other marine spp. 
Reviewed hybrid policy.   
 Chambers et al study (published in FWS journal) concluded that RW was a 

valid taxon. 
o Dale: worked on problem of conservation reliant species.  

 Scott: can conservation reliant species be delisted. Dale: if separate 
party/agency can step in and ensure conservation and other conservation 
criteria are met, then there are some that can be delisted. 

o Linda: some lessons learned working on conservation of eastern wolves in 
Algonquin Provincial Park are relevant to RW.  2 vs 3 species models may not be 
resolvable but does that matter?  What else can be considered beside genomic data?  
What determines conservation status?  Stresses ecological role and evolutionary 
potential. 
 Mike S: has it been considered to transplant Algonquin wolves to RW to 

increase popn size. 
 David C: there are other considerations besides genetics. 
 Luigi: asked about different ecological roles between RW and coyote. 

(Lisette and Mike P: diets similar but social structure are different) 
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 Pete: Ongoing PVA modeling is projecting SSP and wild populations 
including inbreeding effects of which will eventually be apparent.  

25 May 2016 

• Plan for the day 
o What are the dominant hypotheses on the origin of RW? 
o Given hypotheses, what do hypotheses mean for eligibility for listable entity under 

the ESA 
• Roland: presented on hypotheses on the origin of RW (see presentation slides) 

o 2 species hypothesis RW is subspecies of C. lupus and C. latrans is separate species 
o 3 species hypothesis, RW groups with eastern wolf in C. lycaon, separate from C. 

lupus, and separate from C. latrans 
o 4 species hypothesis, similar to 3 species hyp but C. rufus splits from C. lycaon 
o Mike P: in 2 species hypothesis, why is RW with C. lupus and not C. latrans given 

all the similarity with coyote 
o Linda: RW functions like a wolf more so than a wolf 

• Robin: evaluated eligibility as a listable entity (see presentation slides) 
o For 3 or 4 species hypotheses, eligible 
o For 2 species hypothesis, eligible as at least a DPS 
o Question remains whether hybridization is still consistent with eligible status.  

Given hybridization over the past hundreds of years, is the modern hybrid version of 
RW eligible as a listable entity. 

o Reviewed 1996 DPS policy criteria 
 Discreteness and significance 
 Discreteness met under any hypothesis 
 Significance mets unusual ecological setting, only survival natural 

occurrence, differs markedly from other populations 
o 4 species: RW is a species 
o 3 species: RW is not a species, may be a subspecies of eastern wolf (C. lycaon), else 

RW must be a DPS of C. lycaon 
o 2 species: not a species, may be a subspecies of grey wolf (C. lupus), else RW is 

likely to be a DPS of C. lupus 
 If 2 species and RW a subspecies of C. latrans, then eligible as a subspecies 

• Mike P: points out that under intensive conservation, RW can be kept separate from coyote 
but that falls short of recovery 

• Holly: important to separate “does RW qualify for listing” from “what do we do about it, if 
yes”.  Would like to hear more about ‘modern hybridization’ – what does ‘modern’ mean?  
Do not know of case law, but if spread of coyote cannot be the basis for losing qualification 
for listing, esp for anthropogenic caused hybridization. 

• Rich: modern hybridization occurred at time when RW were removed from the wild to 
create captive breeding program 
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• Lisette: no evidence that any of the founders were F1 hybrids 
• Bob:   Founders may not have been F1 but may have been drawn from a hybrid swarm.  

There was somewhat of an admixed history. 
• Robin: knows of no example of a listed species be removed due to genetic pollution 
• Pete: brings up the question “at what point of introgression would trigger would lose 

eligibility as a listable entity” 
o General discussion regarding this question 
o Fred: asked what is the proportion of admixture in the RW population 
o Robin: can estimate proportion but at what point the unit no longer is eligible is not 

wholly a scientific question 
• Robin: Continued evaluation of the scientific evaluation of eligibility for listable entity 

o Amount of admixture contingent on time period (Mike S) 
 Pre-columbian: some natural introgression; admixture depends on the 

assumed model  
 1970’s (ESA; captive rearing started):  high introgression; 14 founders (30-

50% wolf haplotype (SNPs)) 75% admixture, other canids >85%  
 Current wild: persistent high pressure for introgression due to coyote spread; 

slightly higher than 75% admixture – similar to founders due to intensive 
management 

o 2 species hypothesis II (RW is a large coyote), less likely hypothesis than other 
hypotheses 
 Historic 

• RW is not a species, may be a subspecies of C. latrans, is likely to be 
a DPS 

 Current 
• RW is not a species, may be a subspecies of C. latrans, is likely to be 

a DPS (discreteness could be simply due to founder effect; not 
distinctive habitat and no gap in distribution of C. latrans, but shows 
marked genetic difference (criteria #4)) 

• Scott: is there a consensus recommendation for RW as eligible for a listable entity and 
could the group write a paper on that topic 

o Mike P: expressed concern about consensus 
o Scott: proposed “evaluation of whether RW is a listable entity”, in that paper the 

answer would be yes for pre-columbian and today but concern for recent and 
increasing admixture 

o Mike P: agrees under lupus but not lycaon 
o Fred: says agree RW is listable for pre-columbian but because of high admixture in 

1970 whether RW would be eligible for listing is debatable.  However useful to 
document that evaluation 
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o Holly: would like to know if pre-columbian is different from the 1970s.  Categorical 
mistake to apply the DPS policy to determine how much admixture is too much 
because DPS policy and intercross policy arise differently. 

o Robin: that makes it important to consider a different question about recent and 
ongoing introgression with a nonlisted entity 

o Roland: suggests paper on the value of listing hybrids 
o Lisette: plenty of examples of hybrids being listed 
o Robin: returned to framing to answer the following series of questions “Is RW 

eligible under 1) pre-columbian, 2) current, 3) at what point does introgression 
cause extinction by hybridization?” 

• Discussed “Is red wolf eligible as a listable entity at least as a DPS under the ESA 
conditioned on species hypotheses? Assume current level of knowledge and policies as they 
exist today.” 

• Discussed conservation actions 
o Adaptive management program:  

 Augmentation, placeholders, removal of hybrids 
 phasing in and out of actions 
 shifts in policies re control of RW emigrants and change in coyote hunting 

increased public opposition 
• shift from will retrieve emigrants from private land to landowners 

must request retrieval 
• night time hunting for coyote prohibited 

o Future actions 
 Build fences 
 “wipe slate clean” 

• At what point would introgression and other factors trigger the 
termination of the reintroduction project? 

 Recovery team has developed options 
 Genetic management 

• Sperm and egg banking (ongoing) 
• Selection for large individuals “push in the direction of size” (wolf 

genetic markers) to reduce introgression 
• At what point would introgression trigger the termination of the reintroduction project? 

o Strawdog offered to start discussion: “Based on genetic monitoring, terminate the 
project when more than half of the litters are coyote.” 
 Replace litters with individuals in the population 
 Based on scats 
 Over some time period – needs to be defined 
 Based on rate of introgression rather than threshold, e.g., when the rate is 

more than 1% per year, and  
• Rate is the change in RW genes in the population 
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• Can that rate be mitigated? 
• If not, terminate reintroduction project 
• Influenced by RW population size and coyote population size 

o Applicable for intensive or minimal level of management 
o No scientific answer, value based decision 
o Only genetics, phenotype, or combination 

• Discussed option to terminate the reintroduction project in northeastern NC.  Strong 
agreement that a number of factors including introgression, high mortality, small 
population size, low population growth – overall poor prospects for success of the 
reintroduction project – lead to a conclusion that the prospects for success of the 
reintroduction project are poor.  Discussed how the project could be terminated, and there 
was variation in opinion regarding how best to terminate the project. 

• Reviewed agenda for Thursday AM 

 

26 May 2016 

• Review agenda 
• Open for discussion on other issues/questions 

o Pete: asked what would be expect about characteristics of a red wolf population that 
can be sustained in the wild and could those characteristics be observed on a scale 
smaller than a full blown reintroduction? 
 Discussed substantial effort needed for a rigorous study even if small scale 

and confounding due to Allee effect.  Considered value of a small scale 
effort given concerns related to removing animals if reintroduction project is 
terminated.  Could animals be left in northeastern NC to study if some could 
persist (not get shot or introgressed).  Discussed how the public would 
perceive how the project is terminated especially how that perception might 
impact public acceptance of future reintroduction.  Concern that 
expectations are clearly communicated and actions meet those expectations. 

 Discussed option of use of Sandy Ridge (island on Alligator River) for 
holding some of the animals removed from northeastern NC project. Funds 
would be needed to rehabilitate existing pens. 

o Discussed how to report out  
 Draft summary 

• A majority of the group concluded that the red wolf was listable and 
that it continues to be listable, under all plausible evolutionary 
hypotheses.   

• There was strong agreement that a number of factors including 
hybridization with coyotes, high human-caused mortality particularly 
gun shots, low public support, small population size lead to poor 
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prospects for success of the reintroduction project in northeastern 
NC.  The group discussed how to phase out the reintroduction project 
in northeastern NC.  

• Many emphasized the importance of continuing the recovery 
program and finding alternative reintroduction locations. 

• There are many important scientific understandings derived from the 
northeastern NC reintroduction project that will assist red wolf and 
other species reintroductions, and the group discussed the importance 
of continued monitoring as the project changes. 

o Workshop products 
 Report, publications, TWS panel 
 Report due end of June 

• Google doc for review and editing 
 Publications 

• Topic on listable entity 
o Robin as lead author 
o Journal: Bioscience 
o Final draft by summertime  

• Topic on ‘what next’ for RW in the context of continued pressure for 
hybridization 

o Implications of hybridization for recovery 
o How does ongoing hybridization effect prospects for 

recovery 
o RW and WCT as case studies, bring in international case 

studies 
• Topic: At what point should hybridization trigger reintroduction 

projects 
• Topic: Hybrid policy  

o What sort of entity should the FWS try to recovery, e.g., a 
RW that is pushed toward larger size?   What principles 
should be considered to answer this question? 
 Holly will outline the aspects of that question and 

circulate to the group and invite individuals to express 
interest or not 

o Need for an international policy guidance on deciding what a 
hybrid is, how to detect it and what to do  
 Two components  

• Practical question of which individuals get 
included as a protected entity 

• How to consider the role of hybridization in 
recovery of a species 
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o How can selection and introduction of new genetic material 
be used and how does it interface with the law 
 Case studies include RW selected for large size, 

Peregrine falcon 
 Ref evolutionary rescue and climate change 
 Re legal implications when a DPS is diluted 
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Figure 1. Red wolf experimental population area with the three management zones (From 
Hinton et al. 2013). 
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Figure 2. Red Wolf SSP population size based on data through 31 December 2014 (Waddell & 
Long 2015). 

 

 

 

 

 

 

 

 

Figure 3. Founder representation illustrating the inequality of the 12 founder lineages that have 
descendants in the living Red Wolf SSP population as of September 2015 (Waddell & Long 
2015). 
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Figure 4. Known numbers and distribution of A) red wolves during spring (March 1st) and Fall 
(September 1st) inventories, and B) known red wolf social units in spring, among management 
zones within the red wolf experimental area on the Albemarle Peninsula, North Carolina, 1993-
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2013. Vertical lines represent initiation of adaptive management plan (From Gese et al. 2015). 
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Figure 5. Number of red wolf and hybrid litters since the reintroduction of red wolves in North 
Carolina. Beginning in 2000 the FWS implemented an adaptive management program to 
genetically monitor and reduce hybridization (from Bohling and Waits 2015). 
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Figure 6. Average yearly inbreeding coefficients (f) for wild born red wolf litters (n = 182) since 
1988 (from Brzeski et al. 2014). 
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Appendix 1.  Annotated Bibliography. 
 

Red Wolf Hybridization 
 

Bohling, J.H. and L.P. Waits. 2015. Factors influencing red wolf–coyote hybridization in eastern 
North Carolina, USA. Biological Conservation 184:108-116. 

 

Evaluated factors that may promote hybridization between red wolves and coyotes by examining 
the circumstances under which hybrid litters were produced from 2001 to 2013. Most 
hybridization events (18 of 23 litters for which both parental histories were known) resulted 
from the disruption of social groups. And most disruptions (11 of 18) resulted from human-
caused mortality, primarily gunshot shortly before or during the breeding season. Two 
disruptions followed the disappearance of radio- collared wolves, and five of the disruptions 
were due to natural causes. Both male and female red wolves interbred with coyotes, although a 
majority (90%) of the observed events involved females. 
Wolves that produced hybrid litters tended to be young, first-time breeders with slightly higher 
levels of coyote ancestry. The available data suggested there was positive assortative mating 
among red wolves. Although coyotes vastly outnumbered hybrids, red wolves that did not pair 
with other red wolves appeared to preferentially pair with admixed individuals rather than 
coyotes. This is an important observation because Fredrickson et al. (2006) concluded that 
under some circumstances the combination of positive assortative mating and observed 
aggressive displacements of coyotes and hybrids by red wolves may allow a small population of 
red wolves to grow and persist with minimal management of hybridization. 

 

 

Bohling, J.H., Waits, L.P., 2011a. Assessing the prevalence of hybridization between sympatric 
Canis species surrounding the red wolf (Canis rufus) recovery area in North Carolina. 
Mol. Ecol. 20, 2142–2156. 

 

Sampled a 22,000 km2 area north, south, and west of the Red Wolf Experimental Population 
Area for canids in 2008 using fecal DNA. They genotyped 82 individuals, but none were 
classified as red wolves. Two individuals had red wolf mtDNA but no significant red wolf 
nDNA ancestry. One individual possessed significant red wolf nDNA ancestry (approximately 
30%) using all criteria, although seven other individuals showed evidence of red wolf ancestry 
(11–21%) using the relaxed criterion. Overall, seven individuals were classified as hybrids 
using the conservative criteria and 37 using the relaxed criteria. They found evidence of dog (C. 
familiaris) and gray wolf (C. lupus) introgression into the coyote population. These results 
suggest red wolf colonization and introgression in North Carolina is minimal. 
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Bohling, J.H., 2011b. Exploring Patterns and Mechanisms of Red Wolf (Canis rufus) 
Hybridization in North Carolina. Ph.D. Dissertation. University of Idaho, Moscow, ID. 
CHAPTER 2. 

 

In this chapter, Bohling examines the nature of the hybrid zone between red wolves and coyotes. 
Scat sampling within the Red Wolf Experimental Population Area (RWEPA) in 2010 combined 
with samples from 2008 outside the RWEPA (Bohling et al. 2011) resulted in 392 genotyped 
individual canids. Red wolves comprised more than half of sampled canids in the two eastern-
most zones of the RWEPA, but in the western-most zone of the RWEPA red wolves comprised 
only about 30% of sampled canids. No red wolves were found west of the RWEPA. Coyotes 
were found throughout the RWEPA and comprised 50% of canids within the area. Hybrids, 
however, comprised only 4% of canids within the RWEPA. The low frequency of hybrids is 
probably in large part a result of the aggressive removal and sterilization of coyotes and hybrids 
by the USFWS. Some information suggests, however that mate choice by red wolves may also 
have played a role. 

 

 

Fredrickson RJ, Hedrick PW. 2006. Dynamics of hybridization and introgression in red wolves 
and coyotes. Conservation Biology, 20, 1272-1283. 

 

Used individual-based simulations to examine the process of hybridization and introgression 
between red wolves and coyotes in colonizing and established populations.  Under the range of 
circumstances we considered, red wolves in colonizing and established populations were quickly 
extirpated, persisted near the carrying capacity, or had intermediate outcomes. Sensitivity 
analyses suggested that the  probabilities of quasi extinction and persistence of red wolves near 
the carrying capacity were most affected by the strength of two reproductive barriers: red wolf 
challenges and assortative mating between red wolves and coyotes. In addition, the analyses 
suggested the survival rate of adult red wolves also had a strong effect on population outcomes. 
Sterilization of coyotes and hybrids could substantially increase red wolf numbers and reduce 
introgression if there was substantial effort was devoted to this management. In hindsight these 
simulations have two limitations. First, we did not consider the effects of red wolves displacing 
other red wolves, which Bohling et al. (2011b) suggests may increase hybridization in the 
presence of coyotes. Second, we assumed that red wolves could largely exclude coyotes by 
occupying all available habitat. In some landscapes, however, coyotes may occupy areas that red 
wolves will not. 

 

Red Wolf Ecology 
 

Dellinger, J. A., Ortman, B. L., Steury, T. D., Bohling, J., Waits, L. P., 2011. Food habits of red 
wolves during pup-rearing season. Southeastern Naturalist 10, 731-740. 

 

Investigated food habits of six red wolf packs over two years during the pup-rearing season 
(May – July) in 2009 and 2010. A total of 455 scats were used in the study. The minimum 
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number of scats per pack per year was 26. Adult and fawn white-tailed deer accounted for 66% 
of prey biomass consumed during the two seasons. Adult and fawn deer accounted for 37% of 
prey items based on frequency of occurrence. Diets varied between pack, with one pack relying 
substantially on wild boar, and another relying heavily on anthropogenic material from garbage 
and carcass pits. 
 
Dellinger, J.A., Proctor, C., Steury, T.D., Kelly, M.J., Vaughan, M.R., 2013. Habitat selection of 

a large carnivore, the red wolf, in a human-altered landscape. Biol. Conserv. 157, 324–
330. 

 

The authors examined habitat selection of red wolves in the wild population in northeastern 
North Carolina. They used data from 20 GPS collared wolves over three years to construct 
resource selection functions (RSF) at the landscape level. They found that wolves selected 
human-associated land-cover types (agricultural fields, pine plantations, and early successional 
fields) and areas near secondary roads. Roads were thought to provide easier travel and greater 
visibility for hunting. Wolves, however, avoided areas with high human density such that 
avoidance of natural cover types (lowland forests, wetlands, and pocosin – a type of forested 
wetland) decreased as human density increased. This interaction was strong enough that wolves 
selected for natural land-cover types over human-associated land-cover types at relatively high 
human density. The top four models were similar, and all had AICc values <2. 
The combined weight (w) of these four models was 0.88 “demonstrating a strong ability to 
predict habitat use in the RWEPA.” The best RSF predicted a patchy distribution of red wolves 
across the RWEPA. The averaged RSF based on the four top models was cross-validated with 
locations not used in model construction. This RSF was able to predict habitat selection by 
wolves other than those used to build RSFs (see figure 2). 

 

 

Hinton, J.H., M. J. Chamberlain, and D. R. Rabon Jr. 2013. Red Wolf (Canis rufus) Recovery: 
A Review with Suggestions for Future Research. Animals, 3:722-744. 

 

 

Hinton, J.H., K.E. Brzeski, D.R. Rabon, and M.J. Chamberlain. 2015 Effects of anthropogenic 
mortality on critically endangered red wolf Canis rufus breeding pairs: implications for 
red wolf recovery. 
Oryx doi:10.1017/S0030605315000770 

 

The primary objective of this paper was to identify the causes of disbandment of red wolf 
breeding pairs and sterile placeholder pairs. The authors also examined whether red wolves 
were replacing lost breeders. They used information from radio-collared animals and trapping 
efforts to determine when breeding pairs formed and disbanded. Red wolf and “congeneric” 
pairs (red wolf with a coyote or hybrid) were considered. Pair breakups were categorized as due 
to natural, management, 
anthropogenic (poison, trapping, suspected or confirmed gunshot, vehicle collision), or unknown 
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causes. Trapping data was used to estimate relative abundances of red wolves, coyotes and 
hybrids during three phases (1991-1998, 1999-2005, 2006-2013). Over the twenty two year 
period, 510 red wolves, 416 coyotes, and 218 hybrids were captured. The ratios of red wolves to 
coyotes and hybrids declined from phase 1 to phase 3 (7.1 to 0.71 and 11.7 to 2.1, respectively). 
During the 22 year period 174 Canis breeding pairs were identified (109 red wolf and 65 
congeneric pairs). The percentage of Canis breeding pairs disbanded by anthropogenic 
mortality increased and the annual preservation rates of pairs declined steadily during this 
period. During phase 3, replacement rates by red wolves were lowest, and annual rates of 
disbandment were highest. Ratios of red wolves to coyotes were negatively correlated with 
anthropogenic disbandment and were lowest during Phase 3, when breeder loss due to 
anthropogenic mortality was highest. 
 
Mortality, pooled across all causes, was responsible for most disbandment in Canis breeding 
pairs (73.6%). Anthropogenic causes accounted for 40.6% of deaths. Mortalities caused by 
gunshot caused 71.2% of disbandment due to anthropogenic causes and 21.3% of all 
disbandment. Relative to red wolf pairs, congeneric pairs were disrupted more often by 
management actions (40.0 vs 6.4%) and less by natural (27.7 vs 51.4%) and anthropogenic 
causes (21.5 vs 34.9%). Anthropogenic and unknown causes of Canis pair break-ups were 
highest in Phase 3. Among red wolf pairs, anthropogenic break-ups increased from 15% to 
48.2% from phase 1 to 3. Red wolves were more likely to replace Canis breeding pairs 
following disbandment from natural causes and management actions than after disbandment due 
to anthropogenic mortality. Pairs with sterile placeholders were also disbanded at a high rate due 
to anthropogenic mortality. 
Congeneric pairs contained more female than male red wolves (69.2 vs 30.8%). A more extreme 
skew (90% of red wolves that paired with coyotes were females) was observed by Bohling and 
Waits (2015). Bohling and Waits (2015) suggested their results may have been due to their 
relatively small sample size (23 red wolf pairs for which both individuals were known) and 
ascertainment bias. Hinton et al., however, believe female red wolves are more likely to pair 
with coyotes following pair disruption than male red wolves. In this context, Hinton et al. noted 
that most gunshot mortalities occurred during the fall and winter deer hunting season (October 
15 – December 31) which also coincided with the onset of the breeding season. Mean observed 
duration of red wolf pairs was short in all phases (1.7, 1.8, and 2.0 years for phases 1, 2, and 3, 
respectively), but it was longer than that among congeneric pairs. 

 

McVey, J.M., D.T. Cobb, R.A. Powell, M.K. Stoskof, J.H. Bohling, L.P. Waits, and C.E. 
Moorman. 2013. 

Diets of sympatric red wolves and coyotes in northeastern North Carolina. Journal of 
Mammalogy 94:1141-1148. 

 

Investigated food habits of red wolves and coyotes in the RWEPA based on 228 scats collected 
from January 2009 to February 2010. Fecal DNA was used to determine species and individuals 
that deposited scats. The scats represented 49 red wolves and 34 coyotes. Overall, the frequency 
of occurrence of food items were similar between red wolves and coyotes. White-tailed deer and 
rabbits were the most frequent items for both canids. Small rodents were more often found in 
scats from coyotes than red wolves. 
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Sparkman, A.M., Waits, L.P., Murray, D.L., 2011. Social and demographic effects of 
anthropogenic mortality: a test of the compensatory mortality hypothesis in the red wolf. 
PLoS ONE 6, e20868. 

 

Recent studies of large carnivores suggest that anthropogenic mortality can be fully additive to 
natural mortality thereby constraining annual survival and population growth rate. The authors 
tested for evidence of additive versus compensatory effects of anthropogenic mortality on annual 
survival, population growth rate, preservation and reproductive success of red wolf breeding 
pairs.  They found evidence of strong additive effects on annual survival and population growth 
rate at low and high densities. But they argue the nature of the additive effects at high density 
may lead to compensatory mortality. When involving death of a breeder, anthropogenic 
mortality was also additive to natural rates of breeding pair dissolution, and disbanding of a pack 
following death of a breeder resulted in fewer recruits per litter relative to stable packs. They also 
found evidence that pup recruitment and the proportion of adults that became reproductive 
declined steeply with increasing population density. 

 

This study used data from 1988 -2006. Anthropogenic mortality, however, increased after 2006 
and has coincided with a substantial reduction in red wolf numbers. Other more recent studies 
have identified anthropogenic mortality, especially gunshot mortality during the fall hunting 
season as a driver of red wolf population decline and hybridization. Sparkman et al. used a 
broader definition of anthropogenic mortality than more recent papers (e.g. including 
management removals) which may have affected their results. Finally, this paper does not 
consider hybridization in any context. 

 

Red Wolf Management 
 

Fredrickson, R.J. In press. Focus on Red Wolf Reproductive Barriers, Not Coyote Demography. 
Conservation Letters. 

 

Comment on Murray et al. 2015. 
 

 

Gese, E.M., F. Knowlton, J.R. Adams, K.Beck, T.K. Fuller, D.L. Murray, T.D. Steury, M.K. 
Stoskopf, W.T. Waddell, L.P. Waits. 2015. Managing hybridization of a recovering 
endangered species: The red wolf Canis rufus as a case study. Current Zoology 61 (1): 
191–205. 

 

Reviews the results of the adaptive management efforts for the reintroduced red wolf population 
from 1993- 2013. Red wolf numbers reached a plateau from 2006-2010 at about 100 wolves, 
but then declined to about 80 by 2013. The number of social groups increased to about 20 and 
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was maintained from 2003 – 2008, but then declined with only about 15 maintained 2009-2013. 
In management zone 1 the number of social groups declined from 10 (all were red wolf pairs) in 
2001 to 5 (two were red wolf pairs) in 2013. The numbers of red wolf litters peaked at about 11 
per year from 2004 -2011, before declining to 7 in 2013. In contrast there was an average of 2.4 
hybrid litters / year from 2004-2013. The authors conclude the success of the red wolf adaptive 
management program at controlling hybridization and facilitating recovery was mixed. The 
average red wolf ancestry among reproductively intact wolves and introgressed individuals was 
96.5% in 2014. But the numbers of coyotes and hybrids detected over time did not decrease, and 
the ratio of hybrid to red wolf litters did not decline over time indicating hybridization is an 
ongoing challenge. Ideally red wolves would fully occupy the area and coyotes entering the area 
would be excluded by resident red wolves. But the authors believe this is unlikely to occur 
because wolf habitat is discontinuous and anthropogenic changes in habitats will favor coyotes. 
Also there is little evidence that red wolves naturally control the coyote population by strife – a 
core prediction from the competitive exclusion hypothesis. Also at 90 – 95 adult red wolves, 
the population may have reached carrying capacity. But the high rate human caused mortality 
leading to hybridization is noted. 

 

 

Gese, E.M., and P.A. Terletzky. 2015. Using the “placeholder concept to reduce introgression of 
an endangered carnivore. Biological Conservation 192:11-19. 

 

The authors evaluate the utility of the “placeholder” strategy in limiting hybridization and 
introgression in the reintroduced population of red wolves in northeastern North Carolina. The 
placeholder strategy used sterilized coyotes and hybrids to hold territories until they might be 
displaced by red wolves or removed by managers to allow releases of red wolves. While 
placeholders were present, they prevented the area from being occupied by reproducing coyotes 
and hybrids. From 1999 to 2013, useful data was collected on 182 placeholders (125 coyotes 
and 57 hybrids) along with 410 red wolves. Of the 182 placeholders, 51 were displaced by red 
wolves (37 spatially displaced and 14 killed by red wolves). In addition, 16 placeholders were 
removed and a red wolf released into the territory.  Thus 37% of placeholders were displaced or 
removed (67 / 182) leading to occupancy by red wolves. Among the 410 monitored red wolves, 
there were also 146 displacements of red wolves by other red wolves (35%). All displacements 
of placeholders were by a red wolf of the same sex, and 98% of red wolf displacements were by 
a red wolf of the same sex. Figure 3 suggests that hybrids may have experienced a greater rate 
of displacement than coyotes, although this apparently was not tested statistically. There was 
some evidence that placeholders with larger home ranges with lower road densities were more 
likely to be displaced. This and work by Dellinger et al. (2013) appears to be consistent with the 
suggestion of Murray et al. (2015) that some coyotes on the RWEPA are unlikely to be displaced 
by red wolves  because they occupy small home ranges near human settlements. Adult hybrids 
had the highest survival rates, and red wolves had the lowest (means: 0.876 hybrids, 0.843 
coyotes, and 0.80 red wolves). Cause- specific mortality was largely similar between red wolves, 
and placeholders, but 19% of the sterile coyote mortalities and 21% of the sterile hybrid 
mortalities were caused by interspecific aggression from red wolves (red wolves vs. 
placeholders: χ2 = 50.36, 1 df, P = 0.0001). Red wolves, however, were rarely killed by 
conspecifics (~6% of mortality) and no placeholders were recorded as killed by conspecifics (red 
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wolves vs. placeholders: χ2 = 3.95, 1 df, P = 0.0469). And red wolves experienced higher rates of 
gunshot and health-related mortality. From 2000 – 2013, there was a mean of 2 hybrid litters / 
year and 9 red wolf litters / year. Although only 37% of placeholders were naturally or 
artificially displaced, the remaining 63% did protect space in which no hybrid litters could be 
produced. In 2014, the wild red wolf population was estimated to include <4% red wolf ancestry 
from recent introgression. But continued intensive management will likely be necessary to limit 
hybridization and introgression in the future. 

 

The significance of this paper is that it is the first to present data on displacements by red wolves 
which can act as a reproductive barrier. Over the study period, there were an average of 3.4 
displacements of coyotes and hybrids per year. Modeling suggests this will be essential for red 
wolf populations to persist in the presence of ongoing hybridization with coyotes. Their finding 
that red wolves may be more likely to displace coyotes and hybrids whose territories are large and 
/ or have low road density suggests that displacement rates for coyotes and hybrids might be 
landscape-specific. 

 

 

Murray, DL, G Bastille-Rousseau, JR Adams, LP Waits. 2015. The challenges of red wolf 
conservation and the fate of an endangered species recovery program. Conservation 
Letters 8:338-344. 

 

This paper seeks “To help inform the ongoing program review and potential future direction of 
red wolf recovery“ by comparing demography of red wolves, coyotes, and hybrids in the North 
Carolina recovery area (1999–2007). They posit that red wolves will need higher survival and / 
or productivity than coyotes and red wolves for the red wolf population to ultimately become 
viable and self-sustaining. They also compare causes of death between the periods 1999-2007 
and 2009-2014 “…to gauge whether gunshot mortality is substantive and increasing, and 
whether death from natural causes (i.e., strife) is an important mortality factor for 
coyotes/hybrids, as is predicted by the competitive exclusion hypothesis.” They find that all 
three groups have similar survival and reproductive rates and that death from gunshot has not 
increased for red wolves or for coyotes/hybrids. They also find that death by natural causes was 
low for coyotes and hybrids in the early period and dropped to zero in 2007-20014 (but see Gese 
and Terletsky 2015). They conclude that these results suggest red wolves are unlikely to be 
successful. 

 

Fredrickson and Hedrick (2006), however, found that red wolf success (or failure) was largely 
driven by the operation of reproductive barriers. Secondarily, survival of adult red wolves also 
had a substantial effect on success of red wolf populations. And coyote demography had 
essentially no effect on outcomes. Thus red wolves do not necessarily need to demographically 
outperform hybrids and coyotes to succeed. Murray et al. also assumed that “strife” (red wolf 
aggression towards coyotes and hybrids) must result in the deaths of coyotes and hybrids for it 
to contribute to the success of the red wolf population by the “competitive exclusion 
hypothesis.” But in the simulations by Fredrickson and Hedrick (2006) “strife” resulted only in 
displacements of coyotes and hybrids, and not all “challenges” were successful. And red wolf 
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challenges were the most important of the two reproductive barriers examined in the 
simulations. 

 

Murray et al. also state that “…the ongoing program review should be considered as an 
opportunity to chart a new direction in red wolf conservation.” Among other things, they note 
that “…red wolf territories in North Carolina are not contiguous and vacant landscape persists 
in the interstitial spaces…, speaks to the marginal wolf habitat in the recovery area and the 
constant opportunity for colonization by coyotes/hybrids” which require less habitat and are 
more flexible in their needs. They conclude that red wolves may not be able to sufficiently 
exclude coyotes and hybrids in the current recovery area. 
They posit three alternative end points for a re-envisioned red wolf program; one of which is 
establishment of a new, more suitable recovery area somewhere else. See comment by 
Fredrickson (In Press). 

 

USFWS, 2007. Red Wolf (Canis rufus) 5-year Review: Summary and Evaluation. US Fish and 
Wildlife Service, Manteo, NC. 

 

This document provides an in-depth review of the red wolf reintroduction program. 
 

Waddell, W. and S. Long. 2015. Population analysis & breeding transfer plan red wolf (Canis 
rufus gregoryi). Association of Zoos and Aquariums. 

 

The introductory material provides a demographic and genetic description of the red wolf 
captive population as of July 2015. 

 

 

Algonquin Wolves 
 

Rutledge, L.Y., White, B.N., Row, J.R., Patterson, B.R., 2011. Intense harvesting of eastern 
wolves facilitated hybridization with coyotes. Ecol. Evol. 2, 19–33. 

 

The authors quantify changes in the ancestry of wolves (C. lycaon) in Algonquin Provincial Park 
(APP) from 1964 to 2007 following the removal of about 36% of the wolf population in 1964-
1965. They hypothesized that disruption of pack social structures and breeder loss associated 
with the culls could have facilitated interbreeding with the neighboring coyote population. They 
used six nuclear microsatellites, mtDNA, and two Y-chromosome microsatellites to quantify 
changes in ancestry of APP wolves over three periods: 1964-1965, 1987-1999, and 2002-2007. 
They used samples from a nearby coyote population to the south and a population of gray 
wolves (C. lupus) to the north as reference populations. They found that at the time of the culls 
there was a substantial proportion of gray wolf-like animals in the APP population and some 
coyote-like animals. The proportion of coyote-like animals increased substantially from 1964 to 
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1987-1999 and no gray wolf-like animals were detected.  But by the 2000’s, coyote ancestry in 
APP had decreased relative to 1987-1999 and the overall ancestry had  become more similar to 
that in 1964-1965. In the process, one mtDNA haplotype associated with APP wolves that was 
common in 1964-1965 became rare by 2002-2007. A coalescent simulation also linked the culls 
with the increase in coyote ancestry in the APP population.  They concluded that the culls 
caused some remaining APP wolves to mate with coyotes from the expanding coyote population 
to the south. They attribute the change in APP ancestry from the 1990’s to the 2000’s to a 2001 
ban on wolf hunting and trapping in townships around the Park 

 

Rutledge, L.Y., Patterson, B.R., Mills, K.J., Loveless, K.M., Murray, D.L., White, B.N., 2010. 
Protection from harvesting restores the natural social structure of eastern wolf packs. 
Biological Conservation 143, 332–339. 

 

This paper examines changes in the social system of wolves in Algonquin Provincial Park, 
Ontario following a ban on wolf hunting adjacent to the park. Prior to the ban, 67% of total 
wolf mortality was human-caused. Following implementation of the ban, human-caused 
mortality among park wolves dropped to 16% of total mortality, but this was largely offset by 
an increase in natural mortality. The percentage of packs that had adopted unrelated wolves 
dropped from 80% prior to the hunting ban to 6% (one pack) after the ban. Within five packs 
known to occupy the same territory both prior to and following the harvest ban, single 
mitochondrial DNA haplotypes among females within a pack were more common post-ban. 

Red Wolf Genetics and Evolutionary Origins 
 

Brzeski, K.E., Rabon, D.R., Chamberlain, M.J., Waits, L.P., Taylor, S.S., 2014. Inbreeding and 
inbreeding depression in endangered red wolves (Canis rufus). Mol. Ecol. 23, 4241–
4255. 

 

The authors examine inbreeding and inbreeding depression in the reintroduced population of red 
wolves in North Carolina. They used data from monitoring efforts from 1989 – 20012 along with 
pedigree information to look for effects of inbreeding on seven measures of fitness: lifetime 
number of litters, average number of litters per reproductive year, litter size, probability of 
becoming a breeder, adult survival, and juvenile survival. The also looked for evidence of 
inbreeding depression on body size. During the study period, individual inbreeding coefficients 
ranged from zero to 0.383, but the mean was 
0.154. They found little evidence of inbreeding depression on the seven measures of fitness. 
Inbreeding depression, however, was evident on wolf body size. Body size did not affect the 
fitness measures they evaluated, but body size was positively associated with holding a territory. 
The effect of inbreeding on body size, however, was small. The authors suggest the lack of 
inbreeding depression may be a result of a founder effect or the lack of outbred wolves with 
which to contrast inbred wolves (presumably suggesting a high fixed genetic load). 

 

 

Chambers SM, Fain SR, Fazio B, Amaral M. 2012. An account of the taxonomy of North 
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American wolves from morphological and genetic analyses. North American Fauna 
77:1–67. doi:10.3996/nafa.77.0001 

 

This paper reviews the taxonomy of North American wolf-like canids. They find support for the 
hypothesis of Wilson et al. (2000) that red wolves, eastern wolves and coyotes derive from a 
common North American lineage, but based on available evidence they conclude that red 
wolves and eastern wolves are likely not conspecific. 
 
Dowling T.E., B.D. DeMaraies, and M.E. Douglas. 1992. On the use of genetic characters in 

conservation biology. Conservation Biology 6:7-8. 
 

This is a comment on Wayne and Jenks (1991). 
 

 

Kyle, C.J., Johnson, A.R., Patterson, B.R., Wilson, P.J., Shami, K., Grewal, S.K., B.N. White. 
2006. Genetic nature of eastern wolves: past, present, and future. Conserv. Genet. 7, 
273–287. 

 

This paper evaluates three hypotheses for the taxonomic status of eastern wolves: 1) it is a 
smaller subspecies of the gray wolf (Canis lupus lycaon), potentially resulting from post-
Pleistocene/pre- European settlement hybridization between gray wolves (C. lupus) and red 
wolves (C. rufus); 2) it is a hybrid, and not a distinct species, resulting from gray wolf (C. lupus) 
and coyote (C. latrans)  hybridization; 3) it is a distinct species (C. lycaon) closely related to red 
wolves (C. rufus). To evaluate these hypotheses, the authors employ an extensive review of 
relevant genetic and non-genetic studies. Based on their review, they reject the first hypothesis, 
and conclude that the second hypothesis cannot be rejected by all of the molecular data. But 
given the lack of gray wolf haplotypes in eastern wolves prior to the mid- to late 1800’s 
expansion of the coyote population, they are “led to reject the second hypothesis.” The third 
hypothesis is currently not rejected by any of the reviewed molecular studies, and they conclude 
that the review supports the third hypothesis that eastern wolves were likely a distinct species of 
wolf (Canis lycaon) prior to the eastern expansion of coyotes. 

 

Finally, the authors provide some grist for discussion. They note that in the red wolf 
reintroduction program, managers are actively seeking to minimize hybridization. Rather than 
attempting to maintain a “pure” genetic stock in the wild, the authors believe that: 

 

…less emphasis should be given to preserving the eastern wolf’s phenotype; the 
concern should be conserving the evolutionary process (sensu Moritz 1999, 
2002). This can be accomplished by protecting the genetic diversity found in 
Canis species, that if lost is not recoverable, whereas adaptive phenotypes can be 
recovered through recurrent selection. 
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And Murray and Waits (2007) offer some discussion on the merits of hybridization presented by 
Kyle et al. (2006) as it relates to the management of the reintroduced red wolf population. For 
red wolves, they make the case that it is premature to assume that the red wolf gene pool need 
not be preserved as distinct. Among other things they point out that allowing widespread 
hybridization with coyotes would likely lead to the loss of red wolf genetic variation due to 
strong genetic drift and inefficient natural selection resulting from small population size. 

 

Kyle et al. (2008) in their response to Muray and Waits (2007) state they are not against the 
current management of red wolves, but they seem to miss that the goal is not to try to “preserve a 
static interpretation of species.” Instead management is aimed at simply establishing a 
functioning red wolf population that can maintain itself with minimal management. 

 

Murray DL, Waits L (2007) Taxonomic status and conservation of the endangered red wolf: a 
response to Kyle et al. (2006). Conservation Genetics 

 

This is a comment on Kyle et al. (2006). 
 

Kyle, C.J., A.R. Johnson, B.R. Patterson, P.J. Wilson, K. Shami, B.N. White. 2008. The 
conspecific nature of eastern and red wolves: conservation and management 
implications. Conservation Genetics 9:699–701. DOI 10.1007/s10592-007-9380-5 

 

See Kyle et al. (2006). 
 

Nowak, RM. 1992. The red wolf is not a hybrid. Conservation Biology 6: 

593–595. This is a comment on Wayne and Jenks (1991). 

 

Nowak, R.M. and N.E. Federoff. 1998. Validity of the red wolf: response to Roy et al. 
Conservation Biology 12:722-725. 

 

The authors disavow the “ancient origin hypothesis” around which the analysis of Roy et al. 
(1996) was structured and clarify the position of Nowak (1979) as suggesting “…that the red 
wolf, and the entire wolf line, is descended from an early coyote-like population… but never 
hinted that any wolf gave rise to the coyote.” They go on to state that more recent work 
“…revealed a prevailing view that the red wolf is a primitive species or subspecies, representing 
part of the phylogenetic transition from coyote to gray wolf.” They also note that Roy et al. 
(1996) was not the first to reveal hybridization prior to 1940. Nowak (1979) “…devoted 
extensive attention to the presence of a red wolf-coyote hybrid population in central Texas in 
the period 1890-1920 and discussed hybridization in Missouri, Oklahoma, and Arkansas 
between 1920 and 1940.” They further note that other morphological investigators were aware of 
apparent hybrids long before 1940. They also note Roy et al. (1996) drew their “pre1940” 
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specimens from west of the Mississippi River which represented only a small part of the historic 
range and was the area most likely to have been affected by hybridization and introgression 
from coyotes. Genetic results may have been different if early specimens had been drawn from 
the much larger and earlier populations to the east, all of which demonstrate the presence of a 
small wolf with no coyote influence. 

 

They also question why Roy et al. (1996) accepts the validity of eastern wolves even though its 
current genotype has been extensively influenced by recent hybridization with coyotes, but fail 
to accept the validity of red wolves as a wolf species. They further note allele frequency data in 
Roy et al. (1996) suggests an affinity between red wolves and lycaon and that both genetic and 
morphological data show the two taxa occupying a position intermediate to gray wolves and 
coyotes. Finally they reject both scenarios presented by Roy et al. (1996) for the origin and fate 
of red wolves. 

 

 

Nowak, R. 2002. The original status of wolves in eastern North America. Southwestern 
Naturalist 1(2):95-130. 

 

All available cranial specimens of wild Canis dating since the Blancan and prior to AD 1918 in 
the region east of the Great Plains and south of the Prairie Peninsula, Lakes Erie and Ontario, and 
the St. Lawrence River were examined. A small wolf appeared near the end of the Rancholabrean. 
At the same time, coyotes disappeared from the east and did not return until the small wolf was 
extirpated in the 20the century. Fragmentary remains of the small wolf, dating from around 
10,000 and 2,000-200 ybp, show continuity with 14 complete, mostly modern, eastern skulls. 
Multivariate analysis indicates those 14 represent a well-defined species, C. rufus, distinct from 
large series of the western gray wolf (C. lupus) and coyote. There is no evidence that the red wolf 
originated as a hybrid of the latter two species, though early specimens from central Texas suggest 
it began to interbreed with C. latrans by about 1900. Three long-recognized red wolf subspecies 
appear valid: C. r. floridanus, Maine to Florida; C. r. gregoryi, south-central United States; and 
C. r. rufus, central and coastal Texas, southern Louisiana, and probably now represented in the 
captive/reintroduced populations. 

 

 

Phillips, M.K. and V.G. Henry. 1992. Comments on red wolf taxonomy. Conservation Biology 

6:596-599. This is a comment on Wayne and Jenks (1991). 

 

Roy M, Geffen E, Smith D, Ostrander EA, Wayne RK. 1994. Patterns of differentiation and 
hybridization in North American wolflike canids, revealed by analysis of microsatellite 
loci. Mol Biol Evol 11: 553-570. 
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Ten microsatellite loci were analyzed to quantify genetic differentiation and hybridization in 
three species of North American wolf-like canids (gray wolves, coyotes, and red wolves). Red 
wolves shared all their alleles with coyotes, and only 4 of 53 red wolf alleles were not found 
among gray wolves. The authors conclude that hybridization between coyotes and red wolves in 
the south central US may have begun around 1700 following the arrival of European settlers. 
The authors further hypothesize that following the extermination of gray wolves in the southern 
and northeastern US the hybrids and their descendants (red wolves) became rare and their 
phenotype was “severely influenced” by backcrossing with coyotes. 

 

 

Roy, M.S., Geffen, E., Smith, D., Wayne, R.K., 1996. Molecular genetics of pre-1940 red wolves. 
Conservation Biology 10, 1413–1424. 

 

This paper examines two predictions from the “ancient origin – recent introgression hypothesis” 
where red wolves are postulated to have arisen in the early Pleistocene and are ancestral to 
modern coyotes and gray wolves. It is believed that after 1940, interbreeding between coyotes 
and the last remaining populations of red wolves caused red wolves to acquire some 
morphological traits of coyotes. Two predictions of this scenario are that: 1) present and pre-
1940’s red wolves should have unique diagnosable characteristics that distinguish them from 
gray wolves and coyotes; and 2) diagnosable characteristics should be more apparent in the pre-
1940 red wolves compared to red wolves in the captive breeding program. To address these 
predictions mtDNA sequence variation in the cytochrome b gene were examined in 11 new pre-
1940 red wolf specimens along with ten microsatellite loci in 16 pre- 1940 specimens. 

 

All red wolf haplotypes grouped with either the gray wolf or coyote clades in all four most 
parsimonious trees. To make red wolf haplotypes within the coyote clade define a mono-phyletic 
grouping of red wolf haplotypes would require just one additional step. Within the gray wolf clade, 
a monophyletic grouping of red wolf haplotypes was present in one of the four most parsimonious 
trees. Sequence divergence 
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between red wolf haplotypes was similar in magnitude to the divergence of genotypes found 
within coyotes and gray wolves. But sequence divergence between coyotes and gray wolves 
was four times greater. Consequently, the mtDNA sequence data does not support the 
hypothesis that the red wolf had an ancient origin and was ancestral to gray wolves and 
coyotes. The fact that 8 of 11 pre-1940 red wolf samples grouped with genotypes of coyotes 
suggested hybridization between red wolves and coyotes was extensive prior to 1940. 

 

Multidimensional scaling indicated pre-1940’s and captive red wolves had allele frequencies 
intermediate between gray wolves and coyotes and were closest to hybridizing gray wolves. 
Nei’s genetic distance between pre-1940 red wolves and coyotes was less than half that 
between coyotes and gray wolves. Nei’s genetic distance between captive red wolves and 
coyotes was larger than that of pre- 1940 red wolves and coyotes (0.341+- 0.051 versus 0.216 
+- 0.061) contradicting the predictions of the ancient origin – recent introgression hypothesis. 

 

Pre-1940 red wolves also had few unique alleles – only three unique alleles in comparison to 
the entire sample of coyotes, but all were found in gray wolves. Similarly, the three unique 
alleles found in comparison of pre-1940 red wolves to the entire sample of gray wolves were 
also found in coyotes. On average when 16 individuals were drawn from the entire sample of 
coyotes and compared with gray wolves, coyotes had 5.7 +-1.5 unique alleles. There were 6.8 
+- 1.2 unique alleles when 16 gay wolves were chosen and compared with those found in 
coyotes. The frequency of obtaining three or fewer unique alleles when 16 gray wolves or 
coyotes were randomly selected was 6.8 and 1.8%, respectively. The total number of alleles in 
pre-1940 red wolves (56) was similar to that expected from populations of 16 gray wolves 
(59.9 +- 4.7) or 16 coyotes (61.5 +- 3.8). The authors concluded that the pre-1940 red wolves 
had fewer than expected unique alleles if it is was a species having an ancient origin before 
gray wolves and coyotes. Moreover it has no unique alleles when compared with both species 
pooled, consistent with an origin by hybridization between the two species. Similar results 
were obtained for captive red wolves (Roy et al. 1994). It should be noted, however, that 
these comparisons were made using wolves from eight populations in Mexico, Alaska, 
throughout Canada, and Minnesota including two hybridizing populations. Similarly, four 
coyote populations from throughout the US and one in Canada were used in the comparisons. 
Two of the coyote populations were hybridizing populations. The authors conclude that their 
results are consistent with extensive hybridization between gray wolves and coyotes giving 
rise to red wolves during European colonization or earlier. See comments of Nowak and 
Federoff (1998) and Wayne et al. (1998) for a response. 

 

Rutledge L, Garroway CJ, Loveless KM, Patterson BR. 2010a. Genetic differentiation of 
eastern wolves in Algonquin Park despite bridging gene flow between coyotes and 
grey wolves. Heredity DOI: 10.1038/hdy.2010.6. 

 

This paper examines hybridization and differentiation of canids among three populations in 
Ontario, Canada: Algonquin Provincial Park (Canis lycaon, APP),  southwestern Ontario 
(eastern coyotes), and northeastern Ontario (Canis lupus). APP is thought to have the purest 
population of eastern wolves remaining. Mitochondrial and Y chromosome DNA along with 
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twelve autosomal microstatellites were used to genotype 217 canids. All three populations 
had private alleles, and analyses using Structure and Geneland identified three groups 
corresponding to the three populations. Similarly, principal components analyses separated 
the three populations. But despite the differentiation, there was evidence of admixture and 
migration between the populations. There was also a cline in allele frequencies from south to 
north suggesting that APP wolves act as a conduit for gene flow from coyotes in the south to 
gray wolves in the north. Patterns of mtDNA and Y chromosome haplotypes were consistent 
with the hypothesis that females of the smaller species historically mating with males from 
larger species. Gray wolf DNA was common in the northernmost population with some in 
APP, but it was absent in the southern most population. No coyote-specific Y introns were 
found, but APP and the southern population had Y introns and Y microsatellite haplotypes 
identified as ancestral haplotypes that evolved in North America.  This Y haplotype was 
absent in the northern population. Eastern wolf mtDNA and Y chromosome DNA were 
present in all three populations, but only one eastern wolf Y chromosome haplotype was 
found in the northern population. 

 

Breeding wolves in APP tended to have high assignment to the Algonquin cluster, and paired 
breeders were generally conspecific, based on nuclear markers. But over half of the female 
breeders had coyote mtDNA. Among APP breeding pairs, 73% had high assignment to APP. 
Of the 18 breeding males two had gray wolf Y chromosome DNA and the others had eastern 
wolf DNA. Of all the APP male breeders, only the two wolves with gray wolf haplotypes 
were identified as admixed. The proportion of APP male breeders with eastern wolf Y 
chromosome haplotypes was significantly greater than that expected under random mating 
across the complete Y chromosome microsatellite data set and that within the APP. Overall, 
the three populations were genetically distinct, despite contemporary gene flow, perhaps as a 
result of positive assortative mating among APP wolves. 

 

Rutledge L, Bos K, Pearce R, White BN. 2010b. Genetic and morphometric analysis of 
sixteenth century Canis skull fragments: implications for historic eastern and gray wolf 
distribution in North America. Conservation Genetics 11: 1273-1281. 

 

Control region mtDNA from four canid samples (3 teeth and a partial mandible with two teeth) 
recovered from archeological site (an Iroquois indian village) in southwestern Ontario, Canada 
were examined. Carbonized corn dated the site to the year 1530 AD. Two of the samples had 
ancient dog haplotypes of old world origin. A third tooth had a haplotype identical to a 
sequence found in existing western coyotes. The fourth sample had a haplotype that differed 
from a known coyote haplotype by one based pair. Morphometric analysis of the mandible 
associated with the fourth sample suggested the sample was from a wolf rather than a coyote. 
The DNA data from the latter two samples reject the hypothesis that the samples were from 
“pure” gray wolves, and the morphometric analysis rejects the hypothesis that the remains 
were from coyotes. These results suggest that the wolves present in the area ca. 500 years ago 
were eastern wolves (Canis lycaon), but the results do not exclude the possibility that eastern 
x gray wolf hybrids occupied the arrea. The results also suggest that eastern wolves and 
coyotes had come into contact prior to the recent range expansion of the coyote range through 
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the Great Lakes area. 
 

 

Rutledge LY, Wilson PJ, Klutsch CFC, Patterson BR, White BN. 2012 Conservation 
genomics in perspective: a holistic approach to understanding Canis evolution in 
North America. Biological Conservation 155, 186–192. 
(doi:10.1016/j.biocon.2012.05.017) 

 

The authors use the SNP data from vonHoldt et al. (2011) along with existing mtDNA and 
microsatellite data, the fossil record, ecological data, and early naturalists’ accounts “…to show 
how a broader frame of reference is important for interpretation of genomic data.” In their 
reanalysis of the SNP data they use a three species model (eastern wolves, gray wolves, and 
coyotes) for North American wolf-like canids, rather than the two species model (gray wolves 
and coyotes) used by vonHoldt et al. (2011). In principal components analyses, the two eastern 
wolves from Algonquin Provincial Park are intermediate between Great Lakes wolves and 
eastern coyotes, both of which have hybridized with eastern wolves. In phylogenetic trees of 
coding and non-coding mtDNA data using much larger samples of eastern wolves, eastern 
wolves form a monophyletic group with high bootstrap support (>=94%). Principal components 
analysis using 12 microsatellite loci separate old and new world canids on the first principal 
component, and separate eastern and red wolves from coyotes (Texas and Sasketchewan) on 
the second principal component. Eastern coyotes appear intermediate between eastern wolves 
and non-eastern coyotes. 
The potential for bias using small sample sizes of individuals and the dog SNP array to classify 
wild canids is discussed. Finally, the authors note ecological data also does not support the two 
species hypothesis for the evolution of North American wolf-like canids. The authors conclude 
there is substantial support for the three species model of wolf evolution in North America. 

 

 

Rutledge, L.R., S. Devillard, J.Q. Boone, P.A. Hohenlohe, and B.N. White. 2015. RAD 
sequencing and genomic simulations resolve hybrid origins within North American 
Canis. Biology Letters 11: 20150303. 

 

The authors explore two evolutionary models for North American Canis: 1) a two-species 
model that identifies gray wolves (C. lupus) and western coyotes (Canis latrans) as distinct 
species that gave rise to various hybrids, including the Great Lakes wolf, the eastern coyote, 
the red wolf and the eastern wolf; and 2) a three-species model that identifies the gray wolf, 
western coyote and eastern wolf (C. lycaon) as distinct species, where Great Lakes wolves are 
the product of gray wolf x eastern wolf hybridization, eastern coyotes are the result of eastern 
wolf x western coyote hybridization, and red wolves are considered historically the same 
species as the eastern wolf. They used 127,235 SNP loci based on a gray wolf genomic 
assembly from each of 17 individuals of five different Canis types (gray wolves, Great Lakes 
wolves, eastern wolves from Algonquin Provincial Park, western coyotes, and eastern coyotes)          
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along with genomic simulations to test hypotheses of hybrid origins among eastern North 
American Canis. A principal components analysis was consistent with the eastern wolf being a 
distinct species. 
Simulated grey wolf x western coyote hybrid genomes failed to overlap with any other Canis 
type. But simulated eastern wolves x gray wolves overlapped Great Lake wolves, and 
simulated east wolf x western coyote overlapped existing eastern coyotes. These patterns 
were consistent with previous suggestions that the eastern wolf is a conduit of gene flow 
between gray wolves and coyotes, but are in contrast to previous work that concluded (under 
the assumption of the two-species model) that the eastern wolf from Algonquin Park was a 
gray wolf x western coyote hybrid. 

 

See the comments of Sefc and Koblmuller (2016) suggesting this work does not rule out the 
possibility that eastern wolves had an ancient hybrid origin, and the reply by Rutledge et al. 
(2016). Notably both parties agree that the eastern wolf merits full protection under existing 
conservation policies. Given that the findings of Rutledge et al. (2015) also suggest red wolves 
do not have a recent hybrid origin, by extension, red wolves should also be fully protected 
under the Endangered Species Act. 

 

Rutledge, L.R., S. Devillard, and P.A. Hohenlohe. 2016. Considering all the evidence: a reply 
to Sefc and Koblmuller (2016). Biology Letters 12: 20151009. 

 
Sefc KM, Koblmuller S. 2016 Ancient hybrid origin of the eastern wolf not yet off the table: a 

comment on Rutledge et al. (2015). Biology Letters 12: 20150834. 
(doi:10.1098/rsbl.2015.0834) 

 

vonHoldt B et al. 2011 A genome-wide perspective on the evolutionary history of enigmatic 
wolf-like canids. Genome Res. 21, 1294–1305. (doi:10.1101/gr.116301.110) 

 

This paper assesses genetic variation among wolf-like canids from around the world, across all 
38 autosomes using 46k single nucleotide polymorphisms (SNP) based on the dog genome. All 
red wolves in the analysis were from the captive breeding population. Principal components 
(PCA) and structure analyses suggested red wolves and Great lakes wolves are genetically 
differentiated. The red wolf cluster was adjacent to that of coyotes, and Great Lakes wolves 
were closest to other North American gray wolves. Of the 19 Great Lakes wolves in their 
sample, only two were from Algonquin Provincial Park and these two wolves were somewhat 
disjunct from Great Lakes and other North American wolves in the PCA. In a structure 
analysis, red and Great Lakes wolves showed distinct genetic signatures at K= 9 and  K= 10, 
respectively. Using the program SABER, 76% of the red wolf genome was assigned to coyotes,  
with the remainder assigned to gray wolves. Among Great Lakes wolves, an average of 15% of 
their genome was assigned to coyotes. Among the two wolves from the phenotypically distinct 
Algonquin Provincial Park, 58% of their genome derived from gray wolves, with the 
remainder being from coyotes. It should be noted that ancestry blocks could only be classified 
as deriving from gray wolves, coyotes, or domestic dogs. FST values for red wolves were 0.08 
and 0.11 in comparisons with Midwestern / southern coyotes and Great Lakes wolves, 
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respectively. FST values for Great Lakes wolves were 0.11, 0.08, and 0.05 in comparisons with 
red wolves, Midwestern / southern coyotes, and western wolves, respectively. The authors 
conclude red wolves are closely related to coyotes, “…but somewhat divergent from them due 
to a history of limited admixture with gray wolves. Such historic admixture between gray 
wolves and coyotes was followed by extensive backcrossing to coyotes, as the source 
population of gray wolves disappeared in the American South and the Southeast. We estimate 
admixture was initiated 144 generations (287–430 yr) ago.” The authors further state: 

 

It has been suggested that hybrids are not clearly protected under the ESA 
(O’Brien and Mayr 1991), especially hybrids between nonlisted entities (U.S. 
Fish and Wildlife Service 1973). Since a critical aim of the red wolf recovery 
project is to maintain the introduced population free from hybridization 
(Hedrick and Fredrickson 2008), the rationale of the program may need 
reconsidering as the extant red wolves clearly derive from a process of 
admixture. 

 

The authors further conclude: 
 

Using a genome-wide approach, we show that the red and Great Lakes wolves 
have a distinct but admixed evolutionary history. This result has important 
implications for conservation policy, because current preservation efforts are 
focused on populations whose admixed genomes may be due in part to recent 
habitat changes and predator control efforts (Lehman et al. 1991; Wayne and 
Jenks 1991). However, these concerns must be weighed against the beneficial 
top-down ecosystem effects that admixed populations have in environments, 
which now may be unsuitable for large wolves. Such ecologic, rather than 
strictly taxonomic considerations are also integral to deciding which species 
and subspecies should be preserved (e.g., Crandall et al. 2000; Allendorf et al. 
2001; Carroll et al. 2010). 

 

Wayne, R.K., and Jenks, S. 1991. Mitochondrial DNA analysis implying extensive 
hybridization of the endangered red wolf, Canis rufus. Nature 351: 565–568. 

 

The authors propose that red wolves are either derived entirely from hybridization between 
coyotes and gray wolves or originated as a distinct taxon that hybridized with coyotes and 
gray wolves over much of its historic range. To investigate the origin of red wolves, 
mitochondrial DNA sequences from the cytochrome b gene and restriction enzyme sites were 
examined among coyotes and gray wolves from throughout North America as well as from 
red wolves in the captive breeding program, wild canids captured in Louisiana and Texas from 
1974 to 1976 to initiate the captive population, and from six historical specimens collected 
from 1905 – 1930, potentially before substantial hybridization between red wolves and 
coyotes began. 
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The genotype of the captive red wolf population was identical to that found in two recent 
coyotes in Louisiana. Maximum parsimony placed this genotype in a monophyletic clade 
containing only coyote genotypes. This genotype was also common among the wild canids 
captured from 1974-1976. 
Genotypes among the wild canids captured from 1974-1978 were classified as 84% coyote, 
7% northern gray wolf, and 9% Mexican wolf. Morphological and genetic classifications of 
the wild canids often did not correspond. The high frequency of morphological hybrids, poor 
correspondences between morphological and genetic classifications, and the presence of only 
coyote and gray wolf haplotypes suggested hybridization between these species occurred in 
the source population from which the captive population was founded before 1974. All 
cytochrome b haplotypes from the historical specimens grouped either within the coyote or 
gray wolf clades. 

 

On a policy note, the authors state that even if red wolves are entirely hybrids they should be 
protected under the Endangered Species Act because they “…filled the role of a top predator 
throughout its former geographic range and was thus an important part of the ecosystem.” 

 

It should be noted that in this analysis eastern wolves were considered a subspecies of gray 
wolves (Canis lupus lycaon), and that hybridization between “gray wolves” and coyotes 
occurred only in the Great Lakes region, some of which is considered to have been the 
historic range of eastern wolves. 

 

See comments by Dowling et al. (1992), Nowak (1992), Phillips & Henry (1992) as well as 
the responses by Wayne (1992) and Wayne et al. (1998). 
Wayne, R.K. 1992. On the use of Morphologic and molecular genetic characters to investigate 

species status. Conservation Biology 590-592. 
 

Wayne, R.K., M.S. Roy, and J.L. Gittleman. 1998. Origin of the red wolf: response to Nowak 
and Federoff and Gardener. Conservation Biology 12:726-729. 

 

Wilson, P.J., Grewal, S., Lawford, I.D., Heal, J.N.M., Granacki, A.G., Pennock, D., Theberge, 
J.B., Theberge, M.T., Voigt, D.R., Waddell, W., Chambers, R.E., Paquet, P.C., 
Goulet, G., Cluff, D., White, B.N., 2000. DNA profiles of the eastern Canadian wolf 
and the red wolf provide evidence for a common evolutionary history independent of 
the gray wolf. Can. J. Zool. 78, 2156–2166. 

 

This paper tests two alternative hypotheses: 1) eastern and red wolves are hybrids of coyotes 
and gray wolves; and 2) eastern and red wolves evolved independently of gray wolves in 
North America. To test these hypotheses they used eight microsatellite loci from wolves in 
and around Algonquin Provincial Park (APP) in Ontario, Canada from 1960 – 1965 (n = 19) 
and from 1985 – 1996 (n = 49), and samples from the captive red wolf breeding program (n = 
60). Coyotes were sampled from Texas (n = 24) which were the geographically closest 
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population to the red wolf founders, and gray wolves were sampled from the Northwest 
Territories (n = 67). Prior microsatellite data from coyotes and gray wolves from additional 
locations were also used in analyses. In addition the authors also examined mtDNA control 
region sequences from the early APP wolves. 

 

Neighbor-joining analyses of the microsatellite data “showed an unexpectedly close 
relationship” among APP wolves, red wolves, Minnesota wolves and southern Quebec wolves. 
To evaluate whether this close relationship was due to similar amounts of coyote ancestry 
among Minnesota, southern Quebec, and red wolves, they ran a second neighboring-joining 
analysis using red and APP wolves, Texas coyotes, and gray wolves from other populations. 
The same relationship between red and APP wolves was observed, and the Texas coyotes 
formed a more distant branch suggesting that the genetic similarity between red and APP 
wolves was “not heavily influenced” by the introgression of coyote genetic material. In two 
assignment tests red and APP wolves clustered together separately from gray wolves but closer 
to the Texas coyotes. This suggested there was little or no gray wolf genetic material among 
red and APP wolves. No gray wolf control region sequences were found among red and APP 
wolves from the 1960’s. One control region sequence in the APP wolves was not present 
among coyotes and was divergent from coyotes. This haplotype was present in 7 of 13 APP 
wolves. A second haplotype was found in 9 of 12 red wolves, but not in coyotes. The APP and 
red wolf haplotypes grouped together and away from coyotes in a neighbor-joining tree. The 
remaining APP and red wolf samples contained coyote haplotypes confirming some 
hybridization. It is noted that the APP wolf population would have had about 30 years of 
contact with coyotes by the mid-1960’s. 

 

Sequence divergence between the red and APP wolf haplotypes was 2.1%. Sequence 
divergences between coyotes and red wolves and coyotes and APP wolves were 2.3 and 3.2%, 
respectively. 
Sequence divergence between gray wolves and APP and red wolves was 8.0%, and divergence 
between gray wolves and coyotes was 10%. This is consistent with a separation of 150,000 – 
300,000 years between APP wolves and coyotes and 1-2 million years between gray wolves 
and coyotes. It was concluded that the mtDNA of the APP and eastern wolves is not of gray 
wolf origin, but is similar to coyotes due to a relatively recent common ancestor. 

 

 

Wilson PJ, Grewal S, T. McFadden, R.C. Chambers, and B.N. White. 2003. Mitochondrial 
DNA extracted from eastern North American wolves killed in the 1800s is not of gray 
wolf origin. Canadian Journal of Zoology 81: 936–940. 

 

About 230 base pairs of control region mitochondrial DNA were sequenced from two 
historical wolf specimens. One specimen from Maine was collected in the 1880’s, and the 
other specimen was collected in New York in the 1890’s. The specimen from New York was 
described as the last wolf killed in New York and predates the first observation of a coyote-
like animal by about 40 years. The Maine specimen predates the first arrival of coyotes in 
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Maine by about 50 years. Based on the absence of coyotes when these specimens were 
collected, the authors make two predictions. The first is that if the eastern timber wolf is truly 
a subspecies of the gray wolf, the mtDNA from these specimens should be of Canis lupus 
origin. The second prediction is that if the eastern timber wolf is a North American-evolved 
wolf more closely related to the coyote, the mtDNA sequences would be closely related to 
those of coyotes as a result of evolutionary history and not recent hybridization. Both 
specimens contained a mtDNA haplotype that was not of gray wolf (C. lupus) origin. The 
Maine sample contained a mtDNA haplotype that clustered with previously identified eastern 
wolf and red wolf-specific mtDNA. The New York sample clustered with sequences found in 
modern western coyotes. 

 

Early coyote hybridization, about 40 years prior to recorded sightings of coyotes in New York, 
cannot be excluded given the similarity of the New York haplotype to those among coyotes. 
However, the similarity of the Maine sequence to mtDNA found in eastern timber wolves 
from Algonquin Provincial Park in the 1960s and at present, as well as that obtained from the 
red wolf captive-breeding program supports the presence of a wolf that is not of gray wolf 
origin. The authors interpret these findings as supporting the presence of an eastern wolf with 
an evolutionary history independent of that of the gray wolf. 

 

 

Wilson, PJ, LY Rutledge, TJ Wheeldon, BR Patterson, and BN White. 2012. Y-chromosome 
evidence supports widespread signatures of three-species Canis hybridization in 
eastern North America. Ecology and Evolution 2(9): 2325–2332. 

 

Within the historic range of the eastern wolf (Canis lycaon), the authors identify Y 
chromosome and mtDNA haplotypes that are divergent from and monophyletic to those of 
western coyotes and gray wolves. And these haplotypes are not found in western coyotes or 
gray wolves outside of the Great Lakes area. The authors conclude this provides additional 
support for the three species hypothesis for the origins of wolf-like canids in North America. 
Figures 1 and 2 portray a wide and complex range of hybridization among canid populations 
in eastern North America. The authors note that: 

 

The contemporary hybrid species-complex represents various forms. 
Specifically, a spectrum of coyote to eastern wolf to gray wolf phenotypes 
exists in a range of natural to human-modified landscapes, including regional 
differences in wolves (Mech and Paul 2008) and eastern coyotes (Kays et al. 
2010). 

 

They also state: 
 

As a result, standard taxonomic nomenclature is difficult to apply to the 
classification, conservation, and management of wolves and coyotes in eastern 
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North America. We encourage managers and policy makers to consider the 
evolutionary potential of these hybrid genomes because they may support the 
adaptability necessary to refill the ecological role once occupied by the purer 
wolf species that existed prior to European colonization. 

 

Perhaps throwing red (or Algonquin Provincial Park) wolves a bone, they further state: 
 

However, we also recognize that in situations where sufficient habitat exists for 
recolonization of historic species, efforts to minimize anthropogenic factors that 
exacerbate hybridization are an important aspect of conservation. 

 

Hybridization and Policy 
 

Allendorf, F.W., R.F. Leary, P. Spruell, and J.K. Wenburg. 2001. The problems with hybrids: 
setting conservation guidelines. Trends in Ecology and Evolution 16:613-622. 

Allendorf et al. (2001) identify six types of hybridization ranging from natural hybridization 
that leads to a new taxon to anthropogenic hybridization with backcrossing that has 
progressed to a hybrid swarm with no pure parental species individuals remaining. Examples 
of each of the six types are presented. 
They also address three management related questions: 1) is there an acceptable proportion of 
admixture; 2) can individuals of parental species be ‘rescued’ from hybrid populations, and 3) 
when might intentional hybridization be desirable. 

 

Allendorf FW, Leary RF, Hitt NP, Knudsen KL, Lundquist LL, Spruell P. 2004. Intercrosses 
and the U.S. Endangered Species Act: Should hybridized populations be included 
as westslope cutthroat trout? Conservation Biology 18:1203–1213. 

 

This paper considers the scientific basis for determining whether or not introgressed 
populations of westslope cutthroat trout (WCT) and populations of unknown hybridization 
status should be included as part of the units considered for listing under the Endangered 
Species Act. Both rainbow trout and Yellowstone cutthroat trout (YCT) may hydridize with 
WCT. Although WCT, YCT, and rainbow trout could be differentiated based on a meristic 
index, it was not useful for identifying hybrid populations. 
Hybridized populations that were at least 50% YCT admixture had meristic indices within the 
range of YCT. Hybridized populations that were at least 80% WCT had a meristic index within 
the range of WCT. Lab studies suggested that first generation hybrids between WCT and 
rainbow trout had reduced  fitness. Nevertheless hybridization in the wild between rainbow 
trout and WCT was ubiquitous and this hybridization could lead to the loss of local adaptation 
in native populations of WCT and reduce the probability of long-term persistence. Three 
alternatives for including populations for listing under the ESA were considered: 1) include 
only nonhybridized WCT; 2) include WCT populations with <10% admixture; and 3) include 
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all populations that retain the morphological attributes of WCT. Alternative 1 is the only 
alternative that would protect the historical evolutionary legacy of WCT. This alternative 
would also protect local adaptations that may be lost through hybridization. Hybridized 
populations that threaten WCT populations could be managed to reduce hybridization. The 
primary disadvantage of this alternative is that many nonhybridized WCT populations are 
small and isolated and thus susceptible to the extinction vortex. For alternative 2, accepting 
10% admixture is arbitrary. This alternative would greatly increase the number of populations 
protected and increase connectivity between populations and would reduce problems associate 
with small population size. But this alternative would protect hybridized populations that could 
act as a source for continued introgression into non-hybridized populations and result in the 
loss of local adaptations. Alternative 3 has all the disadvantages of Alternative 2. Populations 
may look like WCT, but may not function in the ecosystem as WCT. Local adaptations will 
likely be lost. The authors believe that only non-hybridized populations of WCT should be 
considered for listing under the ESA. WCT are a monophlytic lineage isolated from other 
lineages 1-2 million years. Only non-hybridized populations of WCT are likely to have the 
local adaptations important for long-term persistence. 
 
Allendorf, F.W., R.F. Leary, N.P. Hitt, K.L. Knudsen, M.C. Boyer, and P. Spruell. 

2005.Cutthroat trout hybridization and the U.S. Endangered Species Act: one 
species, two policies. Conservation Biology 19:1326-1328. 

 

In response to a comment on (Allendorf et al. 2004) the authors note here that in 2002 a 
USFWS finding for a different subspecies of cutthroat trout (Rio Grande cutthroat trout) 
agreed with the recommendation of Allendorf et al. (2001) that genetically pure populations 
should be maintained. They note that this is in contrast to the finding for westslope cutthroat 
trout (WCT, Federal Register 2003) which would allow populations with up to 20% admixture 
from other taxa to be treated as WCT under ESA. 

 

Ellstrand, N.C, D. Biggs, A. Kaus, P. Lubinsky, L.A. McDade, K. Preston, L.M. Prince , 
H.M. Regan, V. Rorive, O. A. Ryder, and K. A. Schierenbeck. 2010. Got 
hybridization? A multidisciplinary approach for informing science policy. BioScience 
60:384-388. 

 

Authors illustrate the wide range of potential biological outcomes when species / subspecies / 
populations hybridize. They note that policy to address conservation concerns associated with 
hybridization would need to be flexible, and therefore it may be difficult to develop. Authors 
also note that South Africa is the only nation which has endangered species legislation that 
mentions hybrids. The authors suggest that development of policy to address hybridization 
“lies at the interface between life and social-sciences” and therefore should arise from 
collaboration with economists, legal experts, biologists, etc. The first author, Ellstrand, is an 
evolutionary biologist that works with plants, and the examples used to illustrate this 
collaboration are not very relevant to that of red wolves and similar wildlife examples. On the 
upside, this paper points out that development of hybrid policy would be a ground-breaking 
exercise for biologists, legal experts, economists, social scientists, etc. 
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Federal Register Vol. 68, No. 152, August 7, 2003, pages 46989-47009. 
 

In this document, the USFWS: 1) declines to list westslope cutthroat trout (WCT) under the 
Endangered Species Act (ESA); 2) explains its position on the inclusion of hybrids in listing 
decisions; 3) explains their scientific rationale for its decision to not list WCT; and 4) presents a 
new status review of WCT. 

 

Here I will focus on the USFWS’ explanation of its policy evolution in terms of how it 
considers hybrids in regards to the ESA and their consideration of hybrids of WCT in regards 
to the ESA. This document is a response to an appeal of an earlier decision to not list WCT 
under the ESA. In this document it is noted that “… the Court directed the Service to present a 
scientifically-based conclusion about the extent to which it is appropriate to include hybrid 
WCT stocks and populations of unknown genetic characteristics in the WCT subspecies 
considered for listing.” 

 

USFWS explains that the two previous proposed “hybrid policies” were withdrawn, and that in 
cases of hybridization they will determine the extent to which hybrids may contribute to the 
conservation and recovery of a listed entity on a case-by-case basis: 

 

Previous Service positions regarding hybridization, based upon interpretations in 
a series of opinions by the U.S. Department of the Interior, Office of the 
Solicitor,             generally precluded conservation efforts under the authorities 
of the Act for progeny, or their descendants, produced by matings between 
taxonomic species or subspecies (O’Brien and Mayr 1991). However, advances 
in biological understanding of natural hybridization (e.g., Arnold 1997) 
prompted withdrawal of those opinions. The reasons for that action were 
summarized in two sentences in the withdrawal memorandum (Memorandum 
from Assistant Solicitor for Fish and Wildlife, U.S. Department of the Interior, 
to Director, U.S. Fish and Wildlife Service, dated December 14, 1990): ‘‘New 
scientific information concerning genetic introgression has convinced us 
that the rigid standards set out in those previous opinions should be 
revisited. In our view, the issue of ‘‘hybrids’’ is more properly a biological 
issue than a legal one’’ (emphasis added). 

 

Our increasing understanding of the wide range of possible outcomes resulting 
from exchanges of genetic material between taxonomically distinct species, 
and between entities within taxonomic species that also can be listed under the 
Act (i.e., subspecies, DPSs), requires the Service to address these situations on 
a case-by-case basis. In some cases, introgressive hybridization may be 
considered a natural evolutionary process reflecting active speciation or simple 
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gene exchange between naturally sympatric species. In other cases, 
hybridization may be threatening the continued existence of a taxon due to 
anthropogenic factors or natural environmental events. In many cases, 
introgressed populations may contain unique or appreciable portions of the 
genetic resources of an imperiled or listed species. For example, populations 
with genes from another taxon at very low frequencies may still express 
important behavioral, life history, or ecological adaptations of the indigenous 
population or species within a particular geographic area. Consequently, the 
Service plans to carefully evaluate the long-term conservation implications 
for each taxon separately on a case-by-case basis where introgressive 
hybridization may have occurred (emphasis added). 

 

In the case of WCT, USFWS deemed that populations that met the morphological 
criteria for WCT would be considered WCT under the ESA. Information available at 
the time suggested that this would include introgressed populations with up to 20% 
admixture from rainbow trout or Yellowstone cutthroat trout. 

 

Jackiw RN et al. 2015. A framework to guide the conservation of species hybrids based on 
ethical and ecological considerations. Conservation Biology 29: 1040–1051. 
(doi:10.1111/cobi.12526) 

 

The goal of this study was to identify gaps in existing hybrid management policies to inform 
the creation of hybrid conservation guidelines, particularly when hybrids might be eligible for 
conservation under existing policies. The authors reviewed 81 conservation policies including 
laws, amendments, regulations, management protocols, and guiding principles primarily from 
the USA and Canada to determine if and how they address hybrids and whether they consider 
hybrids eligible for conservation. They also reviewed the conservation literature (48 peer-
reviewed articles) to identify ecological and ethical considerations relevant for determining 
the conservation value of hybrids. Finally, they developed a framework to guide decision 
making to determine when hybrids should be protected under conservation policies. 

 

Of the 81 policies reviewed, 30 mentioned hybrids, but only 13 contained hybrid management 
guidelines relevant to conservation. Of these 13 policies, 10 used only the broad term “hybrid” 
and did not distinguish between different types of hybrids. A single policy identified hybrid 
types and noted that conservation decisions should be based on consequences of hybridization, 
not the level of hybridization. Of the 13 policies containing hybrid management guidelines, 
six did not allow for hybrid conservation. 
The remaining seven provided the potential for hybrids to be conserved. One of these policies 
was the Intercross policy of 1996 that was never implemented. Overall, “…the bias toward 
conservation of genetically pure species … is clear, even in policies that provide opportunities 
for hybrid conservation.” 

 

From the conservation literature, the authors identified three key ecological considerations 
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(genetics and evolution, functional ecosystem role, and species fitness) and two key ethical 
considerations (social and economic). Economic considerations include the moral 
implications of spending limited conservation funds on hybrid conservation when there are 
pure species that need protection. All considerations were context dependent – hybrid 
conservation could be ecologically beneficial or not beneficial or ethical or unethical 
depending on circumstances. Ethical considerations were mentioned in only seven of the 48 
articles reviewed. The authors concluded that many policies do not adequately account for the 
conditions under which hybrids may have conservation value, which may result in the loss of 
biodiversity and the inefficient use of conservation resources. 

 

The framework is based on four assumptions: 1) pure species are highly valued and are 
generally of greater conservation value than hybrids; 2) natural hybrids have more natural 
value than anthropogenic hybrids and generally hold higher conservation value than their 
human-mediated counterparts; 3) anthropogenic hybridization that occurs unintentionally is a 
more natural process than the intentional hybridization of species by humans; and 4) when 
there is uncertainty in a management scenario, decisions should be based on cost–benefit 
analyses that include ecological, social, and economic variables. 

 

The framework is clearly organized, but some species, e.g. red wolves, may still fall into gray 
areas – are coyotes native? Given the low number of red wolf founders, could hybridization 
be beneficial? If so, what would be the best source of new genetic material? 

 

In addition, although the paper discusses ethical issues associated with decisions on how 
populations / species threatened by hybridization should be managed, e.g. how best to spend 
conservation funds, these are not incorporated into the decision framework. For red wolves, 
this may be a substantial consideration in determining the future of the recovery program. 

 

Haig SM, Allendorf FW. 2006. Hybrid policies under the U.S. Endangered Species Act. Pages 
150–163 in Scott JM, Goble DD, Davis F, eds. The Endangered Species Act at Thirty, 
vol. 2: Conserving Biodiversity in Human-dominated Landscapes. Island Press. 

 

The authors present the history of hybrid policies under the Endangered Species Act. 
Developing a policy to address hybridization and hybrids has proven difficult in part because 
as this chapter states: “The word ‘hybrid’ does not occur in the definition of ‘species’ in the 
ESA (sec. 3) nor are hybrids considered anywhere in the act.” They also consider the 
treatment of hybrids in the Migratory Bird Treaty Act, the Convention on International Trade 
of Endangered Species of Wild Fauna and Flora (CITES). 
 
O’Brien, S.J., and E. Mayr. 1991. Bureaucratic mischief: recognizing endangered species and 
subspecies.  Science 251:1187-1188. 

 

This letter points out some of the shortcomings of the “hybrid policy” that resulted from the 
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1977 statements by a Department of Interior solicitor (see Haig & Allendorf 1996). The 
authors note that a number of species listed under the Endangered Species Act (Florida 
panther, gray wolves in the midwest, red wolves, and dusky seaside sparrow) may not be 
listable under this policy. In the case of the dusky seaside sparrow, this policy prevented the 
release of captive bred “hybrid” sparrows, and the species soon became extinct. In addressing 
the hybrid policy, they state: “the Hybrid Policy that discourages production of hybrids 
between species seems appropriate and should be affirmed.” But the policy should not prevent 
listing of species that hybridize within zones so long as the hybridization “does not 
disintegrate the genetic organization of the species in contact.” For subspecies and populations 
the Hybrid Policy should be dropped. But “managed facilitation of subspecies mixing would 
generally be discouraged although, in certain extreme cases, it may be justified.” 

 

Their thoughts and comments are based on their embrace of the biological species concept for 
organizing the biological world. This concept maintains that “species” are strongly isolated 
from one another by reproductive barriers such that gene flow between species does not 
occur if they come into contact, although bounded hybrid zones may develop. It reflects 
“…the irreversible process of speciation.” Many species, however, can hybridize with other 
recognized species resulting in introgression which may lead to range of outcomes, including 
speciation. 

 

Trouwborst, A. 2014. Exploring the Legal Status of Wolf-Dog Hybrids and Other Dubious 
Animals: International and EU Law and the Wildlife Conservation Problem of 
Hybridization with Domestic and Alien Species. Reciel 23:111-124 

 

This paper seeks to clarify the obligations of the (European) countries that signed onto the 
1979 Bern Convention as it relates to native species of wildlife that hybridize with exotic or 
domestic animals. He focuses on hybridization between wolves (Canis lupus) and domestic 
dogs. Neither the Bern Convention nor the European Union (EU)’s 1992 Directive on the 
Conservation of Natural Habitats and of Wild Fauna and Flora (Habitats Directive) – which 
serves the implementation of the Bern Convention within the EU (all EU member states and 
the EU itself are contracting parties) – and associated case law of the EU Court of Justice 
(ECJ) does not directly address anthropogenic hybridization. He also examines the 
Convention on Biological Diversity (CBD) and the Convention on Trade in Endangered 
Species (CITES). 
 
Tying the Bern Convention and Habitats Directive to CITES, he concludes that: 1) wolves and 
wolf-dog hybrids should be protected from harvest; and 2) removal of hybrids is essentially 
required based on policy as an active measure to conserve wolves. He also concludes “…it 
would probably be most appropriate, in line with evolving scientific insights, to adopt an ad 
hoc definition of hybrids incorporating genetics and morphology, whereby any wolf-like 
animal that can be proven (genetically) to have certain dog genes and/or (morphologically) to 
have certain physical dog characteristics, is considered a ‘wolf-dog hybrid’” similar to that 
which has been recently proposed for discerning mostly pure Scottish wildcats from domestic 
cats and hybrids between the two. 
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Appendix 2 
 
Draft of invitation letter sent to participants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

65 
 

 
 

 
 

October 5, 2015 

 

Dear XXXX: 

Recently, the USFWS halted the recovery program of the Red Wolf partly in response to 
the uncertainties identified in an independent review and evaluation of the program. One of the 
key questions centers on the effect of hybridization on a species’ conservation status.  To address 
this quintessential question we are convening an expert workshop to investigate, address, and 
evaluate the level of scientific consensus for two primary interrelated questions at the source of 
the uncertainty: (a) how does human-caused mortality affect reproductive barriers among red 
wolves and coyotes; and (b) at what point (if ever) should ongoing genetic introgression prompt 
the removal of a species from an Endangered Species Act listing?   The workshop will involve 
approximately 15 world-class, leading experts in endangered species policy/law, conservation 
genetics, taxonomy, and population biology, with a special focus on canids and red wolves in 
particular. 

 
Based on your expertise and standing within the scientific community and legal/policy 

community, we would like to formally invite you to participate as a core member of our 
workshop, and in follow-up publication(s) to emerge from the workshop.  We will cover all 
expenses (travel, room/board, and food) and provide an honorarium in the amount of $2000 for 
each core participant.   

 
The workshop will take place at the Charlie Elliott Wildlife Center, a 6,400-acre nature 

preserve located in central Georgia in a beautiful wooded setting easily accessible from the 
Atlanta International Airport.  In addition to 27 hotel-style guest rooms and expansive banquet 
hall, the Center hosts a diverse array of outdoor activities including fishing, hunting, hiking, bird 
watching, and a shooting range.  We have the week of May 23-27, 2016 reserved at the center 
and anticipate the workshop taking 2.5 days not including travel time. 

 
We would appreciate a reply and confirmation by November 1 so that we can plan 

accordingly. 
 
Sincerely, 
 

 L. Scott Mills, Department of Forestry and Environmental Resources, NCSU 
 Richard Frederickson, Missoula, MT  
 David R. Smith, USGS - Leetown Science Center 
 Jaime Collazo, Department of Applied Ecology, NCSU 
 Krishna Pacifici, Department of Applied Ecology, NCSU 

College of Agriculture and Life Sciences  
Department of Applied Ecology 

127 David Clark Labs 

Campus Box 7617 

Raleigh, NC 27695-7617 

 

 

   

North Carolina State University is a land-grant university and a 
constituent institution of The University of North Carolina 



From: Benjamin, Pete
To: Weller, Emily
Subject: Re: Red wolf review
Date: Tuesday, August 22, 2017 10:03:21 AM

Ok.  When Krishna sent me the August 2016 document, his email referred to it as a "predecisional draft
Final".  So, yes, the manuscript that Robin is working on is different from the August 2016 report.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Aug 22, 2017 at 9:03 AM, Weller, Emily <emily_weller@fws.gov> wrote:
See attached

On Tue, Aug 22, 2017 at 7:49 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Which report did we just receive?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Aug 18, 2017 at 1:23 PM, Weller, Emily <emily_weller@fws.gov> wrote:
Below is part of Robin Waples email from March. Is the manuscript he's referring to different than
the report we just received? Or are there 2 different documents that have/are being prepared?

Nice to hear from you.  Yes, I was at a red wolf workshop last May and have
the lead on a paper related to it.  However, that ms is waiting for others to
prepare a summary of recent genetic literature on wolves and coyotes, and
Scott Mills is point person for that (I cc:d him here; note he is now back at
UM).  Scott also organized the workshop so should be able to answer your
question about notes (I did not take general notes).  The ms I am involved with
will evaluate current and historical information to evaluate whether we think red
wolves remain listable as a "species" under the ESA.

---------- Forwarded message ----------
From: Robin Waples <robin.waples@noaa.gov>
Date: Thu, Mar 23, 2017 at 4:18 PM
Subject: Re: Red wolf review
To: Krishna Pacifici <jkpacifi@ncsu.edu>, "Weller, Emily" <emily_weller@fws.gov>



Cc: "Mills, Scott" <scott.mills@mso.umt.edu>, "Fain, Steve" <steve_fain@fws.gov>,
Gabriela Chavarria <gabriela_chavarria@fws.gov>

I am afraid it is premature.  I am supposed to be lead author but I haven't seen it since
last summer.  Also, the authors of many of the genetics papers that are
reviewed/summarized in the new section were at the workshop and we need time for
internal review of that material.

Robin

On 3/24/2017 4:41 AM, Krishna Pacifici wrote:

Thanks Emily,
I'll defer to Scott and Robin since I haven't actually seen a draft of the
manuscript yet either.

Thanks,
Krishna

On Thu, Mar 23, 2017 at 11:51 AM, Weller, Emily
<emily_weller@fws.gov> wrote:

Would it be possible for me to get a draft of the manuscript? I will not share the
paper beyond those in the taxonomy group (2 FWS employees) or my management
team, nor will I release/cite to any information within the manuscript without
prior consent.

Thank you for considering,
Em

On Wed, Mar 15, 2017 at 10:45 AM, Krishna Pacifici
<jkpacifi@ncsu.edu> wrote:

Great,
Thanks Scott!

That would be fantastic if we can turn it around and get it submitted
some time in the next few months.  Let me know what I can do to help.

Thanks again,
Krishna

On Wed, Mar 15, 2017 at 10:11 AM, Mills, Scott
<scott.mills@mso.umt.edu> wrote:

Hi Robin, Steve et al.

   Steve: I hope all is well – it’s been a while!

    All: The ms that essentially captures the conceptual advances we made



at the workshop got sidetracked with a co-author I sent it to for what I
thought would be a 2 week turnaround that turned into 7 months.

   As luck would have it, he sent me his text just last night!

    So I will flip it quickly to Robin and the core group.

    Steve, what is your timeline?

Sincerely,

Scott

 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

Scott.mills@umontana.edu   (or alias to: scott.mills@mso.umt.edu)

Mills Lab Web Page: http://www.umt.edu/research/millslab/

 

 

 

From: Robin Waples [mailto:robin.waples@noaa.gov] 
Sent: Wednesday, March 15, 2017 4:52 AM
To: Fain, Steve <steve_fain@fws.gov>; Weller, Emily
<emily_weller@fws.gov>
Cc: Gabriela Chavarria <gabriela_chavarria@fws.gov>; Mills, Scott
<scott.mills@mso.umt.edu>
Subject: Re: Red wolf review

 

Hi Steve,



Nice to hear from you.  Yes, I was at a red wolf workshop last May
and have the lead on a paper related to it.  However, that ms is
waiting for others to prepare a summary of recent genetic literature on
wolves and coyotes, and Scott Mills is point person for that (I cc:d
him here; note he is now back at UM).  Scott also organized the
workshop so should be able to answer your question about notes (I
did not take general notes).  The ms I am involved with will evaluate
current and historical information to evaluate whether we think red
wolves remain listable as a "species" under the ESA.

How are things going in FWS?  I remember some odd things going
on in Interior during the Bush administration, so it will be interesting
to see how things pan out this time.  At present I am in Tasmania for
a couple of months working with CSIRO colleagues on close-kin
estimates of N and Ne.  We are discussing extending my stay to 4
years.

best wishes,  Robin

 

On 3/15/2017 7:09 AM, Fain, Steve wrote:

Hi Robin,

 

I am helping Emily Weller with a red wolf taxonomy
review for a new Species Status Assessment.  I heard that
you are the keeper of the notes from a meeting held on
red wolf genetics back in May of last year.  Is it possible
to get a copy of your notes for the review?

 

It has been quite a while since we last met - I hope that
all is well with you and yours.

 

Best,

Steve

 

 

Steven R. Fain

Senior Research Geneticist



541-488-6523 (desk)

 

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject

to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

-- 

Krishna Pacifici
Department of Forestry and Environmental Resources
Fisheries, Wildlife, and Conservation Biology Program
5217 Jordan II Campus Box 8008
North Carolina State University
Raleigh, NC 27695
jkpacifi@ncsu.edu
(919) 515-8435



-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Weller, Emily
To: Miranda, Leopoldo; Arnold, Jack; Valenta, Aaron; Eversen, Michelle; Benjamin, Pete; Madison, Joseph S;

Rivenbark, Erin; Scott, David P; Morse, Michael L; Uihlein, Bill; Romito, Angela M; Whelan, Nathan V
Subject: Preparing for the Red Wolf Meeting
Date: Friday, August 25, 2017 1:25:58 PM

Good morning, All. 

To prep you for the meeting, I have organized a Google Drive folder with all relevant literature, notes on
the literature, and summaries of those notes. Please see the breakdown below and what documents you
may want to review before the meeting.

1) Here is the link to the drive:
https://drive.google.com/open?id=0B_Ca7i5-F4BXdy1jSjFXSTVVMHM

2) In the main folder there is an outline document that provides the general structure
for our discussion. This folder also contains an outline with my detailed notes from
the literature included. You might find this useful; however, you might also want to
just stick with the summaries. This detailed outline will be useful if you'd like
additional information after reviewing a summary. Note, I plan to further clean this
document up this weekend.

3) The folders/literature/notes are divided by the sections provided in the discussion
outline.

4) Under each Section folder, there will be a Word doc that provides the summary of
information for that section, as well as literature folder(s) with all the papers cited in
the summary for that section.

Please note that I am still working on the literature folders  and summary for the last
section; however, most of the information and literature is already posted.

Please be sure to read the summaries. I think this will help prepare you for the
discussion we will have on Wednesday. 

Looking forward to meeting with you and having some incredibly interesting
discussions.
Please let me know if you have any questions.

Emily

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov



NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Miranda, Leopoldo
To: Scott, David P; Eversen, Michelle; Arnold, Jack; Weller, Emily; Uihlein, Bill; Benjamin, Pete; Rivenbark, Erin; Valenta, Aaron
Subject: Updated Invitation: Red Wolf Taxonomy Meeting @ Wed Aug 30, 2017 (pete_benjamin@fws.gov)
Start: Wednesday, August 30, 2017 12:00:00 AM
End: Thursday, August 31, 2017 12:00:00 AM
Location: Regional Office, Sam Hamilton B Conference Room, 2nd Floor
Attachments: invite.ics

This event has been changed.

more details » <https://www.google.com/calendar/event?
action=VIEW&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 

Red Wolf Taxonomy Meeting

When
Wed Aug 30, 2017 
Where
Changed: Regional Office, Sam Hamilton B Conference Room, 2nd Floor (map <https://maps.google.com/maps?q=Regional+Office,+Sam+Hamilton+B+Conference+Room,+2nd+Floor&hl=en> ) 
Video call
https://plus.google.com/hangouts/_/doi.gov/leopoldo-mirand <https://plus.google.com/hangouts/_/doi.gov/leopoldo-mirand?hceid=bGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292.5nvpbjh5qppodcduuqllsl5h4b>  
Calendar
pete_benjamin@fws.gov 
Who
• leopoldo_miranda@fws.gov
- organizer
• david_scott@fws.gov
• michelle_eversen@fws.gov
• jack_arnold@fws.gov
• emily_weller@fws.gov
• bill_uihlein@fws.gov
• pete_benjamin@fws.gov
• erin_rivenbark@fws.gov
• aaron_valenta@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=1&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=3&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=2&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=NW52cGJqaDVxcHBvZGNkdXVxbGxzbDVoNGIgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjQjbGVvcG9sZG9fbWlyYW5kYUBmd3MuZ292Mjg5MzUwMzVlNDc2YmE2MzczYWQ5Nzk2ZTA4NTNjMGU3NjY2MjQzNQ&ctz=America/New_York&hl=en> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for updated invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .
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From: Mills, Scott
To: gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Fred Allendorf; Holly Doremus; Jaime Collazo;

Linda Rutledge; Lisette Waits; Luigi Boitani; Mike.Phillips@tedturner.com; Mike Schwartz; Prof Roland Kays;
Richard Fredrickson; Robin Waples; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L;
Bridgett M. vonHoldt

Cc: Krishna Pacifici
Subject: DRAFT of red wolf ms
Date: Tuesday, August 29, 2017 1:18:57 PM
Attachments: Red wolf complete draft August 28 2017.docx
Importance: High

Dear All,
   Well, it’s been more than a year since we met in Atlanta.
     Building off our discussions, a core group of us have been developing a draft manuscript
describing how DPS considerations might help inform conservation policy for red wolves.  You will all
be included in Acknowledgments, of course.
    At this point the target journal for this paper is Journal of Heredity.
   The USFWS will be receiving this draft of the manuscript to use in their ongoing policy
deliberations.
        You are welcome to provide us edits on this draft.  Please realize we cannot add much net
additional text, as the paper is already quite long.   Although you could ‘reply all’ with comments,
given the large number of contacts here it may be more efficient to send your edits directly to Robin
Waples and me (robin.waples@noaa.gov; scott.mills@umontana.edu). 
     Please submit comments to us by Monday, Sept. 18.  
     Finally, to state the obvious: this draft should not be forwarded, shared, or circulated to anyone
else.
   Sincerely,
Scott 
 
L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
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Is the red wolf a listable unit under the U.S. Endangered Species Act? 
  
Provisional Authorship:  Waples/Kays/Fredrickson/Pacifici/Mills 
Likely target journal: 
 Journal of Heredity 
 

Internal draft not for distribution 
 
Abstract (pending) 
 

I. Introduction 
 
 What biological units merit special protection?  This question is increasingly relevant as 
earth’s ecosystems are ever more strongly influenced by humans.  It is a difficult question even 
for relatively straightforward scenarios, where at a minimum one must consider a) uncertainties 
associated with estimates of extinction risk; b) difficulty in predicting consequences of 
alternative intervention strategies; and c) perceived values to humans and natural ecosystems.  
Prioritizing scarce conservation resources is even more challenging when evolutionary history of 
the focal taxon is uncertain. 
 The red wolf (Canis rufus, C. lycaon rufus, or C. lupus rufus, depending on the 
authority), a small, wolf-like canid that historically occupied most of the U.S. east of the prairies 
and south of the Great Lakes, is a prime example of a taxon with an uncertain evolutionary 
history.  Wolves, coyotes, jackals, dogs, and the dingo comprise the genus Canis, which first 
appeared in the fossil record in southwestern USA and Mexico in the Miocene (~6 MYA) (Wang 
and Tedford 2008).  The gray wolf (C. lupus), which is the only wild Canis species that currently 
occurs in both the Old and New World, originated in Eurasia and appears in the North American 
fossil record by the mid-Pleistocene; its historic range included most of North America except 
the eastern U.S. (Chambers et al. 2012).  In 1973 the gray wolf in the lower 48 states was listed 
as Endangered under the U.S. Endangered Species Act (ESA), based on the last few remaining 
wolves in northern Minnesota. 
 Several other wolf-like canids are restricted to North America.  The small forms from 
areas of southern Ontario and Quebec centered on Algonquin National Park are commonly 
referred to as “eastern wolves” and are considered by some authors to be a separate species (C. 
lycaon) (Baker et al. 2003; Wilson et al. 2000) or subspecies (C. lupus lycaon) (Goldman 1937, 
1944; Nowak 1995, 2002, 2003; Chambers et al. 2012).  Wolves from the western Great Lakes 
area of the U.S. and Canada, sometimes referred to as “Great Lakes” wolves and included by 
some authorities as part of the subspecies C. l. nubilus, are generally intermediate in size to 
eastern wolves and gray wolves from western North America (Mech and Paul 2008; Mech et al. 
2011; Nowak 1995, 2002, 2009).  Red wolves historically occupied most of the eastern United 
States, outside of the range of the Canis lineage referred to as lycaon.  Another small canid 
historically occurred in the American southwest and Mexico, and the last remnant populations 
were listed under the ESA in 1976 as the Mexican wolf, a subspecies of gray wolf (Canis lupus 
baileyi; aka “lobo”).  Finally, the coyote (C. latrans), the smallest wild North American wolf-like 
canid, was historically restricted to the western half of the continent but rapidly expanded 
eastward following the functional extinction of eastern wolves and red wolves (Parker 1995; 
Fener et al. 2005; Kays et al. 2010; Levy 2012).   
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 The precarious status of the red wolf is not in question:  nearly driven to extinction by the 
middle of the 20th century, it exists today as a captive population and a small experimental wild 
population (Gese et al. 2015; US Fish and Wildlife Service (USFWS) unpublished data).  Red 
wolves were listed as Endangered in 1967 under the U.S. Endangered Species Preservation Act 
and remain listed (as C. rufus) under the ESA.  However, this listing and associated recovery 
actions are controversial because of uncertainties and scientific disagreements about both the 
evolutionary history and contemporary history of red wolves.  Recent hybridization between 
coyotes and both red wolves and eastern wolves, together with a paucity of historical genetic 
samples, has clouded interpretation of their evolutionary history. 
 As elaborated in the next section, several hypotheses have been proposed regarding the 
evolutionary history of these charismatic canids.  One hypothesis suggests that the red wolf is a 
unique New World lineage that split off from the smaller coyote in the Pleistocene; a variation 
posits that red wolves and eastern wolves together form a species separate from coyotes and gray 
wolves.  Another hypothesis is that red wolves were a subspecies, or ecotype, of C. lupus 
specialized on the eastern forests.  Various alternative scenarios for the origin of the eastern 
wolf-like canids involve ancient and/or recent hybridization with coyotes, gray wolves, and 
potentially domestic dogs (C. familiaris or C. lupus familiaris) brought to the continent by 
humans (Anderson et al. 2009).  All experts do agree that red wolves and coyotes hybridized in 
the southeastern U.S. as coyotes spread eastward in the 20th century, and that hybridization 
remains a constant threat.  However, there are diverse and strongly-held views regarding what 
hybridization, old and new, means for conservation and management of red wolves. 
 Here, we tackle a question at the heart of the controversy:  are red wolves a listable entity 
under the ESA?  Protection of red wolves was grandfathered into the ESA from the 1967 listing 
under the ESA’s precursor, but in the last 50 years two events have changed the criteria for 
determining listability.  First, the ESA has been amended several times, including the sections 
dealing with listing criteria.  The 1978 ESA amendments [Public Law 95-632 (1978), 92 Stat. 
3751] clarified what units can be considered “species” under the ESA and hence legally 
protected if they are determined to be Threatened or Endangered:  an ESA “species” can be 
either a) a recognized biological species, b) a recognized subspecies, or c) a “distinct population 
segment” (DPS).  The provision to recognize DPSs applies only to vertebrate species.  Although 
this language opened up new options for listing populations of vertebrates, “Distinct Population 
Segment” is not a generally recognized biological term, and the ESA provides no specific 
guidance on how to determine what constitutes a DPS.   
 The second major event was that, following almost two decades of applying the DPS 
provision on an ad hoc basis, the agencies that implement the ESA (USFWS and National 
Marine Fisheries Service, NMFS) developed a joint policy to guide DPS determinations 
(USFWS and NMFS 1996a).  Under the joint species policy, to be a DPS a population or group 
of populations must meet two criteria: discreteness and significance. A population unit can be 
considered discrete if it satisfies either of the following conditions: 

1. It is markedly separated from other populations of the same taxon as a consequence 
of physical, physiological, ecological, or behavioral factors. Quantitative measures of 
genetic or morphological discontinuity may provide evidence of this separation. 

2. It is delimited by international governmental boundaries within which differences in 
control of exploitation, management of habitat, conservation status, or regulatory 
mechanisms exist that are significant in light of Section 4(a)(1)(D) of the ESA. 
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According to the policy, information relevant to the ‘discrete’ criterion includes (but is not 
necessarily limited to) physical, ecological, behavioral, and genetic data.  
 Once a population segment is deemed to be discrete, the next step in DPS evaluation is to 
determine whether it is also “significant” to the taxon to which it belongs.  Factors that can be 
used to determine whether a discrete population segment is significant include: 

1. Persistence of the discrete segment in an ecological setting unusual or unique for the 
taxon; 

2. Evidence that loss of the discrete segment would result in a significant gap in the 
range of the taxon; 

3. Evidence that the discrete segment represents the only surviving natural occurrence of 
a taxon that may be more abundant elsewhere as an introduced population outside its 
historical range; and 

4. Evidence that the discrete segment differs markedly from other populations of the 
taxon in its genetic characteristics. 

More recently, these same criteria have been adopted by Canada to help identify population units 
of all taxa that potentially qualify for protection under Canada’s Species at Risk Act (citation), 
which means that they play a large role in determining conservation priorities across most of 
North America. 
 Determining whether the red wolf is a listable entity under the ESA therefore requires a 
determination whether they are a species, a subspecies, or a DPS.  Our approach to this problem 
is as follows.  First, we review the various published hypotheses regarding historical 
evolutionary relationships of red wolves and other North American wolf-like canids.  Our 
objective is not to establish which hypothesis is most likely, but rather to enumerate the plausible 
hypotheses so that each can be considered from the ESA perspective.  Next, we review recent 
information about hybridization among North American Canis.  Finally, for each of the 
published hypotheses, we draw on the best available scientific information to evaluate whether 
the red wolf could be considered a listable unit under the ESA by virtue of its status as a species, 
subspecies, or DPS.   
  

Evolutionary history of red wolves in relation to other NA canids 
 
Current context: Captive breeding and recovery 
 By the early 1900s, a combination of direct persecution, forest clearing, road building, 
and perhaps the decline of deer herds had eliminated red wolves from most of their historic range 
(USFWS 1989), and hybridization between red wolves and coyotes had begun in central Texas 
(Nowak 2002, Phillips et al. 2003).  By the time the USFWS initiated a captive breeding 
program in 1973, red wolves were confined to a single small population in Louisiana and Texas, 
surrounded by coyotes that had expanded their range eastward (Riley and McBride 1975; 
USFWS 1989). Over the next 7 years, more than 400 wild canids were captured from the area of 
the remaining red wolf population, and wild red wolves were extirpated from their historic range.  
43 captured animals were sent to the breeding facility as putative red wolves; of those, 
considered pure red wolves, only 14 became the founders of the captive breeding population 
(USFWS 1989).  Details of the captive breeding program are described elsewhere (Waddell and 
Long 2015). 
 Currently, a single wild population of red wolves exists on the Albemarle Peninsula in 
northeastern North Carolina.  This was established as an ‘experimental’ population (which 
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allows additional management flexibility to reduce human conflicts) from the captive facility, 
with 63 wolves released from 1987 to 1994.  The red wolf recovery area (RWRA) encompasses 
about 4,600 km2, roughly half in public and half in private ownership, with red wolves making 
use of about 47% of that area (Phillips et al. 2003, Gese et al. 2015).   Coyotes were not present 
when introductions began but arrived soon after, and hybridization with red wolves was 
confirmed by the early 1990s (Adams et al. 2003).  Recognizing that coyote hybridization was 
the greatest risk to recovery, USFWS implemented specific, ongoing actions to reduce coyote 
introgression into the red wolf population, including removing hybrid litters and euthanizing or 
sterilizing coyotes and hybrids (Kelly 2000, Gese et al. 2015).  Although the wild population has 
fluctuated over time with a generally increasing trend it now numbers <50 (Figure 1).  
 
Morphology 
 Canid taxonomy, like that for many mammalian groups, historically has focused on 
morphological analysis of teeth and bones of the skull.  Early efforts to make sense of North 
American canid diversity (e.g., Goldman 1944) found morphological evidence for a large 
number of subspecies of the gray wolf.  More recently, Nowak (1995, 2002) trimmed that to the 
red wolf (C. rufus) and five subspecies of gray wolf, including the Mexican wolf (C. l. baileyi), 
eastern wolves in southern Ontario and Quebec (C. l. lycaon), and a form that historically 
occupied much of the western US and ranged northward to encompass all of Hudson’s Bay (C. l. 
nubilus) (Figure 2).  Nowak’s (2002) paper focused on eastern canids and used only skulls 
collected prior to 1918.  He found that a small wolf appeared in areas east of the Great Plains and 
south of the Great Lakes and St. Lawrence River near the end of the Pleistocene, and about the 
same time coyotes disappeared from eastern North America.  He found this small wolf, which he 
considered to be C. rufus, to be distinct from both the coyote and gray wolf, with no evidence of 
hybridization.  Prior to European settlement of North America, the geographic range of these 
‘red wolves’ had little overlap with that of coyotes, whose eastern limits largely coincided with 
the westerly plains (Nowak 2002).  Historically, eastern North America was heavily forested, 
and these small wolves were presumably specialized to hunt the primary ungulate of the region, 
white-tailed deer (Odocoileus virginianus).  
 Nowak’s taxonomic conclusions are based on multivariate, discriminant function analysis 
(DFA) of morphological characters.  DFA requires the user to pre-assign individuals into groups 
and then derives linear combinations of the original variables (the discriminant functions) that 
maximize differences among groups.  DFA is most robust when group membership in the pre-
defined groups is determined using independent information.  When the same characters are used 
both to group the samples and to derive the discriminant functions (as Nowak did), the result can 
be an exaggeration of inter-group differences and overly-optimistic assessments of power to 
assign individuals to groups (Waples 2010). 
 More recently, Hinton and Chamberlain (2014) found that sympatric red wolves, coyotes, 
and their hybrids could be distinguished based on morphological characteristics: red wolves are 
the largest canid in the NC recovery region, coyotes the smallest, and hybrids are intermediate. 
 
Ecology 
 Gray wolves historically inhabited most of North America except for the deciduous 
forests of eastern North America, an area occupied by red and eastern wolves, which are 
morphologically intermediate between gray wolves and coyotes (Nowak 1995, Kyle et al. 2006).  
Morphological and ecological differentiation of Canis taxonomic groups has been attributed to 
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habitat and prey selection, as well as to interference competition (Mech 1970).  Population 
structure is often associated with ecological differences in vegetation and prey type (Geffen et al. 
2004, Carmichael et al. 2007).  A striking example of ecological differentiation occurs for 
adjacent populations of gray wolves from coastal and inland British Columbia.  Strong genetic 
structure between these groups does not correspond to geographic distance or physical dispersal 
barriers but rather to habitat differences, as coastal wolves obtain more than half of their protein 
from marine sources (Munoz-Fuentes et al. 2009).   
 The historic distribution of red wolves (Figure 2) is largely congruent with North 
America’s Ecoregion 8, Eastern Temperate Forests (Figure 3).  This ecological region is 
characterized by a relatively dense and diverse forest cover, an abundance of perennial streams 
and rivers, and a high diversity of many species, including birds, fish, reptiles, and amphibians; it 
is recognized as “a significant evolutionary area for the continent’s fauna” (Commission for 
Environmental Cooperation 1997).  Summers are hot and humid, while winters exhibit a 
latitudinal gradient from subtropical temperatures in the south to cool, continental temperatures 
in the north.  The north-central part of this ecoregion includes part of the historic range of C. 
lycaon (Figure 2). 
 Historically, sympatry between coyotes and wolves was restricted to western North 
America, where competition is reduced because large herbivores (moose, bison, elk) provide 
abundant prey for wolves, while coyotes forage on deer and smaller species or scavenge wolf 
kills.  As eastern forests were altered to more open, human-dominated habitats, wolf-control 
programs decimated historic populations of eastern wolves and red wolves, leaving a void that 
coyotes, being renowned generalists, readily exploited.  By the mid 1900s, coyotes had expanded 
into most of North America (Parker 1995; Levy 2012; Sears et al. 2003).  Subsequent 
hybridization between coyotes and remnant populations of wolves in eastern North America 
created an increasing coyote size gradient from west to east (Kays et al. 2010; Way et al. 2010).  
Hybridization between coyotes and eastern wolves has also created intermediate habitat 
preferences.  Based on species distribution models, Otis et al. (2017) found that hybrids between 
the eastern wolves and eastern coyotes exhibited intermediate environmental niche 
characteristics compared to their progenitors. 
 Red wolf habitat use and prey types in the reintroduced North Carolina population 
overlap with those of the invasive coyote.  However, the proportion of prey types differs, 
consistent with the larger body sizes of red wolves; in particular, red wolves consume more 
white-tailed deer and fewer small mammals and rabbits than do coyotes in the RWRA (Hinton et 
al. 2017).  Likewise, current red wolf habitat use differs from other wolves, with preference for 
agricultural habitats over forest, perhaps tracking white-tailed deer densities (Dellinger et al. 
2013, Hinton et al. 2016). 
   
Behavior and contemporary hybridization 
 Recent studies in and near the RWRA provide insights into contemporary interactions 
between red wolves and coyotes.  Over 13 years, Bohling and Waits (2015) found four times as 
many red wolf litters as hybrid litters within the RWRA.  About half of the hybridization events 
followed the death (typically caused by humans) of one member of a stable red wolf breeding 
pair.  Hybrid litters tended to be produced by first-time breeders, away from the core RWRA. 
Red wolves that did not pair with other red wolves preferentially paired with admixed 
individuals rather than coyotes, even though coyotes vastly outnumbered hybrids within the 
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study area.  The authors concluded that social stability of red wolf family groups was an 
important factor in determining the probability of hybridization (see also Hinton et al. 2015). 

Bohling et al. (2016) studied the spatial extent of hybridization within the RWRA and 
adjacent areas.  They found that red wolf ancestry declined sharply across a transect leading 
outside the RWRA, and that no red wolves were found outside the recovery area, whereas half of 
the canids within the RWRA were coyotes.  In spite of the pervasive presence of coyotes, only 
4% of the individuals surveyed by Bohling et al. (2016) were hybrids.  This result, however, 
reflects at least in part success of the adaptive management plan to limit the consequences of 
hybridization.   
 In southern Quebec and Ontario, a study focused on eastern wolves from Algonquin 
National Park (Rutledge et al. 2010a) found evidence that coyote mtDNA was widespread but 
coyote Y chromosome haplotypes were absent, indicating that male coyotes were not involved in 
hybridization with eastern wolves.  In contrast, gray wolf Y chromosome haplotypes were 
widespread, indicating male-mediated introgression of gray wolf genes.    

Current high hybridization rates between coyotes and both eastern wolves and red wolves 
are associated with high kill rates of wolves by humans (Rutledge et al. 2011; Bohling and Waits 
2015).  High human-caused death rates, particularly due to gunshot during the deer-hunting 
season, facilitate coyote introgression by removing resident red wolves just prior to the breeding 
season, in which case the remaining wolf of a pair is more likely to settle for a coyote or a hybrid 
as a mate.  With social structure intact, red and eastern wolves exhibit positive assortative mating 
(Bohling et al 2016, Rutledge et al. 2010), and red wolves will exclude or displace coyotes from 
areas they occupy (Gese and Terletzky 2015).  Death of transient red wolves removes individuals 
that might pair with other red wolves and displace coyotes as breeders (Hinton et al. 2015, 2016).   
 Although recent hybridization between coyotes and eastern wolves and red wolves is well 
documented, the extent of gray wolf x coyote hybridization is less clear.  In western North 
America, gray wolves often kill coyotes, and no matings of the two species have been reported in 
the wild (Wheeldon et al. 2010; Rutledge et al. 2012).  In the western Great Lakes region, where 
the two species have co-existed since prior to European contact, studies have found evidence for 
little (Wheeldon et al. 2010) or no (Mech 2011) recent hybridization between gray wolves and 
coyotes.  Wheeldon et al. (2010) concluded that wolves from the western Great Lakes are 
derived from hybridization between gray wolves and eastern wolves.  Because eastern wolves 
have also hybridized with coyotes recently (and perhaps historically), they have potentially 
served as a conduit for indirect mixing of gray wolf and coyote genes (Rutledge et al. 2012).   

An experimental attempt at artificial insemination showed that gray wolves and coyotes 
are not completely incompatible reproductively, as one of nine coyote females inseminated with 
gray wolf semen produced offspring (Mech et al. 2014).  Two of these gray wolf-coyote hybrids 
subsequently mated and produced F2 offspring (vonHoldt et al. 2017a), but whether the F2 
generation is fertile is not known. 

 
Genetics 
 The large (and growing) number of genetic studies of wolves and their relatives are 
challenging to summarize (see Chambers et al. 2012 for a recent attempt); these studies have 
only partially overlapping sets of samples, DNA markers, and analytical methods, which not 
surprisingly supports a variety of perspectives.  Here we focus on studies most directly relevant 
to red wolves. 
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 Wayne and Jenks (1991) completed the first efforts to compare patterns of genetic 
variation in North American coyotes and gray wolves to that of captive red wolves and other 
canids captured during the selection of founders for the red wolf captive population. The authors 
compared sequence variation in maternally-inherited mitochondrial DNA (mtDNA) and found 
that captive red wolves carried a single mtDNA haplotype that was phylogenetically similar to 
that of coyotes. Other potential founders for the red wolf captive population had either coyote, 
gray wolf, or Mexican wolf mtDNA, with a mismatch often observed between mtDNA 
haplotypes and their morphological classification.  Wayne and Jenks (1991) hypothesized that 
the red wolf is either 1) wholly of hybrid origin or 2) has recently hybridized with other North 
American canids.  This paper represents the first proposed two-species hypothesis for North 
American canids (gray wolf, coyote), with eastern and red wolves being of mixed origin.  
 Using data for 10 nuclear gene loci previously reported by Roy et al. (1994), Reich et al. 
(1999) estimated that the coyote-gray wolf hybridization event occurred no more than 12,800 
ybp, and likely less than 2,500 ybp.  Bertorelle and Excoffier (1998) found that the same data 
were consistent with red wolves and coyotes being sister species that diverged 10% as long ago 
as coyotes and gray wolves. 
 Wilson et al. (2000) proposed a different evolutionary hypothesis based on analysis of 
both nuclear and mtDNA data.  At nuclear loci, Wilson et al. found that red wolves and eastern 
wolves were more similar to each other than either was to gray wolves.  They identified coyote 
mtDNA in both eastern and red wolves but also found unique sequences in both of the latter 
forms that diverged from any coyote mtDNA haplotypes.  The authors concluded that coyotes, 
red wolves, and eastern wolves all evolved in North America, with the eastern+red wolf lineage 
diverging from the coyote lineage 150,000-300,000 years ago.  This three-species hypothesis 
considers eastern wolves and red wolves to be part of the same species, C. lycaon.   
 The first paper to take advantage of the revolution in genomics technology to study 
worldwide evolution of Canis was vonHoldt et al. (2011), who used over 48,000 single-
nucleotide-polymorphism (SNP) markers.  The authors concluded that unique genetic features of 
the red wolf population were less distinctive than for other recognized wolf species or 
subspecies.  Bayesian clustering analysis suggested this was primarily due to its mixed origin.  
Subsequent analyses based on haplotype block size suggested that the primary hybridization 
event between coyotes and gray wolves occurred 287-430 years ago; a similar analysis for Great 
Lakes wolves suggested initial admixture 546-963 years ago.  vonHoldt et al (2011) concluded 
that the close affinity of red wolves and eastern wolves proposed by Wilson et al. (2001) owed 
more to similar patterns of lupus x latrans hybridization than to a shared evolutionary history.    
 The global scope of the vonHoldt et al. (2011) analyses had both advantages and 
disadvantages.  Including diverse canids from Eurasia and Africa provided a broad context for 
interpreting evolutionary distinctiveness of New World forms.  On the other hand, this made it 
more difficult to discern fine-scale structure within North America of some forms (esp. eastern 
wolves) represented by relatively few samples.  In particular, 75% of the individuals were 
domestic dogs, and it is well known that some methods (such as Bayesian clustering) can be very 
sensitive to unequal sample sizes (Kalinowski 2011) and most readily detect the strongest levels 
of genetic structuring (Evanno et al. 2005; others).   
 Rutledge et al. (2012) re-analyzed vonHoldt et al’s (2011) SNP data in a principal 
components analysis (PCA), with a focus on four North American forms (gray wolves, coyotes, 
eastern wolves, and red wolves).  They found red wolves to be the most distinctive of the four 
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groups (Figure 4), which they pointed out could be due at least in part to founder effect and drift 
associated with the captive breeding program.   
 Most recently, a whole-genome-sequencing study by vonHoldt et al. (2016) greatly 
expanded the number of loci (to 5.4 million SNPs), while focusing on a much smaller number of 
individuals (28).  Red wolves were the most divergent group (FST = 0.177 with North American 
gray wolves and 0.107 with coyotes judged to be nonadmixed) but were genetically more similar 
to coyotes considered to be admixed.  vonHoldt et al. (2016) noted that the amount of genetic 
divergence between North American gray wolves and coyotes (FST = 0.153) is not much larger 
than that between European and North American gray wolves (FST = 0.099), and they estimated 
the divergence time between gray wolves and coyotes at only about 50,000 years ago.  vonHoldt 
et al. (2016) further identified >16,000 SNPs with fixed differences between coyotes and 
Eurasian gray wolves and used these to estimate coyote vs gray wolf ancestry in putative 
admixed forms; results indicated that Great Lakes wolves derive slightly more of their genes 
from gray wolves and eastern wolves derive slightly more from coyotes, while at least 80% of 
red wolf genes can be traced to coyotes.  The authors argued that the percentage of novel alleles 
in eastern wolves and red wolves was lower than expected if they were distinct species.  Using a 
genetic-demographic model that included divergence times and historical population sizes and an 
analysis that focused on 9 individuals, vonHoldt et al. (2016) estimated the divergence between 
red wolf and coyote as 55,000-117,000 ybp and divergence between Great Lakes wolf and gray 
wolf as 27,000-32,000 ybp. 
 Hohenlohe et al. (2017) criticized a number of aspects of the vonHoldt et al. (2016) 
study, including representativeness of the samples and their suitability for assessing admixture, 
pooling of eastern wolves from Algonquin Park with Great Lakes wolves in some analyses, 
interpretation of the PCA and rare-allele analyses, and conclusions about admixture.  vonHoldt et 
al. (2017) responded to these criticisms and reaffirmed conclusions of their 2016 study. 
 Genetic analysis of historical (pre-European contact) specimens could potentially resolve 
some of the uncertainties regarding canid evolution in North America, but to date these are 
limited to studies of mtDNA.  Rutledge et al. (2010b) examined four Canis skull samples 
excavated from 16th Century middens in southern Ontario and found that none contained mtDNA 
of gray wolf origin.  They concluded that this area was historically occupied by the New World-
evolved eastern wolf rather than the Old World-evolved gray wolf, but they could not rule out 
the possibility that the specimens analyzed were admixed forms of eastern and gray wolves. 
Brzeski et al. (2016) examined three wolf-like tooth samples dated to 350–1900 ybp collected 
within the historic range of the red wolf.  Each specimen produced a previously undocumented 
mtDNA haplotype, all of which grouped within the coyote clade.  This result is consistent with 
either an origin by ancient hybridization with coyotes or evolution of the red wolf from the 
coyote lineage, but does not support a recent hybrid origin following invasion of the coyote into 
eastern North America.  
 
Summary 
 The diverse ideas summarized above about the evolutionary history of wolf-like canids in 
North America can be grouped into three general scenarios, referred to as the four-, three- and 
two-species hypotheses (Figure 5).  The four-species hypothesis generally follows existing 
taxonomy based on morphology and historical distributions (see Figure 2; the four species are 
gray wolf, eastern wolf, red wolf, and coyote, with both the red wolf and eastern wolf evolving 
from a coyote-like ancestor). The most comprehensive summary of this scenario can be found in 
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Chambers et al. (2012).  As noted above, all four of these groups show some level of genetic 
distinctiveness, in spite of acknowledged recent hybridization.  However, the Chambers et al. 
(2012) study has been criticized because it adopted the four-species taxonomic hypothesis as a 
framework for interpreting the genetic data, rather than allowing species delimitations to emerge 
directly from analysis of the data (Dumbacher et al. 2014). 
 The three-species hypothesis originated with Wilson et al. (2000) and has been supported 
in various ways by several subsequent papers showing distinctiveness of eastern wolves and/or 
red wolves.  Under this scenario, red wolves would be grouped along with eastern wolves within 
C. lycaon as a separate subspecies or some other sub-specific population unit.  In support of this 
hypothesis, eastern and red wolves are similar in size and (in theory) well suited to the heavily-
forested areas that historically dominated most of eastern North America.  However, not all 
analyses have found a close genetic affinity between eastern wolves and red wolves.   
 The two-species hypothesis suggests that all modern populations referred to as wolves are 
subspecies of C. lupus and/or recent hybrids.  This is supported by the lack of distinctive genetic 
material in red wolves or eastern wolves.  One version of this hypothesis proposes that eastern 
forests were populated by one or more smaller forms of C. lupus that specialized on deer, and 
these hybridized with coyotes as eastern wolf populations dwindled in the last 400 years. A 
variation proposes that red wolves and/or eastern wolves could have arisen from more ancient 
hybridization between gray wolves and coyotes but have not diverged enough to be considered 
full species.   

Timing of the hypothesized historical hybridization events is highly uncertain, with 
estimates ranging from a few hundred years to over 100,000 years.  Under some scenarios of the 
two-species hypothesis, red wolves and/or eastern wolves might be considered separate 
subspecies (within C. latrans and C. lupus, respectively).  Some authors (Mech 2011; Rutledge 
et al. 2012; Hohenlohe et al. 2017) argue that scant empirical evidence for recent hybridization 
of gray wolves and coyotes in the wild (in spite of abundant opportunities) poses a challenge for 
the two-species hypothesis.  However, it is well known that changing environments can promote 
hybridization between species that normally have effective isolating mechanisms, and there are 
ample examples of changing environments in North America during the Pleistocene and 
Holocene.  Therefore, recent patterns of hybridization among North American canids are not 
necessarily a good indicator of historical patterns. 
 Regardless what conclusions are reached regarding species- and subspecies-level 
taxonomy of these North American canids, it is noteworthy that, in spite of recent introgression, 
and in spite of being surrounded and vastly outnumbered by coyotes or wolves, red wolves and 
eastern wolves both exhibit positive assortative mating—at least when harvest pressure and other 
anthropogenic mortality factors are low enough that social groups remain intact. 
 
 
  

III. Analysis of evolutionary hypotheses in an ESA context 

 
I.  Four-species hypothesis 
 In this scenario the red wolf is considered a full species (C. rufus; see Goldman 1944, 
Nowak 2002, Baker et al. 2003, Chambers et al. 2012), so it could continue to be listed on that 
basis. 
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II. Three-species hypotheses 
In the various three-species scenarios the red wolf is not a full species; instead, it and the 

eastern wolf are considered to be synonymous with or sub-specific units of C. lycaon.  Opinions 
about whether to define subspecies—and if so, how—differ widely (Mayr 1982; Burbrink et al. 
2000; Haig et al. 2006; Taylor et al. 2017).  We are not aware of any published paper formally 
proposing that the red wolf be considered a subspecies of C. lycaon, although Chambers et al. 
(2012) discussed this idea hypothetically and some of the nomenclatural issues it would entail.  
As described above, however, the red wolf and eastern gray wolf meet several of the criteria that 
are most commonly used to delimit subspecies:  they are geographically allopatric (currently and 
perhaps historically) and are genetically and morphologically different from each other, as well 
as from coyotes and gray wolves.   

If not considered a separate subspecies, the red wolf would be evaluated as a potential 
DPS of C. lycaon.  Because the only other extant population of C. lycaon is in Canada, the red 
wolf is “delimited by international governmental boundaries” and therefore meets Element 2 of 
the Discreteness criterion.  PCA results (Figure 4) and STRUCTURE results show that the two 
populations are genetically distinct, so the red wolf likely also meets Discreteness Element 1 
(marked separation from other populations of the taxon).  After meeting the Discreteness test, 
Significance of the red wolf would be evaluated “with respect to the taxon to which it 
belongs”—i.e, C. lycaon.  The red wolf would presumably meet Significance Element 2 (only 
two conspecific populations are extant, so loss of the red wolf would create a major gap in the 
range of C. lycaon.) and arguably would meet Significance Element 1 (occurrence in an unusual 
ecological setting).  Although eastern wolves are found in part of the Eastern Temperate Forests 
Ecoregion historically occupied by red wolves, habitats for red wolves are more 
temperate/subtropical, and the northern range of eastern wolves also extended into the colder 
Northern Forests Ecoregion (Figure 3).  Whether the red wolf would also meet Significance 
Element 4 (marked genetic differences from other conspecifics) is more subjective.  The joint 
DPS policy does not clarify whether the same genetic data can be used for both Discreteness 
Element 1 and Significance Element 4.  In applying a similar two-part test (reproductive 
isolation and evolutionary significance) to Pacific salmon populations, as well as in applying the 
joint DPS policy to a variety of marine species, NOAA Fisheries has typically used presumably 
neutral molecular genetic data primarily to address the discreteness/reproductive isolation 
criterion and has largely relied on proxies for adaptive genetic differences (e.g., behavior/life 
history/ecology) to meet the significance criterion (Waples 2006). 

Although meeting multiple Significance elements might make the case stronger, if 
Discreteness has been established it is not necessary to meet more than a single Significance 
element to be considered a DPS.  Under a scenario in which both red wolves and eastern wolves 
are considered subspecific units of C. lycaon, therefore, we conclude that red wolves would 
qualify as at least a DPS because they meet both Discreteness elements and at least one or two 
Significance elements of the joint DPS policy. 

 
III. Two-species hypotheses  
 The various two-species hypotheses agree that the gray wolf and coyote are the two 
species but differ in other details.  Below we consider three variations of the two-species 
hypothesis. 
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III.A. Red wolves are derived from gray wolves 
Under this scenario, red wolves are not a full species but might be a subspecies of C. 

lupus, as proposed by Lawrence and Bossert (1975) and Wozencraft (2005). 
If red wolves are not a separate subspecies, they could be a DPS of C. lupus.  For that 

evaluation, it would be necessary to consider red wolves in the context of all other subspecific 
units of C. lupus.  As noted above, red wolves can be considered Discrete compared to eastern 
(Algonquin) wolves according to both Discreteness elements.  Some Great Lakes wolves occur 
in the U.S., so the international border element does not apply to the Great Lakes wolves × red 
wolves comparison.  In the PCA analysis shown in Figure 4, red wolves are the most genetically 
distinctive of all the North American wolf-like canids (the Mexican wolf, C. l. baileyi, was not 
represented in these samples, but its genetic distinctiveness has been established by many 
studies—see review by Chambers et al. 2012).  This is also consistent with results presented by 
vonHoldt et al. (2016), who found that red wolves had the highest FST values (all FST > 0.1) for 
pairwise comparisons with NA gray wolves, Great Lakes wolves, and coyotes.  Collectively, 
these results support the conclusion that red wolves are Discrete compared to all other North 
American wolves. 

With respect to Significance, there is little or no overlap in the historical distribution of 
red wolves with gray wolves, eastern wolves, Great Lakes wolves, and Mexican wolves, so loss 
of the red wolf would likely represent a significant gap in the range of C. lupus (Significance 
Element 2).  As the red wolf is the last remaining small-wolf population in the large area of 
Ecoregion 8 in the U.S. east of the prairies and south of the Great Lakes (Figure 3), it could also 
be argued that under this hypothesis, the red wolf occupies an ecological setting that is unusual 
or unique for the species (Significance Element 1).  As noted above, it is possible that the red 
wolf might also meet Significance Element 4, but that is more speculative. 

 
III.B. Red wolves are derived from coyotes 

Like the Chambers et al. (2012) version of the four-species hypothesis, this scenario has 
red wolves being derived from the coyote lineage, but much more recently.  It does not appear 
that anyone has formally proposed that red wolf be considered a subspecies of C. latrans.   
Accordingly, if red wolves were to be a listable entity under this version of the two-species 
hypothesis, it would have to be as a DPS of the coyote. 
 In vonHoldt et al. (2016), the red wolf was genetically more similar to coyotes than to 
gray wolves or Great Lakes wolves, but the level of divergence (FST = 0.108) is still substantial 
and larger than values found for many other vertebrate populations that have been considered to 
be Discrete under the joint DPS policy (e.g., Gustafson et al. 2006; Seminoff et al. 2015).  The 
PCA analysis (Figure 4) also provides strong evidence that red wolves are genetically distinctive 
compared to coyotes.  Furthermore, although by all accounts substantial hybridization between 
red wolves and coyotes has occurred for at least a century, recent studies within and around the 
RWRA demonstrate that red wolves can be resistant to hybridization if anthropogenic pressures 
do not compromise their social structure.  Current data therefore indicate that, under this 
scenario, red wolves could be considered discrete from other populations of C. latrans.   
 Until about 1900, the distributions of coyotes and red wolves were largely non-
overlapping, with coyotes being restricted to the west and red wolves filling a niche for a small, 
wolf-like canid in the deciduous forests of the east and southeast.  Under those historical 
conditions, therefore, it is likely that (compared to other C. latrans) red wolves would have 
satisfied Significance Elements 1 and 2.  Following near-extirpation of the red wolf, coyotes 
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have greatly expanded their range eastward in the past century, so the contemporary situation is 
quite different. 
 
III.C. Red wolves are the product of recent hybridization between gray wolves and coyotes 

This scenario differs from the other two-species hypotheses in postulating that red wolves 
are not an ancient lineage, but rather arose recently from hybridization between gray wolves and 
coyotes.  Timing of the putative hybridization event has been variously estimated as likely less 
than 2,500 ybp (Reich et al. 1999) and 287-430 ybp (vonHoldt et al. 2011).  Hybridization is a 
well-known mechanism for creating new species; although more common in plants (Reiseberg 
1997), it also occurs in animals, including mammals (Larsen et al. 2010).  Under this scenario, 
the hybrid entity is not recognized as a formal species or subspecies, so if it is listable under the 
ESA it would have to be as a DPS. 

If red wolves are of recent hybrid origin but not formally considered to be subspecific 
units of either gray wolves or coyotes, DPS evaluations are somewhat problematic because the 
taxon to which the putative DPS belongs is an important reference point.  However, based on 
currently available information, we have concluded above that red wolves could be considered 
both Discrete and Significant with respect to either coyotes or gray wolves.  This could be used 
to argue that even if red wolves are a hybrid-origin taxon, they nevertheless meet the criteria to 
be considered a DPS. 

 
 

IV. Discussion 
 
 The red wolf is currently listed under the ESA as a full species (Canis rufus), which is 
consistent with traditional taxonomic treatments and the most recent review of the taxonomy of 
Canis in North America (Chambers et al. 2012).  However, the Chambers et al. (2012) review 
has been criticized (Dumbacher et al. 2014).  Furthermore, a number of more recent genetic 
studies have called into question the existing taxonomy of wolf-like canids, and the evolutionary 
history of the red wolf remains controversial.  Under some scenarios, the red wolf would not be a 
valid species and perhaps not a valid subspecies, in which case any ESA listing would have to be 
as a DPS of a valid taxon.  In Section II of this paper we have summarized the relevant genetic 
and non-genetic data, but we have not attempted to resolve the uncertainties or disagreements.  
Instead, in Section III we have considered whether the red wolf would be a listable unit under the 
ESA under each of the major evolutionary scenarios that have been proposed, which can be 
characterized as four-species (C. lupus, C lycaon, C. rufus, C. latrans), three-species (C. lupus, C 
lycaon, C. latrans), and two-species (C. lupus, C. latrans) hypotheses. 
 The four-species hypothesis is essentially status quo; the red wolf would remain a full 
species and could continue to be listed on that basis.  We also conclude that the three-species 
hypothesis, which would group eastern wolves and red wolves under C. lycaon, would be 
relatively straightforward to evaluate.  That scenario considers these two populations to be the 
last remnants of a biological species.  Given that they are geographically disjunct and 
demonstrably differ in genetic and other characteristics, we conclude that eastern wolves and red 
wolves might be considered separate subspecies, and if not the red wolf would at least qualify as 
a DPS of C. lycaon. 
 The various two-species hypotheses are more challenging to evaluate, both because of 
their diversity and the fact that most would require evaluation of DPS status.  Nevertheless, our 
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overall conclusion remains the same:  if the red wolf is not considered to be a valid subspecies of 
either gray wolf or coyote, it would at least qualify as a DPS of its respective taxon.  This 
conclusion is based on hypothetical application of the two criteria in the joint 1996 inter-agency 
DPS policy:  Discreteness and Significance.  Available data indicate that the red wolf is 
genetically the most distinctive wolf-like canid in North America, which establishes 
Discreteness.  Congruence of the historical distribution of red wolf with the Eastern Temperate 
Forests Ecoregion (Figure 3) provides strong evidence for Significance Element 1 (persistence in 
an unusual ecological setting), and a case could be made for Elements 2 and 4 as well. 
 Some caveats are important to note.  First, are red wolves genetically distinctive 
primarily because of their recent bottleneck and/or effects of the captive breeding program?  This 
is a reasonable question, but we are not aware of any quantitative analyses that attempt to answer 
it.  The finding by Brzeski et al. (2016) of unique haplotypes in pre-Columbian samples 
presumed to be red wolf suggests that genetic distinctiveness of red wolves is not merely a recent 
phenomenon, but more studies of this type would be useful to better clarify historical patterns.  It 
is worth noting that the Mexican wolf underwent an even more extreme bottleneck that has also 
undoubtedly affected recent genetic samples (Chambers et al. 2012), but this has not prevented it 
from being recognized as a valid subspecies and listed as such under the ESA. 
 The second caveat has to do with hybridization, which by all accounts has been extensive 
recently between red wolves and coyotes, and which by some accounts is responsible for 
producing the red wolf phenotype in the first place (through hybridization of gray wolves and 
coyotes).  Several decades of wrestling with complex problems associated with hybridization and 
conservation have produced a diversity of viewpoints (Hedrick 1995; Allendorf et al 2001; Haig 
and Allendorf 2006; Stronen and Paquet 2013; Wayne and Schaffer 2016).  However, no strong 
consensus on practical application has emerged, no doubt in part because the ramifications of 
hybridization for conservation are very context specific.  These evaluations would be easier if the 
Services had a formal policy outlining how hybridization and hybrids should be considered in 
ESA listing and recovery.  However, although the Services announced a proposed ESA interross 
policy two decades ago (USFWS and NMFS 1996b), it was never implemented or finalized.   

All of the DPS evaluations discussed above focus on the most recent data for red wolves 
and their relatives.  These data therefore reflect the consequences of any hybridization that has 
occurred recently or historically.  In spite of evidence for introgression of genes from coyote and 
perhaps gray wolf into the red wolf, we conclude that the current population meets both criteria 
to be a DPS, if not a subspecies or full species.  We have not attempted to grapple with questions 
of the following type: 

• Can a biological entity that arises through hybridization be considered a “species” 
under the ESA (i.e., a named species or subspecies or a DPS)? 

• If so, how far in the past must the hybridization event have taken place? 
• If a biological entity historically would have qualified as an ESA “species,” could it 

lose that status through hybridization with another biological entity? 
• If so, how much hybridization is too much? What metrics should be monitored to 

determine whether a threshold of too much hybridization has been reached? 
These are interesting questions but they are difficult or impossible to address in a strictly 
objective framework, because they involve societal values as well as legal and policy issues. 
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[might add a final paragraph that zooms out and places these issues in a broader conservation 
context.  Perhaps something like the following: 
 Although our approach has focused on a single, high-profile taxon, we believe the 
incorporation of DPS criteria to resolve help resolve a listing decision has general relevance.  
Biodiversity science and phylogeography have increasingly embraced the contributions and 
value of taxonomic units well below the species.  Incorporating Distinct Population Segment 
criteria to help conservation prioritization reflects a promising step towards acknowledging a 
broader set of eco-evolutionary considerations in a changing world. ] 
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Figure 1. Time series of the known number of red wolves in North Carolina (1993-2017) based 
on the total number of radio-collared red wolves in Fall across the experimental area.  Data are 
not corrected for any differences in monitoring effort that might affect the proportion of the 
population that is radio collared.  Data from 1993-2013 are from Gese et al. (2015); data from 
2014-2017 are from Joe Madison, USFWS, Project Leader of the NC red wolf project. 
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Figure 2.  Historical distribution of North American wolves, modified from Chambers et al. 
(2012).  In this version of the taxonomy, the red wolf (Canis rufus) is considered a separate 
species from gray wolves (Canis lupus), which are divided into 5 subspecies.  The boundary 
between the red wolf and the eastern wolf, Canis l. lycaon is uncertain, especially in the upper 
1/3 of the C. rufus range shown here (from about Pennsylvania north).  The other native wolf-
like canid in North America, the coyote (C. latrans), is not shown here. 
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Figure 3.  North American level-1 ecoregions (modified from Commission for Environmental 
Cooperation, 1997).  Ecoregion names:  1 = Arctic Cordillera; 2 = Tundra; 3 = Taiga; 4 = 
Hudson Plains; 5 = Northern Forests; 6 = Northwestern Forested Mountains; 7 = Marine West 
Coast Forests; 8 = Eastern Temperate Forests; 9 = Great Plains; 10 = North American Deserts; 
11 = Mediterranean California; 12 = Southern Semi-Arid Highlands; 13 = Temperate Sierras; 14 
= Tropical Dry Forests; 15 = Tropical Humid Forests. 
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Figure 4.  Principal components analysis of 48,000 SNPs for North American wolf-like canids 
(modified from Rutledge et al. 2012, based on data from vonHoldt et al. 2011). For alternative 
ways of presenting these data, see Supplemental Figure S3 vonHoldt et al. (2011). 
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Figure 5.  Two-species, three-species, or four-species hypotheses of the red wolf (Canis rufus) 
evolutionary origin.  
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Exceprts

No red wolves were found outside the RWEPA, yet half of  individuals found within this area were coyotes.  
Hybrids Composed  only 4% of individuals within this landscape.

There are few examples where wild populations are actively manipulated to manage against the threats 
posed by inter-specific hybridization, and eve fewer were this management has successfully limited 
introgression.
Some genetic dats suggest the red wolf is not a monophyletic taxon and potentially the product of 
hybridiztion between coyotes and gray wolves
However, it is clear based on our Bayesian analysis that there are two disctict genetic groups in this region, 
won of which corresponds to the red wolf population .
Given that coyotes are found throughout the RWEPA, if the species were randomly mating we would expect 
a higher proportion of hybrids than we observed.
If red wolves display assortative mating with respect to coyotes, it adds a novel persepctive to the issue 
concerning the versatiy of its designation as a species.
Despite heavy coloniztion by coyotes, hybridization is still infrequent, emphasizing the role of natural 
processes in limited introgression.
…our results disprove the common perception that red wolves have been consumed by a genetic swarm an 
no longer exist as a distinct genetic entity in North Carolina.
The relationship between conservation and taxonomy must be unidirection; conservation strategies should 
be influenced by taxonomy, nob taxonomy cannot be influenced by conseration priorities.
Under these pragmatic guidelines, species are isolated gene pools for which a preponderance of characters 
are conconrdant in demonstrating divergence.
…suggesting that the candid inhabiting souhteastern North America prior to human colonization from Europe 
were either coyotes, which would vastly expand historic coyote distribution, and ancient coyote-wolf hybrid, 
or a North Americal evolved red wolf lineage relate to coyotes.
Red wolves may have evolved as a distinct lineage in North America from a coyote-like ancestor.
…possibly appearing only within the last 430 years, i.e. since the European invasion of North America.
…if red wolves are the result of coyote-gray wolf hybridiztion within the last 500 years, gray wolves and 
coyotes would have needed to have inhabitated some protion of the osutheastern United States during the 
pre-Columbian perior.
Current interpretations of the archaeological record suggest that  coyotes were absent from the 
southeastern United States between 10,000 and 100 years ago.  However, there are records of coyotes as far 
east as West Virginia from over 10,000 ago.
…wolf-like canid in the archaeologica record around 10,000 years ago in the southeast may have contributed 
to the exclusion of smaller coyotes from the southeastern Unites States.  
…it would also suggest coyote-red wolf hybridiztion has been a continuous and likely dynamic process up to 
the present day.
…our historic samples cold represent red wolves, a lineage that may be closely related to coyotes.

   ed by Aaron Valenta



Incomplete lineage sorting may explain why mtDNA haplotypes from ancient red wolves cluster with coyote 
mtDNA haplotypes, and not closely with extant red wolves.
…it is possible that our data indiates a relatively recent divergence between red wolf and coyote rather than 
hybridization.
Based on our results, red wolves may represent an evolutationary unit of conservationv alue, either as an 
ancietn hybrid or as a unique lineage. 
These data suggest that a contemporary hybrid event was not the origin o f red wolves.
…if red wolves have an anciet hybrid origin, it would not preclude the species from protection, and 
furthermore, it emphasizes the dynamic nature of canid evolution.
…any plans to remove protection for red wolves would be premature.  
The recent scientific proposl that the eastern wolf…is not a subspecies of gray wolf, but a full species..is well 
supported by both morphological and genetic data.
Genetic data support a close relationship between eastern wolf and red wolf Canis rufus, but do not support 
the proposal that they are the same species; it is more likely that they evolved independently from different 
lineages of a common ancestor with coyotes.  
The two most recent comprehensive taxonomic review based on morphology both recognize 2 spcies…gray 
wolf and …red wolf, but differ in tha they recognize as many as 27…or as few as 8 subspecies for the 2 
species collectively.
North American Canis comprises two major lineages or clades:  one including most gray wolves, and the 
other including eastern wolf…red wolf, and coyote.
Extirpation, limited geographic sources for genetic data, and uncertainties about historical distrubution do no 
permit a meaningful assessment of reproducting relations between eastern wolf and red wolf.
If absolute isolation were required for species recognition, all North Amarical Canus (wolves and coyotes) 
would be considered one species, because all component taxa are linked by evidence of interbreeding…

In evaluating the significance of such admixture to species limites, it is the reproductinve fate of hybrid 
individual that is imporatn in detemrining whether introgression is occurring to the extent that the formerly 
separate gene pools and species are merging or persisting.  
There is general agreement only that coyote is a separate species, and that dogs are derived from C. lupus.

…found these same data compatible with a model of the red wolf and coyote as sister speceis that diverged 
much more recently than their separation from the gray wolf lineage.
…red wolf was thought to have originate from hybridation between western gray wolves and coyotes, with 
ancestry being primarily coyote.
The selected founder of the captive population were found to have the same haplotype as two coyotes from 
Louisiana.
Founder effects and gentica drift have likely affected the genetic composition of the captive populations, 
wich, as a result, are not likely to reflect historical diversity.  
These data consistely portray a pattern indicating that coyote, eastern wolf, and red wolf are related, but 
with the red wolf and eastern wolf as outliers.
A PCA places the red wolf in a discrete cluster near the coyote, although the genetic bottleneck associated 
with the founding of the captive red wolf popualtion has very likely contributed to this discreteness.

Red wolf mtDNA also constitues a divergent lineage within the greater coyote clade.  
As a result, the Y-chromosome genetics of contemporary red wolves reflect past introgression from dogs and 
coyotes.  



A compromise approach would be to recognize  C.lycaon and C. rufus as subspecies within the same species. 

…the assertion of Paradiso and Nowak that the red wolf is a sepaate species and not a local form of C. lupus 
is convincing.
In Texas and Louisiana the threat to the red wolf came not just from replacmeent of the native population by 
the coyote, as the habitat of the red wolf was disrupted, but also by hybridization betweent hese two 
species.
One of the problems encountered in attempts to save the red wolf has been the absence of definitive 
morphological or behavioral traits to distinguigh pure C. rufus from its interspecific hybrids with other Canis 
species. 
…vohHoldt et al rejected the hypothesis that red wolves were part of a third species group of North 
American canids and concluded tere were only two main groups of canids in North America (coyotes and 
gray wolves), and red rolves and eastern wolves have hybrid origin.
In theory, creating a functional red wolf population occupying the entire Albemarle Peninsula would 
ultimately saturate the landscae and naturally exclude immigrating coyotes.
As the years progressed, the gentic classification of animals that were removed changed, with red wolf 
caputres declining and numbers of hybrids and coyotes removed increasing dramatically. 
The ratio of hybrid to red wolf litters averaged 21% and peaked at 55% in 2006.  
We  also documented more red wolf litters than hybrid litters, but the ration of hybrid litters to red wolf 
litters did not decline over time indicating hybridization is an ongoing challenge.  
…there is little evidence red wolves naturally control the coyote population through strife, which is a core 
predication derived from the competitive exclusion hypythesis.
Our results suggest that red wolves represent a unique Canis phenotype in the southeastern United States. 

Our results sho that body-size measurements of red wolves and coyotes are distince from one another. 
…examination of our data indicates that F1 and F2 hybrids are incapatle of reaching body sizes of adult red 
wolves.  This suggests that the red wolf represents a unique Canis phenotype in the southeastern United 
States.
However, we strongly disagree with their concluistion that red wolves and easern wolves are of recent 
hybrid origin, and we conclude that they analysis does not actually test the hypothesis of a recent hybrid 
origin.
…substantial evidence still supports the conclusion that red and eastern wolves represent genetically 
disctince taxa among North American canids.
here, red wolves exhibit the greatest differentation from the other groups, which the authors attribute to 
recent genetic drift in the captive population, but this is also consistent with their bing a disticnt evolutionary 
lineage.
Divergence time from coyotes (using the California sample) was extimated to be 55,000 and 117,000 years 
ago, and approcimately 40,000 if no subsequent gene flo fromcoyotes is allowed in the model.
All of these estimates indicate that red wolves have experienced significant evolution as a distinct taxon, and 
that if they are of hybrid origin, these data are consistent with a relatively old (Pleistocene) age for that 
admisture event.
Nonetheless, the observed proportion of unique alleles reveal a higher degree of evolutionary 
distinctivelyess in red and easern wolves relative to other NA canids, which is inconsistent  with the 
hypothesis of recent hybrid origin for these taxa.



None showed gray wolf mtDNA and estimates were that mtDNA sequences form both the eastern wolf and 
red wolf diverged 150,000-300,000 years ago from coyotes as compared to a divergence from the gray wolf 
of around 2 million years 
Here the record is clear.  From Michigan westward, Gray Wolves kill Coyotes, whereas I could find no record 
of wolves east of Michican killing Coyotes, despite considerable field work there on both species.
Great Lakes wolves kill Coyotes as do wolves farther west, a fact that makes it unlikely that the 2 specis ould 
mate.  This if further evidene that the Coyote-like mtDNA sequences found in some Great Lakes wolves are 
not derived from Coyotes, a finding that leaves the alternative-that they derive from the Eastr Wolf more 
plausible.
In summary, non-genetic evidence based on morphology, reproduction, and interspecific relations all 
support the contention that Gray Wolves x coyotes hybridization is rare to non-existent fromapproximately 
Michigan westward.  
Furthermore, the endangered red and eastern wolves ar enot unique lineages with distince evolutionary 
histories, but relatively recent hybrids of gray wolves and coyotes…
…but reintroducing the animals has proven difficult, because they readily mate with coyotes.
Other researchers have suspected, however, that both "species" are, in fact, wolf-coyote hybrids that arose 
after the grays were hunted almost to extinction. 
The team colcudes that neither the red nor the eastern wolf is a species.
There's nothing in their genome thaat' not gray wolf or coyote.
Wolf biologist and others have been waiting for this sort of definiteve analysis for years. 
…population recovery has been challenged by hybridization with closely related coyotes (C. latrans) and 
illegal human-caused mortality
Indeed, while the primary authority on mammalian taxonomy conisder red wolf as conspecifi with gray wolf, 
the Internation Union for the Conservation of Nature (IUCN) provisionally recognizes red wolves as a distince 
species having criticcaly endangered status.  
Thus, despite significant and commendable effort through the RWAMP, we do not fully agree with calls for 
more research on fundamental questions to help improve red wolf recovery success in the present recovery 
area.
Recent philosophical shipfs in conservation briology prompted important dialogue redefining rednagered 
species  recovery in light of achievable gols that: …reflect that some contemporary landscpes are cononized 
most appropriately by replacement speceis serving as surrogates for parental species. 
We disagree strongly with the statement by Nowak and Federoff that "If the red wolf did not exist, we would 
have to invent it."
The origin of the red wolf in the early Pleistocene (Nowak 1979) alone predicts that it hsould have unique, 
"diagnosable" molecular marker, as do species such as the coyote and the gray wolf that appeared at about 
the same time.  The red wolf has no diagnosable mitrochondrial or microsatellite markers (altough even the 
Mexican Gray wolf subspeceis does); instead it has characteristics oterwise found in gray wolves or coyotes 
consistent witha hybrid origin.  Therefore, we stand by our dichotomy presented in our paper.

Our presumtion was that if Nowak has used pre-1930 red wolves as represeenting phenotypically unmodifie 
samples, we would stand a much greater chance of finding unique genetic markers in samples from 
approximately the same time period.  We found none; genetically, the historic and recent red wolves were 
extrement similar, suggesting that they were derived from a common gene pool.
Our results show that wolves from throughout this region were highly modified by hybridiztion with coyotes 
and gray wolves.  Historic population of east coast red wolves may have had unique genetic markers or may 
simply have been gray wolf-coyote hybrids or a southern population of gray wolves. 



Nowak and Federoff chritize our reference to the red wolf subspecies as extince.  This again is a semantic 
issue.  The genetic evidence indicates that the founder so the cpative red wolf population have no diagnostic 
markers that migh be extpected of a distinct subspecies, such as the Mexican gray wolf, and were highly 
modified by the acknowleded hybridiztiaon with coyotes.
Conseuenetly, the red wolf subspecies in an unadulterated form does not existi.  
…the captive population represents the only living repository of genes from this now extinct subspecies and 
may merit conservation as such.
We maintain that historical records and Nowak's deduction of range limits and movement are dubious.
East coast red wolves that are considered distince may merely be a population of smay gray wolves that 
hybridized less with the expanding wave of coyotes.
As argued previoulsy, the poponents of the theory of the red wolf as a species need to find diagnosable traits 
unique to red wolves, whether on the east coast or elsewhere.
…no new discrete character data have appeared.  In fact, the USFWS funded the additional genetic analysis 
of red wolves in the hope that we would find new diagnosable characters.  We did not
three long-recognized red wolf supbspecies appear valid:  …and C.r. rufus…
Although not conclusive,  this evidence supports the view that C.Rufus has continuously occupie dthe east 
since the terminal Pleistocene and that it is the only species of wild Canis that was present in most of the 
region.
The hybridization process signaled the end of that species, not its beginning.
My own research indiates that the near disappearance of the red wolf was indeed caused in large part by 
interbreeding with coyote.
Examination of fossil and moder skulls indicates that C.rufus has existed in southeastern North America, in 
much the same form as now, for at least 700,000 years.
Hybridization between C.rufus and C.latrans began about 100 years ago in central Texas and subsequestnly 
spread through much of the former range of the red wolf.
Since mitochondrial DNA analysis has revealed little basis for taxonomic division of wolf population on most 
of North America, they have argued that it would be unlikely for a separate species to exist in the SE.  

…evidence is presented that C.rufus is a primitive, distinctive kind of wolf, not a hybrid, and that 
interbreeding of C. lupus and C. latrans, if it has occurred at all in the western Great Lakes region, as resulted 
in no lasting henotypic efects. 
(Nowak 1979) indicated were not affected by hybridization with C. latrans…shows that the red wolf and 
coyote were sympatric, but completely distinguishable from one another, no intermediate specimens are 
known.
My study supports recognition of the red wolf as a valid taxon and has provided further evidence agains the 
idea that it originated as a hybrid of C. lupus and C. latrans.  If they latter view were correct, we would expect 
the red wolf to blend morh=phologically into its parental species, and the striking statistacl break that 
actually separates C. rufus from the adjacent populations of C. lups would not be possible.  
Nevertheless, to accept this process of hybridization and the consequesnt decline of the red wolf within the 
last century is very different from accepting that the red wolf had a hybrid origin hundreds or thousands of 
years ago.
…all available early morphological material from east of the Missippi consistently demonstrates the presence 
of a small wolf, with no coyote influence.
…to suggest that such a process took place in a region where neigher species was known to have been 
present, while at the same time hybridization never developed anywhere in western North Americ, where 
both speceis ovvurred together in abundance for many thousand of years.  



…we do know that coyotes any hybrids are found along the periphery of the remaining range of Canis rufus 
and apparently are progressively invading the remaining range.
In contrast to this ancient origin-recent introgression hypothesis, molecular data are more consistent with an 
origin through hybridization brtween gray wolves and coyotes.
Our results are inconsistent with an acient origin of the red wolf and support the hybridiztion model.
A phylogenetic analysis suggested that pre-1940 and recent red wolf populations had genotypes 
phylogenetically grouped with coyotes and gray wolves rather tna forming aseparate clade with unique or 
diagnosable sequestn substitions.  
The morphological data, altough suggesting the red wolf is distinct from gray wolves and coyotes, is circular 
with regard to an ancient origin because gray wolf/coyote hybrids are expected to be phenotypically disctinct 
from their parental species.  In Fact, known and suspecte dgray wolf/coyote hybrids are similare in cranial 
measurement to red wolves.
…we rpedict that if red wolves were a long distinct species, analysis of DNA from museum skins should reveal 
phylogentically distinct genotypes that are ancestral to those of gray wolves and coyotes.
If the ancient origin-recent introgression hypothesis is valid, then we should observe that compared with the 
captive red wolf popoulation, pre-1940 red wolves should have a greater proporation of diagnostic alleles 
and should be more genetically differientated from coyotes.
Maximum parsimony analysis suggests red wolf, gray wolf, and coyote genotypes define two distince clades.  
One clade contains gray and red wolf genotypes, and the other red wolf and coyote genotypes..
No subset of red wolf genotypes fomr a distince monophyletic clde as a sister group to gray wolves and 
coyotes.  Consequently , the mtDNA sequesnt analysis does not support the hypothesis that the red wolf had 
an ancient origin and was ancestral to gray wolves and coyotes.
The fact that 8 of 11 red wolf pre-1940 samples are grouped with genotypes of coyotes supports the 
previous results that hybridization between these two species was extensive prior to 1940.
The occurrence of high levels of variability in recent and pre-1940 red wolves was surprising considering that 
species had declined to a point of extinction in the wild and the captive population was founded from a 
sample of only 14 individuals.
The multi-dimensional scaling analysis indicates that in general captive and pre-1940 red wolves have allele 
frequencies intermediat ebetween gray wolves and coyotes and are most similar to populations of coyotes 
and hybridizing gray wolves. 
Nei's distance between captive red wolves and coyotes is larger than that between pre-1940 red wolves and 
coyotes, contradicting the predictions of the ancient orignal-recent introgression hypothesis.
Pre-1940 red wolves have few unique alleles in conparision with gray wolves and coyotes.
Therefore, we conclude that, because the pre-1940 population of red wolves has only three unique alleles 
whtn compare dseparately with gray wolves and coyotes, it has fewer than expected if it was a species 
having an ancient origian before gray wolves and coyotes.
Moveover, it has no unique alleles when compared with both species pooles, consistent with an origin by 
hybridization between two species. 
Our results support the original finding that hybridiztion wes extensive rior to 1940 and that no 
phylogenetically distince clade of red wolf genotypes can be defined.  
Similarly, the microsattellite analysis of the pre-1940 red wolf population shows that nearly all alleles are 
shares with coyotes and that the two species have similar allelle frequencies.
…the absence of unique genetic marker sin pre-1940 red wolf populations is not cinsistent with an ancient 
origin hypothesis.  Gray wolves, coyotes, and golden jackals have 17-27% unique alleles when compared with 
other wolf-like canids.  In contract, all micrisatellite alleles of captive red wolves are also found in coyotes..



No re-1940 red wolf allel is unique when compared with the combined sample of gray wolves and coyotes.

…the Mexican gray wolf has a unique mtDNA genotype not found in other North Americal gray wolves.  
…unique molecular markers are present in captive Mexian wolves despite a founding size of only about 8 
individuals and past sever population reductions in the wild.
In fact, the red wolf is less distince than an establishe supbsecies of gray wolf, the Mexican wolf.
(red wolf)…we believe its genetic compostion is more consistent with an origin due to extensive hybridizztion 
between the gray wolves and colyotes during European colonization or earlier.  
More recently, as gray wolves vanished from the souther United States altogehter, the red wolf, then 
composed of various intergrades of wolf and coyote genes, could only backcross to coyotes and allele 
requencies between the two species became more similar.
However, one of the important conclusions from our analysis is that the sample of candis used to establisht 
he red wolf program accuratley represnets the compostion of the pre-1940 wold population.  Therefore, 
captive bred animals are the fiathful genetic representation of animals tha once lived in the wild and can 
justifiably be used as a source for reintroduction.
mtDNA analysis of wolves and coyotes throughout North America has shown that they have hybridized in 
Minnessota and southeastern Canada, areas wre coyotes have recently increased in abundance nad where 
gray wolf numbers have declined.
In fact, previouls mtDNA analysis has found that no population of red wolf, extant or historic, contains 
phylogenetically distince mtDNA genotypes. Instead, all have genotypes similar or identical to those in gray 
wolves or coyotes.
Red wolves have not unique alleles when compared to coyotes.
The probability of drawing no unique allels from 14 individuals of any population of wolf or coyote compared 
twith other species is ,7.7 X 10 -5, since it not one of 13,000 simulations did we find zeor unique alleles.

The actual number of unique allels in red wolves compared with coyotes and gray wolves is zero and four 
unique allels, respectively. 
These results indicate that the red wolf hybridized with gray wolves and coyotes, two species with which 
they shared parts of their geographic range in historic times.
It is conceivable that red wolves may represent a phenotype resulting from a several-hundred-year period of 
hybridiztion between coyotes and owlves in the south central United States, which began with habitat 
changes associate dwitht he arrival of settlers circa 1700.
The results of our microsatellite analysis are consistent with the red wolf's historic origin  being due to 
hybridization between coyotes and gray wolves, followed bymore recent and extensive hybridization with 
coyotes alone as gray wolves became rare.
Monte Carlo simulations….indicated that if red wolf were a sepcies as distince as coyotes and gray wolves, 
then unique allels should have been found in them, even considering the small founding size of the cpative 
red-wolf population.
Consequently, we interpreted the microsatellite date as providing support for a hybrid origin of red wolves in 
historic times, an origin followed by a more recent extensive introgression of coyote allels into ref-wolf 
populations as gray wolves became extinct in the southcentral United States.
Our analysis of microsatellite date support the hypothesis that the intermediat phenotype of the red wolf is 
derived from historic hybridization between gray wolves and coyotes.



We use whole-genome sequence data to demonstrate a lack of unique ancestry in eastern and red wolves 
that would not be expected if they represented long divergent North American lineages.

genomes…from red wolves from captive breeding colony reveals little unique ancestry and instead 
demonstrates a distince geographic pattern of admixture between gray wolves and coyotes.
We found that all North American wolves and coyotes have significant amounts of coyote ancestry.
…our models assume that red and eastern wolves have a phylogenetically distince origin followed by 
admixture.
…then the expectation is that they would have more novel allels than actually observed.  The fact that they 
do not provided additional support for our claim that these groups are recent gray wolf-coyote hybrid 
populations.  
…and a relatively recent origin of the former two species.  These results contradict claims that red wolves 
and wolves of the Great Lakes region have ancestry from native North American wolves that share common 
ancestry with coyotes more than 250K.
We found that coyote-derived ancestry is highest in individuals identified as red wolves from the the 
southestern United States…
Consistent with the above results, Great Lakes region wolves and red wolves are admixed populations 
composed of various proportion of gray wolf and coyote ancestry.
We find little evidence of distinct genomic elements in either red Great Lakes region wolves that would 
support separate evolutionary lineages.
The mexican wolf is the most distinct North American gray wolf, and the California coyote is the most disticnt 
coyote sequence in our data set.
These suggestions follow the "ecological authenticity" concept, in which admixed individuals that have an 
ecological function similar to that of the native endangered taxon, and that maintain a portion of the 
endangered genetic ancestry, warrant protection.
…as a consequence of the extirpatation of gray wolves in the Amerincan Southease, the reintroducted 
population of red wolves in eastern North Carolina is doomed to genetic swamping by coyotes without 
extensive management of hybrids.
…the absence of the ancestral population of gray wolves that once existed in the American South means that 
the historical gene pool cannot be readily reconstructed by conservation actions.
We find that these enigmatic canids are highly admixed varieties derieved from gray wolves and coyotes 
respectively.
…the red and Great Lakes wolves show consistent signals of admisture with coyotes.
…Mexican wolves appear as the most genetically distinct group, corroborating the hypothesis that this 
subspecies is a remnant of an ancient invasion from Eurasia and of conservation importance.
…red wolves appar to have an admixed ancestry with ~75%-80% of their genome attributed to coyotes and 
the remainder to gray wolves.
These results support the hypothesis that red wolves are closely related to coyotes, but simewhat divergent 
from them due to a histor of limited admizture with gray wolves.
As in red wolves, our results suges that historic admixture between gray wolves and coyotes began as log as 
250-300 yr ago, coincident with the decline and extirpation of the gray wolf in the Midwestern and Southern 
US.
…we show that the red and Great Lakes wolves have a distinct but admixed evolutionary history.
It is important for managers to acknowledge that this animal was produced through cladogamy ~100 years 
ago, but there is now minimal recent admixture throughout most of its northeastern range.
Thus, red wolf genotypes are classified with those of either the coyote or gray wolf.



The management policy of the U.S. Fish and Wildlife Service does not grant protection to hybrids.  
Nevertheless, protection of red wolves should be continued.
Both species have been identified as smaller wolves that readily hybridize with coyotes.

Intron-3 was observed in western coyotes and captive red wolves and was associated with the allel range 
identified as a coyote lineage.
However, the extent of hybridization among Canis species is so prevalent in eastern North America that 
essentially all eastern populations of wolves and coyotes surveyed show evidenc eof mtDNA and Y-
chromosome introgression.
…standard nomenclature is difficult to apply to the classificaiton, conservation, and management of wolves 
and coyotes in eastern North America.  We encourage managers and policy makers to consider the 
evolutionary potential of these hybrid genomes becuase they may support the adaptability necessary to refill 
the ecological role once occupied by the purer wolf speceis that existed prior to European colonization.



From: Valenta, Aaron
To: Miranda, Leopoldo; Arnold, Jack; Scott, David P; Eversen, Michelle; Morse, Michael; Benjamin, Pete; Romito,

Angela M; Uihlein, Bill; Weller, Emily; Rivenbark, Erin; Madison, Joseph S; Whelan, Joseph P; Rankin, Nicole
Subject: Re: Red Wolf Peer Reviewed Literature
Date: Thursday, August 31, 2017 3:06:24 PM
Attachments: 2017 08 29_Summary Table_RW literature and excerpts related to listability.xlsx
Importance: High

All,

I was able to clean up this document so that it no longer has the many typos.  Please substitute
it for the version I sent out prior to our meeting.

Again, thank you all for making the time for this meeting.  Your passion and knowledge were
much appreciated and valued.

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

On Tue, Aug 29, 2017 at 3:44 PM, Valenta, Aaron <aaron_valenta@fws.gov> wrote:
All,

In anticipation of our meeting tomorrow, I created a spreadsheet that highlights key excerpts
from various research papers.  I tried to capture conclusionary statements and presented
evidence either in support of or contradicting the uniqueness of red wolf as a species.  I also
have red/green highlights in one column with which I tried to create a visual reference if the
excerpt support or refute species designation.  This is obviously not very scientific, but was
useful for me to see how the various researchers are providing evidence.  

If it's helpful, please feel free to browse, or, if you have an alternate approach for
referencing the data, feel free to use it instead.  Note:  I have not cleaned up this draft
spreadsheet and am sure it contains multiple typos; but, I wanted to get it done before our
meeting.

Look forward to our discussion tomorrow.

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service



1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  



Characteristics Comments

litter size RW has smaller litters than coyotes.

howling
RW has howing similar to grey wolves.  Has intermediate howl type to GW.  
Similar to coyotes too though.



yes distinct no distinct

X

 X



From: Benjamin, Pete
To: Whelan, Nathan V
Subject: Fwd: DRAFT of red wolf ms
Date: Tuesday, September 12, 2017 12:54:40 PM
Attachments: Red wolf complete draft August 28 2017.docx
Importance: High

Howdy Nathan,

I was wondering if you'd be willing to share with me your thoughts on this draft manuscript and what it
means relative to the meeting we had a couple weeks ago.  In particular, what is your take on their
description of the strengths and weaknesses of the vonHoldt et al. (2011) methodology?   What do you
make of Rutledge's (2012) reanalysis of the vonHoldt data?  Who's right in all the back and forth
between vonHoldt et al. (2016) and Hohenlohe (2017)?  And what about Rutledge (2010) and Brzeski et
al. (2016) that seem to indicate red wolves have sequences that don't show up in grey wolves or
coyotes?  

I thought you did a really good job in the meeting.  I'd also be interested in your thoughts on the
meeting itself: the process, the quality of the information presented, the decision itself.  Call if you'd
rather discuss than write.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Mills, Scott <scott.mills@mso.umt.edu>
Date: Tue, Aug 29, 2017 at 1:18 PM
Subject: DRAFT of red wolf ms
To: "gobled@uidaho.edu" <gobled@uidaho.edu>, "drsmith@usgs.gov" <drsmith@usgs.gov>,
"david.cobb@ncwildlife.org" <david.cobb@ncwildlife.org>, Fred Allendorf
<fred.allendorf@gmail.com>, Holly Doremus <hdoremus@law.berkeley.edu>, Jaime Collazo
<jcollazo@ncsu.edu>, Linda Rutledge <lr9@princeton.edu>, Lisette Waits
<lwaits@uidaho.edu>, Luigi Boitani <luigi.boitani@uniroma1.it>,
"Mike.Phillips@tedturner.com" <Mike.Phillips@tedturner.com>, Mike Schwartz
<mkschwartz@fs.fed.us>, Prof Roland Kays <rwkays@ncsu.edu>, Richard Fredrickson
<fredrickson.richard@gmail.com>, Robin Waples <robin.waples@noaa.gov>,
"rwayne@biology.ucla.edu" <rwayne@biology.ucla.edu>, "Haig, Susan"
<susan_haig@usgs.gov>, Pete Benjamin <pete_benjamin@fws.gov>,
"michael_l_morse@fws.gov" <michael_l_morse@fws.gov>, "Bridgett M. vonHoldt"
<vonholdt@princeton.edu>
Cc: Krishna Pacifici <jkpacifi@ncsu.edu>

Dear All,



   Well, it’s been more than a year since we met in Atlanta.

     Building off our discussions, a core group of us have been developing a draft manuscript
describing how DPS considerations might help inform conservation policy for red wolves. 
You will all be included in Acknowledgments, of course.

    At this point the target journal for this paper is Journal of Heredity.

   The USFWS will be receiving this draft of the manuscript to use in their ongoing policy
deliberations.

        You are welcome to provide us edits on this draft.  Please realize we cannot add much net
additional text, as the paper is already quite long.   Although you could ‘reply all’ with
comments, given the large number of contacts here it may be more efficient to send your edits
directly to Robin Waples and me (robin.waples@noaa.gov; scott.mills@umontana.edu). 

     Please submit comments to us by Monday, Sept. 18.  

     Finally, to state the obvious: this draft should not be forwarded, shared, or circulated to
anyone else.

   Sincerely,

Scott 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

scott.mills@umontana.edu 

Mills Lab Web Page: http://www.umt.edu/research/millslab/
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Is the red wolf a listable unit under the U.S. Endangered Species Act? 
  
Provisional Authorship:  Waples/Kays/Fredrickson/Pacifici/Mills 
Likely target journal: 
 Journal of Heredity 
 

Internal draft not for distribution 
 
Abstract (pending) 
 

I. Introduction 
 
 What biological units merit special protection?  This question is increasingly relevant as 
earth’s ecosystems are ever more strongly influenced by humans.  It is a difficult question even 
for relatively straightforward scenarios, where at a minimum one must consider a) uncertainties 
associated with estimates of extinction risk; b) difficulty in predicting consequences of 
alternative intervention strategies; and c) perceived values to humans and natural ecosystems.  
Prioritizing scarce conservation resources is even more challenging when evolutionary history of 
the focal taxon is uncertain. 
 The red wolf (Canis rufus, C. lycaon rufus, or C. lupus rufus, depending on the 
authority), a small, wolf-like canid that historically occupied most of the U.S. east of the prairies 
and south of the Great Lakes, is a prime example of a taxon with an uncertain evolutionary 
history.  Wolves, coyotes, jackals, dogs, and the dingo comprise the genus Canis, which first 
appeared in the fossil record in southwestern USA and Mexico in the Miocene (~6 MYA) (Wang 
and Tedford 2008).  The gray wolf (C. lupus), which is the only wild Canis species that currently 
occurs in both the Old and New World, originated in Eurasia and appears in the North American 
fossil record by the mid-Pleistocene; its historic range included most of North America except 
the eastern U.S. (Chambers et al. 2012).  In 1973 the gray wolf in the lower 48 states was listed 
as Endangered under the U.S. Endangered Species Act (ESA), based on the last few remaining 
wolves in northern Minnesota. 
 Several other wolf-like canids are restricted to North America.  The small forms from 
areas of southern Ontario and Quebec centered on Algonquin National Park are commonly 
referred to as “eastern wolves” and are considered by some authors to be a separate species (C. 
lycaon) (Baker et al. 2003; Wilson et al. 2000) or subspecies (C. lupus lycaon) (Goldman 1937, 
1944; Nowak 1995, 2002, 2003; Chambers et al. 2012).  Wolves from the western Great Lakes 
area of the U.S. and Canada, sometimes referred to as “Great Lakes” wolves and included by 
some authorities as part of the subspecies C. l. nubilus, are generally intermediate in size to 
eastern wolves and gray wolves from western North America (Mech and Paul 2008; Mech et al. 
2011; Nowak 1995, 2002, 2009).  Red wolves historically occupied most of the eastern United 
States, outside of the range of the Canis lineage referred to as lycaon.  Another small canid 
historically occurred in the American southwest and Mexico, and the last remnant populations 
were listed under the ESA in 1976 as the Mexican wolf, a subspecies of gray wolf (Canis lupus 
baileyi; aka “lobo”).  Finally, the coyote (C. latrans), the smallest wild North American wolf-like 
canid, was historically restricted to the western half of the continent but rapidly expanded 
eastward following the functional extinction of eastern wolves and red wolves (Parker 1995; 
Fener et al. 2005; Kays et al. 2010; Levy 2012).   
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 The precarious status of the red wolf is not in question:  nearly driven to extinction by the 
middle of the 20th century, it exists today as a captive population and a small experimental wild 
population (Gese et al. 2015; US Fish and Wildlife Service (USFWS) unpublished data).  Red 
wolves were listed as Endangered in 1967 under the U.S. Endangered Species Preservation Act 
and remain listed (as C. rufus) under the ESA.  However, this listing and associated recovery 
actions are controversial because of uncertainties and scientific disagreements about both the 
evolutionary history and contemporary history of red wolves.  Recent hybridization between 
coyotes and both red wolves and eastern wolves, together with a paucity of historical genetic 
samples, has clouded interpretation of their evolutionary history. 
 As elaborated in the next section, several hypotheses have been proposed regarding the 
evolutionary history of these charismatic canids.  One hypothesis suggests that the red wolf is a 
unique New World lineage that split off from the smaller coyote in the Pleistocene; a variation 
posits that red wolves and eastern wolves together form a species separate from coyotes and gray 
wolves.  Another hypothesis is that red wolves were a subspecies, or ecotype, of C. lupus 
specialized on the eastern forests.  Various alternative scenarios for the origin of the eastern 
wolf-like canids involve ancient and/or recent hybridization with coyotes, gray wolves, and 
potentially domestic dogs (C. familiaris or C. lupus familiaris) brought to the continent by 
humans (Anderson et al. 2009).  All experts do agree that red wolves and coyotes hybridized in 
the southeastern U.S. as coyotes spread eastward in the 20th century, and that hybridization 
remains a constant threat.  However, there are diverse and strongly-held views regarding what 
hybridization, old and new, means for conservation and management of red wolves. 
 Here, we tackle a question at the heart of the controversy:  are red wolves a listable entity 
under the ESA?  Protection of red wolves was grandfathered into the ESA from the 1967 listing 
under the ESA’s precursor, but in the last 50 years two events have changed the criteria for 
determining listability.  First, the ESA has been amended several times, including the sections 
dealing with listing criteria.  The 1978 ESA amendments [Public Law 95-632 (1978), 92 Stat. 
3751] clarified what units can be considered “species” under the ESA and hence legally 
protected if they are determined to be Threatened or Endangered:  an ESA “species” can be 
either a) a recognized biological species, b) a recognized subspecies, or c) a “distinct population 
segment” (DPS).  The provision to recognize DPSs applies only to vertebrate species.  Although 
this language opened up new options for listing populations of vertebrates, “Distinct Population 
Segment” is not a generally recognized biological term, and the ESA provides no specific 
guidance on how to determine what constitutes a DPS.   
 The second major event was that, following almost two decades of applying the DPS 
provision on an ad hoc basis, the agencies that implement the ESA (USFWS and National 
Marine Fisheries Service, NMFS) developed a joint policy to guide DPS determinations 
(USFWS and NMFS 1996a).  Under the joint species policy, to be a DPS a population or group 
of populations must meet two criteria: discreteness and significance. A population unit can be 
considered discrete if it satisfies either of the following conditions: 

1. It is markedly separated from other populations of the same taxon as a consequence 
of physical, physiological, ecological, or behavioral factors. Quantitative measures of 
genetic or morphological discontinuity may provide evidence of this separation. 

2. It is delimited by international governmental boundaries within which differences in 
control of exploitation, management of habitat, conservation status, or regulatory 
mechanisms exist that are significant in light of Section 4(a)(1)(D) of the ESA. 
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According to the policy, information relevant to the ‘discrete’ criterion includes (but is not 
necessarily limited to) physical, ecological, behavioral, and genetic data.  
 Once a population segment is deemed to be discrete, the next step in DPS evaluation is to 
determine whether it is also “significant” to the taxon to which it belongs.  Factors that can be 
used to determine whether a discrete population segment is significant include: 

1. Persistence of the discrete segment in an ecological setting unusual or unique for the 
taxon; 

2. Evidence that loss of the discrete segment would result in a significant gap in the 
range of the taxon; 

3. Evidence that the discrete segment represents the only surviving natural occurrence of 
a taxon that may be more abundant elsewhere as an introduced population outside its 
historical range; and 

4. Evidence that the discrete segment differs markedly from other populations of the 
taxon in its genetic characteristics. 

More recently, these same criteria have been adopted by Canada to help identify population units 
of all taxa that potentially qualify for protection under Canada’s Species at Risk Act (citation), 
which means that they play a large role in determining conservation priorities across most of 
North America. 
 Determining whether the red wolf is a listable entity under the ESA therefore requires a 
determination whether they are a species, a subspecies, or a DPS.  Our approach to this problem 
is as follows.  First, we review the various published hypotheses regarding historical 
evolutionary relationships of red wolves and other North American wolf-like canids.  Our 
objective is not to establish which hypothesis is most likely, but rather to enumerate the plausible 
hypotheses so that each can be considered from the ESA perspective.  Next, we review recent 
information about hybridization among North American Canis.  Finally, for each of the 
published hypotheses, we draw on the best available scientific information to evaluate whether 
the red wolf could be considered a listable unit under the ESA by virtue of its status as a species, 
subspecies, or DPS.   
  

Evolutionary history of red wolves in relation to other NA canids 
 
Current context: Captive breeding and recovery 
 By the early 1900s, a combination of direct persecution, forest clearing, road building, 
and perhaps the decline of deer herds had eliminated red wolves from most of their historic range 
(USFWS 1989), and hybridization between red wolves and coyotes had begun in central Texas 
(Nowak 2002, Phillips et al. 2003).  By the time the USFWS initiated a captive breeding 
program in 1973, red wolves were confined to a single small population in Louisiana and Texas, 
surrounded by coyotes that had expanded their range eastward (Riley and McBride 1975; 
USFWS 1989). Over the next 7 years, more than 400 wild canids were captured from the area of 
the remaining red wolf population, and wild red wolves were extirpated from their historic range.  
43 captured animals were sent to the breeding facility as putative red wolves; of those, 
considered pure red wolves, only 14 became the founders of the captive breeding population 
(USFWS 1989).  Details of the captive breeding program are described elsewhere (Waddell and 
Long 2015). 
 Currently, a single wild population of red wolves exists on the Albemarle Peninsula in 
northeastern North Carolina.  This was established as an ‘experimental’ population (which 



4 
 

allows additional management flexibility to reduce human conflicts) from the captive facility, 
with 63 wolves released from 1987 to 1994.  The red wolf recovery area (RWRA) encompasses 
about 4,600 km2, roughly half in public and half in private ownership, with red wolves making 
use of about 47% of that area (Phillips et al. 2003, Gese et al. 2015).   Coyotes were not present 
when introductions began but arrived soon after, and hybridization with red wolves was 
confirmed by the early 1990s (Adams et al. 2003).  Recognizing that coyote hybridization was 
the greatest risk to recovery, USFWS implemented specific, ongoing actions to reduce coyote 
introgression into the red wolf population, including removing hybrid litters and euthanizing or 
sterilizing coyotes and hybrids (Kelly 2000, Gese et al. 2015).  Although the wild population has 
fluctuated over time with a generally increasing trend it now numbers <50 (Figure 1).  
 
Morphology 
 Canid taxonomy, like that for many mammalian groups, historically has focused on 
morphological analysis of teeth and bones of the skull.  Early efforts to make sense of North 
American canid diversity (e.g., Goldman 1944) found morphological evidence for a large 
number of subspecies of the gray wolf.  More recently, Nowak (1995, 2002) trimmed that to the 
red wolf (C. rufus) and five subspecies of gray wolf, including the Mexican wolf (C. l. baileyi), 
eastern wolves in southern Ontario and Quebec (C. l. lycaon), and a form that historically 
occupied much of the western US and ranged northward to encompass all of Hudson’s Bay (C. l. 
nubilus) (Figure 2).  Nowak’s (2002) paper focused on eastern canids and used only skulls 
collected prior to 1918.  He found that a small wolf appeared in areas east of the Great Plains and 
south of the Great Lakes and St. Lawrence River near the end of the Pleistocene, and about the 
same time coyotes disappeared from eastern North America.  He found this small wolf, which he 
considered to be C. rufus, to be distinct from both the coyote and gray wolf, with no evidence of 
hybridization.  Prior to European settlement of North America, the geographic range of these 
‘red wolves’ had little overlap with that of coyotes, whose eastern limits largely coincided with 
the westerly plains (Nowak 2002).  Historically, eastern North America was heavily forested, 
and these small wolves were presumably specialized to hunt the primary ungulate of the region, 
white-tailed deer (Odocoileus virginianus).  
 Nowak’s taxonomic conclusions are based on multivariate, discriminant function analysis 
(DFA) of morphological characters.  DFA requires the user to pre-assign individuals into groups 
and then derives linear combinations of the original variables (the discriminant functions) that 
maximize differences among groups.  DFA is most robust when group membership in the pre-
defined groups is determined using independent information.  When the same characters are used 
both to group the samples and to derive the discriminant functions (as Nowak did), the result can 
be an exaggeration of inter-group differences and overly-optimistic assessments of power to 
assign individuals to groups (Waples 2010). 
 More recently, Hinton and Chamberlain (2014) found that sympatric red wolves, coyotes, 
and their hybrids could be distinguished based on morphological characteristics: red wolves are 
the largest canid in the NC recovery region, coyotes the smallest, and hybrids are intermediate. 
 
Ecology 
 Gray wolves historically inhabited most of North America except for the deciduous 
forests of eastern North America, an area occupied by red and eastern wolves, which are 
morphologically intermediate between gray wolves and coyotes (Nowak 1995, Kyle et al. 2006).  
Morphological and ecological differentiation of Canis taxonomic groups has been attributed to 
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habitat and prey selection, as well as to interference competition (Mech 1970).  Population 
structure is often associated with ecological differences in vegetation and prey type (Geffen et al. 
2004, Carmichael et al. 2007).  A striking example of ecological differentiation occurs for 
adjacent populations of gray wolves from coastal and inland British Columbia.  Strong genetic 
structure between these groups does not correspond to geographic distance or physical dispersal 
barriers but rather to habitat differences, as coastal wolves obtain more than half of their protein 
from marine sources (Munoz-Fuentes et al. 2009).   
 The historic distribution of red wolves (Figure 2) is largely congruent with North 
America’s Ecoregion 8, Eastern Temperate Forests (Figure 3).  This ecological region is 
characterized by a relatively dense and diverse forest cover, an abundance of perennial streams 
and rivers, and a high diversity of many species, including birds, fish, reptiles, and amphibians; it 
is recognized as “a significant evolutionary area for the continent’s fauna” (Commission for 
Environmental Cooperation 1997).  Summers are hot and humid, while winters exhibit a 
latitudinal gradient from subtropical temperatures in the south to cool, continental temperatures 
in the north.  The north-central part of this ecoregion includes part of the historic range of C. 
lycaon (Figure 2). 
 Historically, sympatry between coyotes and wolves was restricted to western North 
America, where competition is reduced because large herbivores (moose, bison, elk) provide 
abundant prey for wolves, while coyotes forage on deer and smaller species or scavenge wolf 
kills.  As eastern forests were altered to more open, human-dominated habitats, wolf-control 
programs decimated historic populations of eastern wolves and red wolves, leaving a void that 
coyotes, being renowned generalists, readily exploited.  By the mid 1900s, coyotes had expanded 
into most of North America (Parker 1995; Levy 2012; Sears et al. 2003).  Subsequent 
hybridization between coyotes and remnant populations of wolves in eastern North America 
created an increasing coyote size gradient from west to east (Kays et al. 2010; Way et al. 2010).  
Hybridization between coyotes and eastern wolves has also created intermediate habitat 
preferences.  Based on species distribution models, Otis et al. (2017) found that hybrids between 
the eastern wolves and eastern coyotes exhibited intermediate environmental niche 
characteristics compared to their progenitors. 
 Red wolf habitat use and prey types in the reintroduced North Carolina population 
overlap with those of the invasive coyote.  However, the proportion of prey types differs, 
consistent with the larger body sizes of red wolves; in particular, red wolves consume more 
white-tailed deer and fewer small mammals and rabbits than do coyotes in the RWRA (Hinton et 
al. 2017).  Likewise, current red wolf habitat use differs from other wolves, with preference for 
agricultural habitats over forest, perhaps tracking white-tailed deer densities (Dellinger et al. 
2013, Hinton et al. 2016). 
   
Behavior and contemporary hybridization 
 Recent studies in and near the RWRA provide insights into contemporary interactions 
between red wolves and coyotes.  Over 13 years, Bohling and Waits (2015) found four times as 
many red wolf litters as hybrid litters within the RWRA.  About half of the hybridization events 
followed the death (typically caused by humans) of one member of a stable red wolf breeding 
pair.  Hybrid litters tended to be produced by first-time breeders, away from the core RWRA. 
Red wolves that did not pair with other red wolves preferentially paired with admixed 
individuals rather than coyotes, even though coyotes vastly outnumbered hybrids within the 
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study area.  The authors concluded that social stability of red wolf family groups was an 
important factor in determining the probability of hybridization (see also Hinton et al. 2015). 

Bohling et al. (2016) studied the spatial extent of hybridization within the RWRA and 
adjacent areas.  They found that red wolf ancestry declined sharply across a transect leading 
outside the RWRA, and that no red wolves were found outside the recovery area, whereas half of 
the canids within the RWRA were coyotes.  In spite of the pervasive presence of coyotes, only 
4% of the individuals surveyed by Bohling et al. (2016) were hybrids.  This result, however, 
reflects at least in part success of the adaptive management plan to limit the consequences of 
hybridization.   
 In southern Quebec and Ontario, a study focused on eastern wolves from Algonquin 
National Park (Rutledge et al. 2010a) found evidence that coyote mtDNA was widespread but 
coyote Y chromosome haplotypes were absent, indicating that male coyotes were not involved in 
hybridization with eastern wolves.  In contrast, gray wolf Y chromosome haplotypes were 
widespread, indicating male-mediated introgression of gray wolf genes.    

Current high hybridization rates between coyotes and both eastern wolves and red wolves 
are associated with high kill rates of wolves by humans (Rutledge et al. 2011; Bohling and Waits 
2015).  High human-caused death rates, particularly due to gunshot during the deer-hunting 
season, facilitate coyote introgression by removing resident red wolves just prior to the breeding 
season, in which case the remaining wolf of a pair is more likely to settle for a coyote or a hybrid 
as a mate.  With social structure intact, red and eastern wolves exhibit positive assortative mating 
(Bohling et al 2016, Rutledge et al. 2010), and red wolves will exclude or displace coyotes from 
areas they occupy (Gese and Terletzky 2015).  Death of transient red wolves removes individuals 
that might pair with other red wolves and displace coyotes as breeders (Hinton et al. 2015, 2016).   
 Although recent hybridization between coyotes and eastern wolves and red wolves is well 
documented, the extent of gray wolf x coyote hybridization is less clear.  In western North 
America, gray wolves often kill coyotes, and no matings of the two species have been reported in 
the wild (Wheeldon et al. 2010; Rutledge et al. 2012).  In the western Great Lakes region, where 
the two species have co-existed since prior to European contact, studies have found evidence for 
little (Wheeldon et al. 2010) or no (Mech 2011) recent hybridization between gray wolves and 
coyotes.  Wheeldon et al. (2010) concluded that wolves from the western Great Lakes are 
derived from hybridization between gray wolves and eastern wolves.  Because eastern wolves 
have also hybridized with coyotes recently (and perhaps historically), they have potentially 
served as a conduit for indirect mixing of gray wolf and coyote genes (Rutledge et al. 2012).   

An experimental attempt at artificial insemination showed that gray wolves and coyotes 
are not completely incompatible reproductively, as one of nine coyote females inseminated with 
gray wolf semen produced offspring (Mech et al. 2014).  Two of these gray wolf-coyote hybrids 
subsequently mated and produced F2 offspring (vonHoldt et al. 2017a), but whether the F2 
generation is fertile is not known. 

 
Genetics 
 The large (and growing) number of genetic studies of wolves and their relatives are 
challenging to summarize (see Chambers et al. 2012 for a recent attempt); these studies have 
only partially overlapping sets of samples, DNA markers, and analytical methods, which not 
surprisingly supports a variety of perspectives.  Here we focus on studies most directly relevant 
to red wolves. 
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 Wayne and Jenks (1991) completed the first efforts to compare patterns of genetic 
variation in North American coyotes and gray wolves to that of captive red wolves and other 
canids captured during the selection of founders for the red wolf captive population. The authors 
compared sequence variation in maternally-inherited mitochondrial DNA (mtDNA) and found 
that captive red wolves carried a single mtDNA haplotype that was phylogenetically similar to 
that of coyotes. Other potential founders for the red wolf captive population had either coyote, 
gray wolf, or Mexican wolf mtDNA, with a mismatch often observed between mtDNA 
haplotypes and their morphological classification.  Wayne and Jenks (1991) hypothesized that 
the red wolf is either 1) wholly of hybrid origin or 2) has recently hybridized with other North 
American canids.  This paper represents the first proposed two-species hypothesis for North 
American canids (gray wolf, coyote), with eastern and red wolves being of mixed origin.  
 Using data for 10 nuclear gene loci previously reported by Roy et al. (1994), Reich et al. 
(1999) estimated that the coyote-gray wolf hybridization event occurred no more than 12,800 
ybp, and likely less than 2,500 ybp.  Bertorelle and Excoffier (1998) found that the same data 
were consistent with red wolves and coyotes being sister species that diverged 10% as long ago 
as coyotes and gray wolves. 
 Wilson et al. (2000) proposed a different evolutionary hypothesis based on analysis of 
both nuclear and mtDNA data.  At nuclear loci, Wilson et al. found that red wolves and eastern 
wolves were more similar to each other than either was to gray wolves.  They identified coyote 
mtDNA in both eastern and red wolves but also found unique sequences in both of the latter 
forms that diverged from any coyote mtDNA haplotypes.  The authors concluded that coyotes, 
red wolves, and eastern wolves all evolved in North America, with the eastern+red wolf lineage 
diverging from the coyote lineage 150,000-300,000 years ago.  This three-species hypothesis 
considers eastern wolves and red wolves to be part of the same species, C. lycaon.   
 The first paper to take advantage of the revolution in genomics technology to study 
worldwide evolution of Canis was vonHoldt et al. (2011), who used over 48,000 single-
nucleotide-polymorphism (SNP) markers.  The authors concluded that unique genetic features of 
the red wolf population were less distinctive than for other recognized wolf species or 
subspecies.  Bayesian clustering analysis suggested this was primarily due to its mixed origin.  
Subsequent analyses based on haplotype block size suggested that the primary hybridization 
event between coyotes and gray wolves occurred 287-430 years ago; a similar analysis for Great 
Lakes wolves suggested initial admixture 546-963 years ago.  vonHoldt et al (2011) concluded 
that the close affinity of red wolves and eastern wolves proposed by Wilson et al. (2001) owed 
more to similar patterns of lupus x latrans hybridization than to a shared evolutionary history.    
 The global scope of the vonHoldt et al. (2011) analyses had both advantages and 
disadvantages.  Including diverse canids from Eurasia and Africa provided a broad context for 
interpreting evolutionary distinctiveness of New World forms.  On the other hand, this made it 
more difficult to discern fine-scale structure within North America of some forms (esp. eastern 
wolves) represented by relatively few samples.  In particular, 75% of the individuals were 
domestic dogs, and it is well known that some methods (such as Bayesian clustering) can be very 
sensitive to unequal sample sizes (Kalinowski 2011) and most readily detect the strongest levels 
of genetic structuring (Evanno et al. 2005; others).   
 Rutledge et al. (2012) re-analyzed vonHoldt et al’s (2011) SNP data in a principal 
components analysis (PCA), with a focus on four North American forms (gray wolves, coyotes, 
eastern wolves, and red wolves).  They found red wolves to be the most distinctive of the four 
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groups (Figure 4), which they pointed out could be due at least in part to founder effect and drift 
associated with the captive breeding program.   
 Most recently, a whole-genome-sequencing study by vonHoldt et al. (2016) greatly 
expanded the number of loci (to 5.4 million SNPs), while focusing on a much smaller number of 
individuals (28).  Red wolves were the most divergent group (FST = 0.177 with North American 
gray wolves and 0.107 with coyotes judged to be nonadmixed) but were genetically more similar 
to coyotes considered to be admixed.  vonHoldt et al. (2016) noted that the amount of genetic 
divergence between North American gray wolves and coyotes (FST = 0.153) is not much larger 
than that between European and North American gray wolves (FST = 0.099), and they estimated 
the divergence time between gray wolves and coyotes at only about 50,000 years ago.  vonHoldt 
et al. (2016) further identified >16,000 SNPs with fixed differences between coyotes and 
Eurasian gray wolves and used these to estimate coyote vs gray wolf ancestry in putative 
admixed forms; results indicated that Great Lakes wolves derive slightly more of their genes 
from gray wolves and eastern wolves derive slightly more from coyotes, while at least 80% of 
red wolf genes can be traced to coyotes.  The authors argued that the percentage of novel alleles 
in eastern wolves and red wolves was lower than expected if they were distinct species.  Using a 
genetic-demographic model that included divergence times and historical population sizes and an 
analysis that focused on 9 individuals, vonHoldt et al. (2016) estimated the divergence between 
red wolf and coyote as 55,000-117,000 ybp and divergence between Great Lakes wolf and gray 
wolf as 27,000-32,000 ybp. 
 Hohenlohe et al. (2017) criticized a number of aspects of the vonHoldt et al. (2016) 
study, including representativeness of the samples and their suitability for assessing admixture, 
pooling of eastern wolves from Algonquin Park with Great Lakes wolves in some analyses, 
interpretation of the PCA and rare-allele analyses, and conclusions about admixture.  vonHoldt et 
al. (2017) responded to these criticisms and reaffirmed conclusions of their 2016 study. 
 Genetic analysis of historical (pre-European contact) specimens could potentially resolve 
some of the uncertainties regarding canid evolution in North America, but to date these are 
limited to studies of mtDNA.  Rutledge et al. (2010b) examined four Canis skull samples 
excavated from 16th Century middens in southern Ontario and found that none contained mtDNA 
of gray wolf origin.  They concluded that this area was historically occupied by the New World-
evolved eastern wolf rather than the Old World-evolved gray wolf, but they could not rule out 
the possibility that the specimens analyzed were admixed forms of eastern and gray wolves. 
Brzeski et al. (2016) examined three wolf-like tooth samples dated to 350–1900 ybp collected 
within the historic range of the red wolf.  Each specimen produced a previously undocumented 
mtDNA haplotype, all of which grouped within the coyote clade.  This result is consistent with 
either an origin by ancient hybridization with coyotes or evolution of the red wolf from the 
coyote lineage, but does not support a recent hybrid origin following invasion of the coyote into 
eastern North America.  
 
Summary 
 The diverse ideas summarized above about the evolutionary history of wolf-like canids in 
North America can be grouped into three general scenarios, referred to as the four-, three- and 
two-species hypotheses (Figure 5).  The four-species hypothesis generally follows existing 
taxonomy based on morphology and historical distributions (see Figure 2; the four species are 
gray wolf, eastern wolf, red wolf, and coyote, with both the red wolf and eastern wolf evolving 
from a coyote-like ancestor). The most comprehensive summary of this scenario can be found in 
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Chambers et al. (2012).  As noted above, all four of these groups show some level of genetic 
distinctiveness, in spite of acknowledged recent hybridization.  However, the Chambers et al. 
(2012) study has been criticized because it adopted the four-species taxonomic hypothesis as a 
framework for interpreting the genetic data, rather than allowing species delimitations to emerge 
directly from analysis of the data (Dumbacher et al. 2014). 
 The three-species hypothesis originated with Wilson et al. (2000) and has been supported 
in various ways by several subsequent papers showing distinctiveness of eastern wolves and/or 
red wolves.  Under this scenario, red wolves would be grouped along with eastern wolves within 
C. lycaon as a separate subspecies or some other sub-specific population unit.  In support of this 
hypothesis, eastern and red wolves are similar in size and (in theory) well suited to the heavily-
forested areas that historically dominated most of eastern North America.  However, not all 
analyses have found a close genetic affinity between eastern wolves and red wolves.   
 The two-species hypothesis suggests that all modern populations referred to as wolves are 
subspecies of C. lupus and/or recent hybrids.  This is supported by the lack of distinctive genetic 
material in red wolves or eastern wolves.  One version of this hypothesis proposes that eastern 
forests were populated by one or more smaller forms of C. lupus that specialized on deer, and 
these hybridized with coyotes as eastern wolf populations dwindled in the last 400 years. A 
variation proposes that red wolves and/or eastern wolves could have arisen from more ancient 
hybridization between gray wolves and coyotes but have not diverged enough to be considered 
full species.   

Timing of the hypothesized historical hybridization events is highly uncertain, with 
estimates ranging from a few hundred years to over 100,000 years.  Under some scenarios of the 
two-species hypothesis, red wolves and/or eastern wolves might be considered separate 
subspecies (within C. latrans and C. lupus, respectively).  Some authors (Mech 2011; Rutledge 
et al. 2012; Hohenlohe et al. 2017) argue that scant empirical evidence for recent hybridization 
of gray wolves and coyotes in the wild (in spite of abundant opportunities) poses a challenge for 
the two-species hypothesis.  However, it is well known that changing environments can promote 
hybridization between species that normally have effective isolating mechanisms, and there are 
ample examples of changing environments in North America during the Pleistocene and 
Holocene.  Therefore, recent patterns of hybridization among North American canids are not 
necessarily a good indicator of historical patterns. 
 Regardless what conclusions are reached regarding species- and subspecies-level 
taxonomy of these North American canids, it is noteworthy that, in spite of recent introgression, 
and in spite of being surrounded and vastly outnumbered by coyotes or wolves, red wolves and 
eastern wolves both exhibit positive assortative mating—at least when harvest pressure and other 
anthropogenic mortality factors are low enough that social groups remain intact. 
 
 
  

III. Analysis of evolutionary hypotheses in an ESA context 

 
I.  Four-species hypothesis 
 In this scenario the red wolf is considered a full species (C. rufus; see Goldman 1944, 
Nowak 2002, Baker et al. 2003, Chambers et al. 2012), so it could continue to be listed on that 
basis. 
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II. Three-species hypotheses 
In the various three-species scenarios the red wolf is not a full species; instead, it and the 

eastern wolf are considered to be synonymous with or sub-specific units of C. lycaon.  Opinions 
about whether to define subspecies—and if so, how—differ widely (Mayr 1982; Burbrink et al. 
2000; Haig et al. 2006; Taylor et al. 2017).  We are not aware of any published paper formally 
proposing that the red wolf be considered a subspecies of C. lycaon, although Chambers et al. 
(2012) discussed this idea hypothetically and some of the nomenclatural issues it would entail.  
As described above, however, the red wolf and eastern gray wolf meet several of the criteria that 
are most commonly used to delimit subspecies:  they are geographically allopatric (currently and 
perhaps historically) and are genetically and morphologically different from each other, as well 
as from coyotes and gray wolves.   

If not considered a separate subspecies, the red wolf would be evaluated as a potential 
DPS of C. lycaon.  Because the only other extant population of C. lycaon is in Canada, the red 
wolf is “delimited by international governmental boundaries” and therefore meets Element 2 of 
the Discreteness criterion.  PCA results (Figure 4) and STRUCTURE results show that the two 
populations are genetically distinct, so the red wolf likely also meets Discreteness Element 1 
(marked separation from other populations of the taxon).  After meeting the Discreteness test, 
Significance of the red wolf would be evaluated “with respect to the taxon to which it 
belongs”—i.e, C. lycaon.  The red wolf would presumably meet Significance Element 2 (only 
two conspecific populations are extant, so loss of the red wolf would create a major gap in the 
range of C. lycaon.) and arguably would meet Significance Element 1 (occurrence in an unusual 
ecological setting).  Although eastern wolves are found in part of the Eastern Temperate Forests 
Ecoregion historically occupied by red wolves, habitats for red wolves are more 
temperate/subtropical, and the northern range of eastern wolves also extended into the colder 
Northern Forests Ecoregion (Figure 3).  Whether the red wolf would also meet Significance 
Element 4 (marked genetic differences from other conspecifics) is more subjective.  The joint 
DPS policy does not clarify whether the same genetic data can be used for both Discreteness 
Element 1 and Significance Element 4.  In applying a similar two-part test (reproductive 
isolation and evolutionary significance) to Pacific salmon populations, as well as in applying the 
joint DPS policy to a variety of marine species, NOAA Fisheries has typically used presumably 
neutral molecular genetic data primarily to address the discreteness/reproductive isolation 
criterion and has largely relied on proxies for adaptive genetic differences (e.g., behavior/life 
history/ecology) to meet the significance criterion (Waples 2006). 

Although meeting multiple Significance elements might make the case stronger, if 
Discreteness has been established it is not necessary to meet more than a single Significance 
element to be considered a DPS.  Under a scenario in which both red wolves and eastern wolves 
are considered subspecific units of C. lycaon, therefore, we conclude that red wolves would 
qualify as at least a DPS because they meet both Discreteness elements and at least one or two 
Significance elements of the joint DPS policy. 

 
III. Two-species hypotheses  
 The various two-species hypotheses agree that the gray wolf and coyote are the two 
species but differ in other details.  Below we consider three variations of the two-species 
hypothesis. 
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III.A. Red wolves are derived from gray wolves 
Under this scenario, red wolves are not a full species but might be a subspecies of C. 

lupus, as proposed by Lawrence and Bossert (1975) and Wozencraft (2005). 
If red wolves are not a separate subspecies, they could be a DPS of C. lupus.  For that 

evaluation, it would be necessary to consider red wolves in the context of all other subspecific 
units of C. lupus.  As noted above, red wolves can be considered Discrete compared to eastern 
(Algonquin) wolves according to both Discreteness elements.  Some Great Lakes wolves occur 
in the U.S., so the international border element does not apply to the Great Lakes wolves × red 
wolves comparison.  In the PCA analysis shown in Figure 4, red wolves are the most genetically 
distinctive of all the North American wolf-like canids (the Mexican wolf, C. l. baileyi, was not 
represented in these samples, but its genetic distinctiveness has been established by many 
studies—see review by Chambers et al. 2012).  This is also consistent with results presented by 
vonHoldt et al. (2016), who found that red wolves had the highest FST values (all FST > 0.1) for 
pairwise comparisons with NA gray wolves, Great Lakes wolves, and coyotes.  Collectively, 
these results support the conclusion that red wolves are Discrete compared to all other North 
American wolves. 

With respect to Significance, there is little or no overlap in the historical distribution of 
red wolves with gray wolves, eastern wolves, Great Lakes wolves, and Mexican wolves, so loss 
of the red wolf would likely represent a significant gap in the range of C. lupus (Significance 
Element 2).  As the red wolf is the last remaining small-wolf population in the large area of 
Ecoregion 8 in the U.S. east of the prairies and south of the Great Lakes (Figure 3), it could also 
be argued that under this hypothesis, the red wolf occupies an ecological setting that is unusual 
or unique for the species (Significance Element 1).  As noted above, it is possible that the red 
wolf might also meet Significance Element 4, but that is more speculative. 

 
III.B. Red wolves are derived from coyotes 

Like the Chambers et al. (2012) version of the four-species hypothesis, this scenario has 
red wolves being derived from the coyote lineage, but much more recently.  It does not appear 
that anyone has formally proposed that red wolf be considered a subspecies of C. latrans.   
Accordingly, if red wolves were to be a listable entity under this version of the two-species 
hypothesis, it would have to be as a DPS of the coyote. 
 In vonHoldt et al. (2016), the red wolf was genetically more similar to coyotes than to 
gray wolves or Great Lakes wolves, but the level of divergence (FST = 0.108) is still substantial 
and larger than values found for many other vertebrate populations that have been considered to 
be Discrete under the joint DPS policy (e.g., Gustafson et al. 2006; Seminoff et al. 2015).  The 
PCA analysis (Figure 4) also provides strong evidence that red wolves are genetically distinctive 
compared to coyotes.  Furthermore, although by all accounts substantial hybridization between 
red wolves and coyotes has occurred for at least a century, recent studies within and around the 
RWRA demonstrate that red wolves can be resistant to hybridization if anthropogenic pressures 
do not compromise their social structure.  Current data therefore indicate that, under this 
scenario, red wolves could be considered discrete from other populations of C. latrans.   
 Until about 1900, the distributions of coyotes and red wolves were largely non-
overlapping, with coyotes being restricted to the west and red wolves filling a niche for a small, 
wolf-like canid in the deciduous forests of the east and southeast.  Under those historical 
conditions, therefore, it is likely that (compared to other C. latrans) red wolves would have 
satisfied Significance Elements 1 and 2.  Following near-extirpation of the red wolf, coyotes 
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have greatly expanded their range eastward in the past century, so the contemporary situation is 
quite different. 
 
III.C. Red wolves are the product of recent hybridization between gray wolves and coyotes 

This scenario differs from the other two-species hypotheses in postulating that red wolves 
are not an ancient lineage, but rather arose recently from hybridization between gray wolves and 
coyotes.  Timing of the putative hybridization event has been variously estimated as likely less 
than 2,500 ybp (Reich et al. 1999) and 287-430 ybp (vonHoldt et al. 2011).  Hybridization is a 
well-known mechanism for creating new species; although more common in plants (Reiseberg 
1997), it also occurs in animals, including mammals (Larsen et al. 2010).  Under this scenario, 
the hybrid entity is not recognized as a formal species or subspecies, so if it is listable under the 
ESA it would have to be as a DPS. 

If red wolves are of recent hybrid origin but not formally considered to be subspecific 
units of either gray wolves or coyotes, DPS evaluations are somewhat problematic because the 
taxon to which the putative DPS belongs is an important reference point.  However, based on 
currently available information, we have concluded above that red wolves could be considered 
both Discrete and Significant with respect to either coyotes or gray wolves.  This could be used 
to argue that even if red wolves are a hybrid-origin taxon, they nevertheless meet the criteria to 
be considered a DPS. 

 
 

IV. Discussion 
 
 The red wolf is currently listed under the ESA as a full species (Canis rufus), which is 
consistent with traditional taxonomic treatments and the most recent review of the taxonomy of 
Canis in North America (Chambers et al. 2012).  However, the Chambers et al. (2012) review 
has been criticized (Dumbacher et al. 2014).  Furthermore, a number of more recent genetic 
studies have called into question the existing taxonomy of wolf-like canids, and the evolutionary 
history of the red wolf remains controversial.  Under some scenarios, the red wolf would not be a 
valid species and perhaps not a valid subspecies, in which case any ESA listing would have to be 
as a DPS of a valid taxon.  In Section II of this paper we have summarized the relevant genetic 
and non-genetic data, but we have not attempted to resolve the uncertainties or disagreements.  
Instead, in Section III we have considered whether the red wolf would be a listable unit under the 
ESA under each of the major evolutionary scenarios that have been proposed, which can be 
characterized as four-species (C. lupus, C lycaon, C. rufus, C. latrans), three-species (C. lupus, C 
lycaon, C. latrans), and two-species (C. lupus, C. latrans) hypotheses. 
 The four-species hypothesis is essentially status quo; the red wolf would remain a full 
species and could continue to be listed on that basis.  We also conclude that the three-species 
hypothesis, which would group eastern wolves and red wolves under C. lycaon, would be 
relatively straightforward to evaluate.  That scenario considers these two populations to be the 
last remnants of a biological species.  Given that they are geographically disjunct and 
demonstrably differ in genetic and other characteristics, we conclude that eastern wolves and red 
wolves might be considered separate subspecies, and if not the red wolf would at least qualify as 
a DPS of C. lycaon. 
 The various two-species hypotheses are more challenging to evaluate, both because of 
their diversity and the fact that most would require evaluation of DPS status.  Nevertheless, our 
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overall conclusion remains the same:  if the red wolf is not considered to be a valid subspecies of 
either gray wolf or coyote, it would at least qualify as a DPS of its respective taxon.  This 
conclusion is based on hypothetical application of the two criteria in the joint 1996 inter-agency 
DPS policy:  Discreteness and Significance.  Available data indicate that the red wolf is 
genetically the most distinctive wolf-like canid in North America, which establishes 
Discreteness.  Congruence of the historical distribution of red wolf with the Eastern Temperate 
Forests Ecoregion (Figure 3) provides strong evidence for Significance Element 1 (persistence in 
an unusual ecological setting), and a case could be made for Elements 2 and 4 as well. 
 Some caveats are important to note.  First, are red wolves genetically distinctive 
primarily because of their recent bottleneck and/or effects of the captive breeding program?  This 
is a reasonable question, but we are not aware of any quantitative analyses that attempt to answer 
it.  The finding by Brzeski et al. (2016) of unique haplotypes in pre-Columbian samples 
presumed to be red wolf suggests that genetic distinctiveness of red wolves is not merely a recent 
phenomenon, but more studies of this type would be useful to better clarify historical patterns.  It 
is worth noting that the Mexican wolf underwent an even more extreme bottleneck that has also 
undoubtedly affected recent genetic samples (Chambers et al. 2012), but this has not prevented it 
from being recognized as a valid subspecies and listed as such under the ESA. 
 The second caveat has to do with hybridization, which by all accounts has been extensive 
recently between red wolves and coyotes, and which by some accounts is responsible for 
producing the red wolf phenotype in the first place (through hybridization of gray wolves and 
coyotes).  Several decades of wrestling with complex problems associated with hybridization and 
conservation have produced a diversity of viewpoints (Hedrick 1995; Allendorf et al 2001; Haig 
and Allendorf 2006; Stronen and Paquet 2013; Wayne and Schaffer 2016).  However, no strong 
consensus on practical application has emerged, no doubt in part because the ramifications of 
hybridization for conservation are very context specific.  These evaluations would be easier if the 
Services had a formal policy outlining how hybridization and hybrids should be considered in 
ESA listing and recovery.  However, although the Services announced a proposed ESA interross 
policy two decades ago (USFWS and NMFS 1996b), it was never implemented or finalized.   

All of the DPS evaluations discussed above focus on the most recent data for red wolves 
and their relatives.  These data therefore reflect the consequences of any hybridization that has 
occurred recently or historically.  In spite of evidence for introgression of genes from coyote and 
perhaps gray wolf into the red wolf, we conclude that the current population meets both criteria 
to be a DPS, if not a subspecies or full species.  We have not attempted to grapple with questions 
of the following type: 

• Can a biological entity that arises through hybridization be considered a “species” 
under the ESA (i.e., a named species or subspecies or a DPS)? 

• If so, how far in the past must the hybridization event have taken place? 
• If a biological entity historically would have qualified as an ESA “species,” could it 

lose that status through hybridization with another biological entity? 
• If so, how much hybridization is too much? What metrics should be monitored to 

determine whether a threshold of too much hybridization has been reached? 
These are interesting questions but they are difficult or impossible to address in a strictly 
objective framework, because they involve societal values as well as legal and policy issues. 

 



14 
 

[might add a final paragraph that zooms out and places these issues in a broader conservation 
context.  Perhaps something like the following: 
 Although our approach has focused on a single, high-profile taxon, we believe the 
incorporation of DPS criteria to resolve help resolve a listing decision has general relevance.  
Biodiversity science and phylogeography have increasingly embraced the contributions and 
value of taxonomic units well below the species.  Incorporating Distinct Population Segment 
criteria to help conservation prioritization reflects a promising step towards acknowledging a 
broader set of eco-evolutionary considerations in a changing world. ] 
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Figure 1. Time series of the known number of red wolves in North Carolina (1993-2017) based 
on the total number of radio-collared red wolves in Fall across the experimental area.  Data are 
not corrected for any differences in monitoring effort that might affect the proportion of the 
population that is radio collared.  Data from 1993-2013 are from Gese et al. (2015); data from 
2014-2017 are from Joe Madison, USFWS, Project Leader of the NC red wolf project. 
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Figure 2.  Historical distribution of North American wolves, modified from Chambers et al. 
(2012).  In this version of the taxonomy, the red wolf (Canis rufus) is considered a separate 
species from gray wolves (Canis lupus), which are divided into 5 subspecies.  The boundary 
between the red wolf and the eastern wolf, Canis l. lycaon is uncertain, especially in the upper 
1/3 of the C. rufus range shown here (from about Pennsylvania north).  The other native wolf-
like canid in North America, the coyote (C. latrans), is not shown here. 
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Figure 3.  North American level-1 ecoregions (modified from Commission for Environmental 
Cooperation, 1997).  Ecoregion names:  1 = Arctic Cordillera; 2 = Tundra; 3 = Taiga; 4 = 
Hudson Plains; 5 = Northern Forests; 6 = Northwestern Forested Mountains; 7 = Marine West 
Coast Forests; 8 = Eastern Temperate Forests; 9 = Great Plains; 10 = North American Deserts; 
11 = Mediterranean California; 12 = Southern Semi-Arid Highlands; 13 = Temperate Sierras; 14 
= Tropical Dry Forests; 15 = Tropical Humid Forests. 
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Figure 4.  Principal components analysis of 48,000 SNPs for North American wolf-like canids 
(modified from Rutledge et al. 2012, based on data from vonHoldt et al. 2011). For alternative 
ways of presenting these data, see Supplemental Figure S3 vonHoldt et al. (2011). 
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Figure 5.  Two-species, three-species, or four-species hypotheses of the red wolf (Canis rufus) 
evolutionary origin.  



From: Whelan, Nathan V
To: Benjamin, Pete
Subject: Re: DRAFT of red wolf ms
Date: Tuesday, September 12, 2017 3:58:26 PM
Importance: High

Hi Pete,

I'd be happy to chat with you about your questions. It would be easiest over the phone.

Is there a time tomorrow afternoon when you'd be free for a call?

Thanks,
Nathan

On Tue, Sep 12, 2017 at 12:54 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Howdy Nathan,

I was wondering if you'd be willing to share with me your thoughts on this draft manuscript and what
it means relative to the meeting we had a couple weeks ago.  In particular, what is your take on
their description of the strengths and weaknesses of the vonHoldt et al. (2011) methodology?   What
do you make of Rutledge's (2012) reanalysis of the vonHoldt data?  Who's right in all the back and
forth between vonHoldt et al. (2016) and Hohenlohe (2017)?  And what about Rutledge (2010) and
Brzeski et al. (2016) that seem to indicate red wolves have sequences that don't show up in grey
wolves or coyotes?  

I thought you did a really good job in the meeting.  I'd also be interested in your thoughts on the
meeting itself: the process, the quality of the information presented, the decision itself.  Call if
you'd rather discuss than write.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
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Date: Tue, Aug 29, 2017 at 1:18 PM
Subject: DRAFT of red wolf ms
To: "gobled@uidaho.edu" <gobled@uidaho.edu>, "drsmith@usgs.gov"
<drsmith@usgs.gov>, "david.cobb@ncwildlife.org" <david.cobb@ncwildlife.org>, Fred
Allendorf <fred.allendorf@gmail.com>, Holly Doremus <hdoremus@law.berkeley.edu>,
Jaime Collazo <jcollazo@ncsu.edu>, Linda Rutledge <lr9@princeton.edu>, Lisette Waits
<lwaits@uidaho.edu>, Luigi Boitani <luigi.boitani@uniroma1.it>,
"Mike.Phillips@tedturner.com" <Mike.Phillips@tedturner.com>, Mike Schwartz
<mkschwartz@fs.fed.us>, Prof Roland Kays <rwkays@ncsu.edu>, Richard Fredrickson
<fredrickson.richard@gmail.com>, Robin Waples <robin.waples@noaa.gov>,
"rwayne@biology.ucla.edu" <rwayne@biology.ucla.edu>, "Haig, Susan"



<susan_haig@usgs.gov>, Pete Benjamin <pete_benjamin@fws.gov>,
"michael_l_morse@fws.gov" <michael_l_morse@fws.gov>, "Bridgett M. vonHoldt"
<vonholdt@princeton.edu>
Cc: Krishna Pacifici <jkpacifi@ncsu.edu>

Dear All,

   Well, it’s been more than a year since we met in Atlanta.

     Building off our discussions, a core group of us have been developing a draft manuscript
describing how DPS considerations might help inform conservation policy for red wolves. 
You will all be included in Acknowledgments, of course.

    At this point the target journal for this paper is Journal of Heredity.

   The USFWS will be receiving this draft of the manuscript to use in their ongoing policy
deliberations.

        You are welcome to provide us edits on this draft.  Please realize we cannot add much
net additional text, as the paper is already quite long.   Although you could ‘reply all’ with
comments, given the large number of contacts here it may be more efficient to send your
edits directly to Robin Waples and me (robin.waples@noaa.gov;
scott.mills@umontana.edu). 

     Please submit comments to us by Monday, Sept. 18.  

     Finally, to state the obvious: this draft should not be forwarded, shared, or circulated to
anyone else.

   Sincerely,

Scott 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

scott.mills@umontana.edu 

Mills Lab Web Page: http://www.umt.edu/research/millslab/



 

-- 
Nathan Whelan, Ph.D.
nathan_whelan@fws.gov | 
Office: 706.655.3382 ext 1231
Cell: 706.755.0192
U.S. Fish and Wildlife Service
Warm Springs Fish Technology Center
www.nathanwhelan.com
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To: Mills, Scott; gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Fred Allendorf; Holly Doremus;

Jaime Collazo; Linda Rutledge; Lisette Waits; Luigi Boitani; Mike.Phillips@tedturner.com; Mike Schwartz; Prof
Roland Kays; Richard Fredrickson; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L;
Bridgett M. vonHoldt

Cc: Krishna Pacifici
Subject: Re: DRAFT of red wolf ms
Date: Tuesday, September 19, 2017 11:30:34 AM
Importance: High

folks,

due to a pressing deadline by FWS, we need to complete revisions of this report by the end of
the week.  So, if you have any comments that you haven't sent us, please do so ASAP.

thanks,  Robin

On 8/29/2017 10:18 AM, Mills, Scott wrote:

Dear All,
   Well, it’s been more than a year since we met in Atlanta.
     Building off our discussions, a core group of us have been developing a draft
manuscript describing how DPS considerations might help inform conservation policy
for red wolves.  You will all be included in Acknowledgments, of course.
    At this point the target journal for this paper is Journal of Heredity.
   The USFWS will be receiving this draft of the manuscript to use in their ongoing policy
deliberations.
        You are welcome to provide us edits on this draft.  Please realize we cannot add
much net additional text, as the paper is already quite long.   Although you could ‘reply
all’ with comments, given the large number of contacts here it may be more efficient to
send your edits directly to Robin Waples and me (robin.waples@noaa.gov;
scott.mills@umontana.edu). 
     Please submit comments to us by Monday, Sept. 18.  
     Finally, to state the obvious: this draft should not be forwarded, shared, or
circulated to anyone else.
   Sincerely,
Scott 
 
L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
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To: Robin Waples; Mills, Scott; gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Fred Allendorf; Holly

Doremus; Jaime Collazo; Linda Rutledge; Lisette Waits; Luigi Boitani; Mike Schwartz; Prof Roland Kays; Richard
Fredrickson; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L; Bridgett M. vonHoldt

Cc: Krishna Pacifici
Subject: RE: DRAFT of red wolf ms
Date: Wednesday, September 20, 2017 10:40:40 AM
Attachments: Red wolf complete draft August 28 2017 MP review 092017.docx
Importance: High

Robin, Scott:
 
My comments are attached.  Thanks for providing a review opportunity and for leading the
effort.  The paper is important.
 
Mike

From: Robin Waples [mailto:robin.waples@noaa.gov] 
Sent: Tuesday, September 19, 2017 9:31 AM
To: Mills, Scott; gobled@uidaho.edu; drsmith@usgs.gov; david.cobb@ncwildlife.org; Fred Allendorf; Holly
Doremus; Jaime Collazo; Linda Rutledge; Lisette Waits; Luigi Boitani; Mike Phillips (TESF-Bozeman); Mike
Schwartz; Prof Roland Kays; Richard Fredrickson; rwayne@biology.ucla.edu; Haig, Susan; Pete Benjamin;
michael_l_morse@fws.gov; Bridgett M. vonHoldt
Cc: Krishna Pacifici
Subject: Re: DRAFT of red wolf ms
 

folks,

due to a pressing deadline by FWS, we need to complete revisions of this report by the end of
the week.  So, if you have any comments that you haven't sent us, please do so ASAP.

thanks,  Robin

On 8/29/2017 10:18 AM, Mills, Scott wrote:

Dear All,
   Well, it’s been more than a year since we met in Atlanta.
     Building off our discussions, a core group of us have been developing a draft
manuscript describing how DPS considerations might help inform conservation policy
for red wolves.  You will all be included in Acknowledgments, of course.
    At this point the target journal for this paper is Journal of Heredity.
   The USFWS will be receiving this draft of the manuscript to use in their ongoing policy
deliberations.
        You are welcome to provide us edits on this draft.  Please realize we cannot add
much net additional text, as the paper is already quite long.   Although you could ‘reply
all’ with comments, given the large number of contacts here it may be more efficient to
send your edits directly to Robin Waples and me (robin.waples@noaa.gov;
scott.mills@umontana.edu). 
     Please submit comments to us by Monday, Sept. 18.  
     Finally, to state the obvious: this draft should not be forwarded, shared, or
circulated to anyone else.



   Sincerely,
Scott 
 
L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
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Is the red wolf a listable unit under the U.S. Endangered Species Act? 
  
Provisional Authorship:  Waples/Kays/Fredrickson/Pacifici/Mills 
Likely target journal: 
 Journal of Heredity 
 

Internal draft not for distribution 
 
Abstract (pending) 
 

I. Introduction 
 
 What biological units merit special protection?  This question is increasingly relevant as 
earth’s ecosystems are ever more strongly influenced by humans.  It is a difficult question even 
for relatively straightforward scenarios, where at a minimum one must consider a) uncertainties 
associated with estimates of extinction risk; b) difficulty in predicting consequences of 
alternative intervention strategies; and c) perceived values to humans and natural ecosystems.  
Prioritizing scarce conservation resources is even more challenging when evolutionary history of 
the focal taxon is uncertain. 
 The red wolf (Canis rufus, C. lycaon rufus, or C. lupus rufus, depending on the 
authority), a small, wolf-like canid that historically occupied most of the U.S. east of the prairies 
and south of the Great Lakes, is a prime example of a taxon with an uncertain evolutionary 
history.  Wolves, coyotes, jackals, dogs, and the dingo comprise the genus Canis, which first 
appeared in the fossil record in southwestern USA and Mexico in the Miocene (~6 MYA) (Wang 
and Tedford 2008).  The gray wolf (C. lupus), which is the only wild Canis species that currently 
occurs in both the Old and New World, originated in Eurasia and appears in the North American 
fossil record by the mid-Pleistocene; its historic range included most of North America except 
the eastern U.S. (Chambers et al. 2012).  In 1973 the gray wolf in the lower 48 states was listed 
as Endangered under the U.S. Endangered Species Act (ESA), based on the last few remaining 
wolves in northern Minnesota. 
 Several other wolf-like canids are restricted to North America.  The small forms from 
areas of southern Ontario and Quebec centered on Algonquin National Park are commonly 
referred to as “eastern wolves” and are considered by some authors to be a separate species (C. 
lycaon) (Baker et al. 2003; Wilson et al. 2000) or subspecies (C. lupus lycaon) (Goldman 1937, 
1944; Nowak 1995, 2002, 2003; Chambers et al. 2012).  Wolves from the western Great Lakes 
area of the U.S. and Canada, sometimes referred to as “Great Lakes” wolves and included by 
some authorities as part of the subspecies C. l. nubilus, are generally intermediate in size to 
eastern wolves and gray wolves from western North America (Mech and Paul 2008; Mech et al. 
2011; Nowak 1995, 2002, 2009).  Red wolves historically occupied most of the eastern United 
States, outside of the range of the Canis lineage referred to as lycaon.  Another small canid 
historically occurred in the American southwest and Mexico, and the last remnant populations 
were listed under the ESA in 1976 as the Mexican wolf, a subspecies of gray wolf (Canis lupus 
baileyi; aka “lobo”).  Finally, the coyote (C. latrans), the smallest wild North American wolf-like 
canid, was historically restricted to the western half of the continent but rapidly expanded 
eastward following the functional extinction of eastern wolves and red wolves (Parker 1995; 
Fener et al. 2005; Kays et al. 2010; Levy 2012).   
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 The precarious status of the red wolf is not in question:  nearly driven to extinction by the 
middle of the 20th century, it exists today as a captive population and a small experimental wild 
population (Gese et al. 2015; US Fish and Wildlife Service (USFWS) unpublished data).  Red 
wolves were listed as Endangered in 1967 under the U.S. Endangered Species Preservation Act 
and remain listed (as C. rufus) under the ESA.  However, this listing and associated recovery 
actions are controversial because of uncertainties and scientific disagreements about both the 
evolutionary history and contemporary history of red wolves.  Recent hybridization between 
coyotes and both red wolves and eastern wolves, together with a paucity of historical genetic 
samples, has clouded interpretation of their evolutionary history. 
 As elaborated in the next section, several hypotheses have been proposed regarding the 
evolutionary history of these charismatic canids.  One hypothesis suggests that the red wolf is a 
unique New World lineage that split off from the smaller coyote in the Pleistocene; a variation 
posits that red wolves and eastern wolves together form a species separate from coyotes and gray 
wolves.  Another hypothesis is that red wolves were a subspecies, or ecotype, of C. lupus 
specialized on the eastern forests.  Various alternative scenarios for the origin of the eastern 
wolf-like canids involve ancient and/or recent hybridization with coyotes, gray wolves, and 
potentially domestic dogs (C. familiaris or C. lupus familiaris) brought to the continent by 
humans (Anderson et al. 2009).  All experts do agree that red wolves and coyotes hybridized in 
the southeastern U.S. as coyotes spread eastward in the 20th century, and that hybridization 
remains a constant threat.  However, there are diverse and strongly-held views regarding what 
hybridization, old and new, means for conservation and management of red wolves. 
 Here, we tackle a question at the heart of the controversy:  are red wolves a listable entity 
under the ESA?  Protection of red wolves was grandfathered into the ESA from the 1967 listing 
under the ESA’s precursor, but in the last 50 years two events have changed the criteria for 
determining listability.  First, the ESA has been amended several times, including the sections 
dealing with listing criteria.  The 1978 ESA amendments [Public Law 95-632 (1978), 92 Stat. 
3751] clarified what units can be considered “species” under the ESA and hence legally 
protected if they are determined to be Threatened or Endangered:  an ESA “species” can be 
either a) a recognized biological species, b) a recognized subspecies, or c) a “distinct population 
segment” (DPS).  The provision to recognize DPSs applies only to vertebrate species.  Although 
this language opened up new options for listing populations of vertebrates, “Distinct Population 
Segment” is not a generally recognized biological term, and the ESA provides no specific 
guidance on how to determine what constitutes a DPS.   
 The second major event was that, following almost two decades of applying the DPS 
provision on an ad hoc basis, the agencies that implement the ESA (USFWS and National 
Marine Fisheries Service, NMFS) developed a joint policy to guide DPS determinations 
(USFWS and NMFS 1996a).  Under the joint species policy, to be a DPS a population or group 
of populations must meet two criteria: discreteness and significance. A population unit can be 
considered discrete if it satisfies either of the following conditions: 

1. It is markedly separated from other populations of the same taxon as a consequence 
of physical, physiological, ecological, or behavioral factors. Quantitative measures of 
genetic or morphological discontinuity may provide evidence of this separation. 

2. It is delimited by international governmental boundaries within which differences in 
control of exploitation, management of habitat, conservation status, or regulatory 
mechanisms exist that are significant in light of Section 4(a)(1)(D) of the ESA. 
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According to the policy, information relevant to the ‘discrete’ criterion includes (but is not 
necessarily limited to) physical, ecological, behavioral, and genetic data.  
 Once a population segment is deemed to be discrete, the next step in DPS evaluation is to 
determine whether it is also “significant” to the taxon to which it belongs.  Factors that can be 
used to determine whether a discrete population segment is significant include: 

1. Persistence of the discrete segment in an ecological setting unusual or unique for the 
taxon; 

2. Evidence that loss of the discrete segment would result in a significant gap in the 
range of the taxon; 

3. Evidence that the discrete segment represents the only surviving natural occurrence of 
a taxon that may be more abundant elsewhere as an introduced population outside its 
historical range; and 

4. Evidence that the discrete segment differs markedly from other populations of the 
taxon in its genetic characteristics. 

More recently, these same criteria have been adopted by Canada to help identify population units 
of all taxa that potentially qualify for protection under Canada’s Species at Risk Act (citation), 
which means that they play a large role in determining conservation priorities across most of 
North America. 
 Determining whether the red wolf is a listable entity under the ESA therefore requires a 
determination whether they are a species, a subspecies, or a DPS.  Our approach to this problem 
is as follows.  First, we review the various published hypotheses regarding historical 
evolutionary relationships of red wolves and other North American wolf-like canids.  Our 
objective is not to establish which hypothesis is most likely, but rather to enumerate the plausible 
hypotheses so that each can be considered from the ESA perspective.  Next, we review recent 
information about hybridization among North American Canis.  Finally, for each of the 
published hypotheses, we draw on the best available scientific information to evaluate whether 
the red wolf could be considered a listable unit under the ESA by virtue of its status as a species, 
subspecies, or DPS.   
  

Evolutionary history of red wolves in relation to other NA canids 
 
Current context: Captive breeding and recovery 
 By the early 1900s, a combination of direct persecution, forest clearing, road building, 
and perhaps the decline of deer herds had eliminated red wolves from most of their historic range 
(USFWS 1989), and hybridization between red wolves and coyotes had begun in central Texas 
(Nowak 2002, Phillips et al. 2003).  By the time the USFWS initiated a captive breeding 
program in 1973, red wolves were confined to a single small population in Louisiana and Texas, 
surrounded by coyotes that had expanded their range eastward (Riley and McBride 1975; 
USFWS 1989). Over the next 7 years, more than 400 wild canids were captured from the area of 
the remaining red wolf population, and wild red wolves were extirpated from their historic range.  
43 captured animals were sent to the breeding facility as putative red wolves; of those, 
considered pure red wolves, only 14 became the founders of the captive breeding population 
(USFWS 1989).  Details of the captive breeding program are described elsewhere (Waddell and 
Long 2015). 
 Currently, a single wild population of red wolves exists on the Albemarle Peninsula in 
northeastern North Carolina.  This was established as an ‘experimental’ population (which 
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allows additional management flexibility to reduce human conflicts) from the captive facility, 
with 63 wolves released from 1987 to 1994.  The red wolf recovery area (RWRA) encompasses 
about 4,600 km2, roughly half in public and half in private ownership, with red wolves making 
use of about 47% of that area (Phillips et al. 2003, Gese et al. 2015).   Coyotes were not present 
when introductions began but arrived soon after, and hybridization with red wolves was 
confirmed by the early 1990s (Adams et al. 2003).  Recognizing that coyote hybridization was 
the greatest risk to recovery, USFWS implemented specific, ongoing actions to reduce coyote 
introgression into the red wolf population, including removing hybrid litters and euthanizing or 
sterilizing coyotes and hybrids (Kelly 2000, Gese et al. 2015).  Although the wild population has 
fluctuated over time with a generally increasing trend it now numbers <50 (Figure 1).  
 
Morphology 
 Canid taxonomy, like that for many mammalian groups, historically has focused on 
morphological analysis of teeth and bones of the skull.  Early efforts to make sense of North 
American canid diversity (e.g., Goldman 1944) found morphological evidence for a large 
number of subspecies of the gray wolf.  More recently, Nowak (1995, 2002) trimmed that to the 
red wolf (C. rufus) and five subspecies of gray wolf, including the Mexican wolf (C. l. baileyi), 
eastern wolves in southern Ontario and Quebec (C. l. lycaon), and a form that historically 
occupied much of the western US and ranged northward to encompass all of Hudson’s Bay (C. l. 
nubilus) (Figure 2).  Nowak’s (2002) paper focused on eastern canids and used only skulls 
collected prior to 1918.  He found that a small wolf appeared in areas east of the Great Plains and 
south of the Great Lakes and St. Lawrence River near the end of the Pleistocene, and about the 
same time coyotes disappeared from eastern North America.  He found this small wolf, which he 
considered to be C. rufus, to be distinct from both the coyote and gray wolf, with no evidence of 
hybridization.  Prior to European settlement of North America, the geographic range of these 
‘red wolves’ had little overlap with that of coyotes, whose eastern limits largely coincided with 
the westerly plains (Nowak 2002).  Historically, eastern North America was heavily forested, 
and these small wolves were presumably specialized to hunt the primary ungulate of the region, 
white-tailed deer (Odocoileus virginianus).  
 Nowak’s taxonomic conclusions are based on multivariate, discriminant function analysis 
(DFA) of morphological characters.  DFA requires the user to pre-assign individuals into groups 
and then derives linear combinations of the original variables (the discriminant functions) that 
maximize differences among groups.  DFA is most robust when group membership in the pre-
defined groups is determined using independent information.  When the same characters are used 
both to group the samples and to derive the discriminant functions (as Nowak did), the result can 
be an exaggeration of inter-group differences and overly-optimistic assessments of power to 
assign individuals to groups (Waples 2010). 
 More recently, Hinton and Chamberlain (2014) found that sympatric red wolves, coyotes, 
and their hybrids could be distinguished based on morphological characteristics: red wolves are 
the largest canid in the NC recovery region, coyotes the smallest, and hybrids are intermediate. 
 
Ecology 
 Gray wolves historically inhabited most of North America except for the deciduous 
forests of eastern North America, an area occupied by red and eastern wolves, which are 
morphologically intermediate between gray wolves and coyotes (Nowak 1995, Kyle et al. 2006).  
Morphological and ecological differentiation of Canis taxonomic groups has been attributed to 
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habitat and prey selection, as well as to interference competition (Mech 1970).  Population 
structure is often associated with ecological differences in vegetation and prey type (Geffen et al. 
2004, Carmichael et al. 2007).  A striking example of ecological differentiation occurs for 
adjacent populations of gray wolves from coastal and inland British Columbia.  Strong genetic 
structure between these groups does not correspond to geographic distance or physical dispersal 
barriers but rather to habitat differences, as coastal wolves obtain more than half of their protein 
from marine sources (Munoz-Fuentes et al. 2009).   
 The historic distribution of red wolves (Figure 2) is largely congruent with North 
America’s Ecoregion 8, Eastern Temperate Forests (Figure 3).  This ecological region is 
characterized by a relatively dense and diverse forest cover, an abundance of perennial streams 
and rivers, and a high diversity of many species, including birds, fish, reptiles, and amphibians; it 
is recognized as “a significant evolutionary area for the continent’s fauna” (Commission for 
Environmental Cooperation 1997).  Summers are hot and humid, while winters exhibit a 
latitudinal gradient from subtropical temperatures in the south to cool, continental temperatures 
in the north.  The north-central part of this ecoregion includes part of the historic range of C. 
lycaon (Figure 2). 
 Historically, sympatry between coyotes and wolves was restricted to western North 
America, where competition is reduced because large herbivores (moose, bison, elk) provide 
abundant prey for wolves, while coyotes forage on deer and smaller species or scavenge wolf 
kills.  As eastern forests were altered to more open, human-dominated habitats, wolf-control 
programs decimated historic populations of eastern wolves and red wolves, leaving a void that 
coyotes, being renowned generalists, readily exploited.  By the mid 1900s, coyotes had expanded 
into most of North America (Parker 1995; Levy 2012; Sears et al. 2003).  Subsequent 
hybridization between coyotes and remnant populations of wolves in eastern North America 
created an increasing coyote size gradient from west to east (Kays et al. 2010; Way et al. 2010).  
Hybridization between coyotes and eastern wolves has also created intermediate habitat 
preferences.  Based on species distribution models, Otis et al. (2017) found that hybrids between 
the eastern wolves and eastern coyotes exhibited intermediate environmental niche 
characteristics compared to their progenitors. 
 Red wolf habitat use and prey types in the reintroduced North Carolina population 
overlap with those of the invasive coyote.  However, the proportion of prey types differs, 
consistent with the larger body sizes of red wolves; in particular, red wolves consume more 
white-tailed deer and fewer small mammals and rabbits than do coyotes in the RWRA (Hinton et 
al. 2017).  Likewise, current red wolf habitat use differs from other wolves, with preference for 
agricultural habitats over forest, perhaps tracking white-tailed deer densities (Dellinger et al. 
2013, Hinton et al. 2016). 
   
Behavior and contemporary hybridization 
 Recent studies in and near the RWRA provide insights into contemporary interactions 
between red wolves and coyotes.  Over 13 years, Bohling and Waits (2015) found four times as 
many red wolf litters as hybrid litters within the RWRA.  About half of the hybridization events 
followed the death (typically caused by humans) of one member of a stable red wolf breeding 
pair.  Hybrid litters tended to be produced by first-time breeders, away from the core RWRA. 
Red wolves that did not pair with other red wolves preferentially paired with admixed 
individuals rather than coyotes, even though coyotes vastly outnumbered hybrids within the 
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study area.  The authors concluded that social stability of red wolf family groups was an 
important factor in determining the probability of hybridization (see also Hinton et al. 2015). 

Bohling et al. (2016) studied the spatial extent of hybridization within the RWRA and 
adjacent areas.  They found that red wolf ancestry declined sharply across a transect leading 
outside the RWRA, and that no red wolves were found outside the recovery area, whereas half of 
the canids within the RWRA were coyotes.  In spite of the pervasive presence of coyotes, only 
4% of the individuals surveyed by Bohling et al. (2016) were hybrids.  This result, however, 
reflects at least in part success of the adaptive management plan to limit the consequences of 
hybridization.   
 In southern Quebec and Ontario, a study focused on eastern wolves from Algonquin 
National Park (Rutledge et al. 2010a) found evidence that coyote mtDNA was widespread but 
coyote Y chromosome haplotypes were absent, indicating that male coyotes were not involved in 
hybridization with eastern wolves.  In contrast, gray wolf Y chromosome haplotypes were 
widespread, indicating male-mediated introgression of gray wolf genes.    

Current high hybridization rates between coyotes and both eastern wolves and red wolves 
are associated with high kill rates of wolves by humans (Rutledge et al. 2011; Bohling and Waits 
2015).  High human-caused death rates, particularly due to gunshot during the deer-hunting 
season, facilitate coyote introgression by removing resident red wolves just prior to the breeding 
season, in which case the remaining wolf of a pair is more likely to settle for a coyote or a hybrid 
as a mate.  With social structure intact, red and eastern wolves exhibit positive assortative mating 
(Bohling et al 2016, Rutledge et al. 2010), and red wolves will exclude or displace coyotes from 
areas they occupy (Gese and Terletzky 2015).  Death of transient red wolves removes individuals 
that might pair with other red wolves and displace coyotes as breeders (Hinton et al. 2015, 2016).   
 Although recent hybridization between coyotes and eastern wolves and red wolves is well 
documented, the extent of gray wolf x coyote hybridization is less clear.  In western North 
America, gray wolves often kill coyotes, and no matings of the two species have been reported in 
the wild (Wheeldon et al. 2010; Rutledge et al. 2012).  In the western Great Lakes region, where 
the two species have co-existed since prior to European contact, studies have found evidence for 
little (Wheeldon et al. 2010) or no (Mech 2011) recent hybridization between gray wolves and 
coyotes.  Wheeldon et al. (2010) concluded that wolves from the western Great Lakes are 
derived from hybridization between gray wolves and eastern wolves.  Because eastern wolves 
have also hybridized with coyotes recently (and perhaps historically), they have potentially 
served as a conduit for indirect mixing of gray wolf and coyote genes (Rutledge et al. 2012).   

An experimental attempt at artificial insemination showed that gray wolves and coyotes 
are not completely incompatible reproductively, as one of nine coyote females inseminated with 
gray wolf semen produced offspring (Mech et al. 2014).  Two of these gray wolf-coyote hybrids 
subsequently mated and produced F2 offspring (vonHoldt et al. 2017a), but whether the F2 
generation is fertile is not known. 

 
Genetics 
 The large (and growing) number of genetic studies of wolves and their relatives are 
challenging to summarize (see Chambers et al. 2012 for a recent attempt); these studies have 
only partially overlapping sets of samples, DNA markers, and analytical methods, which not 
surprisingly supports a variety of perspectives.  Here we focus on studies most directly relevant 
to red wolves. 
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 Wayne and Jenks (1991) completed the first efforts to compare patterns of genetic 
variation in North American coyotes and gray wolves to that of captive red wolves and other 
canids captured during the selection of founders for the red wolf captive population. The authors 
compared sequence variation in maternally-inherited mitochondrial DNA (mtDNA) and found 
that captive red wolves carried a single mtDNA haplotype that was phylogenetically similar to 
that of coyotes. Other potential founders for the red wolf captive population had either coyote, 
gray wolf, or Mexican wolf mtDNA, with a mismatch often observed between mtDNA 
haplotypes and their morphological classification.  Wayne and Jenks (1991) hypothesized that 
the red wolf is either 1) wholly of hybrid origin or 2) has recently hybridized with other North 
American canids.  This paper represents the first proposed two-species hypothesis for North 
American canids (gray wolf, coyote), with eastern and red wolves being of mixed origin.  
 Using data for 10 nuclear gene loci previously reported by Roy et al. (1994), Reich et al. 
(1999) estimated that the coyote-gray wolf hybridization event occurred no more than 12,800 
ybp, and likely less than 2,500 ybp.  Bertorelle and Excoffier (1998) found that the same data 
were consistent with red wolves and coyotes being sister species that diverged 10% as long ago 
as coyotes and gray wolves. 
 Wilson et al. (2000) proposed a different evolutionary hypothesis based on analysis of 
both nuclear and mtDNA data.  At nuclear loci, Wilson et al. found that red wolves and eastern 
wolves were more similar to each other than either was to gray wolves.  They identified coyote 
mtDNA in both eastern and red wolves but also found unique sequences in both of the latter 
forms that diverged from any coyote mtDNA haplotypes.  The authors concluded that coyotes, 
red wolves, and eastern wolves all evolved in North America, with the eastern+red wolf lineage 
diverging from the coyote lineage 150,000-300,000 years ago.  This three-species hypothesis 
considers eastern wolves and red wolves to be part of the same species, C. lycaon.   
 The first paper to take advantage of the revolution in genomics technology to study 
worldwide evolution of Canis was vonHoldt et al. (2011), who used over 48,000 single-
nucleotide-polymorphism (SNP) markers.  The authors concluded that unique genetic features of 
the red wolf population were less distinctive than for other recognized wolf species or 
subspecies.  Bayesian clustering analysis suggested this was primarily due to its mixed origin.  
Subsequent analyses based on haplotype block size suggested that the primary hybridization 
event between coyotes and gray wolves occurred 287-430 years ago; a similar analysis for Great 
Lakes wolves suggested initial admixture 546-963 years ago.  vonHoldt et al (2011) concluded 
that the close affinity of red wolves and eastern wolves proposed by Wilson et al. (2001) owed 
more to similar patterns of lupus x latrans hybridization than to a shared evolutionary history.    
 The global scope of the vonHoldt et al. (2011) analyses had both advantages and 
disadvantages.  Including diverse canids from Eurasia and Africa provided a broad context for 
interpreting evolutionary distinctiveness of New World forms.  On the other hand, this made it 
more difficult to discern fine-scale structure within North America of some forms (esp. eastern 
wolves) represented by relatively few samples.  In particular, 75% of the individuals were 
domestic dogs, and it is well known that some methods (such as Bayesian clustering) can be very 
sensitive to unequal sample sizes (Kalinowski 2011) and most readily detect the strongest levels 
of genetic structuring (Evanno et al. 2005; others).   
 Rutledge et al. (2012) re-analyzed vonHoldt et al’s (2011) SNP data in a principal 
components analysis (PCA), with a focus on four North American forms (gray wolves, coyotes, 
eastern wolves, and red wolves).  They found red wolves to be the most distinctive of the four 
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groups (Figure 4), which they pointed out could be due at least in part to founder effect and drift 
associated with the captive breeding program.   
 Most recently, a whole-genome-sequencing study by vonHoldt et al. (2016) greatly 
expanded the number of loci (to 5.4 million SNPs), while focusing on a much smaller number of 
individuals (28).  Red wolves were the most divergent group (FST = 0.177 with North American 
gray wolves and 0.107 with coyotes judged to be nonadmixed) but were genetically more similar 
to coyotes considered to be admixed.  vonHoldt et al. (2016) noted that the amount of genetic 
divergence between North American gray wolves and coyotes (FST = 0.153) is not much larger 
than that between European and North American gray wolves (FST = 0.099), and they estimated 
the divergence time between gray wolves and coyotes at only about 50,000 years ago.  vonHoldt 
et al. (2016) further identified >16,000 SNPs with fixed differences between coyotes and 
Eurasian gray wolves and used these to estimate coyote vs gray wolf ancestry in putative 
admixed forms; results indicated that Great Lakes wolves derive slightly more of their genes 
from gray wolves and eastern wolves derive slightly more from coyotes, while at least 80% of 
red wolf genes can be traced to coyotes.  The authors argued that the percentage of novel alleles 
in eastern wolves and red wolves was lower than expected if they were distinct species.  Using a 
genetic-demographic model that included divergence times and historical population sizes and an 
analysis that focused on 9 individuals, vonHoldt et al. (2016) estimated the divergence between 
red wolf and coyote as 55,000-117,000 ybp and divergence between Great Lakes wolf and gray 
wolf as 27,000-32,000 ybp. 
 Hohenlohe et al. (2017) criticized a number of aspects of the vonHoldt et al. (2016) 
study, including representativeness of the samples and their suitability for assessing admixture, 
pooling of eastern wolves from Algonquin Park with Great Lakes wolves in some analyses, 
interpretation of the PCA and rare-allele analyses, and conclusions about admixture.  vonHoldt et 
al. (2017) responded to these criticisms and reaffirmed conclusions of their 2016 study. 
 Genetic analysis of historical (pre-European contact) specimens could potentially resolve 
some of the uncertainties regarding canid evolution in North America, but to date these are 
limited to studies of mtDNA.  Rutledge et al. (2010b) examined four Canis skull samples 
excavated from 16th Century middens in southern Ontario and found that none contained mtDNA 
of gray wolf origin.  They concluded that this area was historically occupied by the New World-
evolved eastern wolf rather than the Old World-evolved gray wolf, but they could not rule out 
the possibility that the specimens analyzed were admixed forms of eastern and gray wolves. 
Brzeski et al. (2016) examined three wolf-like tooth samples dated to 350–1900 ybp collected 
within the historic range of the red wolf.  Each specimen produced a previously undocumented 
mtDNA haplotype, all of which grouped within the coyote clade.  This result is consistent with 
either an origin by ancient hybridization with coyotes or evolution of the red wolf from the 
coyote lineage, but does not support a recent hybrid origin following invasion of the coyote into 
eastern North America.  
 
Summary 
 The diverse ideas summarized above about the evolutionary history of wolf-like canids in 
North America can be grouped into three general scenarios, referred to as the four-, three- and 
two-species hypotheses (Figure 5).  The four-species hypothesis generally follows existing 
taxonomy based on morphology and historical distributions (see Figure 2; the four species are 
gray wolf, eastern wolf, red wolf, and coyote, with both the red wolf and eastern wolf evolving 
from a coyote-like ancestor). The most comprehensive summary of this scenario can be found in 
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Chambers et al. (2012).  As noted above, all four of these groups show some level of genetic 
distinctiveness, in spite of acknowledged recent hybridization.  However, the Chambers et al. 
(2012) study has been criticized because it adopted the four-species taxonomic hypothesis as a 
framework for interpreting the genetic data, rather than allowing species delimitations to emerge 
directly from analysis of the data (Dumbacher et al. 2014). 
 The three-species hypothesis originated with Wilson et al. (2000) and has been supported 
in various ways by several subsequent papers showing distinctiveness of eastern wolves and/or 
red wolves.  Under this scenario, red wolves would be grouped along with eastern wolves within 
C. lycaon as a separate subspecies or some other sub-specific population unit.  In support of this 
hypothesis, eastern and red wolves are similar in size and (in theory) well suited to the heavily-
forested areas that historically dominated most of eastern North America.  However, not all 
analyses have found a close genetic affinity between eastern wolves and red wolves.   
 The two-species hypothesis suggests that all modern populations referred to as wolves are 
subspecies of C. lupus and/or recent hybrids.  This is supported by the lack of distinctive genetic 
material in red wolves or eastern wolves.  One version of this hypothesis proposes that eastern 
forests were populated by one or more smaller forms of C. lupus that specialized on deer, and 
these hybridized with coyotes as eastern wolf populations dwindled in the last 400 years. A 
variation proposes that red wolves and/or eastern wolves could have arisen from more ancient 
hybridization between gray wolves and coyotes but have not diverged enough to be considered 
full species.   

Timing of the hypothesized historical hybridization events is highly uncertain, with 
estimates ranging from a few hundred years to over 100,000 years.  Under some scenarios of the 
two-species hypothesis, red wolves and/or eastern wolves might be considered separate 
subspecies (within C. latrans and C. lupus, respectively).  Some authors (Mech 2011; Rutledge 
et al. 2012; Hohenlohe et al. 2017) argue that scant empirical evidence for recent hybridization 
of gray wolves and coyotes in the wild (in spite of abundant opportunities) poses a challenge for 
the two-species hypothesis.  However, it is well known that changing environments can promote 
hybridization between species that normally have effective isolating mechanisms, and there are 
ample examples of changing environments in North America during the Pleistocene and 
Holocene.  Therefore, recent patterns of hybridization among North American canids are not 
necessarily a good indicator of historical patterns. 
 Regardless what conclusions are reached regarding species- and subspecies-level 
taxonomy of these North American canids, it is noteworthy that, in spite of recent introgression, 
and in spite of being surrounded and vastly outnumbered by coyotes or wolves, red wolves and 
eastern wolves both exhibit positive assortative mating—at least when harvest pressure and other 
anthropogenic mortality factors are low enough that social groups remain intact. 
 
 
  

III. Analysis of evolutionary hypotheses in an ESA context 

 
I.  Four-species hypothesis 
 In this scenario the red wolf is considered a full species (C. rufus; see Goldman 1944, 
Nowak 2002, Baker et al. 2003, Chambers et al. 2012), so it could continue to be listed on that 
basis. 
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II. Three-species hypotheses 
In the various three-species scenarios the red wolf is not a full species; instead, it and the 

eastern wolf are considered to be synonymous with or sub-specific units of C. lycaon.  Opinions 
about whether to define subspecies—and if so, how—differ widely (Mayr 1982; Burbrink et al. 
2000; Haig et al. 2006; Taylor et al. 2017).  We are not aware of any published paper formally 
proposing that the red wolf be considered a subspecies of C. lycaon, although Chambers et al. 
(2012) discussed this idea hypothetically and some of the nomenclatural issues it would entail.  
As described above, however, the red wolf and eastern gray wolf meet several of the criteria that 
are most commonly used to delimit subspecies:  they are geographically allopatric (currently and 
perhaps historically) and are genetically and morphologically different from each other, as well 
as from coyotes and gray wolves.   

If not considered a separate subspecies, the red wolf would be evaluated as a potential 
DPS of C. lycaon.  Because the only other extant population of C. lycaon is in Canada, the red 
wolf is “delimited by international governmental boundaries” and therefore meets Element 2 of 
the Discreteness criterion.  PCA results (Figure 4) and STRUCTURE results show that the two 
populations are genetically distinct, so the red wolf likely also meets Discreteness Element 1 
(marked separation from other populations of the taxon).  After meeting the Discreteness test, 
Significance of the red wolf would be evaluated “with respect to the taxon to which it 
belongs”—i.e, C. lycaon.  The red wolf would presumably meet Significance Element 2 (only 
two conspecific populations are extant, so loss of the red wolf would create a major gap in the 
range of C. lycaon.) and arguably would meet Significance Element 1 (occurrence in an unusual 
ecological setting).  Although eastern wolves are found in part of the Eastern Temperate Forests 
Ecoregion historically occupied by red wolves, habitats for red wolves are more 
temperate/subtropical, and the northern range of eastern wolves also extended into the colder 
Northern Forests Ecoregion (Figure 3).  Whether the red wolf would also meet Significance 
Element 4 (marked genetic differences from other conspecifics) is more subjective.  The joint 
DPS policy does not clarify whether the same genetic data can be used for both Discreteness 
Element 1 and Significance Element 4.  In applying a similar two-part test (reproductive 
isolation and evolutionary significance) to Pacific salmon populations, as well as in applying the 
joint DPS policy to a variety of marine species, NOAA Fisheries has typically used presumably 
neutral molecular genetic data primarily to address the discreteness/reproductive isolation 
criterion and has largely relied on proxies for adaptive genetic differences (e.g., behavior/life 
history/ecology) to meet the significance criterion (Waples 2006). 

Although meeting multiple Significance elements might make the case stronger, if 
Discreteness has been established it is not necessary to meet more than a single Significance 
element to be considered a DPS.  Under a scenario in which both red wolves and eastern wolves 
are considered subspecific units of C. lycaon, therefore, we conclude that red wolves would 
qualify as at least a DPS because they meet both Discreteness elements and at least one or two 
Significance elements of the joint DPS policy. 

 
III. Two-species hypotheses  
 The various two-species hypotheses agree that the gray wolf and coyote are the two 
species but differ in other details.  Below we consider three variations of the two-species 
hypothesis. 
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III.A. Red wolves are derived from gray wolves 
Under this scenario, red wolves are not a full species but might be a subspecies of C. 

lupus, as proposed by Lawrence and Bossert (1975) and Wozencraft (2005). 
If red wolves are not a separate subspecies, they could be a DPS of C. lupus.  For that 

evaluation, it would be necessary to consider red wolves in the context of all other subspecific 
units of C. lupus.  As noted above, red wolves can be considered Discrete compared to eastern 
(Algonquin) wolves according to both Discreteness elements.  Some Great Lakes wolves occur 
in the U.S., so the international border element does not apply to the Great Lakes wolves × red 
wolves comparison.  In the PCA analysis shown in Figure 4, red wolves are the most genetically 
distinctive of all the North American wolf-like canids (the Mexican wolf, C. l. baileyi, was not 
represented in these samples, but its genetic distinctiveness has been established by many 
studies—see review by Chambers et al. 2012).  This is also consistent with results presented by 
vonHoldt et al. (2016), who found that red wolves had the highest FST values (all FST > 0.1) for 
pairwise comparisons with NA gray wolves, Great Lakes wolves, and coyotes.  Collectively, 
these results support the conclusion that red wolves are Discrete compared to all other North 
American wolves. 

With respect to Significance, there is little or no overlap in the historical distribution of 
red wolves with gray wolves, eastern wolves, Great Lakes wolves, and Mexican wolves, so loss 
of the red wolf would likely represent a significant gap in the range of C. lupus (Significance 
Element 2).  As the red wolf is the last remaining small-wolf population in the large area of 
Ecoregion 8 in the U.S. east of the prairies and south of the Great Lakes (Figure 3), it could also 
be argued that under this hypothesis, the red wolf occupies an ecological setting that is unusual 
or unique for the species (Significance Element 1).  As noted above, it is possible that the red 
wolf might also meet Significance Element 4, but that is more speculative. 

 
III.B. Red wolves are derived from coyotes 

Like the Chambers et al. (2012) version of the four-species hypothesis, this scenario has 
red wolves being derived from the coyote lineage, but much more recently.  It does not appear 
that anyone has formally proposed that red wolf be considered a subspecies of C. latrans.   
Accordingly, if red wolves were to be a listable entity under this version of the two-species 
hypothesis, it would have to be as a DPS of the coyote. 
 In vonHoldt et al. (2016), the red wolf was genetically more similar to coyotes than to 
gray wolves or Great Lakes wolves, but the level of divergence (FST = 0.108) is still substantial 
and larger than values found for many other vertebrate populations that have been considered to 
be Discrete under the joint DPS policy (e.g., Gustafson et al. 2006; Seminoff et al. 2015).  The 
PCA analysis (Figure 4) also provides strong evidence that red wolves are genetically distinctive 
compared to coyotes.  Furthermore, although by all accounts substantial hybridization between 
red wolves and coyotes has occurred for at least a century, recent studies within and around the 
RWRA demonstrate that red wolves can be resistant to hybridization if anthropogenic pressures 
do not compromise their social structure.  Current data therefore indicate that, under this 
scenario, red wolves could be considered discrete from other populations of C. latrans.   
 Until about 1900, the distributions of coyotes and red wolves were largely non-
overlapping, with coyotes being restricted to the west and red wolves filling a niche for a small, 
wolf-like canid in the deciduous forests of the east and southeast.  Under those historical 
conditions, therefore, it is likely that (compared to other C. latrans) red wolves would have 
satisfied Significance Elements 1 and 2.  Following near-extirpation of the red wolf, coyotes 
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have greatly expanded their range eastward in the past century, so the contemporary situation is 
quite different. 
 
III.C. Red wolves are the product of recent hybridization between gray wolves and coyotes 

This scenario differs from the other two-species hypotheses in postulating that red wolves 
are not an ancient lineage, but rather arose recently from hybridization between gray wolves and 
coyotes.  Timing of the putative hybridization event has been variously estimated as likely less 
than 2,500 ybp (Reich et al. 1999) and 287-430 ybp (vonHoldt et al. 2011).  Hybridization is a 
well-known mechanism for creating new species; although more common in plants (Reiseberg 
1997), it also occurs in animals, including mammals (Larsen et al. 2010).  Under this scenario, 
the hybrid entity is not recognized as a formal species or subspecies, so if it is listable under the 
ESA it would have to be as a DPS. 

If red wolves are of recent hybrid origin but not formally considered to be subspecific 
units of either gray wolves or coyotes, DPS evaluations are somewhat problematic because the 
taxon to which the putative DPS belongs is an important reference point.  However, based on 
currently available information, we have concluded above that red wolves could be considered 
both Discrete and Significant with respect to either coyotes or gray wolves.  This could be used 
to argue that even if red wolves are a hybrid-origin taxon, they nevertheless meet the criteria to 
be considered a DPS. 

 
 

IV. Discussion 
 
 The red wolf is currently listed under the ESA as a full species (Canis rufus), which is 
consistent with traditional taxonomic treatments and the most recent review of the taxonomy of 
Canis in North America (Chambers et al. 2012).  However, the Chambers et al. (2012) review 
has been criticized (Dumbacher et al. 2014).  Furthermore, a number of more recent genetic 
studies have called into question the existing taxonomy of wolf-like canids, and the evolutionary 
history of the red wolf remains controversial.  Under some scenarios, the red wolf would not be a 
valid species and perhaps not a valid subspecies, in which case any ESA listing would have to be 
as a DPS of a valid taxon.  In Section II of this paper we have summarized the relevant genetic 
and non-genetic data, but we have not attempted to resolve the uncertainties or disagreements.  
Instead, in Section III we have considered whether the red wolf would be a listable unit under the 
ESA under each of the major evolutionary scenarios that have been proposed, which can be 
characterized as four-species (C. lupus, C lycaon, C. rufus, C. latrans), three-species (C. lupus, C 
lycaon, C. latrans), and two-species (C. lupus, C. latrans) hypotheses. 
 The four-species hypothesis is essentially status quo; the red wolf would remain a full 
species and could continue to be listed on that basis.  We also conclude that the three-species 
hypothesis, which would group eastern wolves and red wolves under C. lycaon, would be 
relatively straightforward to evaluate.  That scenario considers these two populations to be the 
last remnants of a biological species.  Given that they are geographically disjunct and 
demonstrably differ in genetic and other characteristics, we conclude that eastern wolves and red 
wolves might be considered separate subspecies, and if not the red wolf would at least qualify as 
a DPS of C. lycaon. 
 The various two-species hypotheses are more challenging to evaluate, both because of 
their diversity and the fact that most would require evaluation of DPS status.  Nevertheless, our 
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overall conclusion remains the same:  if the red wolf is not considered to be a valid subspecies of 
either gray wolf or coyote, it would at least qualify as a DPS of its respective taxon.  This 
conclusion is based on hypothetical application of the two criteria in the joint 1996 inter-agency 
DPS policy:  Discreteness and Significance.  Available data indicate that the red wolf is 
genetically the most distinctive wolf-like canid in North America, which establishes 
Discreteness.  Congruence of the historical distribution of red wolf with the Eastern Temperate 
Forests Ecoregion (Figure 3) provides strong evidence for Significance Element 1 (persistence in 
an unusual ecological setting), and a case could be made for Elements 2 and 4 as well. 
 Some caveats are important to note.  First, are red wolves genetically distinctive 
primarily because of their recent bottleneck and/or effects of the captive breeding program?  This 
is a reasonable question, but we are not aware of any quantitative analyses that attempt to answer 
it.  The finding by Brzeski et al. (2016) of unique haplotypes in pre-Columbian samples 
presumed to be red wolf suggests that genetic distinctiveness of red wolves is not merely a recent 
phenomenon, but more studies of this type would be useful to better clarify historical patterns.  It 
is worth noting that the Mexican wolf underwent an even more extreme bottleneck that has also 
undoubtedly affected recent genetic samples (Chambers et al. 2012), but this has not prevented it 
from being recognized as a valid subspecies and listed as such under the ESA. 
 The second caveat has to do with hybridization, which by all accounts has been extensive 
recently between red wolves and coyotes, and which by some accounts is responsible for 
producing the red wolf phenotype in the first place (through hybridization of gray wolves and 
coyotes).  Several decades of wrestling with complex problems associated with hybridization and 
conservation have produced a diversity of viewpoints (Hedrick 1995; Allendorf et al 2001; Haig 
and Allendorf 2006; Stronen and Paquet 2013; Wayne and Schaffer 2016).  However, no strong 
consensus on practical application has emerged, no doubt in part because the ramifications of 
hybridization for conservation are very context specific.  These evaluations would be easier if the 
Services had a formal policy outlining how hybridization and hybrids should be considered in 
ESA listing and recovery.  However, although the Services announced a proposed ESA interross 
policy two decades ago (USFWS and NMFS 1996b), it was never implemented or finalized.   

All of the DPS evaluations discussed above focus on the most recent data for red wolves 
and their relatives.  These data therefore reflect the consequences of any hybridization that has 
occurred recently or historically.  In spite of evidence for introgression of genes from coyote and 
perhaps gray wolf into the red wolf, we conclude that the current population meets both criteria 
to be a DPS, if not a subspecies or full species.  We have not attempted to grapple with questions 
of the following type: 

• Can a biological entity that arises through hybridization be considered a “species” 
under the ESA (i.e., a named species or subspecies or a DPS)? 

• If so, how far in the past must the hybridization event have taken place? 
• If a biological entity historically would have qualified as an ESA “species,” could it 

lose that status through hybridization with another biological entity? 
• If so, how much hybridization is too much? What metrics should be monitored to 

determine whether a threshold of too much hybridization has been reached? 
These are interesting questions but they are difficult or impossible to address in a strictly 
objective framework, because they involve societal values as well as legal and policy issues. 
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[might add a final paragraph that zooms out and places these issues in a broader conservation 
context.  Perhaps something like the following: 
 Although our approach has focused on a single, high-profile taxon, we believe the 
incorporation of DPS criteria to resolve help resolve a listing decision has general relevance.  
Biodiversity science and phylogeography have increasingly embraced the contributions and 
value of taxonomic units well below the species.  Incorporating Distinct Population Segment 
criteria to help conservation prioritization reflects a promising step towards acknowledging a 
broader set of eco-evolutionary considerations in a changing world. ] 
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Figure 1. Time series of the known number of red wolves in North Carolina (1993-2017) based 
on the total number of radio-collared red wolves in Fall across the experimental area.  Data are 
not corrected for any differences in monitoring effort that might affect the proportion of the 
population that is radio collared.  Data from 1993-2013 are from Gese et al. (2015); data from 
2014-2017 are from Joe Madison, USFWS, Project Leader of the NC red wolf project. 
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Figure 2.  Historical distribution of North American wolves, modified from Chambers et al. 
(2012).  In this version of the taxonomy, the red wolf (Canis rufus) is considered a separate 
species from gray wolves (Canis lupus), which are divided into 5 subspecies.  The boundary 
between the red wolf and the eastern wolf, Canis l. lycaon is uncertain, especially in the upper 
1/3 of the C. rufus range shown here (from about Pennsylvania north).  The other native wolf-
like canid in North America, the coyote (C. latrans), is not shown here. 
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Figure 3.  North American level-1 ecoregions (modified from Commission for Environmental 
Cooperation, 1997).  Ecoregion names:  1 = Arctic Cordillera; 2 = Tundra; 3 = Taiga; 4 = 
Hudson Plains; 5 = Northern Forests; 6 = Northwestern Forested Mountains; 7 = Marine West 
Coast Forests; 8 = Eastern Temperate Forests; 9 = Great Plains; 10 = North American Deserts; 
11 = Mediterranean California; 12 = Southern Semi-Arid Highlands; 13 = Temperate Sierras; 14 
= Tropical Dry Forests; 15 = Tropical Humid Forests. 
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Figure 4.  Principal components analysis of 48,000 SNPs for North American wolf-like canids 
(modified from Rutledge et al. 2012, based on data from vonHoldt et al. 2011). For alternative 
ways of presenting these data, see Supplemental Figure S3 vonHoldt et al. (2011). 
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Figure 5.  Two-species, three-species, or four-species hypotheses of the red wolf (Canis rufus) 
evolutionary origin.  
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Date: Thursday, September 21, 2017 10:51:04 PM
Importance: High

Thanks for circulating the paper. 

I have just a couple of suggestions. 

First, the second half of page 2 reads as if the listing of the red wolf merits
reconsideration because of the 1978 amendments to the ESA and the introduction of
the DPS policy. I don't think that's quite right. Status reviews of all species are (at
least nominally) required every 5 years by section 4(c)(2). One of those status
reviews was just completed, I believe, and seems to have sparked a lot of talk about
delisting as well as about whether the recovery program is worthwhile. I guess what
I would suggest saying is that periodic reviews of listing status are mandatory, and
that in the course of the most recent review questions were raised about the red
wolf's taxonomic status.

Second, at p. 12, there's the statement that if red wolves are a hybrid, because they
are not "recognized as a formal species or subspecies" they would have to be listed
as a DPS. As the next paragraph points out, that's problematic because what would
they be a DPS of? Maybe it's not that complicated. If the red wolf is a hybrid, it
might be a new species or subspecies whether or not that's been formally published
in the taxonomy literature. I think Center for Biological Diversity v. Lohn, 296 F.
Supp. 2d 1223 (WD Wash 2003), the southern resident orca case, is right, although
it was later withdrawn on the ground of mootness. There, the court said that the
"best available science" requirement for listing meant that NMFS was not bound by
published taxonomy it believed to be wrong. If FWS had evidence to support the
claim that red wolves were a recently evolved species (or subspecies) I believe it
could list (or defend the listing) on that basis.

And I have a question. I very much enjoyed the meeting at which we discussed the
red wolf. I think it's completely appropriate as well as helpful for the experts to sort
through the listing implications of the major evolutionary hypotheses under existing
law, as this piece does. But I'm very interested in thinking more philosophically,
about what the red wolf situation tells us about our conservation goals and how to
achieve them. I'm interested both in whether the red wolf (and by analogy other
entities whose status might be uncertain or which hybridize with common species)
merits protection and in how captive breeding programs should be managed (should
they be trying to produce a particular vision of "wolfness," trying to replicate what



we think nature would have produced without human intervention, or something
else?). Is anyone interested in exploring that issue, perhaps with the addition of
historians, philosophers, or others? I'm thinking we might be able to get funding for
a workshop, perhaps through SESYNC. Does anyone else think that might be fun?

Holly 

On 9/19/2017 8:30 AM, Robin Waples wrote:

folks,

due to a pressing deadline by FWS, we need to complete revisions of this report
by the end of the week.  So, if you have any comments that you haven't sent us,
please do so ASAP.

thanks,  Robin

On 8/29/2017 10:18 AM, Mills, Scott wrote:

Dear All,
   Well, it’s been more than a year since we met in Atlanta.
     Building off our discussions, a core group of us have been developing a
draft manuscript describing how DPS considerations might help inform
conservation policy for red wolves.  You will all be included in
Acknowledgments, of course.
    At this point the target journal for this paper is Journal of Heredity.
   The USFWS will be receiving this draft of the manuscript to use in their
ongoing policy deliberations.
        You are welcome to provide us edits on this draft.  Please realize we
cannot add much net additional text, as the paper is already quite long.  
Although you could ‘reply all’ with comments, given the large number of
contacts here it may be more efficient to send your edits directly to Robin
Waples and me (robin.waples@noaa.gov; scott.mills@umontana.edu). 
     Please submit comments to us by Monday, Sept. 18.  
     Finally, to state the obvious: this draft should not be forwarded,
shared, or circulated to anyone else.
   Sincerely,
Scott 
 
L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151



scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
 

-- 
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Co-Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: (510) 643-5699
email: hdoremus@law.berkeley.edu



From: Mike Phillips (TESF-Bozeman)
To: Holly Doremus
Cc: Robin Waples; Mills, Scott; gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Fred Allendorf;

Jaime Collazo; Linda Rutledge; Lisette Waits; Luigi Boitani; Mike Schwartz; Prof Roland Kays; Richard
Fredrickson; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L; Bridgett M. vonHoldt;
Krishna Pacifici

Subject: Re: DRAFT of red wolf ms
Date: Friday, September 22, 2017 8:53:11 AM
Importance: High

Holly,

I'm interested for many reasons not the least of which is the potential for captive breeding to produce more
"wolfness" (as expressed by increased body size) in red wolves as an effective means for minimizing hybridization
with coyotes.

Mike

Sent from my iPhone

On Sep 21, 2017, at 8:51 PM, Holly Doremus
<hdoremus@law.berkeley.edu<mailto:hdoremus@law.berkeley.edu>> wrote:

Thanks for circulating the paper.

I have just a couple of suggestions.

First, the second half of page 2 reads as if the listing of the red wolf merits reconsideration because of the 1978
amendments to the ESA and the introduction of the DPS policy. I don't think that's quite right. Status reviews of all
species are (at least nominally) required every 5 years by section 4(c)(2). One of those status reviews was just
completed, I believe, and seems to have sparked a lot of talk about delisting as well as about whether the recovery
program is worthwhile. I guess what I would suggest saying is that periodic reviews of listing status are mandatory,
and that in the course of the most recent review questions were raised about the red wolf's taxonomic status.

Second, at p. 12, there's the statement that if red wolves are a hybrid, because they are not "recognized as a formal
species or subspecies" they would have to be listed as a DPS. As the next paragraph points out, that's problematic
because what would they be a DPS of? Maybe it's not that complicated. If the red wolf is a hybrid, it might be a new
species or subspecies whether or not that's been formally published in the taxonomy literature. I think Center for
Biological Diversity v. Lohn, 296 F. Supp. 2d 1223 (WD Wash 2003), the southern resident orca case, is right,
although it was later withdrawn on the ground of mootness. There, the court said that the "best available science"
requirement for listing meant that NMFS was not bound by published taxonomy it believed to be wrong. If FWS
had evidence to support the claim that red wolves were a recently evolved species (or subspecies) I believe it could
list (or defend the listing) on that basis.

And I have a question. I very much enjoyed the meeting at which we discussed the red wolf. I think it's completely
appropriate as well as helpful for the experts to sort through the listing implications of the major evolutionary
hypotheses under existing law, as this piece does. But I'm very interested in thinking more philosophically, about
what the red wolf situation tells us about our conservation goals and how to achieve them. I'm interested both in
whether the red wolf (and by analogy other entities whose status might be uncertain or which hybridize with
common species) merits protection and in how captive breeding programs should be managed (should they be trying
to produce a particular vision of "wolfness," trying to replicate what we think nature would have produced without
human intervention, or something else?). Is anyone interested in exploring that issue, perhaps with the addition of
historians, philosophers, or others? I'm thinking we might be able to get funding for a workshop, perhaps through
SESYNC. Does anyone else think that might be fun?

Holly



On 9/19/2017 8:30 AM, Robin Waples wrote:

folks,

due to a pressing deadline by FWS, we need to complete revisions of this report by the end of the week.  So, if you
have any comments that you haven't sent us, please do so ASAP.

thanks,  Robin

On 8/29/2017 10:18 AM, Mills, Scott wrote:
Dear All,
   Well, it’s been more than a year since we met in Atlanta.
     Building off our discussions, a core group of us have been developing a draft manuscript describing how DPS
considerations might help inform conservation policy for red wolves.  You will all be included in
Acknowledgments, of course.
    At this point the target journal for this paper is Journal of Heredity.
   The USFWS will be receiving this draft of the manuscript to use in their ongoing policy deliberations.
        You are welcome to provide us edits on this draft.  Please realize we cannot add much net additional text, as the
paper is already quite long.   Although you could ‘reply all’ with comments, given the large number of contacts here
it may be more efficient to send your edits directly to Robin Waples and me
(robin.waples@noaa.gov<mailto:robin.waples@noaa.gov>;
scott.mills@umontana.edu<mailto:scott.mills@umontana.edu>).
     Please submit comments to us by Monday, Sept. 18.
     Finally, to state the obvious: this draft should not be forwarded, shared, or circulated to anyone else.
   Sincerely,
Scott

L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu<mailto:scott.mills@umontana.edu>
Mills Lab Web Page: http://www.umt.edu/research/millslab/

--
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Co-Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: (510) 643-5699
email: hdoremus@law.berkeley.edu<mailto:hdoremus@law.berkeley.edu>



From: Robin Waples
To: Holly Doremus; Mills, Scott; gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Fred Allendorf;

Jaime Collazo; Linda Rutledge; Lisette Waits; Luigi Boitani; Mike.Phillips@tedturner.com; Mike Schwartz; Prof
Roland Kays; Richard Fredrickson; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L;
Bridgett M. vonHoldt

Cc: Krishna Pacifici
Subject: Re: DRAFT of red wolf ms
Date: Friday, September 22, 2017 12:18:27 PM
Importance: High

thanks Holly, this is useful.  We are not aware of anyone who has proposed that red wolf be
considered a subspecies of latrans, but that doesn't mean someone (including USFWS)
couldn't conclude that is a reasonable outcome.

regarding the more philosophical issues, they indeed are interesting but for obvious reasons we
didn't try to tackle them in this paper.

On 9/21/2017 7:51 PM, Holly Doremus wrote:

Thanks for circulating the paper. 

I have just a couple of suggestions. 

First, the second half of page 2 reads as if the listing of the red wolf
merits reconsideration because of the 1978 amendments to the ESA and
the introduction of the DPS policy. I don't think that's quite right. Status
reviews of all species are (at least nominally) required every 5 years by
section 4(c)(2). One of those status reviews was just completed, I
believe, and seems to have sparked a lot of talk about delisting as well as
about whether the recovery program is worthwhile. I guess what I would
suggest saying is that periodic reviews of listing status are mandatory,
and that in the course of the most recent review questions were raised
about the red wolf's taxonomic status.

Second, at p. 12, there's the statement that if red wolves are a hybrid,
because they are not "recognized as a formal species or subspecies" they
would have to be listed as a DPS. As the next paragraph points out, that's
problematic because what would they be a DPS of? Maybe it's not that
complicated. If the red wolf is a hybrid, it might be a new species or
subspecies whether or not that's been formally published in the
taxonomy literature. I think Center for Biological Diversity v. Lohn, 296
F. Supp. 2d 1223 (WD Wash 2003), the southern resident orca case, is
right, although it was later withdrawn on the ground of mootness. There,
the court said that the "best available science" requirement for listing
meant that NMFS was not bound by published taxonomy it believed to
be wrong. If FWS had evidence to support the claim that red wolves
were a recently evolved species (or subspecies) I believe it could list (or



defend the listing) on that basis.

And I have a question. I very much enjoyed the meeting at which we
discussed the red wolf. I think it's completely appropriate as well as
helpful for the experts to sort through the listing implications of the
major evolutionary hypotheses under existing law, as this piece does.
But I'm very interested in thinking more philosophically, about what the
red wolf situation tells us about our conservation goals and how to
achieve them. I'm interested both in whether the red wolf (and by
analogy other entities whose status might be uncertain or which
hybridize with common species) merits protection and in how captive
breeding programs should be managed (should they be trying to produce
a particular vision of "wolfness," trying to replicate what we think nature
would have produced without human intervention, or something else?).
Is anyone interested in exploring that issue, perhaps with the addition of
historians, philosophers, or others? I'm thinking we might be able to get
funding for a workshop, perhaps through SESYNC. Does anyone else
think that might be fun?

Holly 

On 9/19/2017 8:30 AM, Robin Waples wrote:

folks,

due to a pressing deadline by FWS, we need to complete revisions of
this report by the end of the week.  So, if you have any comments
that you haven't sent us, please do so ASAP.

thanks,  Robin

On 8/29/2017 10:18 AM, Mills, Scott wrote:

Dear All,
   Well, it’s been more than a year since we met in Atlanta.
     Building off our discussions, a core group of us have been
developing a draft manuscript describing how DPS
considerations might help inform conservation policy for red
wolves.  You will all be included in Acknowledgments, of
course.
    At this point the target journal for this paper is Journal of
Heredity.
   The USFWS will be receiving this draft of the manuscript to
use in their ongoing policy deliberations.



        You are welcome to provide us edits on this draft. 
Please realize we cannot add much net additional text, as
the paper is already quite long.   Although you could ‘reply
all’ with comments, given the large number of contacts here
it may be more efficient to send your edits directly to Robin
Waples and me (robin.waples@noaa.gov;
scott.mills@umontana.edu). 
     Please submit comments to us by Monday, Sept. 18.  
     Finally, to state the obvious: this draft should not be
forwarded, shared, or circulated to anyone else.
   Sincerely,
Scott 
 
L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and
Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
 

-- 
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental 
Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Co-Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: (510) 643-5699
email: hdoremus@law.berkeley.edu



From: Benjamin, Pete
To: Holly Doremus
Subject: Re: DRAFT of red wolf ms
Date: Monday, September 25, 2017 11:38:58 AM
Importance: High

Hi Holly,

I am very interested in the topics you bring up.  I really do think it is past time that someone pick up
where the Service left off with our draft intercross policy.  I don't know that anyone within the Agency
is working on it.  I'd be interested in doing so.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Sep 21, 2017 at 10:51 PM, Holly Doremus <hdoremus@law.berkeley.edu> wrote:
Thanks for circulating the paper. 

I have just a couple of suggestions. 

First, the second half of page 2 reads as if the listing of the red wolf merits
reconsideration because of the 1978 amendments to the ESA and the introduction
of the DPS policy. I don't think that's quite right. Status reviews of all species are
(at least nominally) required every 5 years by section 4(c)(2). One of those status
reviews was just completed, I believe, and seems to have sparked a lot of talk
about delisting as well as about whether the recovery program is worthwhile. I
guess what I would suggest saying is that periodic reviews of listing status are
mandatory, and that in the course of the most recent review questions were raised
about the red wolf's taxonomic status.

Second, at p. 12, there's the statement that if red wolves are a hybrid, because they
are not "recognized as a formal species or subspecies" they would have to be
listed as a DPS. As the next paragraph points out, that's problematic because what
would they be a DPS of? Maybe it's not that complicated. If the red wolf is a
hybrid, it might be a new species or subspecies whether or not that's been formally
published in the taxonomy literature. I think Center for Biological Diversity v.
Lohn, 296 F. Supp. 2d 1223 (WD Wash 2003), the southern resident orca case, is
right, although it was later withdrawn on the ground of mootness. There, the court
said that the "best available science" requirement for listing meant that NMFS was
not bound by published taxonomy it believed to be wrong. If FWS had evidence



to support the claim that red wolves were a recently evolved species (or
subspecies) I believe it could list (or defend the listing) on that basis.

And I have a question. I very much enjoyed the meeting at which we discussed
the red wolf. I think it's completely appropriate as well as helpful for the experts
to sort through the listing implications of the major evolutionary hypotheses under
existing law, as this piece does. But I'm very interested in thinking more
philosophically, about what the red wolf situation tells us about our conservation
goals and how to achieve them. I'm interested both in whether the red wolf (and
by analogy other entities whose status might be uncertain or which hybridize with
common species) merits protection and in how captive breeding programs should
be managed (should they be trying to produce a particular vision of "wolfness,"
trying to replicate what we think nature would have produced without human
intervention, or something else?). Is anyone interested in exploring that issue,
perhaps with the addition of historians, philosophers, or others? I'm thinking we
might be able to get funding for a workshop, perhaps through SESYNC. Does
anyone else think that might be fun?

Holly 

On 9/19/2017 8:30 AM, Robin Waples wrote:

folks,

due to a pressing deadline by FWS, we need to complete revisions of this report
by the end of the week.  So, if you have any comments that you haven't sent us,
please do so ASAP.

thanks,  Robin

On 8/29/2017 10:18 AM, Mills, Scott wrote:

Dear All,

   Well, it’s been more than a year since we met in Atlanta.

     Building off our discussions, a core group of us have been
developing a draft manuscript describing how DPS considerations
might help inform conservation policy for red wolves.  You will all
be included in Acknowledgments, of course.

    At this point the target journal for this paper is Journal of
Heredity.

   The USFWS will be receiving this draft of the manuscript to use
in their ongoing policy deliberations.



        You are welcome to provide us edits on this draft.  Please
realize we cannot add much net additional text, as the paper is
already quite long.   Although you could ‘reply all’ with comments,
given the large number of contacts here it may be more efficient to
send your edits directly to Robin Waples and me
(robin.waples@noaa.gov; scott.mills@umontana.edu). 

     Please submit comments to us by Monday, Sept. 18.  

     Finally, to state the obvious: this draft should not be forwarded,
shared, or circulated to anyone else.

   Sincerely,

Scott 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

scott.mills@umontana.edu 

Mills Lab Web Page: http://www.umt.edu/research/millslab/

 

-- 
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Co-Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: (510) 643-5699
email: hdoremus@law.berkeley.edu



From: Holly Doremus
To: Benjamin, Pete
Subject: Re: DRAFT of red wolf ms
Date: Monday, September 25, 2017 5:26:00 PM
Importance: High

Hi Pete,

Glad you're interested! I'll see if there's a critical mass and we'll go for there. Is there anyone
else you think would be particularly good to engage in this discussion?

Holly

On 9/25/2017 8:38 AM, Benjamin, Pete wrote:

Hi Holly,

I am very interested in the topics you bring up.  I really do think it is past time that
someone pick up where the Service left off with our draft intercross policy.  I don't know
that anyone within the Agency is working on it.  I'd be interested in doing so.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Thu, Sep 21, 2017 at 10:51 PM, Holly Doremus
<hdoremus@law.berkeley.edu> wrote:

Thanks for circulating the paper. 

I have just a couple of suggestions. 

First, the second half of page 2 reads as if the listing of the red wolf
merits reconsideration because of the 1978 amendments to the ESA
and the introduction of the DPS policy. I don't think that's quite right.
Status reviews of all species are (at least nominally) required every 5
years by section 4(c)(2). One of those status reviews was just
completed, I believe, and seems to have sparked a lot of talk about
delisting as well as about whether the recovery program is worthwhile.
I guess what I would suggest saying is that periodic reviews of listing
status are mandatory, and that in the course of the most recent review
questions were raised about the red wolf's taxonomic status.



Second, at p. 12, there's the statement that if red wolves are a hybrid,
because they are not "recognized as a formal species or subspecies"
they would have to be listed as a DPS. As the next paragraph points
out, that's problematic because what would they be a DPS of? Maybe
it's not that complicated. If the red wolf is a hybrid, it might be a new
species or subspecies whether or not that's been formally published in
the taxonomy literature. I think Center for Biological Diversity v.
Lohn, 296 F. Supp. 2d 1223 (WD Wash 2003), the southern resident
orca case, is right, although it was later withdrawn on the ground of
mootness. There, the court said that the "best available science"
requirement for listing meant that NMFS was not bound by published
taxonomy it believed to be wrong. If FWS had evidence to support the
claim that red wolves were a recently evolved species (or subspecies) I
believe it could list (or defend the listing) on that basis.

And I have a question. I very much enjoyed the meeting at which we
discussed the red wolf. I think it's completely appropriate as well as
helpful for the experts to sort through the listing implications of the
major evolutionary hypotheses under existing law, as this piece does.
But I'm very interested in thinking more philosophically, about what
the red wolf situation tells us about our conservation goals and how to
achieve them. I'm interested both in whether the red wolf (and by
analogy other entities whose status might be uncertain or which
hybridize with common species) merits protection and in how captive
breeding programs should be managed (should they be trying to
produce a particular vision of "wolfness," trying to replicate what we
think nature would have produced without human intervention, or
something else?). Is anyone interested in exploring that issue, perhaps
with the addition of historians, philosophers, or others? I'm thinking
we might be able to get funding for a workshop, perhaps through
SESYNC. Does anyone else think that might be fun?

Holly 

On 9/19/2017 8:30 AM, Robin Waples wrote:

folks,

due to a pressing deadline by FWS, we need to complete revisions
of this report by the end of the week.  So, if you have any
comments that you haven't sent us, please do so ASAP.

thanks,  Robin



On 8/29/2017 10:18 AM, Mills, Scott wrote:

Dear All,

   Well, it’s been more than a year since we met in
Atlanta.

     Building off our discussions, a core group of us
have been developing a draft manuscript describing
how DPS considerations might help inform
conservation policy for red wolves.  You will all be
included in Acknowledgments, of course.

    At this point the target journal for this paper is
Journal of Heredity.

   The USFWS will be receiving this draft of the
manuscript to use in their ongoing policy deliberations.

        You are welcome to provide us edits on this
draft.  Please realize we cannot add much net
additional text, as the paper is already quite long.  
Although you could ‘reply all’ with comments, given
the large number of contacts here it may be more
efficient to send your edits directly to Robin Waples
and me (robin.waples@noaa.gov;
scott.mills@umontana.edu). 

     Please submit comments to us by Monday, Sept. 18.
 

     Finally, to state the obvious: this draft should not be
forwarded, shared, or circulated to anyone else.

   Sincerely,

Scott 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and
Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151



scott.mills@umontana.edu 

Mills Lab Web Page: http://www.umt.edu/research/
millslab/

 

-- 
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental 
Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Co-Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: (510) 643-5699
email: hdoremus@law.berkeley.edu

-- 
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Faculty Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: 510-643-5699
e-mail: hdoremus@law.berkeley.edu

Blog: http://legal-planet.org/



From: Benjamin, Pete
To: Holly Doremus
Subject: Re: DRAFT of red wolf ms
Date: Tuesday, September 26, 2017 10:25:46 AM

David Shindle is our Florida Panther guy in south Florida.  I know he's been thinking about these types
of things for awhile.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Sep 25, 2017 at 5:26 PM, Holly Doremus <hdoremus@law.berkeley.edu> wrote:
Hi Pete,

Glad you're interested! I'll see if there's a critical mass and we'll go for there. Is there anyone
else you think would be particularly good to engage in this discussion?

Holly

On 9/25/2017 8:38 AM, Benjamin, Pete wrote:

Hi Holly,

I am very interested in the topics you bring up.  I really do think it is past time that
someone pick up where the Service left off with our draft intercross policy.  I don't
know that anyone within the Agency is working on it.  I'd be interested in doing so.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Thu, Sep 21, 2017 at 10:51 PM, Holly Doremus
<hdoremus@law.berkeley.edu> wrote:

Thanks for circulating the paper. 

I have just a couple of suggestions. 



First, the second half of page 2 reads as if the listing of the red wolf
merits reconsideration because of the 1978 amendments to the ESA
and the introduction of the DPS policy. I don't think that's quite right.
Status reviews of all species are (at least nominally) required every 5
years by section 4(c)(2). One of those status reviews was just
completed, I believe, and seems to have sparked a lot of talk about
delisting as well as about whether the recovery program is
worthwhile. I guess what I would suggest saying is that periodic
reviews of listing status are mandatory, and that in the course of the
most recent review questions were raised about the red wolf's
taxonomic status.

Second, at p. 12, there's the statement that if red wolves are a hybrid,
because they are not "recognized as a formal species or subspecies"
they would have to be listed as a DPS. As the next paragraph points
out, that's problematic because what would they be a DPS of? Maybe
it's not that complicated. If the red wolf is a hybrid, it might be a new
species or subspecies whether or not that's been formally published
in the taxonomy literature. I think Center for Biological Diversity v.
Lohn, 296 F. Supp. 2d 1223 (WD Wash 2003), the southern resident
orca case, is right, although it was later withdrawn on the ground of
mootness. There, the court said that the "best available science"
requirement for listing meant that NMFS was not bound by published
taxonomy it believed to be wrong. If FWS had evidence to support
the claim that red wolves were a recently evolved species (or
subspecies) I believe it could list (or defend the listing) on that basis.

And I have a question. I very much enjoyed the meeting at which we
discussed the red wolf. I think it's completely appropriate as well as
helpful for the experts to sort through the listing implications of the
major evolutionary hypotheses under existing law, as this piece does.
But I'm very interested in thinking more philosophically, about what
the red wolf situation tells us about our conservation goals and how
to achieve them. I'm interested both in whether the red wolf (and by
analogy other entities whose status might be uncertain or which
hybridize with common species) merits protection and in how
captive breeding programs should be managed (should they be trying
to produce a particular vision of "wolfness," trying to replicate what
we think nature would have produced without human intervention, or
something else?). Is anyone interested in exploring that issue,
perhaps with the addition of historians, philosophers, or others? I'm
thinking we might be able to get funding for a workshop, perhaps



through SESYNC. Does anyone else think that might be fun?

Holly 

On 9/19/2017 8:30 AM, Robin Waples wrote:

folks,

due to a pressing deadline by FWS, we need to complete
revisions of this report by the end of the week.  So, if you have
any comments that you haven't sent us, please do so ASAP.

thanks,  Robin

On 8/29/2017 10:18 AM, Mills, Scott wrote:

Dear All,

   Well, it’s been more than a year since we met in
Atlanta.

     Building off our discussions, a core group of us
have been developing a draft manuscript describing
how DPS considerations might help inform
conservation policy for red wolves.  You will all be
included in Acknowledgments, of course.

    At this point the target journal for this paper is
Journal of Heredity.

   The USFWS will be receiving this draft of the
manuscript to use in their ongoing policy
deliberations.

        You are welcome to provide us edits on this
draft.  Please realize we cannot add much net
additional text, as the paper is already quite long.  
Although you could ‘reply all’ with comments, given
the large number of contacts here it may be more
efficient to send your edits directly to Robin Waples
and me (robin.waples@noaa.gov;
scott.mills@umontana.edu). 

     Please submit comments to us by Monday, Sept.
18.  

     Finally, to state the obvious: this draft should not
be forwarded, shared, or circulated to anyone else.



   Sincerely,

Scott 

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and
Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

scott.mills@umontana.edu 

Mills Lab Web Page: http://www.umt.edu/research/mi
llslab/

 

-- 
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental 
Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Co-Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: (510) 643-5699
email: hdoremus@law.berkeley.edu

-- 
Holly Doremus
James H. House and Hiram H. Hurd Professor of Environmental Regulation
Faculty Co-Director, Center for Law, Energy and the Environment
Faculty Director, Law of the Sea Institute
790 Simon Hall
UC Berkeley School of Law
Berkeley, CA 94720

Phone: 510-643-5699
e-mail: hdoremus@law.berkeley.edu

Blog: http://legal-planet.org/



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Fwd: update on essay and report of unique biochemical genetic marker for red wolf
Date: Tuesday, September 26, 2017 3:06:30 PM
Attachments: Red Wolf Nowak 2002 paleontological study.pdf

Red Wolf Ferrell et al. (Morizot) genetic evidence for red wolf as separate species.pdf
Red Wolf Paleological-Archeaological-Biogeographical evidence (Recovered).docx

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Hunter, Chuck <chuck_hunter@fws.gov>
Date: Fri, Feb 17, 2017 at 12:51 PM
Subject: update on essay and report of unique biochemical genetic marker for red wolf
To: Emily Weller <emily_weller@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>,
Aaron Valenta <aaron_valenta@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>,
Rebekah Martin <rebekah_p_martin@fws.gov>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Jack Arnold
<jack_arnold@fws.gov>, Philip_Kloer <philip_kloer@fws.gov>, Jeffrey Fleming
<jeffrey_m_fleming@fws.gov>, Brett Hunter <brett_hunter@fws.gov>, David Viker
<david_viker@fws.gov>

All:

Based on our discussions this past Monday, I was prompted to reread the WMI report, along
with other materials (including Chambers et al. 2012) and did not detect any serious treatment
of fossil or achaeological lines of evidence, and not much either on the biogeographical line of
evidence, at least not as thorough a treatment that I drafted last week.  

While reviewing these and other more recent materials, I also noticed no mention of an
important line of genetic-based (biochemical markers) evidence that was used at least early on
in selecting individuals that would become the 14 founders (Ferrell et al. 1980, see
attachment).  During the discussions we had with Bob Wayne and Susan Jenks, we asked them
whether they had looked into the findings from the folks at the Center for Demographic and
Population Genetics, University of Texas Health Science Center, Houston, Texas.  The
response to me was they could not find anything, but they did not try very hard.  So with that
response, I wondered whether the reported allele (for LDH-A, Lactate Dehydrogenase) that
was considered unique to the wolf populations then restricted to sw Louisiana coastal parishes
and upper Texas coast was still being checked for in the captive population.  If so, i wondered
if the allele was still being detected in the population or was it as Wayne thought only an
artifact.  So as part of the Ferrell et al. attachment I include my 1991 report based on data



provided to me by Curtis Carley (the Red Wolf Recovery coordinator at the time), and an
informative letter from Don Morizot (one of the et al's) to Mr. Carley regarding their work
during the early 1980s. I also have the raw data fro this, if that is deemed to be of interest. 
Regardless, I believe this is very important information to share with the Warm Springs folks,
especially as it should be something in their specific charge to evaluate genetic-based
evidence.

I have also updated the essay quite a bit, with a few more relevant references, and some
additional supplemental materials illustrating the geologic timeline described in the essay
comaparing the traditional interpretation of appearance in the fossil record of coyotes (or
"coyote-like") and gray wolf (or "gray wolf-like") canids compared with the timeline
promoted by the vonHoldt et al. (2016) results.  Aaron, please replace the Feb. 10 draft essay
with this Feb. 17 draft when sending to the Warm Springs folks, along with the other
attachments (I include again the Nowak 2002 paper for convenience).  Again happy to answer
any questions on any or all of this.

Finally, while rummaging through my personal files, I found micro-cassette tapes that were
made to record the conversations held at Point Defiance of the December 1990 meeting to
discuss Bob Wayne's draft paper (that would be published in 1991).  In attendance were Dr.
Wayne, Ron Nowak, Warren Parker, Dave Flemming, Roland Smith, and myself (there may
have been others that I'm just not remembering).  I believe these tapes were copies of what
should be in administrative files, but in case not these probably should be.  I have a micro-
cassette player, and I tried to play one of the tapes, but seems the timing is off (voices were
sped up).  Perhaps folks in External Affairs can help with deciphering what is actually on the
tapes?  Anyway, please let me know if there is interest in trying to eventually transcribing the
conversation that we held over 25 years ago, that is remarkably similar in my opinion to the
discussions underway now.

Thanks and wishing ya'll a great long holiday weekend,

Chuck

Chuck Hunter
Chief, Division of Strategic Resource Management
Regional Refuge Biologist
National Wildlife Refuge System
U.S. Fish and Wildlife Service
1875 Century Boulevard, Suite 420
Atlanta, GA  30345

404-679-7130 (office)
770-331-4475 (cell)
chuck_hunter@fws.gov
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SOUTHEASTERN NATURALIST2002 1(2):95-130

THE ORIGINAL STATUS OF WOLVES
IN EASTERN NORTH AMERICA

RONALD M. NOWAK 1

ABSTRACT – Assessment was made of all available cranial specimens of wild
Canis dating since the Blancan and prior to AD 1918 in the region east of the
Great Plains and south of the Prairie Peninsula, Lakes Erie and Ontario, and the
St. Lawrence River. The small wolf C. priscolatrans (= C. edwardii) of the early
Irvingtonian seems unrelated to the modern red wolf (C. rufus), but gave rise to
a lineage including the larger C. armbrusteri and culminating in C. dirus of the
late Rancholabrean. A small wolf, possibly a descendant of the Eurasian C.
mosbachensis, did not reappear in the east until near the end of the
Rancholabrean. At the same time, the coyote (C. latrans) disappeared from the
east, not to return until the small wolf was extirpated in the 20th century.
Fragmentary remains of the small wolf, dating from around 10,000 and 2,000-
200 ybp, show continuity with 14 complete, mostly modern, eastern skulls.
Multivariate analysis indicates those 14 represent a well-defined species, C.
rufus, distinct from large series of the western gray wolf (C. lupus) and coyote.
There is no evidence that the red wolf originated as a hybrid of the latter two
species, though early specimens from central Texas suggest it began to inter-
breed with C. latrans by about 1900. Three long-recognized red wolf subspecies
appear valid: C. r. floridanus, Maine to Florida; C. r. gregoryi, south-central
United States; and C. r. rufus, central and coastal Texas, southern Louisiana,
and probably now represented in the captive/reintroduced populations. The
subspecies C. lupus lycaon of southeastern Ontario and southern Quebec is
statistically intermediate to C. rufus and western C. lupus, and may have re-
sulted from natural hybridization of those two species. Such could explain how
the red and gray wolf differ so sharply where their ranges meet in the west but
morphologically approach one another in the east.

INTRODUCTION

Two species of wild Canis, the gray wolf (C. lupus Linnaeus) and the
coyote (C. latrans Say), occurred in most of northern and western North
America in historical time (Fig. 1). The situation is less clear in this
study’s region of interest: east of the Great Plains and south of the
Prairie Peninsula, Lakes Erie and Ontario, and the St. Lawrence River
(Fig. 2). A third species, the red wolf (C. rufus Audubon and Bachman),
reportedly inhabited much of that region (Hall 1981; Nowak 1979,
1995), but the full extent of its range and the nature of its relationship
with the gray wolf, coyote, and fossil species have never been resolved.
By the early 1900s, people had extirpated wolves from that part of the

1 2101 Greenwich Street, Falls Church, VA 22043, ron4nowak@cs.com.
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region of interest east of the Mississippi River. Wolves persisted in an
ever-shrinking area between the Mississippi and Great Plains but were
gone from the wild by about 1980. Their disappearance, together with
human habitat modification, opened a niche for the coyote, which now
occupies nearly the entire east. The coyote evidently hybridized with
some remnant wolf populations, further confusing the situation. A few
individuals were removed from the last population that appeared mor-
phologically close to original C. rufus, in southeastern Texas and south-

Figure 1. Distribution of North American Canis. Shading, C. lupus about AD
1500; diagonal hatching, C. latrans about AD 1500; dots, eastern records of C.
latrans in late Rancholabrean; polygons, limits of six western series of C. lupus
used in multivariate analyses.
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ern Louisiana, and were used to found extant captive and reintroduced
populations (Nowak 1979, 1999; Nowak et al. 1995). Whether those
populations will be maintained and used in further conservation efforts
is in question, in part because of controversy regarding their systematic
background (Brownlow 1996).

Audubon and Bachman (1851) named rufus as a subspecies of C.
lupus and assigned it a range centering in south-central Texas. They
regarded another subspecies, then called ater and subsequently desig-
nated floridanus or, incorrectly, niger, to occur east to Florida and
Kentucky. They treated C. latrans as a separate species, restricted to the
west. That basic view held for another century, with rufus and
floridanus being considered subspecies or full species but, in either
case, no more or less valid than the other named kinds of North Ameri-
can wolves. Goldman (1937, 1944) was the first to combine rufus with
other southeastern wolves to form a single species distinct from C.
lupus; the latter was thought to comprise all other North American
wolves. That position was supported by most later assessments of mod-

Figure 2. Distribution of eastern Canis. Open circles, pre-1918 complete skulls
of male C. rufus used in multivariate analyses (precise localities of Pennsylvania
specimens are unknown); squares, pre-1918 complete skulls of female C. rufus;
triangles, archeological fragments (2,000-200 ybp) referable to C. rufus;
crosses, paleontological fragments (c. 10,000 ybp) referable to C. rufus; X’s,
apparent hybrids of C. rufus x C. latrans, 1899-1906; L’s, C. lupus lycaon,
1905-1933; dashed lines, subspecific ranges: C. rufus floridanus (east), C. rufus
gregoryi (central), C. rufus rufus (southwest).



Southeastern Naturalist Vol. 1, No. 298

ern and fossil material (Atkins and Dillon 1971, Elder and Hayden 1977,
Freeman 1976, Gipson et al. 1974, Hall 1981, Kurten and Anderson
1980, Nowak 1979, Paradiso 1968, Paradiso and Nowak 1972). How-
ever, based on a multivariate analysis of skulls, Lawrence and Bossert
(1967, 1975) concluded that the original wolf populations of the south-
east were not more than subspecifically distinct from C. lupus.

Some analyses of mitochondrial and nuclear DNA have suggested that
C. rufus is not a valid species or subspecies but is the product of
hybridization, most likely within historical time, between C. lupus and C.
latrans (Reich et al. 1999; Roy et al. 1994a, 1994b, 1996; Wayne 1992;
Wayne and Gittleman 1995; Wayne and Jenks 1991; Wayne et al. 1995,
1998). That there indeed has been hybridization between southeastern
wolf populations and the coyote long has been recognized (Elder and
Hayden 1977, Freeman 1976, Gipson et al. 1974, Goldman 1944, Jackson
1951, Lawrence and Bossert 1967, McCarley 1962, Nowak 1979,
Paradiso 1968). However, such hybridization generally was considered a
modern phenomenon that contributed to the demise, not the origin, of the
red wolf. In any case, hybrid derivation of rufus has not been supported by
morphometric analysis (Nowak 1979, 1992, 1995; Nowak and Federoff
1996, 1998), by observation of living animals (Nowak et al. 1995, Phillips
and Henry 1992), or by some geneticists who have reviewed the issue
(Cronin 1993; Dowling et al. 1992a, 1992b).

Recently, Wilson et al. (2000), also using DNA analysis, suggested
that rufus and the subspecies C. lupus lycaon Schreber constitute a
single species, independent of all other C. lupus and C. latrans.
Goldman (1944) had assigned lycaon a large range in eastern North
America, but more recent studies argue that it was restricted to extreme
southeastern Ontario, extreme southern Quebec, and possibly some
adjacent parts of the northeastern United States (Kolenosky and
Standfield 1975, Mech and Frenzel 1971, Nowak 1995, Nowak and
Federoff 1996, Skeel and Carbyn 1977, Van Ballenberghe 1977). Like
rufus, lycaon evidently has been affected through hybridization with C.
latrans (Kolenosky and Standfield 1975, Lehman et al. 1991, Nowak
1979, Sears 1999).

There never has been a detailed study centering on the oldest avail-
able series of eastern Canis, and their relationships to one another and to
known series of C. lupus and C. latrans. Both morphological and mo-
lecular analyses have been limited by the scarcity of specimens repre-
senting original wolf populations in the region of interest, especially
those present before the modern invasion of, and hybridization with, the
coyote. The following assessment covers all available material from the
region dating from before that invasion – modern, archeological, and
paleontological. Specimens of lycaon, from the restricted version of its
range, as delineated above, also have been considered.
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MATERIALS AND METHODS

This study relies entirely on cranial and dental morphology. Most
remains of eastern Canis dating prior to 1800 – those from paleontologi-
cal or archeological sites – are fragmentary. Many consist only of one or
a few teeth and/or small sections of bone. Such material is of limited
value, as the various species of Canis show considerable overlap in size
and other characters (Lawrence and Bossert 1967, Nowak 1979). How-
ever, univariate and bivariate analysis, or evaluation of dental cusps and
cingula, sometimes helps determine whether fragments are within the
range of variation shown by a population defined by more substantive
material. If a series of complete skulls indicates presence of a given
species, a series of chronologically or geographically proximal frag-
ments, showing no significant difference in those characters that can be
evaluated, may offer reasonable evidence of the presence of the same
species. Means and standard deviations were calculated for substantive
series used in the univariate analyses. In one of those analyses (see
Table 1), the raw measurements were tested for homogeneity of vari-
ances, using Bartlett’s test, and analysis of variance (ANOVA) was used
to test for significant differences among groups; group means then were
analyzed by the Tukey-Kramer Multiple Comparison Test and Tukey’s
Studentized Range (HSD) Test. Most paleontological and archeological
specimens assessed in this study are listed in Appendix I.

Most complete skulls of eastern Canis date from after 1800. Those
specimens usually can be evaluated by multivariate procedures that
simultaneously utilize a number of measurements to compare series.
Species of Canis tend to be highly mobile and adaptable to a wide range
of habitats. Therefore, significant morphometric difference between
populations that are geographically proximal and not isolated would
most likely result from true phylogenetic distinction. In this study, 10
measurements were taken on each skull: greatest length, zygomatic
width, alveolar length from P1 to M2, maximum width across outer
sides of P4, palatal width between alveoli of P1, width of frontal shield,
height from alveolus of M1 to most ventral point of orbit, depth of jugal,
crown length of P4, and greatest crown width of M2. The measurements
were subjected to canonical discriminant analysis using the Statistical
Analysis System (SAS Institute 1987). In that procedure, the various
measurements, weighted by their ability to distinguish designated
groups, assign each specimen a total abstract numerical value – the first
canonical variable. The next best distinguishing combination of mea-
surements, uncorrelated with the first, provides a second canonical
variable, and so on. Commonly, a single graphical position for each
specimen of a group is plotted based on the first two canonical variables
arranged as perpendicular axes. Individual specimens can be assigned
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positions in relation to established groups. Illustration and further de-
scription of the measurements, and more detailed explanation of statisti-
cal procedures, were provided in previous publications (Nowak 1979,
1995). Most complete skulls used in multivariate analysis in this study
are listed in Appendix II (more detailed information is provided for
specimens from the region of interest).

All skulls used in multivariate analyses were considered to have
reached full size, which occurs at about one year of age in small species
of Canis and by about two years of age in large species. For that part of
the region of interest east of the Mississippi River there are only nine
known complete skulls of all wild Canis (none of them C. latrans)
dating from the end of the Pleistocene to AD 1917. One of them, USNM
1804 from the Adirondacks of New York, may not be fully developed; it
is discussed further below. An additional specimen, ANSP 2259 col-
lected prior to 1859 at an unknown locality in Ohio, is from an immature
individual and lacks most of the components that must be measured for
multivariate analysis.

As in several previous studies (Nowak 1992, 1995; Nowak and
Federoff 1996), only the skulls of males were used in multivariate
analysis. Females tend to occur less frequently than do males in series of
Canis. Earlier work (Nowak 1979) indicated that analysis of either sex
produces about the same result and that males average significantly (p <
0.05) larger than females in all of the dimensions indicated above. Of
the eight fully developed skulls from that part of the region of interest
east of the Mississippi, two are females: USNM 38488, Horse Landing,
St. John’s River, Putnam County, Florida, collected 1890, and AMNH
112, New Harmony, Posey County, Indiana, collected 1832. The latter
specimen was incorrectly reported to be from Wabash County in north-
eastern Indiana by Goldman (1944) but actually is from the extreme
southwestern tip of the state, well south of the Prairie Peninsula
(Mumford and Whitaker 1982).

For specimens lacking data, assignment to sex was based primarily
on size in relation to individuals of known sex in the same series. Both
of the known females are smaller than are the remaining six skulls from
east of the Mississippi (Appendix II). Of those six, the smallest, from
Fern Cave, Alabama, is known to be a male because of the presence of a
baculum with the skeleton. It thus would not be unreasonable to treat the
remaining five as males, even though sex (male) was recorded only for
the specimen from near Cherokee, Alabama. The specimen from Miami,
Florida, is the largest of the group and is larger than any known female
wolf from the region of interest. Some postcranial elements are with the
skull from Moosehead Lake, Maine; the pelvis was examined by A. J.
Bezuidenhout (Department of Biomedical Sciences, College of Veteri-
nary Medicine, Cornell University), whose opinion (pers. comm., 30
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July 1999), based mainly on evidence of penile crura attachment to the
ischium, is that the specimen is a male. Goldman’s (1944) table of
measurements listed one of the skulls from Pennsylvania as a male, the
other as a female, and those designations were cited by Williams et al.
(1985). However, T. Daeschler (Academy of Natural Sciences, Phila-
delphia, pers. comm., 7 October 1999) reported that sex had not been
recorded for either specimen and that no postcranial elements are
known. Moreover, review of Goldman’s table indicates that many of his
assignments to sex were based on judgment, not recorded data.

Of the seven specimens taken 1898-1905 in northeastern Louisiana
and used in multivariate analysis (Appendix II), two lack recorded sex,
but both are much larger than two known females from the same area
and period (USNM 136105, 136106). Those two females closely re-
semble one another, as well as the two females from east of the Missis-
sippi, in size and other characters. Of the five skulls taken in 1900 in
Calhoun County, Texas, and used in multivariate analysis, four lack sex
data, but the one known male is smaller than all the others, and the one
known female from the same area is smaller still. Three additional early
females from southeastern Texas were collected in 1906 at Kountze,
Hardin County (USNM 147701), in 1906 near Dayton, Liberty County
(USNM 136563), and in 1904 at Frelsburg, Colorado County (USNM
135445). Most of the females were assessed in previous study (Nowak
1979) and all appear to exhibit the same relationships, as that of their
male counterparts, to C. lupus and C. latrans. A few skulls of immature
wolves were collected in northeastern Louisiana and coastal Texas
during the same period but do not appear to have any characters differ-
ing from the pattern evident in the adult material.

The sex recorded for two specimens assessed by this study is con-
sidered erroneous. A reported female, USNM 289995 from upper
Michigan, is among the three largest skulls known from that area and
is here included as a male. A reported male, CNM 5575 from southern
Quebec, is smaller than all males and nearly all females collected in
that region in 1905-1933 and is here regarded as a female. In addition,
the specimen collected near Avery Island, Louisiana in 1919, and
questionably listed as a female by Nowak (1979), has been reassessed
and treated as a male in this study.

Some chronological flexibility was used in selecting the series
thought to represent the original wolf populations of the region of
interest, such depending in part on the period in which C. latrans
moved into different parts of the east, replacing or hybridizing with the
native wolves. The skull collected in 1917 in Alabama seems accept-
able, as the coyote is not known to have crossed the Mississippi River,
south of the Prairie Peninsula, until the 1960s (Nowak 1979). Of the
other five skulls from east of the Mississippi and used in multivariate
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analysis, four are known to date from before 1870 and one, from Fern
Cave, Alabama, probably does (Paradiso and Nowak 1973). The seven
skulls taken 1898-1905 from northeastern Louisiana date from about
50 years before the coyote is known to have entered Louisiana (Nowak
1979). The small series (Appendix II) collected in 1900 from Calhoun
County, coastal Texas, is much closer geographically to the range of
C. latrans, but coyotes and other wild Canis are not known from that
area and time. The larger series (Appendix II) taken 1919-1943 from
coastal Texas, the Big Thicket area, and southern Louisiana and Mis-
sissippi was used not so much to define the original population as to
ascertain evidence of intergradation between the Calhoun County and
northeast Louisiana populations.

A skull (USNM 8098), collected prior to 1869 from Cherokee Town,
Garvin County, south-central Oklahoma, has been grouped with the
other old eastern specimens in some multivariate analyses. Although
taken from well within the range of C. latrans and immediately adjacent
to the known range of C. lupus, previous study (Nowak 1979) and recent
reassessment show it statistically and morphologically well removed
from both those species. It once had been placed within the USNM
collection of C. lupus nubilus Say. Goldman (1944) did not include it in
any of his lists of specimens examined, but he did write “C. rufus” on
the specimen tag. The original USNM catalog entry designates the
specimen “Lupus occidentalis niger,” apparently following Bartram’s
(1791) description of “Lupus niger” from Florida. Unfortunately, the
skin (USNM 9302) has been lost, but “black wolf” is written directly on
the skull. There thus is evidence of continuity of the black color phase,
known to have occurred in eastern wolves, from Florida to Louisiana
(Gregory 1935) and Oklahoma.

Goldman (1944) assigned a skull (AMNH 4609), reportedly col-
lected in 1893 from Warsaw, Hancock County, west-central Illinois, to
C. rufus. Paradiso and Nowak (1972) suggested that the specimen had
been brought to that area by a local animal dealer. Hoffmeister (1989)
made an exhaustive study of the matter and concluded that the specimen
was taken from the wild in that area, but that it probably was a domestic
dog (C. familiaris Linnaeus) x coyote hybrid.

The specimens from the region of interest were compared with six
series of male C. lupus from the western conterminous United States
(Fig. 1). Those samples represent six nominal subspecies (Appendix II),
though all were placed in the synonymy of C. lupus nubilus by Nowak
(1995). Three of the samples are the available series of C. lupus that are
geographically most proximal to the western edge of the region of
interest, and just west of those series are the other three samples. The six
series therefore may help determine whether C. lupus tends to grade
morphometrically towards the eastern wolf as the two approach geo-
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graphically. Also used for comparison was a series (Appendix II) of 10
male lycaon collected 1905-1933 from southeastern Ontario and Que-
bec, long before C. latrans became established in that region, and a
series (Appendix II) of 16 male C. lupus taken before 1966 from the
upper peninsula of Michigan, when the original population was still
present (that population was extirpated shortly thereafter, though C.
lupus recently was reestablished in upper Michigan through migration
from Minnesota). Each of those wolf samples comprises every available
fully developed male from the involved area and period; no other selec-
tivity was used. The comparative series (Appendix II) of coyotes con-
tains 96 male C. latrans lestes from Colorado and Idaho; that subspecies
is considered a relatively large coyote (Jackson 1951).

A survey was made to locate additional specimens from the original
wolf populations of the region of interest. All of the depositories reported
in the FAUNMAP electronic data base (Illinois State Museum) to hold
any kind of wild Canis from that region were contacted, as were many
other natural history, archeological, paleontological, historical, and gen-
eral museums, and individual authorities. Approximately 400 potential
sources of specimens or information were surveyed, but the project was
largely unsuccessful. Many parties did not respond. Many others indi-
cated that the specimens had been lost, were curatorially inaccessible, or
consisted of material (postcranial and/or highly fragmentary) not directly
usable for this study. The existence of a few old mounted “wolves” was
ascertained but responsible parties were understandably reluctant to au-
thorize an effort to uncover any underlying skull.

RESULTS

There have been suggestions that C. rufus is closely related to, if not
identical with, C. edwardii Gazin, a small wolf known from early
Irvingtonian (2-1 million ybp) sites in Arizona, California, Colorado,
Kansas, Oregon, Texas, and Mexico (Albright 2000, Anderson 1996,
Kurten and Anderson 1980, Nowak 1979). C. edwardii was placed in the
synonymy of C. priscolatrans Cope from the Irvingtonian Port Kennedy
Deposit in Montgomery County, Pennsylvania, by Kurten (1974) and
Kurten and Anderson (1980); the latter designation is used henceforth.
A cranial fragment from the early Irvingtonian Inglis 1A site in Citrus
County, Florida, had been assigned to C. rufus (Nowak 1979, Webb
1974), but Berta (1995) and Morgan and Hulbert (1995) referred that
and most other early Florida specimens of Canis to C. priscolatrans.
Examination of extensive material from Florida now indicates that C.
priscolatrans is a distinct species and that it, not C. rufus, was present in
the Irvingtonian. The largest collection of early Florida Canis is from
the Leisey Shell Pits in Hillsborough County. Berta (1995) identified
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both C. priscolatrans and C. armbrusteri Gidley from that site, as well
as from Haile 21A, Alachua County. The latter species attains a much
larger size and has been found in abundance at several other eastern sites
from the middle Irvingtonian (1 million-600,000 ybp) to the early
Rancholabrean (300,000-130,000 ybp). Martin (1974) considered it
synonymous with C. lupus, but most authorities (Berta 1988, 1995;
Gidley and Gazin 1938; Kurten and Anderson 1980; Morgan and
Hulbert 1995; Nowak 1979) have treated it as distinct.

Most Irvingtonian material from Florida consists of teeth and small
cranial fragments (Appendix I). Upper molars are well represented and
show modest over-all size, a relatively large talon (medial section),
pronounced sculpturing, and trenchant cusps. The occlusal surface of M1
is characterized by a relatively wide and deep basin between the high
outer ridge, formed by the metacone and paracone, and the lower but
prominent medial cusps, the protocone and metaconule, and by another
deep basin between the latter cusps and the hypocone at the inner edge of
the tooth. M1 also has a well-defined buccal cingulum and usually a
pronounced anterior cingulum. Although comparable characters often are
present in modern specimens referred to C. rufus, they are not sufficiently
pronounced to justify treating C. priscolatrans as conspecific. Moreover,
there now are morphometric indications that the latter species was the
progenitor, not of C. rufus, but of an entirely separate line of wolves.

Figure 3 depicts a bivariate analysis of the size of M1 in Irvingtonian
and Rancholabrean specimens of wolves from the region of interest
(Appendix I). The early Irvingtonian material from Florida is clinal, with
no clear demarcation between specimens designated (Berta 1995) C.
priscolatrans (= C. edwardii) and C. armbrusteri. The later Irvingtonian
and early Rancholabrean specimens, here considered to represent C.
armbrusteri, are all larger. The material from the late Rancholabrean
(130,000-10,000 ybp), all designated C. dirus Leidy (Kurten 1984, Mor-
gan and Hulbert 1995, Nowak 1979), is mostly even larger. The progres-
sive increase in size of M1 (Fig. 3) accompanied an enlargement of the
outer cusps, decrease in relative size of the talon (medial section), and
lessening of sculpturing and buccal and anterior cingula. The reduction of
the talon in C. dirus, even though the overall size of M1 is generally
greater, contributes to the overlap seen between that species and C.
armbrusteri. The trend expressed by M1 suggests evolution from a small,
generalized canid, with some dependence on dietary vegetation, to a large
wolf, highly specialized for carnivory. The development of M1 was
associated with overall growth and broadening of the skull and attainment
of relatively larger teeth. This progression seems to represent a single
evolutionary sequence; there is no evidence of another lineage, a smaller
wolf, continuing into the late Irvingtonian and early Rancholabrean.
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Further perspective on such a progression may be seen in the devel-
opment of m1 (lower carnassial), which is perhaps the most commonly
preserved of the larger, diagnostic teeth found at paleontological and
archeological sites (Fig. 4). Inclusion of m1 allows assessment of a few
additional specimens (Appendix I) extending back to the late Blancan
(2.5-2 million ybp). A small coyote-like species of that age, C.
lepophagus Johnston, seems to be near the stem line from which arose
the later coyotes and wolves; it is known mainly from the western
United States but also has been recorded from Florida (Martin and
Hulbert 1995, Nowak 1979). Whether all Blancan Canis from North
America is referable to C. lepophagus is not certain, but available
specimens do indicate presence only of coyote-sized individuals.

The size of m1 in all available eastern Canis from the Blancan to late
Rancholabrean (Appendix I) is plotted in Figure 4. The Blancan speci-
mens are small and presumably represent C. lepophagus. Early
Irvingtonian material, all from Leisey and other Florida sites, is decid-
edly larger. Although some of it could represent C. armbrusteri (Berta
1995), here it all is referred tentatively to C. priscolatrans. In contrast,
nearly all of the later Irvingtonian and early Rancholabrean specimens
are much larger, show no overlap with C. priscolatrans, and can be
assigned to C. armbrusteri. A single available specimen from

Figure 3. Bivariate analysis comparing measurements (in millimeters) of trans-
verse diameter and anteroposterior length of M1 in individual specimens of
fossil eastern Canis. Solid triangles, C. priscolatrans; circled triangles, speci-
mens identified as C. armbrusteri by Berta (1995) but considered here to
represent C. priscolatrans; A’s, C. armbrusteri; D’s, C. dirus.
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Cumberland Cave, Maryland, is much smaller and indistinguishable
from C. latrans. The late Rancholabrean specimens, likewise, show
almost no overlap with C. armbrusteri, but apparently represent three
other species. One, substantially larger, is C. dirus. Another, far smaller,
apparently is an eastern form of C. latrans. A third, intermediate-sized,
represents a small wolf, most likely the emergence of a modern species,
herein considered to be C. rufus.

The data plotted in Figure 4 extend the evolutionary sequence shown
in Figure 3. C. lepophagus, or some related small Blancan species, may
have given rise to C. priscolatrans of the early Irvingtonian, which in
turn evolved into the larger C. armbrusteri of the late Irvingtonian and
early Rancholabrean. That line apparently culminated in the large C.
dirus of the later Rancholabrean. The progressive increase in size of that
line seems to have allowed reopening of the niche for a smaller kind of
Canis, initially just C. latrans by the late Irvingtonian, but also another
wolf at the end of the Pleistocene.

There is no evidence of the presence of a small wolf in the later
Irvingtonian or early Rancholabrean (Figs. 3, 4). Small wolves seem to
disappear from eastern North America following the extinction of C.
priscolatrans and do not reappear until the terminal Pleistocene, around
15,000-10,000 ybp, a gap of nearly 1 million years. There have been a
few reports of a small wolf in the east during that interval but they are
not valid. Martin (1974, Fig. 3.13) indicated nine specimens of C. lupus

Figure 4. Length (in millimeters) of m1in eastern fossil Canis. The slender horizontal
line with vertical lines at each end represents the range in size, the bar indicates one
standard deviation on either side of the mean, and the vertical line above the bar
shows the mean. Ages and apparent species identifications (with number of speci-
mens) are: Blancan, C. lepophagus (3); early Irvingtonian, C. priscolatrans (15); late
Irvingtonian to early Rancholabrean, C. latrans (single individual to left, represented
by a vertical line above a short horizontal line), C. armbrusteri (right, 19); late
Rancholabrean, C. latrans (left, 15), C. rufus (center, 7), C. dirus (right, 20).
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or C. rufus at the early Rancholabrean Haile 7A site, Alachua County,
Florida. However, these specimens actually represent modern C. rufus
from other areas that were used for comparison (Robert A. Martin, pers.
comm., 7 April 1999). One specimen, UF 11845, is from Haile 7A, but
recent reexamination shows it to be C. armbrusteri (Figs. 3, 4). Nowak
(1979) reported still another specimen of C. rufus from Haile 7A, but
that was a double error. The specimen, unnumbered by Nowak, is
actually UF 11516 and is not from Haile 7A but Haile 12B. Moreover,
whereas Haile 12B sometimes has been considered early
Rancholabrean, it actually is late Blancan (S. David Webb, pers. comm.,
6 March 2000). UF 11516, listed by Nowak (1979) as a small example
of C. rufus, most likely represents a different species. Haile 12B also
contains the mandible of another specimen of Canis, which Nowak
(1979) referred to C. latrans. Taken together, the two specimens from
Haile 12B may represent the transition from C. lepophagus to C.
priscolatrans and thus part of the overall evolutionary sequence shown
in Figures 3 and 4. Nowak (1979) also listed UF 17074 from the Crystal
River Power Plant, Citrus County, Florida, as C. rufus, and indicated the
site to be late Rancholabrean, but Morgan and Hulbert (1995) reported it
to be early Irvingtonian and assigned the specimen to C. priscolatrans.

There are only two more reports of an eastern wolf, other than C.
armbrusteri or C. dirus, from the period between the disappearance of
C. priscolatrans and the appearance of modern wolves at the end of the
Pleistocene. Brown (1908) listed C. lupus at the early Rancholabrean
Conrad Fissure, Newton County, Arkansas. However, the specimens
(AMNH 11761, 11762) are fragments that include no diagnostic teeth;
they could be referable to C. armbrusteri. Ray (1967) reported C. lupus
from a late Rancholabrean (10,000-35,000 ybp) site at Ladds, Georgia,
based on a single M1 (USNM 23698). The specimen is heavily worn and
its length, 18.0 mm, and diameter, 22.7 mm, are within the lower range
of C. dirus (Kurten 1984).

If there is no definitive evidence of a small wolf in the east for nearly
a million years prior to the latest Rancholabrean, where was the progeni-
tor of the modern wolf population of the region? It has been suggested
(Nowak 1979) that C. priscolatrans, or a close relative, extended its
range to Eurasia via the Bering Land Bridge, and there evolved into
extant C. lupus, which subsequently reinvaded North America. C.
etruscus Major, a small wolf of the European early Pleistocene (Kurten
1968, Kurten and Anderson 1980), may be an Old World counterpart of
C. priscolatrans and the ancestor of C. lupus. There was, however, an
intermediate stage in the transition from priscolatrans/etruscus to lupus.
That stage is represented by C. mosbachensis Soergel, a modest-sized
wolf of the Eurasian Pleistocene. Five mandibles and two maxillary
fragments of that species, on loan to Richard Tedford (American Mu-
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seum of Natural History, pers. comm., 24 March 1999), were examined.
They were collected in the Lake Baikal region of south-central Siberia
and date from about 700,000 ybp, which would be a period correspond-
ing to the mid- to late Irvingtonian of North America. Mean length of
m1 is 25.4 mm (range 23.0-27.5) in the five C. mosbachensis, 25.8 mm
(24.8-27.5) in the seven late Rancholabrean eastern wolves (Fig. 4),
26.7 mm (25.0-28.6) in the eight complete and mostly modern skulls
from east of the Mississippi, 28.4 mm (25.9-31.6) in a series of 123 male
and female C. lupus nubilus from the western United States, and 29.8
mm (26.4-33.0) in 217 male and female C. lupus occidentalis
Richardson from Alaska and western Canada. Two mandibles and one
maxillary fragment (AMNH 67173, 67181, 67186) from the Cripple
Creek Sump of Alaska were examined. They date from about the same
period and appear to represent the same population as the Siberian
material; the two m1 have lengths of 26.6 and 27.2 mm. Since the
Alaskan and Siberian specimens are close to the size of the later material
from eastern North America, and smaller than western C. lupus, and
since wolf evolution generally involves progression from smaller to
larger size, C. mosbachensis seems a logical candidate for the ancestor
of modern North American (as well as Eurasian) wolves.

Although the late Irvingtonian population in Alaska and Siberia may
represent the progenitor of modern wolves, there is little evidence that it
moved to the south of the glaciated region before the late
Rancholabrean. Western North America appears to have much the same
evolutionary sequence of Canis that occurred in the east. C. lepophagus
and C. priscolatrans were widespread, respectively, in the Blancan and
early Irvingtonian, and C. dirus was abundant in the late Rancholabrean
(Kurten 1974, 1984; Kurten and Anderson 1980; Nowak 1979). Unlike
eastern North America, the west has yielded no substantial collections
of middle Irvingtonian to early Rancholabrean Canis. Three fragments
from Hay Springs and Mullen, Nebraska, which do date from that
period, were assigned to C. lupus by Nowak (1979), and one from
Rushville, Nebraska, was referred to C. armbrusteri. In retrospect, it is
questionable whether a population identical to modern C. lupus was
then present to the south of the glaciers. Each of the Nebraska specimens
is considerably larger than C. mosbachensis; the Hay Springs and
Mullen fragments include two m1’s, with lengths of 29.9 and 29.8 mm.
It is unlikely that C. lupus could then have been so far removed,
morphologically and geographically, from its progenitor species. Per-
haps the Nebraska material represents a population of C. armbrusteri
that was beginning to develop in the direction of C. dirus; both the latter
species and C. lupus have some parallel differences from C.
armbrusteri. In any case, C. lupus is not otherwise known from North
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America before the late Rancholabrean, when for a time it evidently was
sympatric with C. dirus (Graham and Lundelius 1994, Nowak 1979).

By the terminal Pleistocene, the east had been reoccupied by a wolf
differing from C. dirus, C. armbrusteri, and C. latrans (Fig. 4). Assess-
ment of later specimens (Appendices I, II) indicates continuity of this
small eastern wolf. There is no significant difference in size of m1 of
paleontological fragments dating about 10,000 ybp, archeological frag-
ments dating 2,000-200 ybp, and complete, mostly modern skulls (Fig.
5). However, there is a significant difference in m1 between each of
those samples and western C. lupus and C. latrans (Table 1). That the
latter two species overlap at all with the other samples may be attribut-
able in part to inclusion of both sexes in Figure 5.

Figure 5. Length (in millimeters) of m1 in six samples (number of specimens in
parentheses) of both sexes of Canis. The slender horizontal line with vertical
lines at each end represents the range in size, the bar indicates one standard
deviation on either side of the mean, and the vertical line above the bar shows
the mean. The western gray wolf (C. lupus) and coyote (C. latrans) series are
from the mountainous region of the western conterminous United States. The
eastern complete skulls are the same six used in multivariate analysis (Fig. 6),
plus two females, all dating prior to 1918. The Louisiana specimens are the same
seven used in multivariate analysis (Fig.7), plus two females, all dating 1898-
1905. The eastern archeological specimens date 2,000-200 ybp. The eastern
paleontological specimens date c. 10,000 ybp.
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The number of early mandibular fragments that has been recovered
east of the Mississippi is considerably greater than that of maxillary
fragments (Appendix I). Of the latter, eight contain both P4 and M1
and seven of those date 2,000-200 ybp. They are from Ohio, Pennsyl-
vania, New York, Maryland, and North Carolina (Appendix I) and
seem closely related. Range is 23.1-24.8 mm for length of P4 and 20.0-
22.0 mm for diameter of M1. In the eight complete, mostly modern
skulls from east of the Mississippi, including two females, range is
21.8-25.2 mm for P4 and 20.5-22.0 mm for M1. The ninth eastern
maxillary fragment (CM G-756), from Frontenac Island, Cayuga
County, western New York, dates from at least 5,000 ybp. At 27.5 mm
in P4 length and 24.4 in M1 diameter, it is the size of a large C. lupus
(Nowak 1979, 1995) and may represent an early movement of that
species into the northeast.

The Frontenac Island specimen is the only indication that, at least for
a time, two different wolf species (C. lupus and C. rufus) occurred in
parts of the east subsequent to the Pleistocene, as was suggested by
earlier studies (Goldman 1944, Nowak 1979). However, measurements
of the other eastern material show no more variation than do those of
other wolf populations. Moreover, the diagnostic teeth of the fragmen-
tary specimens are approximately the same size as those in the series of
complete eastern skulls.

The complete skulls (Appendix II) can be assessed through multi-
variate procedures to determine whether they represent a single species

Table 1. Results of the Tukey-Kramer Multiple Comparison Test of length of m1 in the six
groups of Canis shown in Figure 5. The q value is a measure of statistical distance. Degree
of affinity is given in descending order, with groups closest to one another at the top of the
table and those farthest apart at the bottom. Statistically significant differences (ANOVA)
are indicated by *** (P < 0.001). The groups so indicated also are all statistically different
(P < 0.05) using Tukey’s Studentized Range (HSD) Test.

Group comparisons q Value

Eastern Archeological vs. Eastern Complete 0.569
Eastern Complete vs. Louisiana 1.149
Eastern Paleontological vs. Louisiana 1.160
Eastern Archeological vs. Louisiana 1.960
Eastern Paleontological vs. Eastern Complete 2.208
Eastern Archeological vs. Eastern Paleontological 3.108
Western Gray Wolf vs. Eastern Complete 6.054 ***
Western Gray Wolf vs. Eastern Archeological 7.796 ***
Western Gray Wolf vs. Louisiana  8.014 ***
Western Gray Wolf vs. Eastern Paleontological 8.626 ***
Western Coyote vs. Eastern Paleontological 13.354 ***
Western Coyote vs. Louisiana 16.755 ***
Western Coyote vs. Eastern Complete 17.385 ***
Western Coyote vs. Eastern Archeological 26.289 ***
Western Coyote vs. Western Gray Wolf 70.585 ***
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that differs from other well-defined species. One such analysis, the
graphical results of which are shown in Figure 6, deals with the six
available skulls of fully developed males dating prior to 1918 and
collected in the region of interest (Fig. 2). Those six specimens are
compared as a group with the six groups of C. lupus from western North
America, including the three samples geographically most proximal to
the eastern group (Fig. 1). The series of C. lupus all overlap one another
and are not similar morphologically to the eastern material, even as they
approach the latter geographically. The eastern specimens group to-
gether separate from all the western specimens and, although they were
taken from a much larger region than were any of the western samples,
they show less statistical variation than do most of the latter.

A second analysis (Fig. 7) compares the same six specimens, as a
group, with the six samples of western C. lupus, combined as one group,
and the series of 96 western male C. latrans (Appendix II). In addition,
the seven skulls of males, taken just west of the Mississippi in northeast-
ern Louisiana in 1898-1905, and the one specimen from Garvin County,
Oklahoma (Fig. 2), were tested as individuals against the three defined
series. Again, the six eastern skulls form a statistical group distinct from
C. lupus and also far separated from C. latrans. The Louisiana and

Figure 6. Statistical distribution of seven groups of North American male Canis,
plotted on the first and second canonical variables. G’s, C. lupus from southern
Rocky Mountains; I’s, C. lupus from northern Rocky Mountains; K’s, C. lupus
from Minnesota; N’s, C. lupus from Nebraska, Kansas, and Oklahoma; S’s, C.
lupus from central and western Texas; Y’s, C. lupus from central Rocky Moun-
tains); open circles, pre-1918 C. rufus from east of Mississippi River.
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Oklahoma specimens fall within or near the range of variation of the six
skulls from farther east.

The 14 pre-1918 skulls of eastern male wolves evidently represent a
statistically well-defined species. They were combined in a single group
and compared to western C. lupus, likewise in a single group (Fig. 8).
Another series tested in that analysis comprised the 10 oldest available
specimens of male C. lupus lycaon from southeastern Ontario and ex-
treme southern Quebec (Appendix II). Those 10 skulls were taken 1905-
1933 and are unlikely to represent hybridization with C. latrans, which
apparently subsequently affected lycaon in southeastern Canada
(Kolenosky and Standfield 1975, Lehman et al. 1991, Sears 1999). The
coyote was first reported in southeastern Ontario in 1919, but that record
was only 100 km northeast of Detroit, Michigan, and the species did not
become established farther east until the 1940s (Nowak 1979). Also
used in the analysis was the series of C. lupus collected from 1905 to
1965 in the upper peninsula of Michigan.

The analysis (Fig. 8) once again shows complete and wide statistical
separation between the series of southeastern wolves and western C.
lupus. Lycaon is intermediate to those populations, just about filling the
statistical gap between them. While lycaon does not overlap with the
southeastern wolves and only slightly with western C. lupus, it does
show more affinity to the sample from upper Michigan. That sample is
from an area geographically between the range of lycaon and that of the
Minnesota/Isle Royale sample of western C. lupus. A single specimen
(USNM 1804), collected prior to 1855 in the Adirondacks of northern

Figure 7. Statistical distribution of three groups and certain individuals of
North American male Canis, plotted on the first and second canonical vari-
ables. Dots, western C. latrans; solid squares, western C. lupus; open circles,
pre-1918 C. rufus from east of Mississippi River; open stars, individual north-
eastern Louisiana C. rufus dating 1898-1905; asterisk, individual Oklahoma
specimen dating prior to 1869.
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New York, was tested as an individual against the four series used in the
analysis. Its statistical position falls among those of lycaon from just to
the northwest and it may be part of the same population. It was not
included in any of the series, as it may not be fully developed, but it
probably would not have grown much larger. Its general size is about
that of males from the southeastern series and smaller than that of any
male lycaon or other C. lupus assessed in this study. In proportion and
dental characters it more closely resembles C. lupus than it does the
southeastern series. In those respects it contrasts sharply with an 1863
specimen from Maine (Appendix II), which has the slender proportions
and well-sculptured molars typical of the southeastern wolves.

The morphological approach seen in the northeast is not evident as
the wolf populations of the southeast geographically converge with
western C. lupus. The original situation on the western edge of the range
of the southeastern wolves, especially in central Texas, is partly ob-
scured by hybridization with C. latrans, but prior studies have shown C.
lupus to be statistically well removed from the affected population
(Nowak 1979, Nowak and Federoff 1996, Nowak et al. 1995). There is

Figure 8. Statistical distribution of four groups and one individual of North
American male Canis, plotted on the first and second canonical variables. Solid
squares, western C. lupus; Z’s, C. lupus from upper peninsula of Michigan; L’s,
C. lupus lycaon dating 1905 - 1933; inverted triangle, C. lupus lycaon (?) from
Adirondacks of northern New York (pre-1855 specimen); open circles, pre-
1918 C. rufus from east of Mississippi River, northeastern Louisiana, and
Oklahoma (pre-1869 specimen).
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one old series that may represent the unmodified southeastern wolf near
the western extremity of its range: the five males collected in 1900 in
Calhoun County on the south Texas Gulf coast (Appendix II). A single
female (USNM 99720), morphologically compatible with those males,
also was taken there, but no other specimens – identified as C. rufus, C.
latrans, or any other wild Canis – are known from that area and period.
The Calhoun County males were compared to three other groups of
males (Fig. 9): the six specimens from east of the Mississippi and dating
prior to 1918, the seven taken 1898-1905 in northeastern Louisiana, and
western C. latrans. The Calhoun County group was found to occupy a
statistical position separate from those of the more easterly series but
not intermediate to those two and C. latrans. Visually, the Calhoun
County specimens are smaller and narrower than the other two and have
relatively smaller teeth.

Considered alone, the statistical distributions of Figure 9 may sug-
gest that the Calhoun County skulls represent a separate species,
intergrading neither with more easterly wolf populations nor C. latrans.
Both the Calhoun County and northeastern Louisiana series date from
about a century ago and, unfortunately, there are no contemporary
samples of males from geographically intermediate areas, and hence no
direct evidence for or against intergradation. A series of males was

Figure 9. Statistical distribution of four groups and one individual of North
American male Canis, plotted on the first and second canonical variables. Dots,
western C. latrans; open circles, pre-1918 C. rufus from east of Mississippi
River; open stars, northeastern Louisiana C. rufus dating 1898-1905; diamonds,
C. rufus from Calhoun County, coastal Texas, dating 1900; asterisk, individual
Oklahoma specimen dating prior to 1869.
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collected from 1919 to 1943 farther north along the Texas coast, in the
Big Thicket area of inland southeastern Texas, and in southern Louisi-
ana and Mississippi (Appendix II).

The 1919-1943 specimens were tested as individuals against the four
groups shown in figure 9. They fill most of the statistical gap between
the Calhoun County and more easterly series (Fig. 10). The Big Thicket
and south Mississippi skulls fall close to the northeast Louisiana
sample, while the Texas coastal and south Louisiana skulls are nearer to
the early Calhoun County series. The pre-1869 skull from south-central
Oklahoma also was tested in this analysis and falls precisely between
the northeast Louisiana and east-of-the-Mississippi series.

The 1919-1943 series shows no statistical tendency to approach or
blend with C. latrans; such a tendency might have been expected if that
series had experienced substantive introgression from the latter species.
However, hybridization with C. latrans most certainly had begun at the
western edge of the range of C. rufus earlier in the century. Five males,

Figure 10. Statistical distribution of four groups (the same depicted in Fig. 9) and
certain individuals of North American male Canis, plotted on the first and second
canonical variables. Solid lines, limits of western C. latrans (letter C shows mean
position), C. rufus rufus (letter R shows mean), C. rufus gregoryi (letter E shows
mean), and C. rufus floridanus (letter F shows mean); B’s, individuals from
southern Mississippi and Big Thicket area of Texas; T’s, individuals from coastal
southeastern Texas; solid stars, individuals from southern Louisiana; circled
crosses, individuals from reintroduced population in North Carolina; asterisk,
individual Oklahoma specimen dating prior to 1869; X’s, apparent hybrids of C.
rufus x C. latrans from central Texas dating 1899-1906.
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collected 1899-1906 in Edwards and Kerr counties, central Texas, are
statistically intermediate to C. latrans and coastal wolves, and may
represent initial hybridization between the two species (Fig. 10).

A much larger series from central Texas was collected 1915-1918
and shows a complete statistical blending of C. latrans and the south-
eastern wolf, though the entire involved population seemingly was
extirpated by human agency shortly thereafter (Nowak 1979). Addi-
tional hybrid populations formed in the Ozark region and pushed to the
south and east in ensuing decades. Nonetheless, a largely unmodified
wolf population apparently persisted in extreme southeastern Texas and
southern Louisiana until the 1970s. The close morphometric resem-
blance of that population, and of 14 individuals removed therefrom to
begin the existing captive/reintroduced population, to the original
southeastern wolf population has been documented (Nowak 1979,
1992). This study centers on the original, not current, status of eastern
wolves. However, to briefly update the current situation, six recently
collected individuals (seen at Alligator River National Wildlife Refuge,
Dare County, North Carolina, 17 April 1999) were compared to the
three series of old southeastern wolves and to C. latrans (Fig. 10). Those
six are males that were born in the wild and raised to maturity in the
population reintroduced in North Carolina (Nowak et al. 1995), and
were the only available specimens meeting those criteria. The six skulls
are statistically close to the century-old series from Calhoun County,
though there is some approach to the old northeast Louisiana series.

DISCUSSION

The view (Nowak 1979) that the red wolf is a primitive species,
closely related or identical to C. priscolatrans of the early Irvingtonian,
is not supported by this study. It is conceivable that a small wolf,
descended from C. priscolatrans, persisted in the eastern forests after
that period and has not yet shown up in the fossil record, though that
now seems unlikely. Available material suggests an archaic New World
evolutionary sequence, from the Blancan C. lepophagus (or some re-
lated small species), through the early Irvingtonian C. priscolatrans, to
the late Irvingtonian and early Rancholabrean C. armbrusteri, and fi-
nally culminating in the late Rancholabrean C. dirus. Certain specimens
at several sites suggest transition, or at least are difficult to distinguish,
between two sequential species: C. lepophagus and C. priscolatrans at
Haile 12B, Florida (see above), C. priscolatrans and C. armbrusteri at
Haile 21A and Leisey, Florida (Berta 1995), and Port Kennedy, Penn-
sylvania (Cope 1899), and C. armbrusteri and C. dirus at Cumberland
Cave, Maryland (Martin 1974). In any case, the outline given here may
be an oversimplification, as there probably were additional species
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involved and some phases of the sequence that extended beyond eastern
North America. In particular, one or two species of South America may
represent part of the transition from C. armbrusteri to C. dirus (Berta
1988, Nowak 1979). With the extinction of the dire wolf, about 8,000
ybp, the entire New World wolf line terminated.

The New World evolutionary progression was primarily in the di-
rection of increasing size, from a relatively small to a relatively large
species of Canis (Figs. 3, 4). There was little or no overlap in the size of
the species present during any one period. A coyote-like species of the
Blancan (C. lepophagus) was replaced by the small wolf (C.
priscolatrans) of the early Irvingtonian. A coyote-sized species reap-
peared in the east, in the form of modern C. latrans, only when the wolf
line had grown much larger, becoming the species C. armbrusteri in the
late Irvingtonian to early Rancholabrean. After C. priscolatrans disap-
peared, nearly a million years passed before a small wolf again was
evident in the east. This wolf could have been a direct descendant of the
Eurasian C. mosbachensis. The above data suggest that C.
mosbachensis was considerably smaller than most modern wolves. In-
deed, Kurten (1968) reported C. mosbachensis to be about the size of C.
lupus pallipes Sykes, the living wolf of southwestern Asia, which
Nowak (1995) indicated is smaller than C. rufus. Kurten (1968) noted
that C. mosbachensis still was present in Europe during a period corre-
sponding to the early Rancholabrean of North America and that transi-
tion to the larger C. lupus did not occur until the time of the late
Rancholabrean. Such a background offers the possibility that C.
mosbachensis gave rise to small wolves that entered North America,
became isolated by glaciation, and developed into the modern eastern
populations. Eurasian mosbachensis then may have evolved into C.
lupus and subsequent invasions of North America may have led to the
modern subspecific differentiation of the latter species (Nowak 1995).
Ecological space for the modern small wolf, as well as the modern
small coyote, became available in the east only when the archaic New
World wolf line had grown to enormous size, becoming C. dirus, in the
late Rancholabrean (Fig. 4). Both the small coyote and large wolf
disappeared from the east at the end of the Pleistocene but the new
small wolf persisted until the 20th century. Remarkably, when that wolf
was itself extirpated in our own times, the coyote again occupied the
east (Bekoff 1999, Hill et al. 1987, Nowak 1979).

Kurten (1974) regarded C. priscolatrans as part of the coyote line
leading from C. lepophagus to modern C. latrans. This study suggests
that while C. lepophagus may have given rise to both C. priscolatrans
and C. latrans, the latter represents a separate line of descent. It may
have remained primarily in the west, moving eastward only when the
niche for a smaller Canis sufficiently widened. A large subspecies of C.
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latrans was abundantly sympatric with C. dirus at Rancho La Brea and
some other western Rancholabrean sites (Kurten 1974, 1984; Nowak
1979). Replacement of C. dirus by C. lupus may be a factor in the
smaller size of modern C. latrans in the west. Eastern coyotes are not
well represented in the fossil record (Fig. 1). It even has been suggested
that the late Rancholabrean (about 10,000 ybp) records of C. latrans in
Florida are referable to C. familiaris (Martin and Webb 1974). Reex-
amination of that material in the course of this study supports identifi-
cation as C. latrans. The specimens are exceedingly small, perhaps as a
consequence of sympatry with a small wolf as well as C. dirus, but are
within the overall size range of modern C. latrans (Jackson 1951) and
show other characters of that species, not C. familiaris. The earlier
occurrence (c. 33,500 ybp) at Megenity Cave in southern Indiana is of a
somewhat larger coyote; the only sympatric wolf there is C. dirus (R. L.
Richards, Indiana State Museum, pers. comm., 3 January 2000).
Frankstown Cave, a late Rancholabrean (c. 14,000 ybp) site in Pennsyl-
vania, also has a large coyote, as well as a relatively small dire wolf,
but no other Canis (Nowak 1979). Additional late Rancholabrean
records of eastern C. latrans are from West Virginia (Graham and
Lundelius 1994), Mississippi (Kurten 1974, Kurten and Kaye 1982),
and Alabama (Morey 1994). The influx of a small wolf, apparently late
in the Rancholabrean, may have been a factor in the ultimate disappear-
ance of the coyote from most of the east.

From the end of the Pleistocene until the mid-20th century, the coyote
was absent from the region of interest, except for a zone of perhaps 100 -
200 km extending eastward and southward from the prairies (Fig. 1).
Archeological records indicate that C. latrans, at least at times, occurred
as far as southern Indiana, southern Missouri, and northwestern Arkan-
sas (Graham and Lundelius 1994). In 1919-1925, a series of C. latrans
was collected in and around the St. Francois Mountains of southeastern
Missouri, together with a large series apparently representing an isolated
wolf population. Previous study showed no morphometric overlap be-
tween the two series, hence demonstrating that each represented a sepa-
rate species and that hybridization had not yet developed in that area
(Nowak 1979). All Recent specimens from that period and earlier, and
from farther south and east within the zone of interest, are wolves.

It again is emphasized that there are only six known complete and
fully developed skulls of male wild Canis dating prior to 1918 and
collected in the region of interest: east of the Mississippi and south of
the Prairie Peninsula, Lakes Erie and Ontario, and the St. Lawrence
River. Using multivariate analysis (Fig. 6), those six skulls group to-
gether and have a statistical distribution completely separate from the
extensively overlapping distributions of six samples of western C. lu-
pus, including the samples most proximal to the eastern series (Fig. 1).
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Those six specimens also are completely removed from the statistical
distribution of C. latrans. Seven additional complete skulls of males
from northeastern Louisiana, taken 1898-1905, and one collected prior
to 1869 in south-central Oklahoma, have about the same statistical
distribution as the six more easterly specimens, when compared to C.
lupus and C. latrans (Fig. 7). Such an arrangement argues for recogni-
tion of the eastern sample as a distinct species that is appropriately
named C. rufus. Moreover, that species, as defined by the complete
eastern skulls, has diagnostic measurements that are statistically identi-
cal to those of two series of fragmentary specimens, collected in the
same region and dating from around 10,000 ybp and from 2,000-200
ybp (Table 1). Although not conclusive, this evidence supports the view
that C. rufus has continuously occupied the east since the terminal
Pleistocene and that it is the only species of wild Canis that was present
in most of the region.

None of the archeological or modern specimens, either examined as
part of this study or reported by others (Graham and Lundelius 1994)
indicate the presence of C. latrans, or hybridization between C. latrans
and another wild species in the southeast between 10,000 and 100 ybp.
Subsequently, C. latrans did recolonize the southeast and begin to
hybridize with the native wolf, C. rufus. The hybridization process
signaled the end of that species, not its beginning. This study thus is not
in agreement with some of the recent DNA analyses, particularly the
suggestion that C. rufus originated from hybridization between C.
latrans and C. lupus, probably within the last 250 years as a result of
environmental disruption by European colonists (Reich et al. 1999, Roy
et al. 1996, Wayne et al. 1998).

Surprisingly, this investigation provides evidence that another
named kind of eastern wolf did have a hybrid origin. The oldest avail-
able series of C. lupus lycaon from the northeast is statistically interme-
diate to C. rufus and western C. lupus (Fig. 8). The morphological
similarity of rufus and lycaon has long been recognized and has con-
fused the systematic status of eastern Canis. Recognition of lycaon –
specifically the population of extreme southeastern Ontario and south-
ern Quebec, and possibly northern New York – as a hybrid provides a
solution to the problem of why the red and gray wolf differ so much
along most of the line where their ranges meet, but resemble one another
so closely in the northeast.

That solution also is in keeping with mitochondrial DNA analyses
indicating that C. rufus and lycaon contain genetic sequences similarly
divergent from C. latrans and differing from those of C. lupus. Wilson
et al. (2000) interpreted those analyses to mean that rufus and lycaon
form a single species, independent of C. lupus and C. latrans, that
would appropriately be known as C. lycaon. However, another plau-
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sible interpretation is that the modern range of lycaon originally had
been occupied by C. lupus, which had moved in from the west follow-
ing the retreat of the glaciers at the end of the Pleistocene, as attested by
the large specimen from Frontenac Island in western New York. C.
rufus would also then have moved northward to the southern edge of
that area. That newly available and perhaps unstable habitat may have
been conducive to hybridization.

The predominant flow of introgression probably was from rufus to
lycaon, with consequent modification of the latter, rather than the re-
verse. Although lycaon is statistically near rufus, available material
shows no definite overlap, whereas lycaon shows greater statistical
similarity with C. lupus, especially the original population of northern
Michigan, which is geographically most proximal. Lycaon also does not
substantively differ ecologically and behaviorally from other gray wolf
subspecies (Forbes and Theberge 1995, Mech 1970, Pimlott et al. 1969).
Lycaon may still be regarded as a subspecies of C. lupus, but one that
perhaps developed as a result of natural hybridization with C. rufus.
While lycaon thus would not represent an early wave of C. lupus that
had invaded North America and become isolated by glaciation, it and
the other gray wolf subspecies suggested by previous study (Nowak
1995) should for now be retained.

There does remain the question of subspeciation in the red wolf.
Audubon and Bachman (1851) had restricted rufus to Texas and some
adjacent areas. Goldman (1937, 1944) thought that two more subspecies
could be identified farther to the east: C. rufus gregoryi Goldman in the
lower Mississippi Valley and C. r. floridanus Miller from Alabama to
the Atlantic. Lawrence and Bossert (1967) suggested that inclusion of
the larger eastern forms with the smaller C. r. rufus of Texas might
never have occurred if the systematic delineation of southeastern wolves
had been based initially on eastern, rather than Texas, material.

That, essentially, is what was done in this study: the oldest available
eastern specimens were assessed first, then specimens from just west of
the Mississippi, and finally material from Texas. The results support
Goldman’s original arrangement, both with respect to the east-west
distribution of C. rufus and its separation as a species from C. lupus and
C. latrans. The red wolf does become smaller to the west, especially in
Texas, but such character displacement might be expected as it ap-
proaches a zone of sympatry with the larger gray wolf.

The multivariate analyses (Figs. 9, 10) reinforce Goldman’s (1944)
designation of three subspecies of C. rufus. However, some rearrange-
ment of subspecific lines is advisable, based on assessment of the oldest
available material (Fig. 2). C. r. floridanus apparently occurred all along
the Atlantic coast, from Maine to Florida, and inland to Ohio and
northern Alabama. C. r. gregoryi was found throughout the lower Mis-
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sissippi Valley, including some country along the Ohio and Red rivers,
and in the Big Thicket area of eastern Texas. C. r. rufus occupied the
Texas coast and probably central Texas, though it is known from the
latter area only as a hybrid with C. latrans. There is no conclusive
evidence that it originally occurred farther north. Although Goldman
reported its range to reach Oklahoma, southwestern Missouri, and
northwestern Arkansas, the pertinent specimens probably express the
spread of hybridization with C. latrans and hence smaller size (Nowak
1979). The oldest known Oklahoma skull, the pre-1869 specimen from
Garvin County, shows statistical affinity to gregoryi/floridanus.

The range of C. r. rufus may have extended farther east along the
Gulf coast than was indicated by Goldman. Specimens from the coastal
counties of extreme southeastern Texas and from southern Louisiana
have statistical affinity to the old series of C. r. rufus from Calhoun
County, Texas, to the west (Fig. 10). All of those skulls are character-
ized by small size and relatively small teeth, perhaps reflecting a
scarcity or small size of prey in coastal habitat and the semiarid coun-
try of central Texas.

Several specimens from central Texas (Fig. 10) show that C. rufus
had begun to hybridize with C. latrans by 1900. The same process was
evident not long afterwards in eastern Oklahoma and western Arkan-
sas. The further spread of hybridization and of coyote-like animals
through the southeast is well documented (Hill et al. 1987, Kennedy et
al. 1986, Nowak 1979). However, statistical evidence also shows that
the population of wild Canis that persisted in southeastern Texas and
southern Louisiana until the 1970s, as well as individuals removed
from that area and used to found the existing captive/reintroduced
population, were similar to the original red wolf (Nowak 1979, 1992).
Available specimens (Fig. 10) indicate that the breeding population
now established in the wild in North Carolina retains the morphomet-
ric characterization of C. rufus rufus.
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Appendix 1. Paleontological and Archeological Specimens Examined. This list
provides details for series from the region of interest, thought to date prior to AD
1800. Specific identifications are as determined in this study. Information on a
few additional individuals is given in the text. Abbreviations used are: ANSP,
Academy of Natural Sciences, Philadelphia; AMNH, American Museum of
Natural History; CM, Carnegie Museum; CNM, National Museum of Canada;
FGS, Florida Geological Survey; ILSM, Illinois State Museum; INSM, Indiana
State Museum; MCZ, Harvard University Museum of Comparative Zoology;
MSU, Michigan State University Museum; MVZ, University of California Mu-
seum of Vertebrate Zoology; NCSU, North Carolina State University Depart-
ment of Zoology; PU, Purdue University Department of Forestry and Conserva-
tion; ROM, Royal Ontario Museum; UAR, University of Arkansas Department
of Zoology; UF, Florida Museum of Natural History; UMI, University of Michi-
gan Museum of Zoology; UMN, University of Minnesota Museum of Natural
History; USNM, United States National Museum.

Canis lepophagus. – FLORIDA. Alachua County: Haile 12B, late Blancan,
mandibular fragment (UF unnumbered). Gilchrist County: Santa Fe River 1B,
late Blancan, five mandibular fragments (UF 10423, 10424, 10836, 10837,
10858); mandible (collection of D. Damrow, Mosinee, Wisconsin).

Canis latrans. – FLORIDA. Brevard County: Melbourne, late Rancholabrean
(c. 10,000 ybp), rostral fragment (MCZ 5909), mandibular fragment (USNM
12947). Dade County: Cutler site, near Perrine, late Rancholabrean, maxillary
fragment (UF 143286), mandibular fragment (UF 143279). Indian River
County: Vero (stratum 3), late Rancholabrean, maxilla (FGS 7036). Levy
County: Devil’s Den, late Rancholabrean (c. 10,000 ybp), three mandibular
fragments (UF 11514, 11515, 11517). INDIANA. Crawford County: Megenity
Peccary Cave, late Rancholabrean (c. 33,500 ybp), cranium and maxillae (INSM
71-3-62-5-1), two maxillary fragments (INSM 71-3-60-5-6, 71-3-63-5-24),
mandible (INSM 71-3-60-5-1), four mandibular fragments (INSM 71-3-62-5-
59, 71-3-62-5-84, 71-3-62-5-85, 71-3-62-5-96), four P4 (INSM 71-3-62-5-44,
71-3-62-5-66, 71-3-63-5-22, 71-3-63-5-43), three M1 (INSM 71-3-62-5-129,
71-3-62-5-142, 71-3-62-5-129), three m1 (INSM 71-3-62-5-25, 71-3-62-5-117,
71-3-62-5-140). MARYLAND. Allegany County: Cumberland Cave, early
Rancholabrean, mandibular fragment (USNM unnumbered). PENNSYLVA-
NIA. Blair County: Frankstown Cave, late Rancholabrean (c. 14,000 ybp), two
mandibular fragments from same individual (CM 11027). VIRGINIA.
Shenandoah County: stone quarry 1 km NW Edinburgh, early Rancholabrean,
maxillary fragment (USNM). WEST VIRGINIA. Pendleton County: New Trout
Cave, late Rancholabrean (10,000 - 40,000 ybp), p4 (USNM unnumbered).

Canis priscolatrans (= Canis edwardii). – FLORIDA. Alachua County: Haile
12A, late Blancan, cranial fragment (UF 11516); Haile 21A, early Irvingtonian,
cast of rostral fragment (UF 62561), mandible (UF 63175), casts of three man-
dibles (UF 62562, 62563, 62564), four mandibular fragments (UF 62568, 63174,
63527, 62565), two P4 (UF 18049, 124537), M1 (UF 63623), two p4 (UF 63311,
124539), m1 (UF 62567). Charlotte County: Punta Gorda, early Irvingtonian,
mandibular fragment (UF 36429). Citrus County: Inglis 1A, early Irvingtonian,
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three maxillary fragments (UF 18046, 18047, 67846), two mandibular fragments
(UF 19323, 19324), P2 (UF 18050), P4 (UF 18049), two M1 (UF 19405, 19406),
two M2 (UF 18048), m1 (UF 19404); Crystal River Power Plant, early
Irvingtonian, maxillary fragment (UF17074). Hillsborough County: Leisey Shell
Pits, early Irvingtonian, cranial fragment (UF 67092), seven maxillary fragments
(UF 81654, 81655, 81663, 81664, 81665, 81666, 124531), mandible (UF 63667),
three mandibular fragments (UF 64399, 87283, 95647), four P4 (UF 80662,
81656, 81661, 81668), two M1 (UF 81657, 81669), p2 (UF 81675), p3 (UF
81674), two p4 (UF 81658, 81659), six m1 (UF 81660, 81662, 81672, 81673,
84752, 87285), two m2 (UF 81689, 87297). Polk County: Phosphoria Mine,
early Irvingtonian, cast of maxillary fragment (UF 58332). Sarasota County:
Rigby Shell Pit, early Irvingtonian, maxillary fragment (UF 40090), mandibular
fragment (UF 40091). PENNSYLVANIA. Montgomery County: Port Kennedy
deposit, early Irvingtonian, P4, M1, M2, and p4 (ANSP 57-58).

Canis armbrusteri. – ARKANSAS. Newton County: Conrad Fissure, early
Rancholabrean, cranial fragment, isolated teeth (AMNH 11761), mandibular
fragment (AMNH 11762). FLORIDA. Alachua County: Haile 7A, early
Rancholabrean, maxillary fragment and pair of mandibles (UF 11845). Levy
County: McLeod lime rock mine, middle Irvingtonian, cranial fragment
(AMNH 67286), two maxillary fragments, probably from same individual
(AMNH 67287-67288), two mandibular fragments, probably from same indi-
vidual (AMNH 67289-67290), mandibular fragment (AMNH 67291). Sumter
County: Coleman 2A Local Fauna, late Irvingtonian, near-complete skull with-
out mandibles (UF 11519), cranial fragment, maxillary fragment, and three
mandibular fragments (UF 11520), mandibular fragment and two m1 (UF
12121), mandibular fragment (UF 11518), two P4 (UF 12114). MARYLAND.
Allegany County: Cumberland Cave, early Rancholabrean, two skulls with
mandibular fragments (USNM 8144, 11881), six skulls (USNM 7994,11883,
11885, 11886, 11887, 12288), 13 mandibular fragments (USNM 7482, 7661,
8144, 8168, 8169, 8172, 11881, 11882, 11888, 12290, 12291, 12293, 12295).

Canis dirus (all late Rancholabrean). – FLORIDA. Alachua County: Hornsby
Springs, maxillary fragment (UF 3988), mandibular fragment (UF 3987).
Brevard County: Melbourne, mandible (USNM 12946), two isolated P4, two
M1, and four m1 (USNM unnumbered). Columbia County: Ichetucknee River,
maxillary fragment (UF 8006), three mandibular fragments (UF 8005, 12899,
17717). Dade County: Cutler site, near Perrine, mandibular fragment (UF
156956), p4 and m1 (UF 135887). Indian River County: Vero (stratum 2), skull
without mandibles (FGS 7166). Levy County: Devil’s Den, incomplete skull
(UF 7996); Wekiva River, mandibular fragment (UF 14204). Manatee County:
Bradenton, maxillary fragment (UF 3276), mandibular fragment (UF 2259).
Marion County: Eichelberger Cave, two mandibular fragments, probably from
same individual (UF 1622, 1623); Reddick 1A, crushed skull with mandibles
(UF 2923), two crushed skulls without mandibles (UF 3081 and unnumbered),
mandibular fragment (UF unnumbered), isolated P4, two M1, M2, and m1 (UF
unnumbered). Pinellas County: Seminole Field, mandibular fragment (AMNH
23568), M1 (AMNH 23582), M2 (AMNH 23569), two m1 (AMNH 23565,
23567). GEORGIA. Bartow County: Ladds, M1 (USNM 23698). INDIANA.
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Vanderburgh County: Ohio River, maxillary fragment (ANSP 11614). KEN-
TUCKY. Woodford County: Welsh Cave, cast of skull without mandibles (CM
12625), cast of mandible from different individual (CM 12625a). PENNSYL-
VANIA. Blair County: Frankstown Cave, maxillary fragment (CM 11023),
three mandibular fragments (CM 11022, 11024, 11026). WEST VIRGINIA.
Greenbrier County: Rennick, mandible (CM 24327).

Canis rufus. – ALABAMA. Jackson County: Crow Island Indian midden, c.
1,000 ybp, mandible (UMI 91100). ARKANSAS. Crittenden County: Banks
Site, c. 425 ybp, mandible (ILSM). Washington County: Eddy Bluff shelter,
early Recent, maxillary fragment (UAR unnumbered). FLORIDA. Brevard
County: Melbourne, late Rancholabrean (c. 10,000 ybp), mandibular fragment
(MCZ 17789). Citrus County: Withlacoochee River, late Rancholabrean (c.
10,000 ybp), m1 (collection of D. Wells, Falls Church, Virginia). Columbia
County:  Ichetucknee River, late Rancholabrean, m1 (collection of D. Damrow,
Mosinee, Wisconsin). Dade County: Nichol’s Hammock, c. 200 ybp, mandible
(UF 16711). Gilchrist County:  Santa Fe River bottom, late Rancholabrean or
early Recent, mandibular fragment (collection of D. Damrow, Mosinee, Wis-
consin). Indian River County: Jungerman Site, c. 250 ybp, m1 and m2 (UF
unnumbered). Levy County: Devils’s Den, late Rancholabrean (c. 10,000 ybp),
cranial fragment (UF 16397), mandible (UF 11513). ILLINOIS. Crawford
County: Palestine site, c. 2,000 ybp, maxillary fragment (ILSM CW4F67),
mandibular fragment (ILSM CW4F66). Montgomery County: Litchfield, late
Rancholabrean, mandible (collection of D. Damrow, Mosinee, Wisconsin).
MARYLAND. Anne Arundel County: Doepkin’s Farm site, c. 300 ybp, maxil-
lary fragment (seen at site, current location unknown). NEW YORK. Fulton
County: Garoga site, c. 400 ybp, maxillary fragment and two mandibular frag-
ments (CM G-837). NORTH CAROLINA. Macon County: Franklin site, c. 300
ybp, maxillary fragment (NCSU unnumbered). OHIO. Ross County: Blain site,
c. 800 ybp, maxillary fragment (ILSM unnumbered). PENNSYLVANIA.
Bedford County: New Paris Sinkhole No. 2, c. 1,900 ybp, incomplete skull and
pair of mandibles (CM 6548a, 6548b). Greene County: Hartley site, c. 500 ybp,
mandibular fragment (CM 4531). Indiana County: Johnston site, c. 350 ybp,
maxillary fragment (CM 802). Lancaster County: Eschelman site, c. 350 ybp,
cranial fragment, pair of mandibles, and three mandibular fragments (CM 36 La
12). TENNESSEE. Hamilton County: Citico Mound, c. 1,000 ybp, mandible
(USNM 200145). WEST VIRGINIA. Fayette County: Mount Carbon site, c.
500 ybp, m1 (CM 46 Fa 7). Greenbrier County: Piercy’s Cave, late
Rancholabrean, m1 (USNM unnumbered). Putnam County: Buffalo Village site,
c. 300 ybp, three mandibular fragments and isolated m1 (CM 46 Pu 31).

Appendix 2. Specimens Used in Multivariate Analyses. This list provides infor-
mation on those series subjected to canonical discriminant analysis. Greater
detail is given for specimens from the region of interest; specific and subspecific
identifications in that region are as determined in this study. Details on a few
additional individuals, also used in multivariate analysis, are provided in the
text. For abbreviations used, see Appendix I.

Canis latrans lestes. – COLORADO (44 USNM), IDAHO (52 USNM).
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Canis lupus (western series). C. l. irremotus. – IDAHO (3 USNM). MONTANA
(4 USNM). WYOMING (7 USNM). C. l. lycaon (original identification). –
MICHIGAN, Isle Royale (5 PU). MINNESOTA (15 USNM, 8 UMN). C. l.
mogollonensis. – ARIZONA (4 USNM). NEW MEXICO (13 USNM). C. l.
monstrabilis. – TEXAS (7 USNM). C. l. nubilus. – KANSAS (2 USNM).
NEBRASKA (3 USNM). OKLAHOMA (1 AMNH, 1 USNM). C. l. youngi. –
COLORADO (5 USNM). NEW MEXICO (12 USNM). UTAH (6 USNM).
WYOMING (5 USNM).

Canis lupus. – MICHIGAN, upper peninsula (3 MSU, 4 UMI, 9 USNM).

Canis lupus lycaon. – ONTARIO. Brent, 1922 (ROM 24-11-19-1); Carling,
1932 (ROM 32-11-30-1); Dacre, 1930 (ROM 31-2-12-1); Nipissing, 1933
(ROM 33-3-24-1); Opeongo Lake, Algonquin Provincial Park, 1910 (ROM
32213); Whitney, 1931 (MVZ 77344). QUEBEC. Jim’s Lake, Pontiac County,
1924 (CNM 5572); Lucerne, 1931 (MVZ 77343); 67 km NE Mattawa, Ontario
(locality in Quebec), 1905 (USNM 140562); Montebello, 1931 (ROM 31-12-
29-2).

Canis rufus floridanus. – ALABAMA. Colbert County: 18 km S Cherokee, 1917
(USNM 223936). Jackson County: Fern Cave, probably prehistoric (USNM
348063). FLORIDA. Dade County: vicinity of Miami, 1854 (MCZ 11179.
MAINE. Piscataquis County: Moosehead Lake, 1863 (MCZ 326). PENNSYL-
VANIA. Indefinite localities, prior to 1859 (ANSP 2261, 2262).

Canis rufus gregoryi. – LOUISIANA. Concordia Parish: 32 km SW Vidalia,
1905 (USNM 137125). Madison Parish: 4 km NW Tallulah, 1904 (USNM
133687); 29 km SW Tallulah, 1905 (USNM 136731); 37 km SW Tallulah, 1905
(USNM 136834). Morehouse Parish: Mer Rouge, 1898 (MCZ 9114); Mer
Rouge, 1904 (USNM 132229). West Carroll Parish: 16 km SW Floyd, 1904
(USNM 133688).

Canis rufus rufus. – TEXAS. Calhoun County: 11 km SW Port Lavaca, 1900
(USNM 99705, 99706); O’Connorsport, 1900 (USNM 99718, 99719, 99721).

Canis rufus (1919-1943 series). – LOUISIANA. Beauregard Parish: near Sabine
River, 1928 (USNM 248332). Iberia Parish: 18 km N Avery Island, 1919
(USNM 234227). MISSISSIPPI. Harrison County: Biloxi, 1931 (AMNH
100225). TEXAS. Brazoria County: Angleton, 1936 (USNM 261753); 14 km
NE Angleton, 1943 (USNM 273537). Chambers County: 5 km E Mont Belvieu,
1926 (USNM 246552). Hardin County: indefinite locality, 1937 (USNM
262473). Liberty County: Cleveland, 1932 (USNM 289990); 2 km N Rye, 1943
(USNM 274080). Montgomery County: Porter, 1933 (USNM 251084, 251085).
Polk County: near Wakefield, 1933 (USNM 250757); southern part of county,
1933 (USNM 250679).

Canis rufus x C. latrans. – TEXAS (central). Edwards County: Nueces River,
1900 (USNM 108680). Kerr County: Kerrville, 1901 (USNM 108657); indefi-
nite locality, 1899 (USNM 108655); indefinite localities, 1906 (USNM 146744,
146745).
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The findings from differing disciplines need to be brought into the continuing debate on the 
relationships of present-day members of the genus Canis in North America.  Regardless of which 
group of researchers is involved in recent genetic studies, there seems to be virtually no reference 
to these differing disciplines, including providing a sound rationale as to why information based 
on fossil and archaeological specimens as well as the notes of the early naturalists and more 
modern-day mammalogists may be suspect or not relevant to the existing investigations.  In this 
essay are the core findings from past understandings of canid relationships, especially for gray 
wolf (Canis lupus) and coyote (Canis latrans) ancestral species spanning through the Pleistocene 
back into the Pliocene, about 10 million ybp in North America and forward to the present day.  
This information is considered essential for placing contextual meaning with respect to genetic 
findings within the canids now under discussion in the Southeastern U.S.    

The application of non-genetic lines of evidence can be used to sort through and evaluate the 
validity of genetic-based evidence regarding red wolf (Canis rufus), eastern wolf (Canis lycaon), 
gray wolf and coyote.  In particular, several unresolved issues were not addressed by vonHoldt et 
al. (2016) with specific relevance to at least the red wolf taxonomic discussion: 

(1) A provocative claim is made by vanHoldt (2016) for a chronologically “much later” than 
expected time estimate of divergence from a common ancestor which speculatively 
occurred in Eurasia, and with both gray wolf and coyote then migrating to North 
America.  This is in direct contrast to many decades of understanding with respect to the 
origins of these two species and their respective presence in North America.  Meanwhile 
the authors of this study appear dismissive of the presence of “coyote- and wolf-like 
forms” documented by fossil evidence occurring in North America long before their 
genetic based findings. This implies the authors reject these forms as ancestral species for 
modern-day gray wolf, coyote, or both of the small wolf-like forms in eastern North 
America.   
 

(2) vonHoldt et al. (2016) do not explain how it was possible for a hybrid swarm with wolves 
and coyotes in eastern North America to have formed either during the later Pleistocene 
and early Holocene or during more modern times, given the available fossil and 



 

archaeological data demonstrating no morphological overlap among red wolf and the two 
purported parental species that would have been expected from a true hybrid swarm.  
Also, unaddressed are the accounts from the earliest European naturalists describing the 
only canids known from the Southeast U.S. as best assigned as modern red wolves.  
There is no direct reference made by these naturalists of coyotes east of the Great Plains, 
and this absence east of the Great Plains was well documented by mammalogists until the 
mid-to-late 1900s.  It is also questionable that gray wolves, other than a rare individual 
ever ventured south of eastern.   
 

(3) If we concede that in eastern U.S. prior to 1900 it was possible for remaining and widely 
scattered gray wolves (surviving from European settler efforts to eradicate them) were 
hybridizing with a very small number of coyotes that may have slipped eastward of the 
Great Plains, why is it that no such hybrid swarm has ever formed in western North 
America?   

Each of these three issues is expanded upon in more detail below: 

What does all the evidence suggest regarding divergence times among North American 
Canis? 

 It is safe to say that the taxonomic relationship of North American canids is extremely 
complicated and the subject of many monographs and journal publications.  Taking into account 
all the potential findings specifically from genetic research there may be at least five possible 
interpretations for how many species in the Genus Canis occur presently in North America (not 
including dogs [“Canis familiaris”], which have occurred in North America for at least 10,000 
ybp and are variously treated as conspecific with gray wolf and have interbreed with all other 
wild forms of canids): 

(1) Only one species (where gray wolf [including eastern and red] and coyote are not 
genetically divergent enough to qualify as separate species; one possible interpretation 
from vanHoldt et al. 2016), 

(2) two species (gray wolf and coyote, vanHoldt et al. 2016),  
(3) three species (gray [including eastern] wolf, red wolf, and coyote; Nowak 1979, 2002) 
(4) three species (gray wolf, and eastern [including red] wolf, and coyote; Wilson et al. 2000,  

2003, 2012), or  
(5) four species (three species of wolves and coyote; Chambers et al. 2012).   

For evidence regarding the first possibility suggested above, that gray wolf and coyote may not 
be divergent enough genetically to be generally considered separate species, see vonHoldt et al. 
(2016:3): 

… If we assume a generation time of 3 years, and an effective population size of 45,000, 
then this corresponds to a divergence time of 50.8 to 52.1 thousand years ago (ka), 



 

roughly the same as previous estimates of the divergence time of extant wolves.  Thus, 
the amount of genetic differentiation between gray wolves and coyotes is low and not 
much greater than the amount of differentiation within each species (for example, 
Eurasian versus North American gray wolf…).  This result contradicts molecular clock 
calculations based on short mitochondrial region sequences, which were calibrated using 
a 1-Ma (million years ago) divergence time between gray wolves and coyotes.  Despite 
body size and other phenotypic differences between the two species …and a long history 
of coyote- and wolf-like forms in North America, the genomic data suggest that modern 
coyotes and gray wolves are very close relatives with a recent common ancestry. 

In fact, vonHoldt et al. (2016) point out that their pairwise divergence estimates collectively 
“…are comparable to those found among human populations…”  Thus, with an estimate (if 
correct) of only about 50,000 ybp (with a range in estimates from 6,000 to 117,000 ybp) between 
gray wolf and coyote, an argument could be made that not only are gray wolf and coyote closely 
related, they may not warrant separate species-level status.  For instance, of the four groups 
compared against each other in vonHoldt et al. (2016), the most divergent pairwise estimates 
were between red wolf and Eurasian gray wolf (followed closely by red wolf versus North 
American gray wolf, as well as by coyote versus both gray wolf groups).   

In one news report, by Carl Zimmer for Science Times Newsletter (July 27, 2016), Dr. vonHoldt 
was quoted as follows: 

The new study revealed that coyotes and North American wolves shared a remarkably 
recent common ancestor. Scientists had previously estimated their ancestor lived a 
million years ago, but the new study put the figure at just 50,000 years ago. 

“I could not have put money on it being so recent,” Dr. vonHoldt said. 

That ancestor gave rise to two species — the predecessor of today’s gray wolves and that 
of today’s coyotes — somewhere in Eurasia. Dr. vonHoldt said that the two species then 
migrated into North America. 

There, coyotes evolved into small predators that specialize in taking down smaller prey. 
Wolves took a different path, relying on their larger size and great speed to prey on 
moose and other big mammals. 

The vonHoldt et al. (2016) genetic based estimate of divergence between these two species of 
about 50,000 ybp is in stark variance to paleontological (fossil) evidence of modern coyotes and 
their ancestral species diverging from a common canid ancestor many hundreds of thousands to 
potentially 1.5 million ybp (see supplemental materials below illustrating geologic timelines and 
traditional interpretations of canid appearance vs. that estimated by vonHoldt et al. 2016).  In 
addition, fossil evidence suggests the modern gray wolf did in fact migrate from Eurasia to North 
America (perhaps in at least three separate waves), but much earlier than suggested by vonHoldt 



 

et al. (2016) as this species is first found in the fossil record in North America about 400-500 
thousand ybp, and with coyote already well established in North America at this time (Nowak 
1979, Chambers et al. 2012).  So either the genetic results of vonHoldt et al. (2106) are suspect 
or interpretations of fossils are suspect. 

Actually, there are several lines of evidence to be skeptical about the reported estimated time of 
divergence between gray wolf and coyote reported by vonHoldt et al. (2016).  First, they indicate 
that gray wolves and coyotes were sympatric when they started to develop their modern-day 
differences, but there is no other evidence (or suggestion) that coyotes ever occurred in Eurasia 
(see discussion in Nowak 1979).  Fossils attributable to coyotes have been described from the 
mid Pleistocene (the early Irvingtonian mammalian age between 1 and 1.5 million ybp).  The 
most likely ancestral species to coyote according to Nowak (1979) is Canis lepohagus, described 
as a small coyote-like canid (and was possibly not restricted to North America with some 
suggested affinity with jackals and foxes of the Eastern Hemisphere) and occurred from the late 
Pliocene to the early Pleistocene (the Blancan mammalian age, from 1.5 to 3.7 million ybp).  
These estimates, if correct, are well before gray wolves emerged as a species in either 
hemisphere.  vonHoldt et al. (2016) provide no evidence that would lead to a reinterpretation of 
the fossil record on the origins on modern-day coyotes as anything other than a species restricted 
to North American species with very long history (certainly longer than 50,000 ybp). 

Similarly, the presently understood evolutionary history of gray wolf does not match well with 
the explanation given by vonHoldt et al. (2016).  The Eurasian gray wolf according to Nowak 
(1979, see updated treatment in Nowak 2002) may have been derived from a relatively small 
wolf in North America, perhaps even a common ancestor with Canis lepophagus; with the root 
ancestor to all the North American and Eurasian canid taxa extending back between 3.7 and 10 
million ybp during the Pliocene.  Populations of ancestral Eurasian gray wolf evolved during the 
glacial ages and then returned based on fossil evidence to North America during the Irvingtonian 
mammalian age, presumably across the Bering Land Bridge during the Kansan Glacial Age 
(about 1 million ybp). However, there appears to have been separate waves of gray wolves 
coming from Eurasia (see Chambers et al. 2012) with the second such wave of modern gray wolf 
populations appearing in North America based on fossil evidence at about 400-500 thousand 
ybp.   Then another wave appears to have occurred during the Wisconsian Glacial Age (Rancho 
Lebrean mammalian age, 100 thousand ybp) that would lead to establishment of gray wolf over 
most of North America (except apparently east of the Great Plains or south of the boreal forests 
of eastern Canada) at about the same time the very large “dire wolf” (Canis dirus) was becoming 
extinct after its “brief reign” (also during the Wisconsian Glacial Age, Rancho Lebrean 
mammalian age).  

The extinction of dire wolf was at the same time many other megafauna became extinct at the 
end of the Pleistocene about 10,000 ybp.  Interestingly many dire wolf fossils were found in the 
Southeast U.S., at the same time there were fossils representative of red wolf-like as well as a 



 

small coyote-like canids, but the very few fossils attributed in the past to gray wolf (Nowak 
1979) have been now attributed to one or more extinct species that occurred in the Southeast 
U.S. (Nowak 2002).   

The fossil evidence strongly contradicts a late divergence date for coyote of about 50,000 ybp 
and contradicts that coyotes ever have occurred in Eurasia (while a very distant precursor for 
coyotes could have occurred in Eurasia, it would have occurred more than 3.7 million ybp).  
Also, while it is documented that closely related taxa (i.e., subspecies, distinct populations) can 
show rapid divergence in size and behavior during relatively brief time periods (geologically 
speaking) this phenomenon most frequently occurs when the taxa are isolated from each other 
(such as on island versus continental populations, or with populations co-occurring in space but 
not in time, seasonally speaking).  vonHoldt et al. (2016) suggested an explanation for their 
findings that has little support from the long history of evolutionary studies and is certainly 
contradicted by the present interpretation of fossil and archaeological evidence.  While we 
should not doubt what vonHoldt et al. (2016) reported in their genetic study is actually what they 
found, we should be skeptical about the interpretation and encourage further work to seek better 
reconciliation of these genetic based findings with other lines of evidence. 

If there were hybrid swarms forming to explain the origin of red wolf, then how did 
coyotes and gray wolves escape documentation prior to such swarms and how did they 
escape documentation after such formation in eastern North America? 

The genetic findings from vonHoldt et al. 2016 (as well as the original genetics paper that 
intensified the on-going debate by Wayne and Jenks 1991) can only be explained by coyotes co-
occurring widely with gray wolf at some point in eastern North America prior to the Twentieth 
Century.  This assumption is made in stark contrast to existing fossil and archaeological evidence 
that strongly suggests coyotes were almost if not completely absent east of the Great Plains 
during most of the Pleistocene (the exception involved a very small form with most fossils dating 
from the late Pleistocene around 10,000 ybp, Nowak 2002).  As mentioned above, the only 
known wolf-like canid during both the later Pleistocene and continuing to occur through the 
Holocene within the Southeast U.S. was a “red wolf-like” canid, with dental and skull fragments 
essentially unchanged in size or morphology from individual red wolves we have today in the 
recovery program.   The red wolf thus can be documented to have occurred in the southeastern 
U.S. in the near complete absence of gray wolf and with the extinction of the dire wolf as well as 
the extirpation of the “small” coyote-like canid after the Pleistocene (Nowak 2002).  
 
With respect to more modern times with human presence starting from 12-15,000 ybp, there is 
no evidence of coyotes (also referred to as the “prairie wolf;” Audubon and Bachman 1851) 
naturally occurring in eastern North America until the early 1900s (see supplemental materials 
below illustrating changes in coyote range after 1900).   Coyote movement eastward in the Great 
Lakes and Upper Midwest U.S. started to be documented during the first decade of the Twentieth 



 

Century.  In the Southeast U.S. west of the Mississippi River, coyotes were absent from eastern 
Arkansas and through all of Louisiana until the 1950s (for the latter, see Hall and Kelson 1959, 
Lowery 1974).  Movement across the Mississippi River in the southeast did not occur until after 
the 1970s (again see supplemental materials below).  At the time of European settlement (over 
500 ybp), coyotes were either exceptionally rare or completely absent east of the Great Plains.  In 
contrast, wolves (regardless of what kind of wolf, but they were consistently described to match 
today’s red wolf) were well documented as persisting especially in the Southeast U.S. in the 
absence of coyotes, east of the Mississippi River at least into the early decades of the Twentieth 
Century.    
 
Wolves in the southeast (again described as red wolf) were extirpated from intense persecution in 
the absence of any naturally occurring coyotes along the Atlantic Coastal States by 1920 and the 
last verifiable specimens in Alabama from around 1944 and Mississippi by 1932.  West of the 
Mississippi River, wolves existed essentially unchanged morphologically through most of 
Arkansas, Louisiana, southern Missouri, eastern Oklahoma, and eastern Texas, despite some co-
occurring coyotes along the prairie edges at least until 1930.  After 1930, increasing persecution 
took a heavy toll with the remaining wolf populations, with a notable increase of specimens 
illustrating hybridization with coyotes that continued well into the Twentieth Century.   
 
As we all know this sweep ended with the last remnant southeast wolf population in the early 
1970s, as the spread of coyotes eastward was now well underway west of the Mississippi River.  
Only in coastal Louisiana and the Upper Texas Coast were canids continuing to exhibit the range 
of morphological traits (as well as unique biomarker evidence; Ferrell et al. 1980, Hunter 1991, 
Nowak et al. 1995) for red wolves represented from across the former range with their 
descendants now all within the recovery program.  If coyotes were in fact present anywhere in 
east of the Great Plains before 1900 and gray wolves were in fact south of eastern boreal Canada, 
where did they go and why did they completely disappear, with coyote only to reappear in the 
Southeast after over 50 years since red wolf extirpation?  Since it is necessary to have both 
coyotes and gray wolves present to create a hybrid swarm from those two species, their 
documented absence in the southeastern U.S. is strong evidence to dispute a hybrid origin for red 
wolf. 
 
Also arguing against there ever being a hybrid swarm involving gray wolves and coyotes (even if 
they had been present, which data strongly suggest they were not), morphological data clearly 
indicate very distinct groupings of characteristics among the three taxa (Nowak 1979, 2002).  If 
indeed there was a hybrid swarm the morphological data should indicate a wide range and 
multiple overlapping measurements among the taxa as was demonstrated as coyotes replaced red 
wolves in Texas and Missouri after the 1930s (Nowak 1979, 2002).  There is little doubt that 
some interbreeding occurred along the edge of the Great Plains where coyotes and red wolves 
co-occurred (as did gray wolf) along the prairie-forest edges as in in Texas and Missouri, but it 



 

was not until greatly reduced red wolf populations from intensive persecution that a hybrid 
swarm formed and shifted eastward (Nowak 1979). 

Why are there no such hybrid swarms in western North America, with similar persecution 
against wolves over the last 150 years? 

Why would remaining and widely scattered gray wolves in western North America, also 
systematically eliminated after the late 1800s and into the early 1900s, not also hybridize 
extensively with coyotes and form hybrid swarms?  While there is evidence that gray wolves and 
coyotes can in fact interbreed successfully under very controlled conditions (using artificial 
insemination, see below) and there is some evidence of interbreeding in the wild in the west 
(vonHoldt et al. 2016), there is very sparse evidence that such interbreeding is actually occurring 
successfully often enough to lead to any modification of gray wolf morphology in the wild, 
including with individual gray wolves now found dispersing south of known packs in the western 
U.S.  The only morphological indication of hybridization in western North America is with three 
specimens examined by Nowak (1979; one each from Arizona, Chihuahua, and Veracruz) all 
within the present and former range of the Mexican wolf (Canis lupus baileyi), the smallest of 
the recognized gray wolf subspecies in North America. 

In contrast, there is little dispute today that there has been widespread hybridization in the 
western Great Lakes Region of the U.S. and Canada, but there is disagreement on whether the 
hybridization is between gray wolves and coyotes or gray wolves and eastern wolves (the latter 
assuming eastern wolves are not themselves hybrids between gray wolves and coyotes).  Mech 
(2011; also see excerpt in supplemental materials) with respect to this situation involving the 
western Great Lakes region described non-genetic lines of evidence to evaluate the origin of the 
eastern wolf:  (1) morphological data, (2) reproductive information, and (3) behavior.  In both 
body mass and skull measurements, the Great Lakes wolves are more similar to the gray wolf 
than to the coyote, providing evidence that they have resulted not from crossing gray wolves 
with coyotes but rather from gray wolves with eastern wolf.  On the second point, Mech (2011) 
reported that no hybrid between gray wolves and coyotes had been found west of the Great 
Lakes where there were no phenotypic eastern wolves, and that within the western Great Lake 
States of all the wolves examined none were reported as showing coyote characteristics (despite 
coyote-like mtDNA found in that populations).  Mech noted that while eastern wolves had been 
successfully crossed with a coyote in captivity, no one had attempted to mate a western gray 
wolf with a coyote to determine to see if that was even possible (see below for the results of such 
an experiment; Mech et al. 2014; also see abstract in supplemental materials).  For the third 
point, Mech (2011) considered whether there were regional differences in how coyotes were 
tolerated by wolves behaviorally with the evidence available indicating that western Great Lakes 
wolves kill coyotes just as western gray wolves do, supporting the position that coyote-like 
mtDNA sequences found in some Great Lakes wolves are not derived from coyotes, “a finding 
that leaves the alternative—that they derive from the eastern wolves.” 



 

Then in 2014, Mech et al. published the result of an experiment to cross western gray wolves and 
coyotes in captivity to address one of the recommendations stemming from Mech (2011).  Of the 
nine coyotes artificially inseminated, three became pregnant.  One of those ate her pups, one 
failed to give live birth, but the third did produce seven hybrid pups, six of which survived at 
least into 2014.   

While Mech et al. (2014) demonstrated that it is possible that interbreeding could occur 
sporadically in the western U.S. between gray wolves and coyotes, it is apparent that such 
hybridization has not occurred frequently enough to support numerous morphological hybrids 
that would lead to a hybrid swarm.  The eastern situation where an apparent hybrid swarm does 
occur in the western Great Lakes region, the genetic mixing into the wolf population in this 
region apparently is not from actual coyotes but from eastern wolves that have mtDNA that is 
coyote-like, but not the same as found in western coyotes, estimated time of divergence from 
coyote judged to be between 150 to 300 thousand ypb (Wilson et al 2000).  Thus, there is no 
evidence to support the possibility promoted by Wayne and Jenks (1991) and now elaborated on 
by vonHoldt et al. (2016) that even if gray wolves and coyotes did at one time co-occur (but 
undocumented or otherwise undetected) in the southeastern U.S. prior to 1930, that they would 
have led to an allopatric population of hybrids.   

Summary 

The recent results from vonHoldt et al. (2016) ultimately adds little to the debate based on 
genetic studies on the origin of the red wolf that has now been going on for well over 35 years.  
The one new claim based on the most recent analysis is of the relatively recent estimated 
divergence date of about 50,000 years between gray wolf and coyote, and that divergence had 
occurred in Eurasia.  This claim is a direct contradiction to long-established fossil based 
estimates that the divergence was over a million years earlier, with a common ancestor likely 
emerging in North America between 1.5 to 3.7 million ybp that then possibly expanded to 
Eurasia.  The North American populations of this potential ancestral species led to the 
emergence of coyotes and Eurasian populations after several intermediate forms led to Eurasian 
gray wolf.  It is difficult to reconcile the vonHoldt et al. (2016) results with other lines of 
evidence when there is no evidence for coyotes ever occurring in Eurasia while coyotes have 
existed in North America for well over 1 million years, along fossil evidence that gray wolves 
arrived in North America as early as 500 thousand ybp.   

Assuming some additional work may be necessary to replicate the mtDNA based time of 
divergence (including perhaps a check on recalibrating the molecular clock, which often uses the 
fossil evidence to base the calibration), what’s left are the same claims being made since Wayne 
and Jenks (1991). That is from this perspective, genetic evidence alone supports hybrid origins 
for the red (and now eastern) wolf and it is apparent to these authors that they deem evidence 
from paleontological, archeological, or biogeographical disciplines as not informative to the 
discussion.   



 

In addition, there has been no follow-up by any of the research teams on the demonstration of a 
unique biochemical marker described in the late 1970s and used to help select individual wolves 
to form the recovery population (Ferrell et al. 1980).  This biochemical marker that does (or at 
least did) exist in the last remnant red wolf population during the late 1970s, and absent from all 
sampled coyote and gray wolf populations, continued with the resulting captive red wolf 
population with inheritance consistent with classic Mendelian expectations into subsequent 
generations (Hunter 1991).  Despite what would seem to be an important line of genetic-based 
evidence, there has been no mention of this finding since the mid-1990s (Nowak et al. 1995).   

With respect to hybrid swarms, or frequent hybridization events, as noted by Chambers et al. 
(2012) and others it is interesting that assuming there are three or four species of wild canids, 
hybrid swarms do occur as follows: 

(1) between gray wolf and eastern wolf (western Great Lakes region; Mech 2011, Chambers 
et al. 2012),  

(2) eastern wolf and coyote (the “eastern coyote”) spreading south of southeastern Canada 
into northeastern U.S. (Rutledge 2010, Rutledge et al. 2012, 2015),  

(3) red wolf and coyote (beginning along the forest-prairie edge west of the Mississippi 
River in the 1930s, Nowak 2002) and now a major threat with the persistence of the only 
wild population in eastern North Carolina, 

(4) red wolf and gray wolf (also along the forest prairie edge west of the Mississippi River, 
during the 1930s, especially in central Texas; Nowak 2002; while not forming obvious 
swarms as both wolf taxa were being decimated at the time while coyotes spread 
eastward) 

(5) red wolf and eastern wolf (Nowak 2002 suggested intermediate wolves between red wolf 
and gray wolf in the northeastern U.S. were what is referred to as eastern wolf today, but 
another and more prevailing view is eastern wolf and red wolf are very closely related, 
possibly conspecific, with both emerging from a common ancestor with the modern 
coyote 150-300 thousand ybp; Wilson et al. 2000, 2003, 2012, Chambers et al. 2012) 

In all these cases, wolf populations were being decimated, but swarms only formed with taxa that 
were closest in size to each other.  To date there is no evidence that such a phenomenon has 
occurred between gray wolf and coyote historically or presently.  Despite the possibility of some 
hybridization (at least experimentally, with some evidence of genetic hybrids and historically 
with Mexican wolf a few morphological hybrids), these are the two taxa most divergent to each 
other in size, even as gray wolves also were heavily persecuted until the 1990s and no evidence 
of hybrid swarms forming. 

Finally, there is no support for such a hybrid swarm event to have ever occurred in the 
southeastern U.S., especially given that there is no evidence that modern coyote or gray wolf 
populations actually ever occurred together within this same region.    
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Supplemental materials 

The following wikipedia schematic follows Nowak (2002) closely 
(https://en.wikipedia.org/wiki/Evolution_of_the_wolf) 
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Mammalian ages in North America 

Cenozoic land mammal ages 

Holocene 14,000 ybp to present 

• Saintaugustinean: Lower boundary 0.4 ka. Upper boundary Present. 
• Santarosean: Lower boundary 0.014 Ma. Upper boundary 0.4 ka. 

Pleistocene 1,800,000 to 14,000 ybp 

• Rancholabrean: 240,000 to 14,000 ybp  

Canis latrans 

Canis lupus 

Canis dirus 

• Irvingtonian: 1,800,000 to 240,000 ybp 

Canis edwardii* (=priscolatrans) 

Canis armbrusteri (late Irvingtonian) 

Canis latrans  

(This would be well before the vonHoldt et al. 2016 date of the divergence [in Eurasia]: “Scientists had previously 
estimated their ancestor lived a million years ago, but the new study put the figure between 6k and 117k (or a mean 
estimate of 50,000 years ago). “I could not have put money on it being so recent,” Dr. vonHoldt said.  That ancestor 
gave rise to two species — the predecessor of today’s gray wolves and that of today’s coyotes — somewhere in 
Eurasia. Dr. vonHoldt said that the two species then migrated into North America.” 

Canis lupus 

Pliocene 5,300,000 to 1,800,000 ybp 

• Blancan: 4,900,000 to 1,800,000 ybp 

Canis lepophagus (thought to be ancestral to modern coyotes in North America and perhaps also modern 
wolves that evolved in Eurasia) 

Canis edwardii*  

• Hemphillian: Lower boundary 10.3 Ma. Upper boundary 4.9 Ma. 

Miocene 



 

Geological Time and the History of Life in North America 

Comparing fossil vs. recent genetic evidence on the evolution of Coyote in North America and 
the arrival time for Gray Wolf into North America from Eurasia 

 



 

Coyote (Canis latrans) Distribution as of 1959 
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This map shows the expansion of coyote range over the past three centuries. Aggressive predator control programs 
and hunting contributed to the eradication of larger predators like wolves, allowing coyotes to spread rapidly into 
nearly every area of North America. 

 

Kays, R. et al. (2009) Rapid adaptive evolution of northeastern coyotes via hybridization 
with wolves. Biology Letters, advance online. 
 



 

The dramatic expansion of the geographical range of coyotes over the last 90 years is 
partly explained by changes to the landscape and local extinctions of wolves, but 
hybridization may also have facilitated their movement. We present mtDNA sequence 
data from 686 eastern coyotes and measurements of 196 skulls related to their two-front 
colonization pattern. We find evidence for hybridization with Great Lakes wolves only 
along the northern front, which is correlated with larger skull size, increased sexual 
dimorphism and a five times faster colonization rate than the southern front. 
Northeastern haplotype diversity is low, suggesting that this population was founded by 
very few females moving across the Saint Lawrence River. This northern front then 
spread south and west, eventually coming in contact with an expanding front of non-
hybrid coyotes in western New York and Pennsylvania. We suggest that hybridization 
with wolves in Canada introduced adaptive variation that contributed to larger 
size, which in turn allowed eastern coyotes to better hunt deer, allowing a more 
rapid colonization of new areas than coyotes without introgressed wolf genes. 
Thus, hybridization is a conduit by which genetic variation from an extirpated 
species has been reintroduced into northeastern USA, enabling northeastern 
coyotes to occupy a portion of the niche left vacant by wolves.  

Quote: 

 
 
Figure 1. 
 
Colonization routes of coyotes moving from their historic range in the grasslands of 
western states into eastern deciduous forests (shading shows biomes). Dates are for the 
first coyote records from Ontario (Young & Jackson 1951), New York (Fener et al. 2005), 
Ohio (Weeks et al. 1990) and western Pennsylvania (Williams et al. 1985).  

the intro: 

Quote: 

Dramatic expansions in the distribution of a species without being introduced by humans 
are rare, and are typically explained by habitat change or release from competitors (Sakai 
et al. 2001). The coyote (Canis latrans) evolved as hunter of small prey in the Great 



 

Plains, but has rapidly colonized all of eastern North America in the last 90 years. The 
spread of agriculture and the extinction of wolves (C. lupus sensu lato) in parts of the 
region are thought to have facilitated coyote expansion, but genetic interchange with 
remnant wolf populations may have played a roll. Coyote colonization was fivefold faster 
via the northern route through Ontario, which exposed them to wolf populations, 
compared with the southern route through Ohio, where wolves were extirpated prior to 
coyote expansion (figure 1).  
 
The hybridization of colonizing coyotes with wolves (C. lupus lycaon) in Ontario has been 
demonstrated by recent studies (Leonard & Wayne 2008; Koblmuller et al. 2009; 
Schwartz & Vucetich 2009; Wheeldon & White 2009; Wilson et al. 2009). Mitochondrial 
phylogenies reveal three main lineages within Ontario wolves (grey wolf, Great Lakes wolf 
(GLW) and coyote), suggesting high rates of hybridization in the region. Nuclear loci 
reveal similar patterns, but suggest that the GLW remains a discrete ecotype despite 
hybridization. 
 
Less attention has been paid to the effect of this hybridization on eastern coyotes, which 
are now the largest predator in the region, are abundant in many areas, and are thus 
thought to play important ecological roles. Although northeastern coyotes are clearly 
smaller than wolves, they are larger than western coyotes, and have a unique ecology 
(Lawrence & Bossert 1969; Parker 1995; Kays et al. 2008). Here we examine both 
genetics and morphology from a large sample of coyotes to evaluate the potential 
introgression of adaptive variation through hybridization with wolves  

 

 

 

 

Non-genetic Data Supporting Genetic Evidence for 
the Eastern Wolf  
L. David Mech  
Northeastern Naturalist  
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Abstract 
Two schools of thought dominate the molecular-genetics literature on Canis spp. (wolves) in the western 
Great Lakes region of the US and Canada: (1) they are hybrids between Canis lupus (Gray Wolf) and 
Canis latrans (Coyote), or (2) they are hybrids between the Gray Wolf and Canis lycaon (Eastern Wolf). 
This article presents 3 types of non-genetic evidence that bears on the controversy and concludes that all 
3 support the second interpretation. 

Excerpts from Discussion: 

There are 3 types of non-genetic evidence relevant to the question of whether the Coyote-like 
mtDNA haplotypes in hybridized wolves are those of Coyotes (the Wayne interpretation) or those of the 
Eastern or Red Wolf that putatively evolved with Coyotes (the Wilson interpretation): (1) 
morphological data, (2) reproductive information, and (3) behavior. Some of this evidence has been dis- 
cussed before, but is included here for the sake of completeness. 



 

Phenotypically the Gray Wolf, the putative Eastern Wolf and the Red Wolf, and the Coyote are 
similar, with body and skull sizes decreasing from the Gray Wolf to the Coyote. There seems to be 
agreement that the Eastern Wolf (formerly C. l. lycaon) and the Red Wolf appear intermediate to the 
Gray Wolf and the Coyote (Kolenosky and Standfield 1975, Mech 1970). However, the picture is 
further con- founded by the fact that, in eastern North America, hybridization occurred between western 
Coyotes and the Eastern Wolf (Kays et al. 2009, Kolenosky and Standfield 1975, Kyle et al. 2006, Way 
et al. 2010, Wheeldon et al. 2010, Wilson et al. 2009). 

The crux of distinguishing between the Wayne and Wilson interpretations is determining whether 
Coyotes have ever hybridized with the Gray Wolf or whether they even can (Mech 2010). 
Morphological evidence that would help distinguish whether phenotypic wolves with Coyote-like 
mtDNA are Gray Wolves that have hybridized with Coyotes or with Eastern Wolves would be (1) the 
existence of Canis that generally appeared intermediate between Gray Wolves and Coyotes or that 
generally appeared intermediate between Gray Wolves and Eastern Wolves, or (2) skulls that appear 
similarly intermediate. 

As for the former, Great Lakes (Minnesota, Wisconsin, Michigan) wolves look like Gray Wolves 
both in appearance and size, although females in some areas are up to 12% lighter weight, and males up 
to 15% lighter weight than Gray Wolves (Mech and Paul 2008). Similarly, skulls of 1970–1976 Great 
Lakes wolves are similar to those of the Gray Wolf (Nowak 2009), although a sample taken later 
possess narrower rostra (Mech et al., in press). In both body mass and skull measurements, the Great 
Lakes wolves are more similar to the Gray Wolf than to the Coyote, providing evidence that they have 
resulted not from Gray Wolf x Coyote but rather from Gray Wolf x Eastern Wolf. Furthermore, the only 
animals or skulls that have been recorded that appeared to be a product of mating between Coyote and 
any kind of wolf were those in eastern Canada, which according to the Wilson interpretation would have 
resulted from matings between Coyotes and Eastern Wolves (Kolenosky and Standfield 1975, Sears et 
al. 2003). Not only do these hybrids only occur in eastern Canada and the northeastern US, but their 
sizes and skulls are intermediate between Eastern Wolves and Coyotes, or between Gray Wolves and 
Coyotes (Kolenosky and Standfield 1975:Fig. 5–2). 
…. 

It seems highly relevant that, although hybrids of Eastern Wolves and Coyotes have been recorded 
for years in eastern Canada, no such phenotypic hybrid between Gray Wolves and Coyotes has been 
found west of there. Neither has genetic evidence of Coyotes been found in Gray Wolves from 
Montana, Wyoming, or Manitoba (Carbyn 1982, Paquet 1992, Pilgrim et al. 1998), where no one 
disputes that the wolves are Gray Wolves and have long been sympatric with Coyotes. In Minnesota, 
Wisconsin, and Michigan alone, over 2000 wolves have been examined (Beyer et al. 2009, Mech and 
Paul 2008, Nowak 2009, Wydeven et al. 2009) with no one reporting an apparent Gray Wolf x Coyote 
hybrid. This finding supports the Wilson interpretation. 

The second line of relevant non-genetic evidence that might help distinguish between the Wayne and 
Wilson interpretations would be reproductive experiments. A wolf from eastern Canada (putative 
Eastern Wolf) has successfully bred in captivity with a Coyote (Kolenosky 1971), but no one has 
attempted to mate a Gray Wolf from the West with a Coyote. If such an experimental mating were 
accomplished, it would lend some support to the Wayne interpretation. 

The third type of non-genetic evidence relevant to the Wayne-Wilson difference in interpretation is 
behavioral. If a Gray Wolf mated with a Coyote, there had to be some tolerance between the 2 species. 
Here the record is clear. From Michigan westward, Gray Wolves kill Coyotes (summary by Ballard et 
al. 2003, Berger and Gese 2007), whereas I could find no record of wolves east of Michigan killing 
Coyotes, despite considerable field work there on both species (Table 1). 

In the Great Lakes area, the extant wolf population, considered Gray Wolf x Coyote under the 
Wayne interpretation and Gray Wolf x Eastern Wolf under the Wilson interpretation, does kill Coyotes 
(Table 1), although a few observations of wolves and Coyotes tolerating each other have been made 



 

(Thiel 2006). On balance, however, Great Lakes wolves kill Coyotes as do wolves farther west, a fact 
that makes it unlikely that the 2 species would mate. This is further evidence that the Coyote-like 
mtDNA sequences found in some Great Lakes wolves are not derived from Coyotes, a finding that 
leaves the alternative—that they derive from the Eastern Wolf—more plausible. 

In summary, non-genetic evidence based on morphology, reproduction, and interspecific relations all 
support the contention that Gray Wolf x Coyote hybridization is rare to non-existent from 
approximately Michigan westward. This finding then lends support to the Wilson (2000, 2009) 
hypothesis that the Coyote- like genetics found in wolves of the Great Lakes region represent the 
Eastern Wolf rather than the Coyote. 

[there needs to be an update to the following results, which were based on 
Mech’s second non-genetic evidence above, but while it does represent the 
potential of “western” Gray Wolves and Coyotes to hybridize in captivity, there is 
no evidence that they actually have in the wild, at least not in a way that mirrors 
what Wayne et al. project could have happened in the east where hybrid swarms 
emerged as “gray” wolves were extirpated and phenotypic coyotes somehow 
escaped any detection at the time of European arrival in North America only to 
“re-emerge” east of the prairies some 50 years or more later after “southern” 
wolf-like canids had become exceedingly rare.] 

Production of Hybrids between Western Gray 
Wolves and Western Coyotes  

• L. David Mech, Bruce W. Christensen, Cheryl S. Asa, Margaret Callahan, and Julie K. Young  
 
PLOS One February 2014 | Volume 9 | Issue 2 | e88861 

Abstract 
Using artificial insemination we attempted to produce hybrids between captive, male, western, gray wolves 
(Canis lupus) and female, western coyotes (Canis latrans) to determine whether their gametes would be 
compatible and the coyotes could produce and nurture offspring. The results contribute new information to an 
ongoing controversy over whether the eastern wolf (Canis lycaon) is a valid unique species that could be 
subject to the U. S. Endangered Species Act. Attempts with transcervically deposited wolf semen into nine 
coyotes over two breeding seasons yielded three coyote pregnancies. One coyote ate her pups, another 
produced a resorbed fetus and a dead fetus by C-section, and the third produced seven hybrids, six of which 
survived. These results show that, although it might be unlikely for male western wolves to successfully 
produce offspring with female western coyotes under natural conditions, western-gray-wolf sperm are 
compatible with western-coyote ova and that at least one coyote could produce and nurture hybrid 
offspring. This finding in turn demonstrates that gamete incompatibility would not have prevented 
western, gray wolves from inseminating western coyotes and thus producing hybrids with coyote 
mtDNA, a claim that counters the view that the eastern wolf is a separate species. However, some of the 
difficulties experienced by the other inseminated coyotes tend to temper that finding and suggest that 
more experimentation is needed, including determining the behavioral and physical compatibility of 
western gray wolves copulating with western coyotes. Thus although our study adds new information to 
the controversy, it does not settle it. Further study is needed to determine whether the putative Canis lycaon is 
indeed a unique species. 

Xxxxxxxxxxxxxxxxxxxxxxxxxx 



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Fwd: serious issues with vonHoldt wolf genomics paper
Date: Wednesday, September 27, 2017 2:30:47 PM
Importance: High

I forgot about this...interesting points here as well.

Becky Bartel Harrison, Phd
Supervisory 
Wildlife Biologist
Alligator River & Pea Island National Wildlife Refuges
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
(252) 473-1132 ext. 2 31
rebecca_harrison@fws.gov

----------
Forwarded
message
----------
From:
Benjamin, Pete
<pete_benjamin@fws.gov>
Date:
Wed,
Aug
10,
2016
at
2:26
PM
Subject:
Fwd:
serious
issues
with
vonHoldt
wolf
genomics
paper
To:
Rebecca
Harrison
<rebecca_harrison@fws.gov>,
Michael
Morse
<michael_l_morse@fws.gov>,
Ryan
Nordsven
<ryan_nordsven@fws.gov>,
Shaun
Olson
<shaun_olson@fws.gov>,
Arthur
Beyer
<arthur_beyer@fws.gov>,
Scott
Lanier
<scott_lanier@fws.gov>,
Mike
Bryant
<Mike_Bryant@fws.gov>,
Howard
Phillips
<howard_phillips@fws.gov>

Not sure if you guys have seen this.  We can talk about it tomorrow.  Dr. Sutherland has leveled some
significant charges herein and I'll wager he has given this a wide distribution on his own, so let's not
distribute it ourselves outside the agency so as to avoid any appearance that we are taking sides in this
dispute amongst scientists.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

----------
Forwarded
message
----------
From:
Ron Sutherland
<ron@wildlandsnetwork.org>
Date:
Wed,
Aug
10,
2016
at
12:58
PM
Subject:
serious
issues
with
vonHoldt
wolf
genomics
paper
To:
scienceAdvanceseditorial@aaas.org,
pbenson@aaas.org

Dear
Editors
of
Science Advances,




I
am
writing
you
to
express
serious
concerns
about
the
vonHoldt
et
al.
article
you
recently



published
on
the
topic
of
wild
canid
genomics
in
North
America.
There
seem
to
be
some
major
technical
and
editorial
deficiencies
in
this
new
paper,
significant
enough
to
demand
either
an
immediate
published
correction,
or
even
a
retraction
of
the
paper
altogether
if
it
turns
out
that
correcting
these
deficiencies
would
lead
to
major
changes
in
the
conclusions
of
the
article.




Here
are
the
key
points
for
your
consideration:




1.
The
paper
indicates
that
a
total
of
3
red
wolves
had
their
genomes
sequenced,
one
of
which
apparently
came
from
a
previous
study,
and
two
of
which
were
apparently
newly
sequenced
for
this
study.
However,
Table
1
provides
an
incorrect
citation
#
for
the
origin
of
redwolf1,
"54",
which
in
the
bibliography
of
the
vonHoldt
paper
is
listed
as
a
paper
by
Lunter
and
Goodson
that
has
nothing
specific
to
do
with
canid
genetics.
So
the
origin
and
identity
of
redwolf1
is
completely
unclear.
Note
also
that
the
caption
for
Table
1
indicates
the
table
shows
ancestry
proportions,
but
no
ancestry
proportions
are
actually
shown
in
Table
1.




2.
The
red
wolves
used
in
the
study
are
described
as
having
come
from
the
captive
population,
but
on
the
map
shown
in
Figure
1,
all
three
red
wolves
are
traced
to
eastern
North
Carolina,
an
area
that
is
home
to
the
reintroduced
wild
population
of
red
wolves,
but
not
a
significant
portion
of
the
captive
population.
Looking
in
Table
S1,
which
presents
D
statistic
results
for
various
combinations
of
species,
the
three
red
wolves
are
no
longer
referred
to
as
redwolf1,
2,
and
3,
as
they
are
in
the
text
of
the
article.
Instead,
there
are
only
two
red
wolves
referred
to
in
Table
S1,
"redwolf661"
and
"redwolf762".
According
to
a
university
colleague,
661
and
762
happen
to
correspond
to
studbook
numbers
for
two
members
of
the
wild
population
that
were
captured
(and
then
released)
as
pups
in
the
1990's.
So
those
two
wolves
may
be
wild
and
not
captive?
And
there
is
no
third
red
wolf
shown
in
Table
S1,
even
though
D
statistic
results
are
shown
for
three
red
wolves
in
Figure
S3,
so
presumably
such
calculations
were
completed.
Interestingly,
in
another
portion
of
the
text
(page
7
last
paragraph
before
the
discussion)
the
authors
refer
to
complete
sequenced
genomes
for
only
two
red
wolves,
not
three.





3.
The
authors
indicate
that
two
of
their
canid
genomes
were
obtained
from
Algonquin
Provincial
Park,
an
area
that
they
correctly
indicate
is
thought
to
be
home
to
the
purest
remaining
examples
of
the
hypothetical
eastern
wolf
(Canis lycaon).
However,
this
area
of
Canada
is
also
known
to
have
been
an
active
zone
of
hybridization
between
eastern
wolves
and
coyotes.
vonHoldt
et
al.
do
not
provide
any
metadata
about
their
two
specimens
from
Algonquin
that
would
allow
a
reader
to
judge
the
likelihood
that
the
genomes
they
sequenced
came
from
a
coyote,
a
recent
hybrid,
or
a
relatively
pure
eastern
wolf.
Linda
Rutledge,
an
expert
on
eastern
wolves
and
a
postdoc
in
vonHoldt's
own
laboratory,
was
quoted
in
the
New
York
Times
article
about
vonHoldt's
new
study
as
indicating
that
the
specimens
were
taken
from
the
park
at
a
time
when
hybridization
was
even
more
of
a
problem
than
it
is
now.
Given
the
lack
of
data
to
the
contrary,
it
seems
reasonable
to
speculate
that
the
Algonquin
specimens
used
by
vonHoldt
may
have
been
recent
wolf-coyote
hybrids,
which
would
undermine
almost
all
of
the
authors'
points
about
putative
ancestry
for
eastern
wolves.
It
is
also
worth
noting
that



vonHoldt
et
al.
(2011)
were
criticized
by
Rutledge
et
al.
(2012
-
Biological
Conservation
155:186-192)
for
making
the
exact
same
error
(failing
to
report
the
origins
of
their
Algonquin
specimens),
so
it
is
surprising
they
were
allowed
to
repeat
their
mistake
here
in
their
new
article.




4.
The
authors
of
the
paper
mention
several
times
that
their
Alabama
coyote's
DNA
showed
no
signs
of
excessive
red
wolf
ancestry.
However,
the
authors
apparently
forgot
to
include
the
relevant
D
statistic
results
in
their
Table
S1,
which
they
refer
to
when
claiming
a
lack
of
red
wolf
ancestry
for
this
specimen.
Based
on
the
information
in
the
article,
the
appropriate
D
statistic
test
of
red
wolf
ancestry
would
apparently
include
one
of
the
three
red
wolves
in
the
P3
introgressor
position,
and
the
Alabama
coyote
in
the
P2
or
P1
positions.
These
tests
should
have
been
included
in
worksheet
C
of
Table
S1,
according
to
the
legend
for
Table
S1,
which
is
contained
in
the
supplemental
materials
pdf.













This
is
significant
to
the
paper's
conjectures
as
they
proceed
to
use
the
Alabama
coyote
as
a
reference
genome
for
determining
admixture
rates
in
other
canid
populations,
even
though
at
face
value
the
Alabama
locality
for
this
animal
strongly
implies
a
potential
hybrid
origin.
Alabama
is
inside
the
undisputed
former
range
of
the
red
wolf,
and
outside
of
the
known
historic
range
of
the
coyote.
Any
coyote
traveling
on
its
own
to
Alabama
from
Texas
or
other
points
west
would
have
likely
crossed
through
an
area
in
eastern
Texas
that
was
known
to
be
a
hotspot
for
hybridizing
canids,
and
which
according
to
Mech
and
Nowak
(2010
-
Southeastern
Naturalist
9:587-594)
continues
to
contain
canids
that
display
signs
of
red
wolf
ancestry.













Furthermore,
it
is
worth
noting
that
the
legend
for
Table
S1
assertively
refers
to
the
red
wolf
and
eastern
wolf
specimens
as
"hybrids",
and
then
makes
the
unsupported
claim
that
D
statistic
tests
with
red
wolves
or
eastern
wolves
in
the
P3
position
are
"not
useful
for
assessment
of
introgression."
Such
a
statement
would
only
be
true
if
one
assumes
with
a
priori
certainty
that
red
wolves
and
eastern
wolves
are
hybrids
of
gray
wolves
and
coyotes.




5.
The
authors
present
two
tables,
Table
4
in
the
paper
and
Table
S4
in
the
supplemental
results,
that
appear
to
describe
the
same
information
(%
novel
alleles)
but
which
report
completely
different
sets
of
numbers.
For
example,
the
non-down-sampled
result
for
redwolf1
is
listed
as
8.78%
in
Table
4,
but
11.78%
in
Table
S4.
In
the
methods
section
of
the
paper
(page
11,
last
paragraph)
no
clear
distinction
is
offered
indicating
any
key
differences
between
the
two
tables,
though
one
may
infer
from
the
captions
that
Table
4
shows
novelty
with
respect
to
(wolves
+
coyotes)
and
Table
S4
shows
novelty
with
respect
to
wolves
only.
Since
the
authors
in
part
rely
on
what
they
claim
is
a
lack
of
unique
alleles
to
make
their
assessment
that
red
wolves
and
eastern
wolves
must
be
hybrids,
it
is
fairly
significant
for
readers
to
be
able
to
understand
what
their
%
novel
allele
data
actually
refer
to.













Also,
it
is
worth
noting
that
vonHoldt
et
al.
do
not
actually
provide
a
numerical
criteria
for
uniqueness
in
their
description
of
their
results
of
this
test.
Instead
they
simply
present
their
opinion
that
the
novelty
results
they
observed
were
too
low
to
support
a
unique
species
origin,
without
offering
references
or
data
to
support
this
conjecture
(page
7):
"If
we
assumed
that
the
red
and
eastern
wolves
were
distinct
species
that
hybridized
with
gray
wolves
and
coyotes
with
proportions
estimated
as
in
Table
3,
then
the
expectation
is
that
they
would
have
more
novel
alleles
than
actually
observed."
Such
an
opinion
statement
seems
out
of
place
in
the



results
section
of
this
paper,
and
even
in
the
discussion
section
it
should
have
included
some
sort
of
references
to
other
published
studies
of
genomic
uniqueness
with
respect
to
taxonomic
designations
and
species
origins.





6.
The
D
statistic
tests
used
by
the
authors
have
been
most
famously
used
to
derive
Neandertal
ancestry
proportions
for
modern
human
populations
(Green
et
al.,
reference
30
in
vonHoldt
et
al.'s
paper).
However,
it
should
be
noted
that
other
authors
(e.g.
Lowery
et
al.
(2013)
Gene
530:83-94)
have
refuted
the
claim
that
the
D
statistic
is
an
unambiguous
test
of
admixture,
and
instead
argue
that
the
same
results
could
be
obtained
in
a
situation
of
structured
patterns
of
common
ancestry.
As
noted
by
Rutledge
et
al.
(2012),
vonHoldt
et
al.
(2011)
essentially
fail
to
even
allow
for
the
possibility
that
common
ancestry
could
explain
the
higher
statistical
affiliations
they
observed
between
genes
of
coyotes,
red
wolves,
and
eastern
wolves.
A
major
critique
of
both
the
new
work
by
vonHoldt
et
al.
(2016)
and
their
previous
work
in
2011,
is
therefore
that
both
papers
imply
certainty
about
hybrid
origins
for
red
wolves
and
eastern
wolves,
without
actually
proving
that
the
data
they
report
could
not
also
be
explained
by
a
pattern
of
common
ancestry
for
coyotes
and
these
two
hypothetical
wolf
species.




To
conclude,
it
seems
that
vonHoldt
et
al.
(2016)
have
used
poorly
described
and
possibly
even
misrepresented
canid
DNA
specimens
in
a
set
of
tests
that
may
not
be
able
to
distinguish
between
admixture
and
common
ancestry
anyway,
and
yet
have
arrived
with
what
appears
to
be
great
certainty
at
their
result
that
red
wolves
and
eastern
wolves
must
be
hybrids.
This
would
be
a
serious
concern
regardless
of
the
situation,
but
in
this
case
these
concerns
are
amplified
by
the
fact
that
vonHoldt
et
al.'s
new
research
received
(and
continues
to
receive)
a
truly
remarkable
degree
of
uncritical
coverage
in
the
national
news
media.




Also
highly
significant
is
the
fact
that
the
US
Fish
and
Wildlife
Service
is
officially
reviewing
the
red
wolf
program,
with
a
decision
about
the
future
of
the
wild
red
wolf
population
in
North
Carolina
expected
to
be
announced
by
Director
Dan
Ashe
in
September
of
this
year.
It
is
therefore
both
extremely
important
and
extremely
urgent
that
Science Advances
either
corrects
or
retracts
this
paper,
and
that
you
promptly
notify
both
the
national
media
outlets
that
wrote
about
the
article
and
the
US
Fish
and
Wildlife
Service
Director's
Office
about
your
corrective
actions.




Thank
you
for
your
consideration,




Ron
Sutherland,
Ph.D.

Conservation
Scientist

Wildlands
Network

ron@wildlandsnetwork.org





From: Weller, Emily
To: Eversen, Michelle; Benjamin, Pete
Subject: Fwd: Taxonomy meeting exec. summary and attachments
Date: Wednesday, December 6, 2017 9:14:34 AM
Attachments: 2017 08 29_Valentas Summary Table_RW literature and excerpts related to listability.xlsx

20170830_RedWolfTaxonomyMeeting.docx
Importance: High

FYI. I don't agree with some of the statements here; particularly those regarding the vonHoldt paper and
some of the attendees' concern with the heavy/sole reliance on the vonHoldt paper.

---------- Forwarded message ----------
From: Valenta, Aaron <aaron_valenta@fws.gov>
Date: Wed, Nov 1, 2017 at 12:50 PM
Subject: Taxonomy meeting exec. summary and attachments
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Emily,

Here's my final document that would nest with what you are finalizing.  I also have appendices
as:

A- PrOACT process and meeting outline
B-What is a species presentation
C- Incorporating uncertainty presentation
D- Evidence considerations
E- Meeting notes- coarse transcript  (and would likely include what you are finalizing)
F- Third round voting
G- Read ahead materials

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090



337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



Date Author Title

2016 Bohling, Justin Describing a developing hybrid zone between red wolves and 
coyotes in eastern North Carolina, USA

1999 Bowen, Brian In War, Truth is the First Casualty

2016 Brzeski, Kristen Mitochondrial DNA Variation in Southeastern Pre-Columbian 
Canida

Summary of pa     



2012 Chambers, Steven An account of the Taxonomy of North American Wolves From 
Morphological and Gentic Analyses



1979 Ferrell, Robert Biochemical Markers in a Species Endangerment by 
Introgression:  The Red Wolf

2015 Gese, Eric Managing hybridization of a recovering endangered species; 
The red wolf canis rufus as a case study

2014 Hinton, Joseph Morphometrics of Canis taxa in eastern North Carolina

2016 Hohenlohe, Paul

2016 Kershenbau, Arik Disentangling candid howls across multiple species and 
subspecies: Structure in a complex communication channel



2014 Mech, David Production of Hybrids between Western Gray Wolves and 
Western Coyotes

2011 Mech, David Non-Genetic Data Supporting Genetic Evidence for the Eastern 
Wolf

2016 Morell, Virginia How do you save a wolf that's not really a wolf?

2015 Murray, Dennis The Challenges of Red Wolf Conservation and the Fate of an 
Endangered Species Program

2013 Wayne, Robert Response to Nowak and Federoff and Gardener 



2002 Nowak, Ronald The Orignal Status of Wolves in Eastern North America

1995 Nowak, Ron Hybridization:  the Double-edged Threat

Nowak, Ronald Another Look at Wolf Taxonomy

1998 Nowak, R.M. Validity of the Red Wolf:  Response to Roy et al.



1972 Riley, Glynn A survey of the Red Wolf

2017 Roy, Michael Molecular Genetics of Pre-1940 Red Wolves



1994 Roy, Michael Patterns of Differentiation and Hybridization in North America 
Wolflike Canids, Revealed by Analysis of Microsatellite Loci

2009 Rutledge, Linda Genetic and morphometric analysis of sixteenth century Canis 
skull fragments:  implications for historic eastern and gray wolf 
distribution in North America



2016 vonHoldt, Bridgett Whole-genome sequence analysis shows that two endemic 
speceis of North Americal wolf are admistures of the coyote 
and gray wolf

2011 vonHoldt, Bridgett A genome-wide prespective on the evolutionary history of 
enigmatic wolf-like canids

2016 Way, Jonathan Northeastern coyote/coywolf taxonomy and admixture:  A 
meta-analysis

1991 Wayne, R.K. Mitochondrial DNA analysis implying extensive hybridization of 
the endangered red wolf Canis rufus



2012 Wilson, Paul Y-Chromosome evidence supports widespread signatures of 
three-species canis hybridization in eastern North America
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Excerpts

No red wolves were found outside the RWEPA, yet half of individuals found within this area were coyotes.  
Hybrids composed only 4% of individuals within this landscape.

There are few examples where wild populations are actively manipulated to manage against the threats 
posed by inter-specific hybridization, and even fewer were this management has successfully limited 
introgression.
Some genetic data suggest the red wolf is not a monophyletic taxon and potentially the product of 
hybridization between coyotes and gray wolves
However, it is clear based on our Bayesian analysis that there are two distinct genetic groups in this region, 
none of which corresponds to the red wolf population .
Given that coyotes are found throughout the RWEPA, if the species were randomly mating we would expect 
a higher proportion of hybrids than we observed.
If red wolves display assortative mating with respect to coyotes, it adds a novel perspective to the issue 
concerning the versatility of its designation as a species.
Despite heavy colonization by coyotes, hybridization is still infrequent, emphasizing the role of natural 
processes in limited introgression.
…our results disprove the common perception that red wolves have been consumed by a genetic swarm and 
no longer exist as a distinct genetic identity in North Carolina.
The relationship between conservation and taxonomy must be unidirectional; conservation strategies should 
be influenced by taxonomy, non taxonomy cannot be influenced by conservation priorities.
Under these pragmatic guidelines, species are isolated gene pools for which a preponderance of characters 
are concordant in demonstrating divergence.
…suggesting that the canid inhabiting southeastern North America prior to human colonization from Europe 
were either coyotes, which would vastly expand historic coyote distribution, and ancient coyote-wolf hybrid, 
or a North American evolved red wolf lineage relate to coyotes.
Red wolves may have evolved as a distinct lineage in North America from a coyote-like ancestor.
…possibly appearing only within the last 430 years, i.e. since the European invasion of North America.
…if red wolves are the result of coyote-gray wolf hybridization within the last 500 years, gray wolves and 
coyotes would have needed to have inhabitated some portion of the southeastern United States during the 
pre-Columbian period.
Current interpretations of the archaeological records suggest that coyotes were absent from the 
southeastern United States between 10,000 and 100 years ago.  However, there are records of coyotes as far 
east as West Virginia from over 10,000 ago.
…wolf-like canid in the archaeological record around 10,000 years ago in the southeast may have contributed 
to the exclusion of smaller coyotes from the southeastern Unites States.  
…it would also suggest coyote-red wolf hybridization has been a continuous and likely dynamic process up to 
the present day.
…our historic samples cold represent red wolves, a lineage that may be closely related to coyotes.

   ed by Aaron Valenta



Incomplete lineage sorting may explain why mtDNA haplotypes from ancient red wolves cluster with coyote 
mtDNA haplotypes, and not closely with extant red wolves.
…it is possible that our data indicates a relatively recent divergence between red wolf and coyote rather than 
hybridization.
Based on our results, red wolves may represent an evolutationary unit of conservation value, either as an 
ancient hybrid or as a unique lineage. 
This data suggest that a contemporary hybrid event was not the origin of red wolves.
…if red wolves have an ancient hybrid origin, it would not preclude the species from protection, and 
furthermore, it emphasizes the dynamic nature of canid evolution.
…any plans to remove protection for red wolves would be premature.  
The recent scientific proposal that the eastern wolf… Is not a subspecies of gray wolf, but a full species.. Is 
well supported by both morphological and genetic data.
Genetic data support a close relationship between eastern wolf and red wolf (Canis rufus), but do not 
support the proposal that they are the same species; it is more likely that they evolved independently from 
different lineages of a common ancestor with coyotes.  
The two most recent comprehensive taxonomic review based on morphology both recognize 2 species…gray 
wolf and …red wolf, but differ in that they recognize as many as 27…or as few as 8 subspecies for the 2 
species collectively.
North American Canis comprises two major lineages or clades:  one including most gray wolves, and the 
other including eastern wolf…red wolf, and coyote.
Extirpation, limited geographic sources for genetic data, and uncertainties about historical distribution do no 
permit a meaningful assessment of reproducting relations between eastern wolf and red wolf.
If absolute isolation were required for species recognition, all North American Canus (wolves and coyotes) 
would be considered one species, because all component taxa are linked by evidence of interbreeding…

In evaluating the significance of such admixture to species limits, it is the reproduction stage of hybrid 
individual that is important in determining whether introgression is occurring to the extent that the formerly 
separate gene pools and species are merging or persisting.  
There is general agreement only that coyote is a separate species, and that dogs are derived from C. lupus.

…found this same data compatible with a model of the red wolf and coyote as sister species that diverged 
much more recently than their separation from the gray wolf lineage.
…red wolf was thought to have originate from hybridation between western gray wolves and coyotes, with 
ancestry being primarily coyote.
The selected founder of the captive population were found to have the same haplotype as two coyotes from 
Louisiana.
Founder effects and genetic drift have likely affected the genetic composition of the captive populations, 
which, as a result, are not likely to reflect historical diversity.  
This data consistently portray a pattern indicating that coyote, eastern wolf, and red wolf are related, but 
with the red wolf and eastern wolf as outliers.
A PCA places the red wolf in a discrete cluster near the coyote, although the genetic bottleneck associated 
with the founding of the captive red wolf popualtion has very likely contributed to this discreteness.

Red wolf mtDNA also constitutes a divergent lineage within the greater coyote clade.  
As a result, the Y-chromosome genetics of contemporary red wolves reflect past introgression from dogs and 
coyotes.  



A compromise approach would be to recognize  C. lycaon and C. rufus as subspecies within the same species. 

…the assertion of Paradiso and Nowak that the red wolf is a separate species and not a local form of C. lupus 
is convincing.
In Texas and Louisiana the threat to the red wolf came not just from replacment of the native population by 
the coyote, as the habitat of the red wolf was disrupted, but also by hybridization between these two 
species.
One of the problems encountered in attempts to save the red wolf has been the absence of definitive 
morphological or behavioral traits to distinguish pure C. rufus from its interspecific hybrids with other Canis 
species. 
…Von Holdt et al rejected the hypothesis that red wolves were part of a third species group of North 
American canids and concluded tere were only two main groups of canids in North America (coyotes and 
gray wolves), and red rolves and eastern wolves have hybrid origin.
In theory, creating a functional red wolf population occupying the entire Albemarle Peninsula would 
ultimately saturate the landscae and naturally exclude immigrating coyotes.
As the years progressed, the gentic classification of animals that were removed changed, with red wolf 
caputres declining and numbers of hybrids and coyotes removed increasing dramatically. 
The ratio of hybrid to red wolf litters averaged 21% and peaked at 55% in 2006.  
We  also documented more red wolf litters than hybrid litters, but the ratio of hybrid litters to red wolf litters 
did not decline over time indicating hybridization is an ongoing challenge.  
…there is little evidence red wolves naturally control the coyote population through strife, which is a core 
predication derived from the competitive exclusion hypythesis.
Our results suggest that red wolves represent a unique Canis phenotype in the southeastern United States. 

Our results show that body-size measurements of red wolves and coyotes are distinct from one another. 
…examination of our data indicates that F1 and F2 hybrids are incapable of reaching body sizes of adult red 
wolves.  This suggests that the red wolf represents a unique Canis phenotype in the southeastern United 
States.
However, we strongly disagree with their conclusion that red wolves and eastern wolves are of recent hybrid 
origin, and we conclude that their analysis does not actually test the hypothesis of a recent hybrid origin.

…substantial evidence still supports the conclusion that red and eastern wolves represent genetically distinct 
taxa among North American canids.
here, red wolves exhibit the greatest differentation from the other groups, which the authors attribute to 
recent genetic drift in the captive population, but this is also consistent with their being a distinct 
evolutionary lineage.
Divergence time from coyotes (using the California sample) was estimated to be 55,000 and 117,000 years 
ago, and approximately 40,000 if no subsequent gene flow from coyotes is allowed in the model.
All of these estimates indicate that red wolves have experienced significant evolution as a distinct taxon, and 
that if they are of hybrid origin, these data are consistent with a relatively old (Pleistocene) age for that 
admixture event.
Nonetheless, the observed proportion of unique alleles reveal a higher degree of evolutionary distinctiveness 
in red and eastern wolves relative to other NA canids, which is inconsistent  with the hypothesis of recent 
hybrid origin for these taxa.



None showed gray wolf mtDNA and estimates were that mtDNA sequences form both the eastern wolf and 
red wolf diverged 150,000-300,000 years ago from coyotes as compared to a divergence from the gray wolf 
of around 2 million years 
Here the record is clear.  From Michigan westward, Gray Wolves kill Coyotes, whereas I could find no record 
of wolves east of Michigan killing Coyotes, despite considerable field work there on both species.
Great Lakes wolves kill Coyotes as do wolves farther west, a fact that makes it unlikely that the 2 species 
would mate.  This if further evidence that the Coyote-like mtDNA sequences found in some Great Lakes 
wolves are not derived from Coyotes, a finding that leaves the alternative-that they derive from the Eastern 
Wolf more plausible.
In summary, non-genetic evidence based on morphology, reproduction, and interspecific relations all 
support the contention that Gray Wolves x coyotes hybridization is rare to non-existent from approximately 
Michigan westward.  
Furthermore, the endangered red and eastern wolves are not unique lineages with distince evolutionary 
histories, but relatively recent hybrids of gray wolves and coyotes…
…but reintroducing the animals has proven difficult, because they readily mate with coyotes.
Other researchers have suspected, however, that both "species" are, in fact, wolf-coyote hybrids that arose 
after the grays were hunted almost to extinction. 
The team concludes that neither the red nor the eastern wolf is a species.
There's nothing in their genome that is not gray wolf or coyote.
Wolf biologist and others have been waiting for this sort of definitive analysis for years. 
…population recovery has been challenged by hybridization with closely related coyotes (C. latrans) and 
illegal human-caused mortality
Indeed, while the primary authority on mammalian taxonomy consider red wolf as conspecific with gray 
wolf, the International Union for the Conservation of Nature (IUCN) provisionally recognizes red wolves as a 
distinct species having critically endangered status.  
Thus, despite significant and commendable effort through the RWAMP, we do not fully agree with calls for 
more research on fundamental questions to help improve red wolf recovery success in the present recovery 
area.
Recent philosophical shifts in conservation biology prompted important dialogue redefining endangered 
species recovery in light of achievable goals that: …reflect that some contemporary landscapes are colonized 
most appropriately by replacement species serving as surrogates for parental species. 
We disagree strongly with the statement by Nowak and Federoff that "If the red wolf did not exist, we would 
have to invent it."
The origin of the red wolf in the early Pleistocene (Nowak 1979) alone predicts that it should have unique, 
"diagnosable" molecular marker, as do species such as the coyote and the gray wolf that appeared at about 
the same time.  The red wolf has no diagnosable mitrochondrial or microsatellite markers (altough even the 
Mexican Gray wolf subspecies does); instead it has characteristics otherwise found in gray wolves or coyotes 
consistent witha hybrid origin.  Therefore, we stand by our dichotomy presented in our paper.

Our presumption was that if Nowak has used pre-1930 red wolves as represeenting phenotypically 
unmodified samples, we would stand a much greater chance of finding unique genetic markers in samples 
from approximately the same time period.  We found none; genetically, the historic and recent red wolves 
were extrement similar, suggesting that they were derived from a common gene pool.
Our results show that wolves from throughout this region were highly modified by hybridiztion with coyotes 
and gray wolves.  Historic population of east coast red wolves may have had unique genetic markers or may 
simply have been gray wolf-coyote hybrids or a southern population of gray wolves. 



Nowak and Federoff chritize our reference to the red wolf subspecies as extince.  This again is a semantic 
issue.  The genetic evidence indicates that the founder so the cpative red wolf population have no diagnostic 
markers that migh be extpected of a distinct subspecies, such as the Mexican gray wolf, and were highly 
modified by the acknowleded hybridiztiaon with coyotes.
Conseuenetly, the red wolf subspecies in an unadulterated form does not exist.  
…the captive population represents the only living repository of genes from this now extinct subspecies and 
may merit conservation as such.
We maintain that historical records and Nowak's deduction of range limits and movement are dubious.
East coast red wolves that are considered distince may merely be a population of small gray wolves that 
hybridized less with the expanding wave of coyotes.
As argued previoulsy, the proponents of the theory of the red wolf as a species need to find diagnosable 
traits unique to red wolves, whether on the east coast or elsewhere.
…no new discrete character data have appeared.  In fact, the USFWS funded the additional genetic analysis 
of red wolves in the hope that we would find new diagnosable characters.
three long-recognized red wolf supbspecies appear valid:  …and C.r. rufus…
Although not conclusive,  this evidence supports the view that C. Rufus has continuously occupied the east 
since the terminal Pleistocene and that it is the only species of wild Canis that was present in most of the 
region.
The hybridization process signaled the end of that species, not its beginning.
My own research indiates that the near disappearance of the red wolf was indeed caused in large part by 
interbreeding with coyote.
Examination of fossil and moder skulls indicates that C.rufus has existed in southeastern North America, in 
much the same form as now, for at least 700,000 years.
Hybridization between C. rufus and C. latrans began about 100 years ago in central Texas and subsequently 
spread through much of the former range of the red wolf.
Since mitochondrial DNA analysis has revealed little basis for taxonomic division of wolf population on most 
of North America, they have argued that it would be unlikely for a separate species to exist in the SE.  

…evidence is presented that C. rufus is a primitive, distinctive kind of wolf, not a hybrid, and that 
interbreeding of C. lupus and C. latrans, if it has occurred at all in the western Great Lakes region, as resulted 
in no lasting henotypic efects. 
(Nowak 1979) indicated were not affected by hybridization with C. latrans…shows that the red wolf and 
coyote were sympatric, but completely distinguishable from one another, no intermediate specimens are 
known.
My study supports recognition of the red wolf as a valid taxon and has provided further evidence agains the 
idea that it originated as a hybrid of C. lupus and C. latrans.  If the latter view were correct, we would expect 
the red wolf to blend morphologically into its parental species, and the striking statisticle break that actually 
separates C. rufus from the adjacent populations of C. lupus would not be possible.  
Nevertheless, to accept this process of hybridization and the consequent decline of the red wolf within the 
last century is very different from accepting that the red wolf had a hybrid origin hundreds or thousands of 
years ago.
…all available early morphological material from east of the Mississippi consistently demonstrates the 
presence of a small wolf, with no coyote influence.
…to suggest that such a process took place in a region where neigher species was known to have been 
present, while at the same time hybridization never developed anywhere in western North America, where 
both species occurred together in abundance for many thousand of years.  



…we do know that coyotes any hybrids are found along the periphery of the remaining range of Canis rufus 
and apparently are progressively invading the remaining range.
In contrast to this ancient origin-recent introgression hypothesis, molecular data are more consistent with an 
origin through hybridization brtween gray wolves and coyotes.
Our results are inconsistent with an ancient origin of the red wolf and support the hybridiztion model.
A phylogenetic analysis suggested that pre-1940 and recent red wolf populations had genotypes 
phylogenetically grouped with coyotes and gray wolves rather than forming a separate clade with unique or 
diagnosable sequential substitutions.  
The morphological data, altough suggesting the red wolf is distinct from gray wolves and coyotes, is circular 
with regard to an ancient origin because gray wolf/coyote hybrids are expected to be phenotypically disctinct 
from their parental species.  In Fact, known and suspected gray wolf/coyote hybrids are similar in cranial 
measurement to red wolves.
…we predict that if red wolves were a long distinct species, analysis of DNA from museum skins should reveal 
phylogentically distinct genotypes that are ancestral to those of gray wolves and coyotes.
If the ancient origin-recent introgression hypothesis is valid, then we should observe that compared with the 
captive red wolf popoulation, pre-1940 red wolves should have a greater proportion of diagnostic alleles and 
should be more genetically differientated from coyotes.
Maximum parsimony analysis suggests red wolf, gray wolf, and coyote genotypes define two distinct clades.  
One clade contains gray and red wolf genotypes, and the other red wolf and coyote genotypes..
No subset of red wolf genotypes from a distinct monophyletic clade as a sister group to gray wolves and 
coyotes.  Consequently , the mtDNA sequential analysis does not support the hypothesis that the red wolf 
had an ancient origin and was ancestral to gray wolves and coyotes.
The fact that 8 of 11 red wolf pre-1940 samples are grouped with genotypes of coyotes supports the 
previous results that hybridization between these two species was extensive prior to 1940.
The occurrence of high levels of variability in recent and pre-1940 red wolves was surprising considering that 
species had declined to a point of extinction in the wild and the captive population was founded from a 
sample of only 14 individuals.
The multi-dimensional scaling analysis indicates that in general captive and pre-1940 red wolves have allele 
frequencies intermediate between gray wolves and coyotes and are most similar to populations of coyotes 
and hybridizing gray wolves. 
Nei's distance between captive red wolves and coyotes is larger than that between pre-1940 red wolves and 
coyotes, contradicting the predictions of the ancient orignal-recent introgression hypothesis.
Pre-1940 red wolves have few unique alleles in comparison with gray wolves and coyotes.
Therefore, we conclude that, because the pre-1940 population of red wolves has only three unique alleles 
when compared separately with gray wolves and coyotes, it has fewer than expected if it was a species 
having an ancient origin before gray wolves and coyotes.
Moveover, it has no unique alleles when compared with both species pools, consistent with an origin by 
hybridization between two species. 
Our results support the original finding that hybridization was extensive prior to 1940 and that no 
phylogenetically distinct clade of red wolf genotypes can be defined.  
Similarly, the microsattellite analysis of the pre-1940 red wolf population shows that nearly all alleles are 
shares with coyotes and that the two species have similar allelle frequencies.
…the absence of unique genetic marker sin pre-1940 red wolf populations is not consistent with an ancient 
origin hypothesis.  Gray wolves, coyotes, and golden jackals have 17-27% unique alleles when compared with 
other wolf-like canids.  In contract, all micrisatellite alleles of captive red wolves are also found in coyotes..



No pre-1940 red wolf allel is unique when compared with the combined sample of gray wolves and coyotes.

…the Mexican gray wolf has a unique mtDNA genotype not found in other North American gray wolves.  
…unique molecular markers are present in captive Mexican wolves despite a founding size of only about 8 
individuals and past sever population reductions in the wild.
In fact, the red wolf is less distinct than an established supbsecies of gray wolf, the Mexican wolf.
(red wolf)…we believe its genetic composition is more consistent with an origin due to extensive 
hybridization between the gray wolves and coyotes during European colonization or earlier.  
More recently, as gray wolves vanished from the southern United States altogether, the red wolf, then 
composed of various intergrades of wolf and coyote genes, could only backcross to coyotes and allele 
requencies between the two species became more similar.
However, one of the important conclusions from our analysis is that the sample of canids used to establish 
the red wolf program accurately represents the composition of the pre-1940 wold population.  Therefore, 
captive bred animals are the fruitful genetic representation of animals tha once lived in the wild and can 
justifiably be used as a source for reintroduction.
mtDNA analysis of wolves and coyotes throughout North America has shown that they have hybridized in 
Minnesota and southeastern Canada, areas where coyotes have recently increased in abundance nad where 
gray wolf numbers have declined.
In fact, previouls mtDNA analysis has found that no population of red wolf, extant or historic, contains 
phylogenetically distince mtDNA genotypes. Instead, all have genotypes similar or identical to those in gray 
wolves or coyotes.
Red wolves have not unique alleles when compared to coyotes.
The probability of drawing no unique allels from 14 individuals of any population of wolf or coyote compared 
with other species is , 7.7 X 10 -5, since it not one of 13,000 simulations did we find zero unique alleles.

The actual number of unique allels in red wolves compared with coyotes and gray wolves is zero and four 
unique allels, respectively. 
These results indicate that the red wolf hybridized with gray wolves and coyotes, two species with which 
they shared parts of their geographic range in historic times.
It is conceivable that red wolves may represent a phenotype resulting from a several-hundred-year period of 
hybridization between coyotes and wolves in the south central United States, which began with habitat 
changes associate with the arrival of settlers circa 1700.
The results of our microsatellite analysis are consistent with the red wolf's historic origin  being due to 
hybridization between coyotes and gray wolves, followed by more recent and extensive hybridization with 
coyotes alone as gray wolves became rare.
Monte Carlo simulations….indicated that if red wolf were a species as distinct as coyotes and gray wolves, 
then unique allels should have been found in them, even considering the small founding size of the captive 
red-wolf population.
Consequently, we interpreted the microsatellite date as providing support for a hybrid origin of red wolves in 
historic times, an origin followed by a more recent extensive introgression of coyote allels into red-wolf 
populations as gray wolves became extinct in the southcentral United States.
Our analysis of microsatellite date support the hypothesis that the intermediate phenotype of the red wolf is 
derived from historic hybridization between gray wolves and coyotes.



We use whole-genome sequence data to demonstrate a lack of unique ancestry in eastern and red wolves 
that would not be expected if they represented long divergent North American lineages.

genomes…from red wolves from captive breeding colony reveals little unique ancestry and instead 
demonstrates a distince geographic pattern of admixture between gray wolves and coyotes.
We found that all North American wolves and coyotes have significant amounts of coyote ancestry.
…our models assume that red and eastern wolves have a phylogenetically distinct origin followed by 
admixture.
…then the expectation is that they would have more novel allels than actually observed.  The fact that they 
do not provided additional support for our claim that these groups are recent gray wolf-coyote hybrid 
populations.  
…and a relatively recent origin of the former two species.  These results contradict claims that red wolves 
and wolves of the Great Lakes region have ancestry from native North American wolves that share common 
ancestry with coyotes more than 250K.
We found that coyote-derived ancestry is highest in individuals identified as red wolves from the the 
southeastern United States…
Consistent with the above results, Great Lakes region wolves and red wolves are admixed populations 
composed of various proportion of gray wolf and coyote ancestry.
We find little evidence of distinct genomic elements in either red Great Lakes region wolves that would 
support separate evolutionary lineages.
The mexican wolf is the most distinct North American gray wolf, and the California coyote is the most distinct 
coyote sequence in our data set.
These suggestions follow the "ecological authenticity" concept, in which admixed individuals that have an 
ecological function similar to that of the native endangered taxon, and that maintain a portion of the 
endangered genetic ancestry, warrant protection.
…as a consequence of the extirpatation of gray wolves in the Amerincan Southeastern, the reintroducted 
population of red wolves in eastern North Carolina is doomed to genetic swamping by coyotes without 
extensive management of hybrids.
…the absence of the ancestral population of gray wolves that once existed in the American South means that 
the historical gene pool cannot be readily reconstructed by conservation actions.
We find that these enigmatic canids are highly admixed varieties derieved from gray wolves and coyotes 
respectively.
…the red and Great Lakes wolves show consistent signals of admixture with coyotes.
…Mexican wolves appear as the most genetically distinct group, collaborating the hypothesis that this 
subspecies is a remnant of an ancient invasion from Eurasia and of conservation importance.
…red wolves appar to have an admixed ancestry with ~75%-80% of their genome attributed to coyotes and 
the remainder to gray wolves.
These results support the hypothesis that red wolves are closely related to coyotes, but somewhat divergent 
from them due to a history of limited admixture with gray wolves.
As in red wolves, our results suges that historic admixture between gray wolves and coyotes began as log as 
250-300 yr ago, coincident with the decline and extirpation of the gray wolf in the Midwestern and Southern 
US.
…we show that the red and Great Lakes wolves have a distinct but admixed evolutionary history.
It is important for managers to acknowledge that this animal was produced through cladogamy ~100 years 
ago, but there is now minimal recent admixture throughout most of its northeastern range.
Thus, red wolf genotypes are classified with those of either the coyote or gray wolf.



The management policy of the U.S. Fish and Wildlife Service does not grant protection to hybrids.  
Nevertheless, protection of red wolves should be continued.
Both species have been identified as smaller wolves that readily hybridize with coyotes.

Intron-3 was observed in western coyotes and captive red wolves and was associated with the allel range 
identified as a coyote lineage.
However, the extent of hybridization among Canis species is so prevalent in eastern North America that 
essentially all eastern populations of wolves and coyotes surveyed show evidence of mtDNA and Y-
chromosome introgression.
…standard nomenclature is difficult to apply to the classification, conservation, and management of wolves 
and coyotes in eastern North America.  We encourage managers and policy makers to consider the 
evolutionary potential of these hybrid genomes because they may support the adaptability necessary to refill 
the ecological role once occupied by the purer wolf species that existed prior to European colonization.



Red Wolf Taxonomy Meeting 
Southeast Region Office 

August 30 - September 1, 2018 
 
 
Introduction:  Ecological Services, Southeast Regional Office has been tasked with, 
“developing a recommendation whether or not red wolf is a species or subspecies as defined in 
the ESA to inform the Service if it’s a listable entity considering the relevant policy, best 
available information, and given irreducible scientific uncertainty.”  Leo Miranda, Assistant 
Regional Director, Ecological Service, asked that Bill Uihlein, Assistant Regional Director, 
Science Applications, and Aaron Valenta, Division Chief, Restoration and Recovery sit on the 
decision panel with him.  This panel will be tasked with considering the best scientific and 
commercial data available in making this recommendation.  A meeting outline is found in 
Appendix A.  Upon completion of this meeting, the Acting Regional Director will be briefed 
and, upon his consent, Assistant Director, Ecological Services and Greg Sheehan, Acting 
Director, will be briefed with the recommendation of this team.  The final decision on this 
question will be made by the Acting Director.   
 
In order for this panel to be most effective in making a recommendation, additional staff were 
present to facilitate the discussion, address any questions that may arise, and provide any needed 
clarifications or analysis of the data presented.   
 
Participants:  

Recommenders: 
● Leo Miranda (ARD ES);  
● Aaron Valenta (Chief DRR ES);  
● Bill Uihlein (ARD Science Apps);  

 
Facilitators: 
● Angela Romito (ES Decision Support);  
● Erin Rivenbark (ES Decision Support);  
● Emily Weller (Regional Red Wolf Recovery Lead);  

 
Technical Experts and Program Leads 
● Pete Benjamin (ES NCFO);  
● Michael Morris (Red Wolf Program Biologist);  
● Joe Madison (Red Wolf Program Biologist);  
● Nathan Whelan (FWS Regional Geneticist);  
● Nicole Rankin (ES DCC);  
● Michelle Everson (Area Supervisor ES);  

 
Observers: 
● Dave Scott (FWS Science Integrity Officer);  
● Roy Hewitt (Regional Web Developer);  
● Jeff Fleming (ARD External Affairs);  
● Kristen Peters (EA Congressional Affairs);  



● Phil Kloer (EA Public Affairs);  
● Daffny Pitchford (Area 3 Supervisor, Refuges),  
● Jack Arnold (DARD ES) 

 
Angela Romito acted as lead facilitator and determined the best approach for dealing with the 
question is to use the PrOACT decision analysis process.  The structured decision process can 
work to reduce and clarify important uncertainties to arrive at a recommendation.  The PrOACT 
process involves defining the problem (Pr); objectives (O); alternatives (A); consequences (C) 
and trade-offs (T) for a decision.  Using this process uncertainty can be incorporated into the 
process such that there is a gradation of outcomes.  Please see Appendix A for a copy of the 
powerpoint presentation utilized in presenting this process to the group.  

 
An initial discussion was to define what is meant by “species” and how it will be utilized by this 
recommendation team.  Please see Appendix B for a copy of the powerpoint presentation utilized 
in framing this discussion for the group.  In particular, it should be noted that the Endangered 
Species Act does not define the terms species, subspecies or “distinct population segment” and 
all of these can be listed as threatened or endangered under the Act and receive federal 
protection.  We chose to use an evolutionary species concept (ESP) to allow for the inclusion of 
all available scientific evidence to determine what defines a distinct lineage of red wolves. The 
ESP is consistent with recent policy (i.e., scientific integrity, recent listing decisions).  All 
relevant evidence will be considered in reaching a recommendation.   
 
Where there is a high degree of uncertainty, it is possible to incorporate this uncertainty into 
developed recommendations.  For example, on the question “is the red wolf a species?” a 
simplistic approach would be to frame a recommendation on a simple yes/no response.  
However, if a recommender has some uncertainty, the yes/no response doesn’t allow that 
uncertainty to be represented in a recommendation and may lead the recommender to err on one 
side or the other.  An alternate approach is to incorporate uncertainty and have potential 
responses ranging across full range.  For example, the question could be re-framed from a yes/no 
question to one of “on a scale of 1-100 do you consider the red wolf to be a species, with 1 being 
absolutely certain that it is not and 100 being absolutely certain that it is a species.”   With this 
approach, recommenders are able to demonstrate that they have uncertainty with their 
recommendation and the depth of that uncertainty is shown by how their recommendation ranges 
from 50 (a neutral mid-point) to either of the extremes.  Please see Appendix C for a copy of the 
powerpoint presentation utilized in presenting this process to the group.  
 
Michael Morris and Emily Weller presented the types of evidence that can be used to determine 
if the red wolf is a species or subspecies.  Please see Appendix D for a copy of the materials 
utilized in presenting this process to the group.  
 
After extensive discussion by the group, the recommenders began the first round of voting 
utilizing the 1-100 scale on the question “is the red wolf a species or subspecies as defined in the 
ESA?”  Please see Appendix E for a copy of the full discussion that occurred during the meeting.  
These notes contain the recommenders concerns and rationale for how they scored.  In this first 
round of voting, two recommenders scored more likely a species than not and one recommender 
scored it is not a species.  Leo voted 15 indicating that he was fairly certain that it is not a 



species, but, acknowledging that there is still some uncertainty.  Aaron voted 65 indicating that 
he believed it is a species, but, acknowledging a high degree of uncertainty.  Bill voted 60 
indicating that he believed the red wolf slightly meets the definition of a species under the ESA; 
however, this comes with a tremendous amount of uncertainty.  After the initial round of voting, 
the recommenders discussed why they voted the way they did so that the other recommenders 
could learn from them, ask questions, and potentially revise their vote.  A second round of voting 
led to the same split vote with two favoring species status for the red wolf.  In this second round 
Bill reduced his vote to 55 indicating that he believed the red wolf met the definition of a species 
under the ESA, but, with a great deal of uncertainty. 
 
 As the meeting concluded, we noted that the next step would be for the split vote to be presented 
to Mike Oetker for his consideration. 
 
On August 31, 2017 (Thursday), Dave Scott contacted Leo Miranda and discussed what he 
observed during the previous day’s meeting.  While Dave was not a recommender, in his role as 
FWS Science Integrity Officer, he was present to ensure that the meeting met scientific integrity 
standards and provides a fair and transparent decision-making process.  Specifically, based on 
DOI Code of Scientific and Scholarly Conduct guidance “...to clearly differentiate among facts, 
personal opinions, assumptions, hypotheses, and professional judgment…” he expressed 
concerns focused on how we weighed the verbal comments by some of the attendees when they 
contradicted or offered critiques of the peer-reviewed literature presented.  In particular, he noted 
that some of the opinions offered were critical of the vonHoldt papers.  These papers were peer 
reviewed and published in scientific journals.  In response to the papers, one group of scientists 
published a critique and vonHoldt published responses to the critique.  This form of critical 
examination is appropriate and allows readers to better understand potential weaknesses and 
insights of peer reviewed literature.  This is in contrast to comments offered during the meeting 
on August 30th.  In the meeting, several attendees discounted the vonHoldt papers but their 
critiques included opinions and conjecture which does not rise to the level of peer review used by 
scientific journals.  While we are to consider the best available commercial and scientific 
information, we also must weigh strength and potential accuracy of the information considered 
while separating facts and opinions.  
  
In order to address this potential weakness, Aaron Valenta had a second geneticist review the 
paper in question.  This second review indicated some concern with organization and structure 
but did not call into question the same points as were questioned by our geneticist attending the 
meeting on August 30th.  With that in mind, the 3 recommenders agreed to meet again and 
reassess the best available commercial and scientific information, discuss our concerns and 
findings with each other, and vote again on the question at hand a third time.  Dave Scott 
attended via teleconference to again ensure that the meeting met scientific integrity standards.  
  
The three of us discussed how the vonHoldt papers influenced our previous voting.  For 
summaries of our logic on the third vote, please see appendix F.  At the conclusion of this third 
round of voting we reached consensus that the red wolf is not a species or subspecies under the 
ESA.  As a next step, Leo Miranda briefed acting Regional Director Mike Oetker on September 
22, 2017.   
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2016 Bohling, Justin Describing a developing hybrid zone between red wolves and 
coyotes in eastern North Carolina, USA

1999 Bowen, Brian In War, Truth is the First Casualty

2016 Brzeski, Kristen Mitochondrial DNA Variation in Southeastern Pre-Columbian 
Canida

Summary of pa     



2012 Chambers, Steven An account of the Taxonomy of North American Wolves From 
Morphological and Gentic Analyses



1979 Ferrell, Robert Biochemical Markers in a Species Endangerment by 
Introgression:  The Red Wolf

2015 Gese, Eric Managing hybridization of a recovering endangered species; 
The red wolf canis rufus as a case study

2014 Hinton, Joseph Morphometrics of Canis taxa in eastern North Carolina

2016 Hohenlohe, Paul

2016 Kershenbau, Arik Disentangling candid howls across multiple species and 
subspecies: Structure in a complex communication channel



2014 Mech, David Production of Hybrids between Western Gray Wolves and 
Western Coyotes

2011 Mech, David Non-Genetic Data Supporting Genetic Evidence for the Eastern 
Wolf

2016 Morell, Virginia How do you save a wolf that's not really a wolf?

2015 Murray, Dennis The Challenges of Red Wolf Conservation and the Fate of an 
Endangered Species Program

2013 Wayne, Robert Response to Nowak and Federoff and Gardener 
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Nowak, Ronald Another Look at Wolf Taxonomy

1998 Nowak, R.M. Validity of the Red Wolf:  Response to Roy et al.



1972 Riley, Glynn A survey of the Red Wolf

2017 Roy, Michael Molecular Genetics of Pre-1940 Red Wolves
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Wolflike Canids, Revealed by Analysis of Microsatellite Loci
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distribution in North America



2016 vonHoldt, Bridgett Whole-genome sequence analysis shows that two endemic 
speceis of North Americal wolf are admistures of the coyote 
and gray wolf

2011 vonHoldt, Bridgett A genome-wide prespective on the evolutionary history of 
enigmatic wolf-like canids

2016 Way, Jonathan Northeastern coyote/coywolf taxonomy and admixture:  A 
meta-analysis

1991 Wayne, R.K. Mitochondrial DNA analysis implying extensive hybridization of 
the endangered red wolf Canis rufus



2012 Wilson, Paul Y-Chromosome evidence supports widespread signatures of 
three-species canis hybridization in eastern North America
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Excerpts

No red wolves were found outside the RWEPA, yet half of individuals found within this area were coyotes.  
Hybrids composed only 4% of individuals within this landscape.

There are few examples where wild populations are actively manipulated to manage against the threats 
posed by inter-specific hybridization, and even fewer were this management has successfully limited 
introgression.
Some genetic data suggest the red wolf is not a monophyletic taxon and potentially the product of 
hybridization between coyotes and gray wolves
However, it is clear based on our Bayesian analysis that there are two distinct genetic groups in this region, 
none of which corresponds to the red wolf population .
Given that coyotes are found throughout the RWEPA, if the species were randomly mating we would expect 
a higher proportion of hybrids than we observed.
If red wolves display assortative mating with respect to coyotes, it adds a novel perspective to the issue 
concerning the versatility of its designation as a species.
Despite heavy colonization by coyotes, hybridization is still infrequent, emphasizing the role of natural 
processes in limited introgression.
…our results disprove the common perception that red wolves have been consumed by a genetic swarm and 
no longer exist as a distinct genetic identity in North Carolina.
The relationship between conservation and taxonomy must be unidirectional; conservation strategies should 
be influenced by taxonomy, non taxonomy cannot be influenced by conservation priorities.
Under these pragmatic guidelines, species are isolated gene pools for which a preponderance of characters 
are concordant in demonstrating divergence.
…suggesting that the canid inhabiting southeastern North America prior to human colonization from Europe 
were either coyotes, which would vastly expand historic coyote distribution, and ancient coyote-wolf hybrid, 
or a North American evolved red wolf lineage relate to coyotes.
Red wolves may have evolved as a distinct lineage in North America from a coyote-like ancestor.
…possibly appearing only within the last 430 years, i.e. since the European invasion of North America.
…if red wolves are the result of coyote-gray wolf hybridization within the last 500 years, gray wolves and 
coyotes would have needed to have inhabitated some portion of the southeastern United States during the 
pre-Columbian period.
Current interpretations of the archaeological records suggest that coyotes were absent from the 
southeastern United States between 10,000 and 100 years ago.  However, there are records of coyotes as far 
east as West Virginia from over 10,000 ago.
…wolf-like canid in the archaeological record around 10,000 years ago in the southeast may have contributed 
to the exclusion of smaller coyotes from the southeastern Unites States.  
…it would also suggest coyote-red wolf hybridization has been a continuous and likely dynamic process up to 
the present day.
…our historic samples cold represent red wolves, a lineage that may be closely related to coyotes.

   ed by Aaron Valenta



Incomplete lineage sorting may explain why mtDNA haplotypes from ancient red wolves cluster with coyote 
mtDNA haplotypes, and not closely with extant red wolves.
…it is possible that our data indicates a relatively recent divergence between red wolf and coyote rather than 
hybridization.
Based on our results, red wolves may represent an evolutationary unit of conservation value, either as an 
ancient hybrid or as a unique lineage. 
This data suggest that a contemporary hybrid event was not the origin of red wolves.
…if red wolves have an ancient hybrid origin, it would not preclude the species from protection, and 
furthermore, it emphasizes the dynamic nature of canid evolution.
…any plans to remove protection for red wolves would be premature.  
The recent scientific proposal that the eastern wolf… Is not a subspecies of gray wolf, but a full species.. Is 
well supported by both morphological and genetic data.
Genetic data support a close relationship between eastern wolf and red wolf (Canis rufus), but do not 
support the proposal that they are the same species; it is more likely that they evolved independently from 
different lineages of a common ancestor with coyotes.  
The two most recent comprehensive taxonomic review based on morphology both recognize 2 species…gray 
wolf and …red wolf, but differ in that they recognize as many as 27…or as few as 8 subspecies for the 2 
species collectively.
North American Canis comprises two major lineages or clades:  one including most gray wolves, and the 
other including eastern wolf…red wolf, and coyote.
Extirpation, limited geographic sources for genetic data, and uncertainties about historical distribution do no 
permit a meaningful assessment of reproducting relations between eastern wolf and red wolf.
If absolute isolation were required for species recognition, all North American Canus (wolves and coyotes) 
would be considered one species, because all component taxa are linked by evidence of interbreeding…

In evaluating the significance of such admixture to species limits, it is the reproduction stage of hybrid 
individual that is important in determining whether introgression is occurring to the extent that the formerly 
separate gene pools and species are merging or persisting.  
There is general agreement only that coyote is a separate species, and that dogs are derived from C. lupus.

…found this same data compatible with a model of the red wolf and coyote as sister species that diverged 
much more recently than their separation from the gray wolf lineage.
…red wolf was thought to have originate from hybridation between western gray wolves and coyotes, with 
ancestry being primarily coyote.
The selected founder of the captive population were found to have the same haplotype as two coyotes from 
Louisiana.
Founder effects and genetic drift have likely affected the genetic composition of the captive populations, 
which, as a result, are not likely to reflect historical diversity.  
This data consistently portray a pattern indicating that coyote, eastern wolf, and red wolf are related, but 
with the red wolf and eastern wolf as outliers.
A PCA places the red wolf in a discrete cluster near the coyote, although the genetic bottleneck associated 
with the founding of the captive red wolf popualtion has very likely contributed to this discreteness.

Red wolf mtDNA also constitutes a divergent lineage within the greater coyote clade.  
As a result, the Y-chromosome genetics of contemporary red wolves reflect past introgression from dogs and 
coyotes.  



A compromise approach would be to recognize  C. lycaon and C. rufus as subspecies within the same species. 

…the assertion of Paradiso and Nowak that the red wolf is a separate species and not a local form of C. lupus 
is convincing.
In Texas and Louisiana the threat to the red wolf came not just from replacment of the native population by 
the coyote, as the habitat of the red wolf was disrupted, but also by hybridization between these two 
species.
One of the problems encountered in attempts to save the red wolf has been the absence of definitive 
morphological or behavioral traits to distinguish pure C. rufus from its interspecific hybrids with other Canis 
species. 
…Von Holdt et al rejected the hypothesis that red wolves were part of a third species group of North 
American canids and concluded tere were only two main groups of canids in North America (coyotes and 
gray wolves), and red rolves and eastern wolves have hybrid origin.
In theory, creating a functional red wolf population occupying the entire Albemarle Peninsula would 
ultimately saturate the landscae and naturally exclude immigrating coyotes.
As the years progressed, the gentic classification of animals that were removed changed, with red wolf 
caputres declining and numbers of hybrids and coyotes removed increasing dramatically. 
The ratio of hybrid to red wolf litters averaged 21% and peaked at 55% in 2006.  
We  also documented more red wolf litters than hybrid litters, but the ratio of hybrid litters to red wolf litters 
did not decline over time indicating hybridization is an ongoing challenge.  
…there is little evidence red wolves naturally control the coyote population through strife, which is a core 
predication derived from the competitive exclusion hypythesis.
Our results suggest that red wolves represent a unique Canis phenotype in the southeastern United States. 

Our results show that body-size measurements of red wolves and coyotes are distinct from one another. 
…examination of our data indicates that F1 and F2 hybrids are incapable of reaching body sizes of adult red 
wolves.  This suggests that the red wolf represents a unique Canis phenotype in the southeastern United 
States.
However, we strongly disagree with their conclusion that red wolves and eastern wolves are of recent hybrid 
origin, and we conclude that their analysis does not actually test the hypothesis of a recent hybrid origin.

…substantial evidence still supports the conclusion that red and eastern wolves represent genetically distinct 
taxa among North American canids.
here, red wolves exhibit the greatest differentation from the other groups, which the authors attribute to 
recent genetic drift in the captive population, but this is also consistent with their being a distinct 
evolutionary lineage.
Divergence time from coyotes (using the California sample) was estimated to be 55,000 and 117,000 years 
ago, and approximately 40,000 if no subsequent gene flow from coyotes is allowed in the model.
All of these estimates indicate that red wolves have experienced significant evolution as a distinct taxon, and 
that if they are of hybrid origin, these data are consistent with a relatively old (Pleistocene) age for that 
admixture event.
Nonetheless, the observed proportion of unique alleles reveal a higher degree of evolutionary distinctiveness 
in red and eastern wolves relative to other NA canids, which is inconsistent  with the hypothesis of recent 
hybrid origin for these taxa.



None showed gray wolf mtDNA and estimates were that mtDNA sequences form both the eastern wolf and 
red wolf diverged 150,000-300,000 years ago from coyotes as compared to a divergence from the gray wolf 
of around 2 million years 
Here the record is clear.  From Michigan westward, Gray Wolves kill Coyotes, whereas I could find no record 
of wolves east of Michigan killing Coyotes, despite considerable field work there on both species.
Great Lakes wolves kill Coyotes as do wolves farther west, a fact that makes it unlikely that the 2 species 
would mate.  This if further evidence that the Coyote-like mtDNA sequences found in some Great Lakes 
wolves are not derived from Coyotes, a finding that leaves the alternative-that they derive from the Eastern 
Wolf more plausible.
In summary, non-genetic evidence based on morphology, reproduction, and interspecific relations all 
support the contention that Gray Wolves x coyotes hybridization is rare to non-existent from approximately 
Michigan westward.  
Furthermore, the endangered red and eastern wolves are not unique lineages with distince evolutionary 
histories, but relatively recent hybrids of gray wolves and coyotes…
…but reintroducing the animals has proven difficult, because they readily mate with coyotes.
Other researchers have suspected, however, that both "species" are, in fact, wolf-coyote hybrids that arose 
after the grays were hunted almost to extinction. 
The team concludes that neither the red nor the eastern wolf is a species.
There's nothing in their genome that is not gray wolf or coyote.
Wolf biologist and others have been waiting for this sort of definitive analysis for years. 
…population recovery has been challenged by hybridization with closely related coyotes (C. latrans) and 
illegal human-caused mortality
Indeed, while the primary authority on mammalian taxonomy consider red wolf as conspecific with gray 
wolf, the International Union for the Conservation of Nature (IUCN) provisionally recognizes red wolves as a 
distinct species having critically endangered status.  
Thus, despite significant and commendable effort through the RWAMP, we do not fully agree with calls for 
more research on fundamental questions to help improve red wolf recovery success in the present recovery 
area.
Recent philosophical shifts in conservation biology prompted important dialogue redefining endangered 
species recovery in light of achievable goals that: …reflect that some contemporary landscapes are colonized 
most appropriately by replacement species serving as surrogates for parental species. 
We disagree strongly with the statement by Nowak and Federoff that "If the red wolf did not exist, we would 
have to invent it."
The origin of the red wolf in the early Pleistocene (Nowak 1979) alone predicts that it should have unique, 
"diagnosable" molecular marker, as do species such as the coyote and the gray wolf that appeared at about 
the same time.  The red wolf has no diagnosable mitrochondrial or microsatellite markers (altough even the 
Mexican Gray wolf subspecies does); instead it has characteristics otherwise found in gray wolves or coyotes 
consistent witha hybrid origin.  Therefore, we stand by our dichotomy presented in our paper.

Our presumption was that if Nowak has used pre-1930 red wolves as represeenting phenotypically 
unmodified samples, we would stand a much greater chance of finding unique genetic markers in samples 
from approximately the same time period.  We found none; genetically, the historic and recent red wolves 
were extrement similar, suggesting that they were derived from a common gene pool.
Our results show that wolves from throughout this region were highly modified by hybridiztion with coyotes 
and gray wolves.  Historic population of east coast red wolves may have had unique genetic markers or may 
simply have been gray wolf-coyote hybrids or a southern population of gray wolves. 



Nowak and Federoff chritize our reference to the red wolf subspecies as extince.  This again is a semantic 
issue.  The genetic evidence indicates that the founder so the cpative red wolf population have no diagnostic 
markers that migh be extpected of a distinct subspecies, such as the Mexican gray wolf, and were highly 
modified by the acknowleded hybridiztiaon with coyotes.
Conseuenetly, the red wolf subspecies in an unadulterated form does not exist.  
…the captive population represents the only living repository of genes from this now extinct subspecies and 
may merit conservation as such.
We maintain that historical records and Nowak's deduction of range limits and movement are dubious.
East coast red wolves that are considered distince may merely be a population of small gray wolves that 
hybridized less with the expanding wave of coyotes.
As argued previoulsy, the proponents of the theory of the red wolf as a species need to find diagnosable 
traits unique to red wolves, whether on the east coast or elsewhere.
…no new discrete character data have appeared.  In fact, the USFWS funded the additional genetic analysis 
of red wolves in the hope that we would find new diagnosable characters.
three long-recognized red wolf supbspecies appear valid:  …and C.r. rufus…
Although not conclusive,  this evidence supports the view that C. Rufus has continuously occupied the east 
since the terminal Pleistocene and that it is the only species of wild Canis that was present in most of the 
region.
The hybridization process signaled the end of that species, not its beginning.
My own research indiates that the near disappearance of the red wolf was indeed caused in large part by 
interbreeding with coyote.
Examination of fossil and moder skulls indicates that C.rufus has existed in southeastern North America, in 
much the same form as now, for at least 700,000 years.
Hybridization between C. rufus and C. latrans began about 100 years ago in central Texas and subsequently 
spread through much of the former range of the red wolf.
Since mitochondrial DNA analysis has revealed little basis for taxonomic division of wolf population on most 
of North America, they have argued that it would be unlikely for a separate species to exist in the SE.  

…evidence is presented that C. rufus is a primitive, distinctive kind of wolf, not a hybrid, and that 
interbreeding of C. lupus and C. latrans, if it has occurred at all in the western Great Lakes region, as resulted 
in no lasting henotypic efects. 
(Nowak 1979) indicated were not affected by hybridization with C. latrans…shows that the red wolf and 
coyote were sympatric, but completely distinguishable from one another, no intermediate specimens are 
known.
My study supports recognition of the red wolf as a valid taxon and has provided further evidence agains the 
idea that it originated as a hybrid of C. lupus and C. latrans.  If the latter view were correct, we would expect 
the red wolf to blend morphologically into its parental species, and the striking statisticle break that actually 
separates C. rufus from the adjacent populations of C. lupus would not be possible.  
Nevertheless, to accept this process of hybridization and the consequent decline of the red wolf within the 
last century is very different from accepting that the red wolf had a hybrid origin hundreds or thousands of 
years ago.
…all available early morphological material from east of the Mississippi consistently demonstrates the 
presence of a small wolf, with no coyote influence.
…to suggest that such a process took place in a region where neigher species was known to have been 
present, while at the same time hybridization never developed anywhere in western North America, where 
both species occurred together in abundance for many thousand of years.  



…we do know that coyotes any hybrids are found along the periphery of the remaining range of Canis rufus 
and apparently are progressively invading the remaining range.
In contrast to this ancient origin-recent introgression hypothesis, molecular data are more consistent with an 
origin through hybridization brtween gray wolves and coyotes.
Our results are inconsistent with an ancient origin of the red wolf and support the hybridiztion model.
A phylogenetic analysis suggested that pre-1940 and recent red wolf populations had genotypes 
phylogenetically grouped with coyotes and gray wolves rather than forming a separate clade with unique or 
diagnosable sequential substitutions.  
The morphological data, altough suggesting the red wolf is distinct from gray wolves and coyotes, is circular 
with regard to an ancient origin because gray wolf/coyote hybrids are expected to be phenotypically disctinct 
from their parental species.  In Fact, known and suspected gray wolf/coyote hybrids are similar in cranial 
measurement to red wolves.
…we predict that if red wolves were a long distinct species, analysis of DNA from museum skins should reveal 
phylogentically distinct genotypes that are ancestral to those of gray wolves and coyotes.
If the ancient origin-recent introgression hypothesis is valid, then we should observe that compared with the 
captive red wolf popoulation, pre-1940 red wolves should have a greater proportion of diagnostic alleles and 
should be more genetically differientated from coyotes.
Maximum parsimony analysis suggests red wolf, gray wolf, and coyote genotypes define two distinct clades.  
One clade contains gray and red wolf genotypes, and the other red wolf and coyote genotypes..
No subset of red wolf genotypes from a distinct monophyletic clade as a sister group to gray wolves and 
coyotes.  Consequently , the mtDNA sequential analysis does not support the hypothesis that the red wolf 
had an ancient origin and was ancestral to gray wolves and coyotes.
The fact that 8 of 11 red wolf pre-1940 samples are grouped with genotypes of coyotes supports the 
previous results that hybridization between these two species was extensive prior to 1940.
The occurrence of high levels of variability in recent and pre-1940 red wolves was surprising considering that 
species had declined to a point of extinction in the wild and the captive population was founded from a 
sample of only 14 individuals.
The multi-dimensional scaling analysis indicates that in general captive and pre-1940 red wolves have allele 
frequencies intermediate between gray wolves and coyotes and are most similar to populations of coyotes 
and hybridizing gray wolves. 
Nei's distance between captive red wolves and coyotes is larger than that between pre-1940 red wolves and 
coyotes, contradicting the predictions of the ancient orignal-recent introgression hypothesis.
Pre-1940 red wolves have few unique alleles in comparison with gray wolves and coyotes.
Therefore, we conclude that, because the pre-1940 population of red wolves has only three unique alleles 
when compared separately with gray wolves and coyotes, it has fewer than expected if it was a species 
having an ancient origin before gray wolves and coyotes.
Moveover, it has no unique alleles when compared with both species pools, consistent with an origin by 
hybridization between two species. 
Our results support the original finding that hybridization was extensive prior to 1940 and that no 
phylogenetically distinct clade of red wolf genotypes can be defined.  
Similarly, the microsattellite analysis of the pre-1940 red wolf population shows that nearly all alleles are 
shares with coyotes and that the two species have similar allelle frequencies.
…the absence of unique genetic marker sin pre-1940 red wolf populations is not consistent with an ancient 
origin hypothesis.  Gray wolves, coyotes, and golden jackals have 17-27% unique alleles when compared with 
other wolf-like canids.  In contract, all micrisatellite alleles of captive red wolves are also found in coyotes..



No pre-1940 red wolf allel is unique when compared with the combined sample of gray wolves and coyotes.

…the Mexican gray wolf has a unique mtDNA genotype not found in other North American gray wolves.  
…unique molecular markers are present in captive Mexican wolves despite a founding size of only about 8 
individuals and past sever population reductions in the wild.
In fact, the red wolf is less distinct than an established supbsecies of gray wolf, the Mexican wolf.
(red wolf)…we believe its genetic composition is more consistent with an origin due to extensive 
hybridization between the gray wolves and coyotes during European colonization or earlier.  
More recently, as gray wolves vanished from the southern United States altogether, the red wolf, then 
composed of various intergrades of wolf and coyote genes, could only backcross to coyotes and allele 
requencies between the two species became more similar.
However, one of the important conclusions from our analysis is that the sample of canids used to establish 
the red wolf program accurately represents the composition of the pre-1940 wold population.  Therefore, 
captive bred animals are the fruitful genetic representation of animals tha once lived in the wild and can 
justifiably be used as a source for reintroduction.
mtDNA analysis of wolves and coyotes throughout North America has shown that they have hybridized in 
Minnesota and southeastern Canada, areas where coyotes have recently increased in abundance nad where 
gray wolf numbers have declined.
In fact, previouls mtDNA analysis has found that no population of red wolf, extant or historic, contains 
phylogenetically distince mtDNA genotypes. Instead, all have genotypes similar or identical to those in gray 
wolves or coyotes.
Red wolves have not unique alleles when compared to coyotes.
The probability of drawing no unique allels from 14 individuals of any population of wolf or coyote compared 
with other species is , 7.7 X 10 -5, since it not one of 13,000 simulations did we find zero unique alleles.

The actual number of unique allels in red wolves compared with coyotes and gray wolves is zero and four 
unique allels, respectively. 
These results indicate that the red wolf hybridized with gray wolves and coyotes, two species with which 
they shared parts of their geographic range in historic times.
It is conceivable that red wolves may represent a phenotype resulting from a several-hundred-year period of 
hybridization between coyotes and wolves in the south central United States, which began with habitat 
changes associate with the arrival of settlers circa 1700.
The results of our microsatellite analysis are consistent with the red wolf's historic origin  being due to 
hybridization between coyotes and gray wolves, followed by more recent and extensive hybridization with 
coyotes alone as gray wolves became rare.
Monte Carlo simulations….indicated that if red wolf were a species as distinct as coyotes and gray wolves, 
then unique allels should have been found in them, even considering the small founding size of the captive 
red-wolf population.
Consequently, we interpreted the microsatellite date as providing support for a hybrid origin of red wolves in 
historic times, an origin followed by a more recent extensive introgression of coyote allels into red-wolf 
populations as gray wolves became extinct in the southcentral United States.
Our analysis of microsatellite date support the hypothesis that the intermediate phenotype of the red wolf is 
derived from historic hybridization between gray wolves and coyotes.



We use whole-genome sequence data to demonstrate a lack of unique ancestry in eastern and red wolves 
that would not be expected if they represented long divergent North American lineages.

genomes…from red wolves from captive breeding colony reveals little unique ancestry and instead 
demonstrates a distince geographic pattern of admixture between gray wolves and coyotes.
We found that all North American wolves and coyotes have significant amounts of coyote ancestry.
…our models assume that red and eastern wolves have a phylogenetically distinct origin followed by 
admixture.
…then the expectation is that they would have more novel allels than actually observed.  The fact that they 
do not provided additional support for our claim that these groups are recent gray wolf-coyote hybrid 
populations.  
…and a relatively recent origin of the former two species.  These results contradict claims that red wolves 
and wolves of the Great Lakes region have ancestry from native North American wolves that share common 
ancestry with coyotes more than 250K.
We found that coyote-derived ancestry is highest in individuals identified as red wolves from the the 
southeastern United States…
Consistent with the above results, Great Lakes region wolves and red wolves are admixed populations 
composed of various proportion of gray wolf and coyote ancestry.
We find little evidence of distinct genomic elements in either red Great Lakes region wolves that would 
support separate evolutionary lineages.
The mexican wolf is the most distinct North American gray wolf, and the California coyote is the most distinct 
coyote sequence in our data set.
These suggestions follow the "ecological authenticity" concept, in which admixed individuals that have an 
ecological function similar to that of the native endangered taxon, and that maintain a portion of the 
endangered genetic ancestry, warrant protection.
…as a consequence of the extirpatation of gray wolves in the Amerincan Southeastern, the reintroducted 
population of red wolves in eastern North Carolina is doomed to genetic swamping by coyotes without 
extensive management of hybrids.
…the absence of the ancestral population of gray wolves that once existed in the American South means that 
the historical gene pool cannot be readily reconstructed by conservation actions.
We find that these enigmatic canids are highly admixed varieties derieved from gray wolves and coyotes 
respectively.
…the red and Great Lakes wolves show consistent signals of admixture with coyotes.
…Mexican wolves appear as the most genetically distinct group, collaborating the hypothesis that this 
subspecies is a remnant of an ancient invasion from Eurasia and of conservation importance.
…red wolves appar to have an admixed ancestry with ~75%-80% of their genome attributed to coyotes and 
the remainder to gray wolves.
These results support the hypothesis that red wolves are closely related to coyotes, but somewhat divergent 
from them due to a history of limited admixture with gray wolves.
As in red wolves, our results suges that historic admixture between gray wolves and coyotes began as log as 
250-300 yr ago, coincident with the decline and extirpation of the gray wolf in the Midwestern and Southern 
US.
…we show that the red and Great Lakes wolves have a distinct but admixed evolutionary history.
It is important for managers to acknowledge that this animal was produced through cladogamy ~100 years 
ago, but there is now minimal recent admixture throughout most of its northeastern range.
Thus, red wolf genotypes are classified with those of either the coyote or gray wolf.



The management policy of the U.S. Fish and Wildlife Service does not grant protection to hybrids.  
Nevertheless, protection of red wolves should be continued.
Both species have been identified as smaller wolves that readily hybridize with coyotes.

Intron-3 was observed in western coyotes and captive red wolves and was associated with the allel range 
identified as a coyote lineage.
However, the extent of hybridization among Canis species is so prevalent in eastern North America that 
essentially all eastern populations of wolves and coyotes surveyed show evidence of mtDNA and Y-
chromosome introgression.
…standard nomenclature is difficult to apply to the classification, conservation, and management of wolves 
and coyotes in eastern North America.  We encourage managers and policy makers to consider the 
evolutionary potential of these hybrid genomes because they may support the adaptability necessary to refill 
the ecological role once occupied by the purer wolf species that existed prior to European colonization.



Red Wolf Taxonomy Meeting 
Southeast Region Office 

August 30 - September 1, 2018 
 
 
Introduction:  Ecological Services, Southeast Regional Office has been tasked with, 
“developing a recommendation whether or not red wolf is a species or subspecies as defined in 
the ESA to inform the Service if it’s a listable entity considering the relevant policy, best 
available information, and given irreducible scientific uncertainty.”  Leo Miranda, Assistant 
Regional Director, Ecological Service, asked that Bill Uihlein, Assistant Regional Director, 
Science Applications, and Aaron Valenta, Division Chief, Restoration and Recovery sit on the 
decision panel with him.  This panel will be tasked with considering the best scientific and 
commercial data available in making this recommendation.  A meeting outline is found in 
Appendix A.  Upon completion of this meeting, the Acting Regional Director will be briefed 
and, upon his consent, Assistant Director, Ecological Services and Greg Sheehan, Acting 
Director, will be briefed with the recommendation of this team.  The final decision on this 
question will be made by the Acting Director.   
 
In order for this panel to be most effective in making a recommendation, additional staff were 
present to facilitate the discussion, address any questions that may arise, and provide any needed 
clarifications or analysis of the data presented.   
 
Participants:  

Recommenders: 
● Leo Miranda (ARD ES);  
● Aaron Valenta (Chief DRR ES);  
● Bill Uihlein (ARD Science Apps);  

 
Facilitators: 
● Angela Romito (ES Decision Support);  
● Erin Rivenbark (ES Decision Support);  
● Emily Weller (Regional Red Wolf Recovery Lead);  

 
Technical Experts and Program Leads 
● Pete Benjamin (ES NCFO);  
● Michael Morris (Red Wolf Program Biologist);  
● Joe Madison (Red Wolf Program Biologist);  
● Nathan Whelan (FWS Regional Geneticist);  
● Nicole Rankin (ES DCC);  
● Michelle Everson (Area Supervisor ES);  

 
Observers: 
● Dave Scott (FWS Science Integrity Officer);  
● Roy Hewitt (Regional Web Developer);  
● Jeff Fleming (ARD External Affairs);  
● Kristen Peters (EA Congressional Affairs);  



● Phil Kloer (EA Public Affairs);  
● Daffny Pitchford (Area 3 Supervisor, Refuges),  
● Jack Arnold (DARD ES) 

 
Angela Romito acted as lead facilitator and determined the best approach for dealing with the 
question is to use the PrOACT decision analysis process.  The structured decision process can 
work to reduce and clarify important uncertainties to arrive at a recommendation.  The PrOACT 
process involves defining the problem (Pr); objectives (O); alternatives (A); consequences (C) 
and trade-offs (T) for a decision.  Using this process uncertainty can be incorporated into the 
process such that there is a gradation of outcomes.  Please see Appendix A for a copy of the 
powerpoint presentation utilized in presenting this process to the group.  

 
An initial discussion was to define what is meant by “species” and how it will be utilized by this 
recommendation team.  Please see Appendix B for a copy of the powerpoint presentation utilized 
in framing this discussion for the group.  In particular, it should be noted that the Endangered 
Species Act does not define the terms species, subspecies or “distinct population segment” and 
all of these can be listed as threatened or endangered under the Act and receive federal 
protection.  We chose to use an evolutionary species concept (ESP) to allow for the inclusion of 
all available scientific evidence to determine what defines a distinct lineage of red wolves. The 
ESP is consistent with recent policy (i.e., scientific integrity, recent listing decisions).  All 
relevant evidence will be considered in reaching a recommendation.   
 
Where there is a high degree of uncertainty, it is possible to incorporate this uncertainty into 
developed recommendations.  For example, on the question “is the red wolf a species?” a 
simplistic approach would be to frame a recommendation on a simple yes/no response.  
However, if a recommender has some uncertainty, the yes/no response doesn’t allow that 
uncertainty to be represented in a recommendation and may lead the recommender to err on one 
side or the other.  An alternate approach is to incorporate uncertainty and have potential 
responses ranging across full range.  For example, the question could be re-framed from a yes/no 
question to one of “on a scale of 1-100 do you consider the red wolf to be a species, with 1 being 
absolutely certain that it is not and 100 being absolutely certain that it is a species.”   With this 
approach, recommenders are able to demonstrate that they have uncertainty with their 
recommendation and the depth of that uncertainty is shown by how their recommendation ranges 
from 50 (a neutral mid-point) to either of the extremes.  Please see Appendix C for a copy of the 
powerpoint presentation utilized in presenting this process to the group.  
 
Michael Morris and Emily Weller presented the types of evidence that can be used to determine 
if the red wolf is a species or subspecies.  Please see Appendix D for a copy of the materials 
utilized in presenting this process to the group.  
 
After extensive discussion by the group, the recommenders began the first round of voting 
utilizing the 1-100 scale on the question “is the red wolf a species or subspecies as defined in the 
ESA?”  Please see Appendix E for a copy of the full discussion that occurred during the meeting.  
These notes contain the recommenders concerns and rationale for how they scored.  In this first 
round of voting, two recommenders scored more likely a species than not and one recommender 
scored it is not a species.  Leo voted 15 indicating that he was fairly certain that it is not a 



species, but, acknowledging that there is still some uncertainty.  Aaron voted 65 indicating that 
he believed it is a species, but, acknowledging a high degree of uncertainty.  Bill voted 60 
indicating that he believed the red wolf slightly meets the definition of a species under the ESA; 
however, this comes with a tremendous amount of uncertainty.  After the initial round of voting, 
the recommenders discussed why they voted the way they did so that the other recommenders 
could learn from them, ask questions, and potentially revise their vote.  A second round of voting 
led to the same split vote with two favoring species status for the red wolf.  In this second round 
Bill reduced his vote to 55 indicating that he believed the red wolf met the definition of a species 
under the ESA, but, with a great deal of uncertainty. 
 
 As the meeting concluded, we noted that the next step would be for the split vote to be presented 
to Mike Oetker for his consideration. 
 
On August 31, 2017 (Thursday), Dave Scott contacted Leo Miranda and discussed what he 
observed during the previous day’s meeting.  While Dave was not a recommender, in his role as 
FWS Science Integrity Officer, he was present to ensure that the meeting met scientific integrity 
standards and provides a fair and transparent decision-making process.  Specifically, based on 
DOI Code of Scientific and Scholarly Conduct guidance “...to clearly differentiate among facts, 
personal opinions, assumptions, hypotheses, and professional judgment…” he expressed 
concerns focused on how we weighed the verbal comments by some of the attendees when they 
contradicted or offered critiques of the peer-reviewed literature presented.  In particular, he noted 
that some of the opinions offered were critical of the vonHoldt papers.  These papers were peer 
reviewed and published in scientific journals.  In response to the papers, one group of scientists 
published a critique and vonHoldt published responses to the critique.  This form of critical 
examination is appropriate and allows readers to better understand potential weaknesses and 
insights of peer reviewed literature.  This is in contrast to comments offered during the meeting 
on August 30th.  In the meeting, several attendees discounted the vonHoldt papers but their 
critiques included opinions and conjecture which does not rise to the level of peer review used by 
scientific journals.  While we are to consider the best available commercial and scientific 
information, we also must weigh strength and potential accuracy of the information considered 
while separating facts and opinions.  
  
In order to address this potential weakness, Aaron Valenta had a second geneticist review the 
paper in question.  This second review indicated some concern with organization and structure 
but did not call into question the same points as were questioned by our geneticist attending the 
meeting on August 30th.  With that in mind, the 3 recommenders agreed to meet again and 
reassess the best available commercial and scientific information, discuss our concerns and 
findings with each other, and vote again on the question at hand a third time.  Dave Scott 
attended via teleconference to again ensure that the meeting met scientific integrity standards.  
  
The three of us discussed how the vonHoldt papers influenced our previous voting.  For 
summaries of our logic on the third vote, please see appendix F.  At the conclusion of this third 
round of voting we reached consensus that the red wolf is not a species or subspecies under the 
ESA.  As a next step, Leo Miranda briefed acting Regional Director Mike Oetker on September 
22, 2017.   



 
 



From: Benjamin, Pete
To: Weller, Emily
Cc: Eversen, Michelle
Subject: Re: Taxonomy meeting exec. summary and attachments
Date: Thursday, December 7, 2017 11:11:25 AM
Attachments: 20170830_RedWolfTaxonomyMeeting.pmb.docx
Importance: High

Here are my comments.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Dec 6, 2017 at 9:14 AM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI. I don't agree with some of the statements here; particularly those regarding the vonHoldt paper
and some of the attendees' concern with the heavy/sole reliance on the vonHoldt paper.

---------- Forwarded message ----------
From: Valenta, Aaron <aaron_valenta@fws.gov>
Date: Wed, Nov 1, 2017 at 12:50 PM
Subject: Taxonomy meeting exec. summary and attachments
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Emily,

Here's my final document that would nest with what you are finalizing.  I also have
appendices as:

A- PrOACT process and meeting outline
B-What is a species presentation
C- Incorporating uncertainty presentation
D- Evidence considerations
E- Meeting notes- coarse transcript  (and would likely include what you are finalizing)
F- Third round voting
G- Read ahead materials

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345



404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



Red Wolf Taxonomy Meeting 
Southeast Region Office 

August 30 - September 1, 2018 
 
 
Introduction:  Ecological Services, Southeast Regional Office has been tasked with, 
“developing a recommendation whether or not red wolf is a species or subspecies as defined in 
the ESA to inform the Service if it’s a listable entity considering the relevant policy, best 
available information, and given irreducible scientific uncertainty.”  Leo Miranda, Assistant 
Regional Director, Ecological Service, asked that Bill Uihlein, Assistant Regional Director, 
Science Applications, and Aaron Valenta, Division Chief, Restoration and Recovery sit on the 
decision panel with him.  This panel will be tasked with considering the best scientific and 
commercial data available in making this recommendation.  A meeting outline is found in 
Appendix A.  Upon completion of this meeting, the Acting Regional Director will be briefed 
and, upon his consent, Assistant Director, Ecological Services and Greg Sheehan, Acting 
Director, will be briefed with the recommendation of this team.  The final decision on this 
question will be made by the Acting Director.   
 
In order for this panel to be most effective in making a recommendation, additional staff were 
present to facilitate the discussion, address any questions that may arise, and provide any needed 
clarifications or analysis of the data presented.   
 
Participants:  

Recommenders: 
● Leo Miranda (ARD ES);  
● Aaron Valenta (Chief DRR ES);  
● Bill Uihlein (ARD Science Apps);  

 
Facilitators: 
● Angela Romito (ES Decision Support);  
● Erin Rivenbark (ES Decision Support);  
● Emily Weller (Regional Red Wolf Recovery Lead);  

 
Technical Experts and Program Leads 
● Pete Benjamin (ES NCFO);  
● Michael Morris (Red Wolf Program Biologist);  
● Joe Madison (Red Wolf Program Biologist);  
● Nathan Whelan (FWS Regional Geneticist);  
● Nicole Rankin (ES DCC);  
● Michelle Everson (Area Supervisor ES);  

 
Observers: 
● Dave Scott (FWS Science Integrity Officer);  
● Roy Hewitt (Regional Web Developer);  
● Jeff Fleming (ARD External Affairs);  
● Kristen Peters (EA Congressional Affairs);  
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● Phil Kloer (EA Public Affairs);  
● Daffny Pitchford (Area 3 Supervisor, Refuges),  
● Jack Arnold (DARD ES) 

 
Angela Romito acted as lead facilitator and determined the best approach for dealing with the 
question is to use the PrOACT decision analysis process.  The structured decision process can 
work to reduce and clarify important uncertainties to arrive at a recommendation.  The PrOACT 
process involves defining the problem (Pr); objectives (O); alternatives (A); consequences (C) 
and trade-offs (T) for a decision.  Using this process uncertainty can be incorporated into the 
process such that there is a gradation of outcomes.  Please see Appendix A for a copy of the 
powerpoint presentation utilized in presenting this process to the group.  

 
An initial discussion was to define what is meant by “species” and how it will be utilized by this 
recommendation team.  Please see Appendix B for a copy of the powerpoint presentation utilized 
in framing this discussion for the group.  In particular, it should be noted that the Endangered 
Species Act does not define the terms species, subspecies or “distinct population segment” and 
all of these can be listed as threatened or endangered under the Act and receive federal 
protection.  We chose to use an evolutionary species concept (ESP) to allow for the inclusion of 
all available scientific evidence to determine what defines a distinct lineage of red wolves. The 
ESP is consistent with recent policy (i.e., scientific integrity, recent listing decisions).  All 
relevant evidence will be considered in reaching a recommendation.   
 
Where there is a high degree of uncertainty, it is possible to incorporate this uncertainty into 
developed recommendations.  For example, on the question “is the red wolf a species?” a 
simplistic approach would be to frame a recommendation on a simple yes/no response.  
However, if a recommender has some uncertainty, the yes/no response doesn’t allow that 
uncertainty to be represented in a recommendation and may lead the recommender to err on one 
side or the other.  An alternate approach is to incorporate uncertainty and have potential 
responses ranging across full range.  For example, the question could be re-framed from a yes/no 
question to one of “on a scale of 1-100 do you consider the red wolf to be a species, with 1 being 
absolutely certain that it is not and 100 being absolutely certain that it is a species.”   With this 
approach, recommenders are able to demonstrate that they have uncertainty with their 
recommendation and the depth of that uncertainty is shown by how their recommendation ranges 
from 50 (a neutral mid-point) to either of the extremes.  Please see Appendix C for a copy of the 
powerpoint presentation utilized in presenting this process to the group.  
 
Michael Morris and Emily Weller presented the types of evidence that can be used to determine 
if the red wolf is a species or subspecies.  Please see Appendix D for a copy of the materials 
utilized in presenting this process to the group.  
 
After extensive discussion by the group, the recommenders began the first round of voting 
utilizing the 1-100 scale on the question “is the red wolf a species or subspecies as defined in the 
ESA?”  Please see Appendix E for a copy of the full discussion that occurred during the meeting.  
These notes contain the recommenders concerns and rationale for how they scored.  In this first 
round of voting, two recommenders scored more likely a species than not and one recommender 
scored it is not a species.  Leo voted 15 indicating that he was fairly certain that it is not a 



species, but, acknowledging that there is still some uncertainty.  Aaron voted 65 indicating that 
he believed it is a species, but, acknowledging a high degree of uncertainty.  Bill voted 60 
indicating that he believed the red wolf slightly meets the definition of a species under the ESA; 
however, this comes with a tremendous amount of uncertainty.  After the initial round of voting, 
the recommenders discussed why they voted the way they did so that the other recommenders 
could learn from them, ask questions, and potentially revise their vote.  A second round of voting 
led to the same split vote with two favoring species status for the red wolf.  In this second round 
Bill reduced his vote to 55 indicating that he believed the red wolf met the definition of a species 
under the ESA, but, with a great deal of uncertainty. 
 
 As the meeting concluded, we noted that the next step would be for the split vote to be presented 
to Mike Oetker for his consideration. 
 
On August 31, 2017 (Thursday), Dave Scott contacted Leo Miranda and discussed what he 
observed during the previous day’s meeting.  While Dave was not a recommender, in his role as 
FWS Science Integrity Officer, he was present to ensure that the meeting met scientific integrity 
standards and provides a fair and transparent decision-making process.  Specifically, based on 
DOI Code of Scientific and Scholarly Conduct guidance “...to clearly differentiate among facts, 
personal opinions, assumptions, hypotheses, and professional judgment…” he expressed 
concerns focused on how we weighed the verbal comments by some of the attendees when they 
contradicted or offered critiques of the peer-reviewed literature presented.  In particular, he noted 
that some of the opinions offered were critical of the vonHoldt papers.  These papers were peer 
reviewed and published in scientific journals.  In response to the papers, one group of scientists 
published a critique and vonHoldt published responses to the critique.  This form of critical 
examination is appropriate and allows readers to better understand potential weaknesses and 
insights of peer reviewed literature.  This is in contrast to comments offered during the meeting 
on August 30th.  In the meeting, several attendees discounted the vonHoldt papers but their 
critiques included opinions and conjecture which does not rise to the level of peer review used by 
scientific journals.  While we are to consider the best available commercial and scientific 
information, we also must weigh strength and potential accuracy of the information considered 
while separating facts and opinions.  
  
In order to address this potential weakness, Aaron Valenta had a second geneticist review the 
paper in question.  This second review indicated some concern with organization and structure 
but did not call into question the same points as were questioned by our geneticist attending the 
meeting on August 30th.  With that in mind, the 3 recommenders agreed to meet again and 
reassess the best available commercial and scientific information, discuss our concerns and 
findings with each other, and vote again on the question at hand a third time.  Dave Scott 
attended via teleconference to again ensure that the meeting met scientific integrity standards.  
  
The three of us discussed how the vonHoldt papers influenced our previous voting.  For 
summaries of our logic on the third vote, please see appendix F.  At the conclusion of this third 
round of voting we reached consensus that the red wolf is not a species or subspecies under the 
ESA.  As a next step, Leo Miranda briefed acting Regional Director Mike Oetker on September 
22, 2017.   

Commented [PMB2]: In my view the PrOACT process had 
completely broken down by this point due to time constraints.  Ask 
Angela is she agrees with this.   

Commented [PMB3]: I profoundly disagree with this 
characterization.  I also find it highly troubling that our scientific 
integrity advisor failed to articulate these concerns during the 
meeting and that the assembled experts were offered no 
opportunity to elaborate or more fully document their critiques.   

Commented [PMB4]: Who is this person?  What materials 
were they provided?  Is there written documentation of any of this?  
What credentials do they have that make them more qualified than 
the expert that was present at the meeting or the other FWS expert 
that have previously been consulted on this matter?  This could 
easily be characterized as forum shopping.   

Commented [PMB5]: Why is there no discussion of uncertainty 
regarding this mysterious third round? 



 
 



From: Weller, Emily
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Taxonomy meeting exec. summary and attachments
Date: Thursday, December 7, 2017 3:28:33 PM
Attachments: 20171207_RedWolfTaxonomyMeeting.pmb.ebw.docx
Importance: High

Thanks, Pete. I agree and have added my 2 cents.

On Thu, Dec 7, 2017 at 10:11 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Here are my comments.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Dec 6, 2017 at 9:14 AM, Weller, Emily <emily_weller@fws.gov> wrote:
FYI. I don't agree with some of the statements here; particularly those regarding the vonHoldt paper
and some of the attendees' concern with the heavy/sole reliance on the vonHoldt paper.

---------- Forwarded message ----------
From: Valenta, Aaron <aaron_valenta@fws.gov>
Date: Wed, Nov 1, 2017 at 12:50 PM
Subject: Taxonomy meeting exec. summary and attachments
To: "Weller, Emily" <emily_weller@fws.gov>

Hi Emily,

Here's my final document that would nest with what you are finalizing.  I also have
appendices as:

A- PrOACT process and meeting outline
B-What is a species presentation
C- Incorporating uncertainty presentation
D- Evidence considerations
E- Meeting notes- coarse transcript  (and would likely include what you are finalizing)
F- Third round voting
G- Read ahead materials

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service



1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



Red Wolf Taxonomy Meeting 
Southeast Region Office 

August 30 - September 1, 2018 
 
 
Introduction:  Ecological Services, Southeast Regional Office has been tasked with, 
“developing a recommendation whether or not red wolf is a species or subspecies as defined in 
the ESA to inform the Service if it’s a listable entity considering the relevant policy, best 
available information, and given irreducible scientific uncertainty.”  Leo Miranda, Assistant 
Regional Director, Ecological Service, asked that Bill Uihlein, Assistant Regional Director, 
Science Applications, and Aaron Valenta, Division Chief, Restoration and Recovery sit on the 
decision panel with him.  This panel will be tasked with considering the best scientific and 
commercial data available in making this recommendation.  A meeting outline is found in 
Appendix A.  Upon completion of this meeting, the Acting Regional Director will be briefed 
and, upon his consent, Assistant Director, Ecological Services and Greg Sheehan, Acting 
Director, will be briefed with the recommendation of this team.  The final decision on this 
question will be made by the Acting Director.   
 
In order for this panel to be most effective in making a recommendation, additional staff were 
present to facilitate the discussion, address any questions that may arise, and provide any needed 
clarifications or analysis of the data presented.   
 
Participants:  

Recommenders: 
● Leo Miranda (ARD ES);  
● Aaron Valenta (Chief DRR ES);  
● Bill Uihlein (ARD Science Apps);  

 
Facilitators: 
● Angela Romito (ES Decision Support);  
● Erin Rivenbark (ES Decision Support);  
● Emily Weller (Regional Red Wolf Recovery Lead);  

 
Technical Experts and Program Leads 
● Pete Benjamin (Field Supervisor, ES NCFO);  
● Michael Morris (Red Wolf Program Biologist);  
● Joe Madison (Asst. Field Supervisor, Eastern North Carolina Sub-OfficeRed Wolf 

Program Biologist);  
● Nathan Whelan (FWS Regional Geneticist);  
● Nicole Rankin (ES DCC);  
● Michelle Everson (Area Supervisor ES); 
●  Erin Rivenbark (ES Decision Support);  
● Emily Weller (Regional Red Wolf Recovery Lead); 

 
Note Taker: 
● Nicole Rankin (ES DCC);  
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Observers: 
● Dave Scott (FWS Science Integrity Officer);  
● Roy Hewitt (Regional Web Developer);  
● Jeff Fleming (ARD External Affairs);  
● Kristen Peters (EA Congressional Affairs);  
● Phil Kloer (EA Public Affairs);  
● Daffny Pitchford (Area 3 Supervisor, Refuges),  
● Jack Arnold (DARD ES) 

 
Angela Romito acted as lead the meeting facilitator and determined the best approach for dealing 
with the question is to use the PrOACT decision analysis process.  The structured decision 
process can work to reduce and clarify important uncertainties to arrive at a recommendation.  
The PrOACT process involves defining the problem (Pr); objectives (O); alternatives (A); 
consequences (C) and trade-offs (T) for a decision.  Using this process uncertainty can be 
incorporated into the process such that there is a gradation of outcomes.  Please see Appendix A 
for a copy of the powerpoint presentation utilized in presenting this process to the group.  

 
An initial discussion was to define what is meant by “species” and how it will be utilized by this 
recommendation team.  Please see Appendix B for a copy of the powerpoint presentation utilized 
in framing this discussion for the group.  In particular, it should be noted that the Endangered 
Species Act (Act) does not define the termswhat constitutes a species, subspecies or “distinct 
population segment” and all of these can be listed as threatened or endangered under the Act and 
receive federal protection.  We chose to use an evolutionary species concept (ESPESC) to allow 
for the inclusion of all available scientific evidence to determine what defines a distinct lineage 
of red wolves. The ESP ESC is consistent with recent policy (i.e., scientific integrity, recent 
listing decisions).  All relevant evidence will be considered in reaching a recommendation.   
 
Where there is a high degree of uncertainty, it is possible to incorporate this uncertainty into 
developed recommendations.  For example, on the question “is the red wolf a species?” a 
simplistic approach would be to frame a recommendation on a simple yes/no response.  
However, if a recommender has some uncertainty, the yes/no response doesn’t allow that 
uncertainty to be represented in a recommendation and may lead the recommender to err on one 
side or the other.  An alternate approach is to incorporate uncertainty and have potential 
responses ranging across full range.  For example, the question could be re-framed from a yes/no 
question to one of “on a scale of 1-100 do you consider the red wolf to be a species, with 1 being 
absolutely certain that it is not and 100 being absolutely certain that it is a species.”   With this 
approach, recommenders are able to demonstrate that they have uncertainty with their 
recommendation and the depth of that uncertainty is shown by how their recommendation ranges 
from 50 (a neutral, completely uncertain, mid-point) to either of the extremes.  Please see 
Appendix C for a copy of the powerpoint presentation utilized in presenting this process to the 
group.  
 
Michael Morris and Emily Weller presented the types of evidence that can be used to determine 
if the red wolf is a species or subspecies.  Please see Appendix D for a copy of the materials 
utilized in presenting this process to the group.  

Commented [WE2]: Because it does define the legal term 
“species”, but doesn’t biologically define what a species, 
subspecies, of DPS is. 



 
After extensive discussion by the group, the recommenders began the first round of voting 
utilizing the 1-100 scale on the question “is the red wolf a species or subspecies as defined in the 
ESA?”  Please see Appendix E for a copy of the full discussion that occurred during the meeting.  
These notes contain the recommenders concerns and rationale for how they scored.  In this first 
round of voting, two recommenders scored more likely a species than not and one recommender 
scored it is not a species.  Leo voted 15 indicating that he was fairly certain that it is not a 
species, but, acknowledging that there is still some uncertainty.  Aaron voted 65 indicating that 
he believed it is a species, but, acknowledging a high degree of uncertainty.  Bill voted 60 
indicating that he believed the red wolf slightly meets the definition of a species under the ESA; 
however, this comes with a tremendous amount of uncertainty.  After the initial round of voting, 
the recommenders discussed why they voted the way they did so that the other recommenders 
could learn from them, ask questions, and potentially revise their vote.  A second round of voting 
led to the same split vote with two favoring species status for the red wolf.  In this second round 
Bill reduced his vote to 55 indicating that he believed the red wolf met the definition of a species 
under the ESA, but, with a great deal of uncertainty. 
 
 As the meeting concluded, we noted that the next step would be for the split vote to be presented 
to Mike Oetker for his consideration. 
 
On August 31, 2017 (Thursday), Dave Scott contacted Leo Miranda and discussed what he 
observed during the previous day’s meeting.  While Dave was not a recommender, in his role as 
FWS Science Integrity Officer, he was present to ensure that the meeting met scientific integrity 
standards and provides a fair and transparent decision-making process.  Specifically, based on 
DOI Code of Scientific and Scholarly Conduct guidance “...to clearly differentiate among facts, 
personal opinions, assumptions, hypotheses, and professional judgment…” he expressed 
concerns focused on how we weighed the verbal comments by some of the attendees when they 
contradicted or offered critiques of the peer-reviewed literature presented.  In particular, he noted 
that some of the opinions offered were critical of the vonHoldt papers.  These papers were peer 
reviewed and published in scientific journals.  In response to the papers, one group of scientists 
published a critique and vonHoldt published responses to the critique.  This form of critical 
examination is appropriate and allows readers to better understand potential weaknesses and 
insights of peer reviewed literature.  This is in contrast to comments offered during the meeting 
on August 30th.  In the meeting, several attendees discounted the vonHoldt papers but their 
critiques included opinions and conjecture which does not rise to the level of peer review used by 
scientific journals.  While we are to consider the best available commercial and scientific 
information, we also must weigh strength and potential accuracy of the information considered 
while separating facts and opinions.  
  
In order to address this potential weakness, Aaron Valenta had a second geneticist review the 
paper in question.  This second review indicated some concern with organization and structure 
but did not call into question the same points as were questioned by our geneticist attending the 
meeting on August 30th.  With that in mind, the 3 recommenders agreed to meet again and 
reassess the best available commercial and scientific information, discuss our concerns and 

Commented [WE3]: Does the rationale also clearly indicate 
how the recommender believed it did or did not meet the ESC and 
then the associated uncertainty? 

Commented [PMB4]: In my view the PrOACT process had 
completely broken down by this point due to time constraints.  Ask 
Angela is she agrees with this.   

Commented [WE5R4]: Correct. In fact, of the PrOACT process, 
we only accomplished defining the problem (Pr). 

Commented [PMB6]: I profoundly disagree with this 
characterization.  I also find it highly troubling that our scientific 
integrity advisor failed to articulate these concerns during the 
meeting and that the assembled experts were offered no 
opportunity to elaborate or more fully document their critiques.   

Commented [WE7R6]: I completely agree.  
1) The comments offered by the technical experts were based on 
peer-reviewed literature. In an effort to ensure the decision was 
based on the best scientific information available, these experts 
felt it was important to discuss the other peer-reviewed 
literature that countered the vonHoldt papers. However, there 
was no detailed discussion of the critiques or how much weight 
it should be given in the decision. These attendees offering 
comments were shut down by the facilitator.  
2)It is concerning that the Science Integrity Officer did not 
express his concerns during the meeting. The Service has always 
relied on professional judgement in making decisions. In fact, our 
own regulations (50 CFR 424.11) state that the Secretary shall 
rely on standard taxonomic distinctions and the biological 
expertise of the Department and the scientific community 
concerning the relevant taxonomic group. Not expressing these 
concerns or explaining the DOI Code of Scientific and Scholarly 
Conduct guidance, and holding additional meetings with only the 
recommenders, contributed to not having a fair and transparent 
decision-making process. We do not know if, or at what level, the 
concerns expressed in the meeting were given consideration or 
weight in the decision. We also were not provided with an 
explanation as to why so much weight was put on one paper 
(vonHoldt 2016) and the other papers seemingly dismissed. 

Commented [WE8]: The attendees attempted to address this – 
with other peer reviewed literature. 

Commented [WE9]: What weakness? 

Commented [PMB10]: Who is this person?  What materials 
were they provided?  Is there written documentation of any of this?  
What credentials do they have that make them more qualified than 
the expert that was present at the meeting or the other FWS expert 
that have previously been consulted on this matter?  This could 
easily be characterized as forum shopping.   

Commented [WE11R10]: Again, I agree. 
How did consulting another geneticist address a weakness? 
Especially if they were only given 1 paper. It seems that in doing so 
a weakness was created. 
 
How much did the second geneticists’ opinion play in the decision 
making process? It seems to have overridden the comments of the 
geneticist present at the meeting, but there is no explanation as to 
why. If they were not in agreement, shouldn’t a 3rd geneticist been 
consulted? 
 
Rationales have not been provided. 



findings with each other, and vote again on the question at hand a third time.  Dave Scott 
attended via teleconference to again ensure that the meeting met scientific integrity standards.  
  
The three of us discussed how the vonHoldt papers influenced our previous voting.  For 
summaries of our logic on the third vote, please see appendix F.  At the conclusion of this third 
round of voting we reached consensus that the red wolf is not a species or subspecies under the 
ESA.  As a next step, Leo Miranda briefed acting Regional Director Mike Oetker on September 
22, 2017.   
 
 

Commented [PMB12]: Why is there no discussion of 
uncertainty regarding this mysterious third round? 

Commented [WE13R12]: Agree, the scores should be 
reported here. 

Commented [WE14]: The rationales were never provided to 
the group, so there is no explanation for the 2 rounds that took 
place in the meeting ending with 2:1 it is a species, then a third, 
closed meeting ended in a consensus that it was not a species. 
 
If I remember correctly (from a phone call), 2 scores were still very 
close to 50 (complete or high uncertainty) and 1 score at 15. If that 
is correct, is that a consensus? 
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Abstract

Defining units that can be afforded legal protection is a crucial, albeit challenging, step in 
conservation planning. As we illustrate with a case study of the red wolf (Canis rufus) from the 
southeastern United States, this step is especially complex when the evolutionary history of the 
focal taxon is uncertain. The US Endangered Species Act (ESA) allows listing of species, subspecies, 
or Distinct Population Segments (DPSs) of vertebrates. Red wolves were listed as an endangered 
species in 1973, and their status remains precarious. However, some recent genetic studies 
suggest that red wolves are part of a small wolf species (C. lycaon) specialized for heavily forested 
habitats of eastern North America, whereas other authors suggest that red wolves arose, perhaps 
within the last ~400  years, through hybridization between gray wolves (C.  lupus) and coyotes 
(C. latrans). Using published genetic, morphological, behavioral, and ecological data, we evaluated 
whether each evolutionary hypothesis would lead to a listable unit for red wolves. Although the 
potential hybrid origin of red wolves, combined with abundant evidence for recent hybridization 
with coyotes, raises questions about status as a separate species or subspecies, we conclude 
that under any proposed evolutionary scenario red wolves meet both criteria to be considered a 
DPS: they are discrete compared with other conspecific populations, and they are Significant to 
the taxon to which they belong. As population-level units can qualify for legal protection under 
endangered-species legislation in many countries throughout the world, this general approach 
could potentially be applied more broadly.

Subject areas: Conservation genetics and biodiversity
Keywords:  de-listing, distinct population segment, hybrid policy, hybridization, listing criteria, taxonomy

What biological units merit special protection? This question is 
increasingly relevant as earth’s ecosystems are ever more strongly 
influenced by humans. It is a difficult question even for relatively 
straightforward scenarios, where at a minimum one must con-
sider 1) uncertainties associated with estimates of extinction risk; 

2) difficulty in predicting consequences of alternative intervention 
strategies; and 3)  perceived values to humans and natural eco-
systems. Prioritizing scarce conservation resources is even more 
challenging when the evolutionary history of the focal taxon is 
uncertain.
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The red wolf (Canis rufus, C.  lycaon rufus, or C.  lupus rufus, 
depending on the authority), a small, wolf-like canid that historically 
occupied most of the United States east of the prairies and south of 
the Great Lakes, is a prime example of a taxon with an uncertain 
evolutionary history. Wolves, coyotes, jackals, dogs, and the dingo 
comprise the genus Canis, which first appeared in the fossil rec-
ord in southwestern United States and Mexico in the Miocene (~6 
MYA) (Wang and Tedford 2008). The gray wolf (C. lupus), which 
is the only wild Canis species that currently occurs in both the Old 
and New World, originated in Eurasia and appears in the North 
American fossil record by the late Rancholabrean period (~130 000 
ybp) or perhaps as early as the Illinoian period (~300 000 ybp; 
Nowak 1979), but there is little evidence of its existence south of the 
glaciers until the late Rancholabrean (Nowak 2002). Historic range 
of the gray wolf included most of North America except the eastern 
United States (Chambers et al. 2012). In 1973, the gray wolf in the 
lower 48 states was listed as Endangered under the US Endangered 
Species Act (ESA), based on the last few remaining wolves in north-
ern Minnesota and Michigan.

Several other wolf-like canids are restricted to North America. 
The small forms from areas of southern Ontario and Quebec centered 
on Algonquin Provincial Park are commonly referred to as “eastern 
wolves” (or more recently “Algonquin wolves” by the Committee 
on the Status of Species at Risk in Ontario) and are considered by 
some authors to be a separate species (C. lycaon) (Wilson et al. 2000; 
Baker et  al. 2003) or subspecies (C.  lupus lycaon) (Nowak 1995, 
2002, 2003; Chambers et al. 2012). Wolves from the western Great 
Lakes area of the United States and Canada, sometimes referred to 
as “Great Lakes” wolves and included by some authorities as part of 
the subspecies C. l. nubilus, are generally intermediate in size to east-
ern wolves and gray wolves from western North America (Nowak 
1995, 2002, 2003; Mech and Paul 2008; Mech et  al. 2011). Red 
wolves historically occupied most of the eastern United States, out-
side of the range of the Canis lineage referred to as lycaon. Another 
small canid historically occurred in the American southwest and 
Mexico, and the last remnant populations were listed under the ESA 
in 1976 as the Mexican wolf, a subspecies of gray wolf (Canis lupus 
baileyi; aka “lobo”). Finally, the coyote (C. latrans), the smallest wild 
North American wolf-like canid, was historically restricted to the 
western half of the continent but rapidly expanded eastward fol-
lowing the functional extinction of eastern wolves and red wolves 
(Parker 1995; Fener et al. 2005; Kays et al. 2010; Levy 2012).

The precarious status of the red wolf is not in question: nearly 
driven to extinction by the middle of the 20th century, it exists today 
as a captive population and a small experimental wild population 
(Gese et al. 2015). Red wolves were listed as Endangered in 1967 
under the US Endangered Species Preservation Act and remain listed 
(as C.  rufus) under the ESA. However, this listing and associated 
recovery actions are controversial because of uncertainties and scien-
tific disagreements about both the evolutionary history and contem-
porary history of red wolves. Recent hybridization between coyotes 
and both red wolves and eastern wolves, together with a paucity of 
historical genetic samples, has clouded interpretation of their evolu-
tionary history.

As elaborated in the next section, several hypotheses have been 
proposed regarding the evolutionary history of these charismatic 
canids. One hypothesis suggests that the red wolf is a unique New 
World lineage that split off from the smaller coyote in the Pleistocene; 
a variation posits that red wolves and eastern wolves together form a 
species separate from coyotes and gray wolves. Another hypothesis is 
that red wolves were a subspecies, or ecotype, of C. lupus specialized 

on the eastern forests. Various alternative scenarios for the origin of 
the eastern wolf-like canids involve ancient and/or recent hybrid-
ization with coyotes, gray wolves, and potentially domestic dogs 
(C. familiaris or C.  lupus familiaris) brought to the continent by 
humans (Anderson et al. 2009). All experts do agree that red wolves 
and coyotes hybridized in the southeastern United States as coyotes 
spread eastward in the 20th century and that hybridization remains 
a constant threat. However, there are diverse and strongly held views 
regarding what hybridization, old and new, means for conservation 
and management of red wolves.

Here, we tackle a question at the heart of the controversy: are 
red wolves a listable entity under the ESA? This is timely, as the red 
wolf’s status is under review as part of a periodic process mandated 
under Section 4(c)(2), and subsequent to the ESA listing of the red 
wolf, 2 events have changed the criteria for determining listability. 
First, the ESA has been amended several times, including the sections 
dealing with listing criteria. The 1978 ESA amendments [Public Law 
95–632 (1978), 92 Stat. 3751] clarified what units can be consid-
ered “species” under the ESA and hence legally protected if they are 
determined to be Threatened or Endangered: an ESA “species” can 
be either 1) a recognized biological species, 2) a recognized subspe-
cies, or 3) a “distinct population segment” (DPS). The provision to 
recognize DPSs applies only to vertebrate species. Although this lan-
guage opened up new options for listing populations of vertebrates, 
the ESA provides no specific guidance on how to determine what 
constitutes a DPS.

The second major event was that, following almost 2 decades 
of applying the DPS provision on an ad hoc basis, the agencies 
that implement the ESA (USFWS and National Marine Fisheries 
Service, NMFS) developed a joint policy to guide DPS determina-
tions (USFWS and NMFS 1996a). Under the joint species policy, to 
be a DPS a population or group of populations must meet 2 criteria: 
discreteness and significance. A population unit can be considered 
discrete if it satisfies either of the following conditions:

1. It is markedly separated from other populations of the same 
taxon as a consequence of physical, physiological, ecological, or 
behavioral factors. Quantitative measures of genetic or morpho-
logical discontinuity may provide evidence of this separation.

2. It is delimited by international governmental boundaries within 
which differences in the control of exploitation, management of 
habitat, conservation status, or regulatory mechanisms exist that 
are significant in light of Section 4(a)(1)(D) of the ESA.

According to the policy, information relevant to the “discrete” cri-
terion includes (but is not necessarily limited to) physical, ecological, 
behavioral, and genetic data.

Once a population segment is deemed to be discrete, the next step 
in DPS evaluation is to determine whether it is also “significant” to 
the taxon to which it belongs. Factors that can be used to determine 
whether a discrete population segment is significant include:

1) Persistence of the discrete segment in an ecological setting 
unusual or unique for the taxon;

2) Evidence that loss of the discrete segment would result in a signifi-
cant gap in the range of the taxon;

3) Evidence that the discrete segment represents the only surviving 
natural occurrence of a taxon that may be more abundant else-
where as an introduced population outside its historical range; and

4) Evidence that the discrete segment differs markedly from other 
populations of the taxon in its genetic characteristics.
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Determining whether the red wolf is a listable entity under the ESA, 
therefore, requires a determination whether they are a species, a sub-
species, or a DPS. Our approach to this problem is as follows. First, 
we review the various published hypotheses regarding historical 
evolutionary relationships of red wolves and other North American 
wolf-like canids. Our objective is not to establish which hypothesis is 
most likely, but rather to enumerate the plausible hypotheses so that 
each can be considered from the ESA perspective. Next, we review 
recent information about hybridization among North American 
Canis. Finally, for each of the published hypotheses, we draw on the 
best available scientific information to evaluate whether the red wolf 
could be considered a listable unit under the ESA by virtue of its sta-
tus as a species, subspecies, or DPS.

Evolutionary History of Red Wolves in Relation 
to Other NA Canids

Current Context: Captive Breeding and Recovery
By the early 1900s, a combination of direct persecution, forest clear-
ing, road building, and perhaps the decline of deer herds had elimi-
nated red wolves from most of their historic range (USFWS 1990), 
and hybridization between red wolves and coyotes had begun in 
central Texas (Nowak 2002; Phillips et al. 2003). By the time the 
USFWS initiated a captive breeding program in 1973, red wolves 
were confined to a single small population in Louisiana and Texas, 
surrounded by coyotes that had expanded their range eastward 
(Riley and McBride 1975; USFWS 1990). Over the next 7  years, 
more than 400 wild canids were captured from the area of the 
remaining red wolf population, and wild red wolves were extirpated 
from their historic range. A total of 42 captured animals were sent 
to the breeding facility as putatively pure red wolves; of them, only 
14 became the founders of the captive population (USFWS 1990). 
Details of the captive breeding program are described elsewhere 
(Waddell and Long 2015).

Currently, a single wild population of red wolves exists in the 
red wolf recovery area (RWRA) on the Albemarle Peninsula in 
northeastern North Carolina. This was established as a nonessential, 
“experimental” population to allow additional management flexi-
bility to reduce human conflicts. From 1987 to 1994, a total of 63 
wolves were introduced to the RWRA from the captive facility. The 
RWRA encompasses about 4600 km2, roughly half in public and 
half in private ownership, with red wolves making use of about 47% 
of that area (Phillips et al. 2003; Gese et al. 2015). Coyotes were not 
present when introductions began but arrived soon after, and hybrid-
ization with red wolves was confirmed by the early 1990s (Adams 
et al. 2003). Recognizing that coyote hybridization was the greatest 
risk to recovery, USFWS implemented specific, ongoing actions to 
reduce coyote introgression into the red wolf population, including 
removing hybrid litters and euthanizing or sterilizing coyotes and 
hybrids (Kelly 2000; Gese et al. 2015). Although the wild population 
increased to more than 100 wolves, it has since declined to fewer 
than 50 individuals (Madison J, USFWS, personal communication)

Morphology
Canid taxonomy, like that for many mammalian groups, historic-
ally has focused on morphological analysis of teeth and bones of 
the skull. Early efforts to make sense of North American canid 
diversity (e.g., Goldman 1944) found morphological evidence 
for a large number of subspecies of the gray wolf. More recently, 
Nowak (1995, 2002)  trimmed that to the red wolf (C. rufus) and 

five subspecies of gray wolf, including the Mexican wolf (C. l. bai-
leyi), eastern wolves in southern Ontario and Quebec (C. l. lycaon), 
and a form that historically occupied much of the western United 
States and ranged northward to encompass all of Hudson’s Bay 
(C.  l.  nubilus) (Figure 1). Nowak’s (2002) paper focused on east-
ern canids and used only skulls collected prior to 1918. He found 
that a small wolf appeared in areas east of the Great Plains and 
south of the Great Lakes and St. Lawrence River near the end of the 
Pleistocene, at about the same time coyotes disappeared from east-
ern North America. He found this small wolf, which he considered 
to be C. rufus, to be distinct from both the coyote and gray wolf, 
with no evidence of hybridization. Prior to European settlement of 
North America, the geographic range of these “red wolves” had little 
overlap with that of coyotes, whose eastern limits largely coincided 
with the westerly plains (Nowak 2002). Historically, eastern North 
America was heavily forested, and these small wolves were presum-
ably specialized to hunt the primary ungulate of the region, white-
tailed deer (Odocoileus virginianus).

Nowak’s taxonomic conclusions are based on multivariate, dis-
criminant function analysis (DFA) of morphological characters. 
DFA requires the user to pre-assign individuals into groups and then 
derives linear combinations of the original variables (the discrim-
inant functions) that maximize differences among groups. DFA is 
most robust when group membership in the pre-defined groups is 

Figure 1. Historical distribution of North American wolves from Chambers 
et al. (2012). In this version of the taxonomy, the red wolf (Canis rufus) is 
considered a separate species from gray wolves (Canis lupus), which are 
divided into 5 subspecies. The boundary between the red wolf and the 
eastern wolf, Canis l. lycaon, is uncertain, especially in the upper third of the 
C. rufus range shown here (from about Pennsylvania north). The other native 
wolf-like canid in North America, the coyote (C. latrans), is not shown here. 
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determined using independent information. When the same charac-
ters are used both to group the samples and to derive the discrimin-
ant functions (as Nowak did), the result can be an exaggeration of 
intergroup differences and overly-optimistic assessments of power to 
assign individuals to groups (Waples 2010).

More recently, Hinton and Chamberlain (2014) found that sym-
patric red wolves, coyotes, and their hybrids could be distinguished 
based on morphological characteristics: red wolves are the largest 
canid in the NC recovery region, coyotes the smallest, and hybrids 
are intermediate.

Ecology
Gray wolves historically inhabited most of North America except 
for the deciduous forests of eastern North America, an area occupied 
by red and eastern wolves, which are morphologically intermediate 
between gray wolves and coyotes (Nowak 1995; Kyle et al. 2006). 
The morphological and ecological differentiation of Canis taxo-
nomic groups has been attributed to habitat and prey selection, as 
well as to interference competition (Mech 1970). Population struc-
ture is often associated with ecological differences in vegetation and 
prey type (Geffen et  al. 2004; Carmichael et  al. 2007). A  striking 
example of ecological differentiation occurs for adjacent popula-
tions of gray wolves from coastal and inland British Columbia. The 
strong genetic structure between these groups does not correspond 
to geographic distance or physical dispersal barriers but rather to 
habitat differences, as coastal wolves obtain more than half of their 
protein from marine sources (Muñoz-Fuentes et al. 2009).

The historic distribution of red wolves (Figure 1) is largely con-
gruent with North America’s Ecoregion 8, Eastern Temperate Forests 
(Figure  2). This ecological region is characterized by a relatively 
dense and diverse forest cover, an abundance of perennial streams 
and rivers, and a high diversity of many species, including birds, fish, 
reptiles, and amphibians; it is recognized as “a significant evolution-
ary area for the continent’s fauna” (Commission for Environmental 
Cooperation 1997). Summers are hot and humid, whereas winters 
exhibit a latitudinal gradient from subtropical temperatures in the 
south to cool, continental temperatures in the north. The north-
central part of this ecoregion includes part of the historic range of 
C. lycaon (Figure 1).

Historically, sympatry between coyotes and wolves was restricted 
to western North America, where competition is reduced because 
large herbivores (moose, bison, and elk) provide abundant prey 
for wolves, whereas coyotes forage on deer and smaller species or 
scavenge wolf kills. As eastern forests were altered to more open, 
human-dominated habitats, wolf-control programs decimated his-
toric populations of eastern wolves and red wolves, leaving a void 
that coyotes, being renowned generalists, readily exploited. By the 
mid 1900s, coyotes had expanded into most of North America 
(Parker 1995; Sears et al. 2003; Levy 2012). Subsequent hybridiza-
tion between coyotes and remnant populations of wolves in eastern 
North America created an increasing coyote size gradient from west 
to east (Kays et al. 2010; Way et al. 2010). Hybridization between 
coyotes and eastern wolves has also created intermediate habitat 
preferences. Based on species distribution models, Otis et al. (2017) 
found that hybrids between the eastern wolves and eastern coyotes 
exhibited intermediate environmental niche characteristics com-
pared with their progenitors.

Red wolf habitat use and prey types in the reintroduced North 
Carolina population overlap with those of the invasive coyote. 
However, the proportion of prey types differs, consistent with the 
larger body sizes of red wolves; in particular, red wolves consume 

more white-tailed deer and fewer small mammals and rabbits than 
coyotes do in the RWRA (Hinton et al. 2017). Likewise, current red 
wolf habitat use differs from other wolves, with preference for agri-
cultural habitats over forest, perhaps tracking white-tailed deer den-
sities (Dellinger et al. 2013; Hinton et al. 2016).

Behavior and Contemporary Hybridization
Recent studies in and near the RWRA provide insights into con-
temporary interactions between red wolves and coyotes. The red 
wolf social system is similar to that of gray wolves and differs from 
that of coyotes in the area. From 1999 to 2013, red wolves in the 
reintroduced population regularly displaced other red wolves and 
killed or displaced coyotes and hybrids (Gese and Terletzky 2015). 
This behavior is important because it may form the basis of a repro-
ductive barrier between red wolves and coyotes (Fredrickson and 
Hedrick 2006). In addition, red wolves often formed packs by 
delayed dispersal of offspring or by inclusion of unrelated helpers 
into packs (Sparkman et al. 2011, 2012). Both of these are hallmarks 
of the gray wolf social system but rare among coyote populations.

In a 13-year study, Bohling and Waits (2015) found four times as 
many red-wolf litters as hybrid litters within the RWRA. About half 
of the hybridization events followed the death (typically caused by 
humans) of one member of a stable red-wolf breeding pair. Hybrid 
litters tended to be produced by first-time red-wolf breeders, away 
from the core RWRA. Red wolves that did not pair with other red 
wolves preferentially paired with admixed individuals rather than 
coyotes, even though coyotes vastly outnumbered hybrids within the 
study area. The authors concluded that social stability of red wolf 
family groups was an important factor in determining the probabil-
ity of hybridization (see also Hinton et al. 2015).

Bohling et  al. (2016) studied the spatial extent of hybridiza-
tion within the RWRA and adjacent areas. They found that red 
wolf ancestry declined sharply across a transect leading outside the 
RWRA and that no red wolves were found outside the recovery area, 
whereas half of the canids within the RWRA were coyotes. In spite 
of the pervasive presence of coyotes, only 4% of the individuals sur-
veyed by Bohling et al. (2016) were hybrids. This result, however, 
reflects at least in part success of the adaptive management plan to 
limit the consequences of hybridization.

In southern Quebec and Ontario, a study focused on eastern 
wolves from Algonquin Provincial Park (Rutledge et  al. 2010a) 
found evidence that coyote mtDNA was widespread but coyote 
Y-chromosome haplotypes were absent, indicating that male coy-
otes were not involved in hybridization with eastern wolves. In con-
trast, eastern and gray-wolf Y-chromosome haplotypes were present, 
indicating some male-mediated introgression of gray-wolf genes 
via eastern wolves and possible sex-biased introgression mediated 
by males of the larger species breeding with females of the smaller 
species. These studies also found divergent Y-chromosome haplo-
types unique to eastern Canada and the Great Lakes, supporting the 
hypothesis of a unique Canis taxon in the region (Wheeldon et al. 
2010; Wilson et al. 2012).

Current high hybridization rates between coyotes and both east-
ern wolves and red wolves are associated with high kill rates of 
wolves by humans (Rutledge et al. 2012a; Bohling and Waits 2015). 
High human-caused death rates, particularly due to gunshot during 
the deer-hunting season, facilitate coyote introgression by removing 
resident red wolves just prior to the breeding season, in which case 
the remaining wolf of a pair is more likely to settle for a coyote or a 
hybrid as a mate. With social structure intact, red and eastern wolves 
exhibit positive assortative mating (Rutledge et al. 2010a; Bohling 
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et al. 2016), and red wolves will exclude or displace coyotes from 
areas they occupy (Gese and Terletzky 2015). Death of transient red 
wolves removes individuals that might pair with other red wolves 
and displace coyotes as breeders (Hinton et al. 2015, 2016).

Although recent hybridization between coyotes and eastern 
wolves and red wolves is well documented, the extent of gray wolf 
× coyote hybridization is less clear. In western North America, gray 
wolves often kill coyotes, and no matings of the 2 species have been 
reported in the wild (Wheeldon et al. 2010; Rutledge et al. 2012a). In 
the western Great Lakes region, where the 2 species have co-existed 
since prior to European contact, studies have found evidence for lit-
tle (Wheeldon et al. 2010) or no (Mech 2011) recent hybridization 

between gray wolves and coyotes. Wheeldon et al. (2010) concluded 
that wolves from the western Great Lakes are derived from hybrid-
ization between gray wolves and eastern wolves. Because eastern 
wolves have also hybridized with coyotes recently (and perhaps his-
torically), they have potentially served as a conduit for indirect mix-
ing of gray wolf and coyote genes (Rutledge et al. 2012a).

An experimental attempt at artificial insemination showed that 
gray wolves and coyotes are not completely incompatible reproduc-
tively, as one of 9 coyote females inseminated with gray wolf semen 
produced offspring (Mech et al. 2014). Two of these gray-wolf–coy-
ote hybrids subsequently mated and produced F2 offspring (vonHoldt 
et al. 2017a), but whether the F2 generation is fertile is not known.

Figure  2. North American level-1 ecoregions (modified from Commission for Environmental Cooperation 1997). Ecoregion names: 1  =  Arctic Cordillera; 
2 = Tundra; 3 = Taiga; 4 = Hudson Plains; 5 = Northern Forests; 6 = Northwestern Forested Mountains; 7 = Marine West Coast Forests; 8 = Eastern Temperate 
Forests; 9 = Great Plains; 10 = North American Deserts; 11 = Mediterranean California; 12 = Southern Semi-Arid Highlands; 13 = Temperate Sierras; 14 = Tropical 
Dry Forests; 15 = Tropical Humid Forests.
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Genetics
The large (and growing) number of genetic studies of wolves and 
their relatives are challenging to summarize (see Chambers et  al. 
2012 for a recent attempt); these studies have only partially overlap-
ping sets of samples, DNA markers, and analytical methods, which 
not surprisingly supports a variety of perspectives. Here we focus on 
studies most directly relevant to red wolves.

Wayne and Jenks (1991) evaluated genetic variation in captive 
red wolves in the broader context of patterns of genetic variation 
in North American coyotes and gray wolves. In maternally inherited 
mitochondrial DNA (mtDNA), the authors found that red wolves 
from the captive population carried a single haplotype that was 
phylogenetically similar to that of coyotes. Other potential found-
ers that displayed at least a partial red-wolf phenotype but were not 
incorporated into the red-wolf captive population had either coy-
ote, gray wolf, or Mexican wolf mtDNA, and a mismatch often was 
observed between mtDNA haplotype and the morphological clas-
sification. Haplotypes obtained from six “red wolf” pelts collected 
between 1905 and 1930 were similar or identical to known coyote or 
gray-wolf haplotypes. Wayne and Jenks (1991) hypothesized that the 
red wolf is either 1) wholly of hybrid origin or 2) has recently hybrid-
ized with other North American canids. This paper represents the 
first proposed 2-species hypothesis for North American canids (gray 
wolf and coyote), with eastern and red wolves being of mixed origin.

Using data for 10 nuclear gene loci previously reported by Roy 
et al. (1994), Reich et al. (1999) estimated that the coyote–gray-wolf 
hybridization event occurred no more than 12 800 ybp, and likely 
less than 2500 ybp. Bertorelle and Excoffier (1998) found that the 
same data were consistent with red wolves and coyotes being sister 
species that diverged 10% as long ago as coyotes and gray wolves.

Wilson et al. (2000) proposed what has come to be known as the 
“three species” hypothesis based on the analysis of both nuclear and 
mtDNA data. At nuclear loci, Wilson et al. found that red wolves 
and eastern wolves were more similar to each other than either 
was to gray wolves. They identified coyote mtDNA in both eastern 
and red wolves but also found unique sequences in both of the lat-
ter forms that diverged from any coyote mtDNA haplotypes. The 
authors concluded that coyotes, red wolves, and eastern wolves all 
evolved in North America, with the eastern+red wolf lineage diverg-
ing from the coyote lineage 150 000–300 000 years ago. This three-
species hypothesis considers eastern wolves and red wolves to be 
part of the same species, C. lycaon.

The first paper to take advantage of the revolution in genomics 
technology to study worldwide evolution of Canis was vonHoldt 
et al. (2011), who used over 48 000 single-nucleotide-polymorphism 
(SNP) markers. These authors concluded that unique genetic fea-
tures of the red-wolf population were less distinctive than for other 
recognized wolf species or subspecies. Bayesian clustering analysis 
suggested that this was primarily due to its mixed origin. Subsequent 
analyses based on haplotype block size suggested that the primary 
hybridization event between coyotes and gray wolves occurred 
287–430 years ago; a similar analysis for Great Lakes wolves sug-
gested initial admixture 546–963 years ago. vonHoldt et al. (2011) 
concluded that the close affinity of red wolves and eastern wolves 
proposed by Wilson et al. (2000) owed more to similar patterns of 
lupus × latrans hybridization than to a shared evolutionary history.

The global scope of the vonHoldt et  al. (2011) analyses had 
both advantages and disadvantages. Including diverse canids from 
Eurasia and Africa provided a broad context for interpreting evolu-
tionary distinctiveness of New World forms. On the other hand, this 
made it more difficult to discern fine-scale structure within North 

America of some forms (esp. eastern wolves) represented by rela-
tively few samples. In particular, 75% of the individuals were domes-
tic dogs, and it is well known that some methods (such as Bayesian 
clustering) can be very sensitive to unequal sample sizes (Kalinowski 
2011) and most readily detect the strongest levels of genetic structur-
ing (Evanno et al. 2005).

Rutledge et al. (2012b) re-analyzed vonHoldt et al’s (2011) SNP 
data in a principal components analysis (PCA), with a focus on 4 
North American forms (gray wolves, coyotes, eastern wolves, and 
red wolves). They found red wolves to be the most distinctive of the 
4 groups (Figure 3), which they pointed out could be due at least in 
part to founder effect and drift associated with the captive breeding 
program.

Most recently, a whole-genome-sequencing study by vonHoldt 
et  al. (2016) greatly expanded the number of loci (to 5.4 million 
SNPs), while focusing on a much smaller number of individuals (28). 
Red wolves were the most divergent group (FST = 0.177 with North 
American gray wolves and 0.107 with coyotes judged to be non-
admixed) but were genetically more similar to coyotes considered 
to be admixed. vonHoldt et  al. (2016) noted that the amount of 
genetic divergence between North American gray wolves and coy-
otes (FST = 0.153) is not much larger than that between European 
and North American gray wolves (FST = 0.099), and they estimated 
the divergence time between gray wolves and coyotes at only about 
50 000 years ago. vonHoldt et al. (2016) further identified >16 000 
SNPs with fixed differences between coyotes and Eurasian gray 
wolves and used them to estimate coyote versus gray-wolf ances-
try in putative admixed forms; results indicated that Great Lakes 
wolves derive slightly more of their genes from gray wolves and east-
ern wolves derive slightly more from coyotes, whereas at least 80% 
of red-wolf genes can be traced to coyotes. The authors argued that 
the percentage of novel alleles in eastern wolves and red wolves was 
lower than expected if they were distinct species. Using a genetic-
demographic model that included divergence times and historical 
population sizes and an analysis that focused on 9 individuals, von-
Holdt et al. (2016) estimated the divergence between red wolf and 
coyote as 55 000–117 000 ybp and divergence between Great Lakes 
wolf and gray wolf as 27 000–32 000 ybp.

Figure 3. Principal components analysis of 48 000 SNPs for North American 
wolf-like canids (modified from Rutledge et  al. 2012b, which is based on 
data from vonHoldt et al. 2011). PC 1 represents 15.7% of the variance and 
PC 2 represents 3.6%. For alternative ways of presenting these data, see 
Supplementary Figure S3 in vonHoldt et al. (2011).
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Hohenlohe et al. (2017) criticized a number of aspects of the von-
Holdt et al. (2016) study, including representativeness of the sam-
ples and their suitability for assessing admixture, pooling of eastern 
wolves from Algonquin Park with Great Lakes wolves in some anal-
yses, interpretation of the PCA and rare-allele analyses, and conclu-
sions about admixture. vonHoldt et al. (2017b) responded to these 
criticisms and reaffirmed conclusions of their 2016 study.

Genetic analysis of historical (pre-European contact) specimens 
could potentially resolve some of the uncertainties regarding canid 
evolution in North America, but to date these are limited to stud-
ies of mtDNA. Wilson et al. (2003) found nongrey-wolf mtDNA in 
100-year-old samples from Maine and New York—long before the 
20th Century range expansion of coyotes. Rutledge et al. (2010b) 
examined 4 Canis skull samples excavated from 16th Century mid-
dens in southern Ontario and found that none contained mtDNA 
of gray-wolf origin. They concluded that this area was historically 
occupied by the New World-evolved eastern wolf rather than the 
Old World-evolved gray wolf, but they could not rule out the pos-
sibility that the specimens analyzed were admixed forms of eastern 
and gray wolves. Brzeski et al. (2016) examined 3 wolf-like tooth 
samples dated to 350–1900 ybp collected within the historic range 
of the red wolf. Each specimen produced a previously undocumented 
mtDNA haplotype, all of which grouped within the coyote clade. 
This result is consistent with either an origin by ancient hybrid-
ization with coyotes or evolution of the red wolf from the coyote 
lineage, but does not support a recent hybrid origin following the 
invasion of the coyote into eastern North America.

Collectively, studies to date have produced a range of conflicting 
conclusions regarding the origin of red and eastern wolves, as well 
as the timing of important evolutionary events. Further complicat-
ing matters, Koblmüller et al. (2016), examined 105 complete gray-
wolf mitogenomes, including 10 from Eurasian and North American 
wolves >14 000  years old. The authors concluded that all extant 
North American gray wolves derive from a single gray-wolf colon-
ization event from Eurasia about 23 000 ybp. This is at odds with 
the gray wolf—coyote and gray wolf—Great Lakes wolf divergence-
time estimates based on whole-genome sequences (vonHoldt et al. 
2016), as well as the coyote—red/eastern-wolf divergence estimate 
based on control-region mtDNA sequence data (Wilson et al. 2000).

Summary
The diverse ideas summarized above about the evolutionary his-
tory of wolf-like canids in North America can be grouped into 3 
general scenarios, referred to as the 4-, 3-, and 2-species hypoth-
eses (Figure 4). The 4-species hypothesis generally follows existing 
taxonomy based on morphology and historical distributions (see 
Figure 1; the 4 species are gray wolf, eastern wolf, red wolf, and coy-
ote, with both the red wolf and eastern wolf evolving from a coyote-
like ancestor). The most comprehensive summary of this scenario 
can be found in Chambers et  al. (2012). As noted above, all 4 of 
these groups show some level of genetic distinctiveness, in spite of 
acknowledged recent hybridization. However, the Chambers et  al. 
(2012) study has been criticized because it adopted the 4-species 
taxonomic hypothesis as a framework for interpreting the genetic 
data, rather than allowing species delimitations to emerge directly 
from the analysis of the data (Dumbacher et al. 2014).

The 3-species hypothesis originated with Wilson et  al. (2000) 
and has been supported in various ways by several subsequent 
papers showing distinctiveness of eastern wolves and/or red wolves. 
Under this scenario, red wolves would be grouped along with east-
ern wolves within C. lycaon as a separate subspecies or some other 

subspecific population unit. In support of this hypothesis, eastern 
and red wolves are similar in size and (in theory) well suited to the 
heavily forested areas that historically dominated most of eastern 
North America. However, not all analyses have found a close genetic 
affinity between eastern wolves and red wolves.

The 2-species hypothesis suggests that all modern populations 
referred to as wolves are subspecies of C. lupus and/or recent hybrids. 
This is supported by the lack of distinctive genetic material in red 
wolves or eastern wolves. One version of this hypothesis proposes 
that eastern forests were populated by one or more smaller forms of 
C. lupus that specialized on deer, and these hybridized with coyotes 
as eastern wolf populations dwindled in the last 400 years. A vari-
ation proposes that red wolves and/or eastern wolves could have 
arisen from more ancient hybridization between gray wolves and 
coyotes but have not diverged enough to be considered full species.

Timing of the hypothesized historical hybridization events is 
highly uncertain, with estimates ranging from a few hundred years 
to over 100 000 years. Under some scenarios of the 2-species hypoth-
esis, red wolves and/or eastern wolves might be considered separ-
ate subspecies (within C. latrans and C. lupus, respectively). Some 
authors (Mech 2011; Rutledge et al. 2012a; Hohenlohe et al. 2017) 
argue that scant empirical evidence for recent hybridization of gray 
wolves and coyotes in the wild (in spite of abundant opportuni-
ties) poses a challenge for the 2-species hypothesis. However, it is 
well known that changing environments can promote hybridization 
between species that normally have effective isolating mechanisms, 
and there are ample examples of changing environments in North 
America during the Pleistocene and Holocene. Therefore, recent pat-
terns of hybridization among North American canids are not neces-
sarily a good indicator of historical patterns.

Regardless of what conclusions are reached regarding species- 
and subspecies-level taxonomy of these North American canids, 
it is noteworthy that, in spite of recent introgression, and in spite 
of being surrounded and vastly outnumbered by coyotes or gray 
wolves, red wolves and eastern wolves both exhibit positive assorta-
tive mating—at least when harvest pressure and other anthropogenic 
mortality factors are low enough that social groups remain intact.

Analysis of Evolutionary Hypotheses in an 
ESA Context

In this section, we review the 3 major evolutionary hypotheses and 
discuss the implications of each for the status of red wolves as a 
potentially listable entity (species, subspecies, or DPS) under the ESA.

Four-species Hypothesis
In this scenario, the red wolf is considered a full species (C. rufus; 
see Goldman 1944; Nowak 2002; Baker et al. 2003; Chambers et al. 
2012), so it could continue to be listed on that basis (Figure 4).

Three-species Hypotheses
In the various 3-species scenarios, the red wolf is not a full species; 
instead, it and the eastern wolf are considered to be synonymous 
with or subspecific units of C.  lycaon. Opinions about whether 
to define subspecies—and if so, how—differ widely (Mayr 1982; 
Burbrink et al. 2000; Haig et al. 2006; Taylor et al. 2017). We are not 
aware of any published paper formally proposing that the red wolf 
be considered a subspecies of C. lycaon, although Chambers et al. 
(2012) discussed this idea hypothetically and some of the nomen-
clatural issues it would entail. As described above, however, the red 
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wolf and eastern gray wolf meet several of the criteria that are most 
commonly used to delimit subspecies: they are geographically allo-
patric (currently and perhaps historically) and are genetically and 
morphologically different from each other, as well as from coyotes 
and gray wolves.

If not considered a separate subspecies, the red wolf would be 
evaluated as a potential DPS of C.  lycaon. Because the only other 
extant population of C. lycaon is in Canada, the red wolf is “delim-
ited by international governmental boundaries” and therefore meets 
Element 2 of the Discreteness criterion. PCA results (Figure 3) and 
other results presented by Rutledge et al. (2012b) show that the 2 
populations are genetically distinct, so the red wolf likely also meets 
Discreteness Element 1 (marked separation from other populations 
of the taxon). After meeting the Discreteness test, Significance of the 
red wolf would be evaluated “with respect to the taxon to which it 
belongs”—that is, C. lycaon. The red wolf would presumably meet 
Significance Element 2 (only 2 conspecific populations are extant, 
so loss of the red wolf would create a major gap in the range of 
C. lycaon) and arguably would meet Significance Element 1 (occur-
rence in an unusual ecological setting). Although eastern wolves are 

found in part of the Eastern Temperate Forests Ecoregion historically 
occupied by red wolves, habitats for red wolves are more temperate/
subtropical, and the northern range of eastern wolves also extended 
into the colder Northern Forests Ecoregion (Figure 2). Whether the 
red wolf would also meet Significance Element 4 (marked genetic 
differences from other conspecifics) is more subjective. The joint DPS 
policy does not clarify whether the same genetic data can be used for 
both Discreteness Element 1 and Significance Element 4. In apply-
ing a similar 2-part test (reproductive isolation and evolutionary sig-
nificance) to Pacific salmon populations, as well as in applying the 
joint DPS policy to a variety of marine species, NOAA Fisheries has 
typically used presumably neutral molecular genetic data primarily 
to address the discreteness/reproductive isolation criterion and has 
largely relied on proxies for adaptive genetic differences (e.g., behav-
ior/life history/ecology) to meet the significance criterion (Waples 
2006).

Although meeting multiple Significance elements might make the 
case stronger, if Discreteness has been established it is not necessary 
to meet more than a single Significance element to be considered a 
DPS. Under a scenario in which both red wolves and eastern wolves 

Figure 4. Schematic evolutionary history (left) and resulting taxonomy (right) for 3 hypotheses for the origins of the red wolf (RW) and eastern wolf (EW). The 
evolutionary history diagrams show a timing of a coyote-wolf split around 1 MYA and subsequent speciation within North America around 500k YA, although as 
noted in the main text those dates are debatable. Under the 2-species hypothesis, the original RW and EW were forms of C. lupus that hybridized with coyotes 
when wolves were extirpated from most of their native range in eastern North America. This hypothesis also allows for the possibility of ancient hybridization 
between gray wolves and coyotes. The 3-species hypothesis recognizes RW and EW as a single species that diverged from the coyote lineage; C. lycaon is the 
older scientific name and so would have priority over C. rufus under this hypothesis. According to the 4-species hypothesis, EW and RW both evolved from the 
coyote lineage but diverged into separate species in the northeast and southeast.
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are considered subspecific units of C. lycaon, therefore, we conclude 
that red wolves would qualify as at least a DPS because they meet 
both Discreteness elements and at least 1 or 2 Significance elements 
of the joint DPS policy.

Two-species Hypotheses
The various 2-species hypotheses agree that the gray wolf and coy-
ote are the 2 species but differ in other details. In the following, we 
consider 3 variations of the 2-species hypothesis.

Red Wolves are Derived From Gray Wolves
Under this scenario, red wolves are not a full species but might be a 
subspecies of C. lupus, as proposed by Lawrence and Bossert (1975) 
and Wozencraft (2005).

If red wolves are not a separate subspecies, they could be a DPS 
of C. lupus. For that evaluation, it would be necessary to consider 
red wolves in the context of all other subspecific units of C. lupus. As 
noted above, red wolves can be considered Discrete compared with 
eastern (Algonquin) wolves according to both Discreteness elements. 
Some Great Lakes wolves occur in the United States, so the inter-
national border element does not apply to the Great Lakes wolves × 
red wolves comparison. In the PCA analysis shown in Figure 3, red 
wolves are the most genetically distinctive of all the North American 
wolf-like canids (the Mexican wolf, C. l. baileyi, was not represented 
in these samples, but its genetic distinctiveness has been established 
by many studies—see review by Chambers et al. 2012). This is also 
consistent with results presented by vonHoldt et  al. (2016), who 
found that red wolves had the highest FST values (all FST > 0.1) for 
pairwise comparisons with NA gray wolves, Great Lakes wolves, 
and coyotes. Collectively, these results support the conclusion that 
red wolves are Discrete compared with all other North American 
wolves.

With respect to Significance, there is little or no overlap in 
the historical distribution of red wolves with gray wolves, east-
ern wolves, Great Lakes wolves, and Mexican wolves, so loss of 
the red wolf would likely represent a significant gap in the range 
of C.  lupus (Significance Element 2). As the red wolf is the last 
remaining small-wolf population in the large area of Ecoregion 8 in 
the United States east of the prairies and south of the Great Lakes 
(Figure 2), it could also be argued that under this hypothesis, the red 
wolf occupies an ecological setting that is unusual or unique for the 
species (Significance Element 1). As noted above, it is possible that 
the red wolf might also meet Significance Element 4, but that is more 
speculative.

Red Wolves are Derived From Coyotes
Like the Chambers et  al. (2012) version of the 4-species hypoth-
esis, this scenario has red wolves being derived from the coyote lin-
eage, but more recently. It does not appear that anyone has formally 
proposed that the red wolf be considered a subspecies of C. latrans, 
although that is one possibility that might be evaluated. If not, and 
if red wolves were to remain a listable entity under this version of 
the 2-species hypothesis, it would have to be as a DPS of the coyote.

In vonHoldt et al. (2016), the red wolf was genetically more simi-
lar to coyotes than to gray wolves or Great Lakes wolves, but the level 
of divergence (FST = 0.108) was still substantial and larger than the 
values found for many other vertebrate populations that have been 
considered to be Discrete under the joint DPS policy (e.g., Gustafson 
et al. 2006; Seminoff et al. 2015). The PCA analysis (Figure 3) also 
provides strong evidence that red wolves are genetically distinctive 

compared with coyotes. Furthermore, although by all accounts sub-
stantial hybridization between red wolves and coyotes has occurred 
for at least a century, recent studies within and around the RWRA 
demonstrate that red wolves can be resistant to hybridization if 
anthropogenic pressures do not compromise their social structure. 
Current data therefore indicate that, under this scenario, red wolves 
could be considered discrete from other populations of C. latrans.

Until about 1900, the distributions of coyotes and red wolves 
were largely nonoverlapping, with coyotes being restricted to the 
west and red wolves filling a niche for a small, wolf-like canid in 
the deciduous forests of the east and southeast. Under those his-
torical conditions, therefore, it is likely that (compared with other 
C.  latrans) red wolves would have satisfied Significance Elements 
1 and 2. Following near-extirpation of the red wolf, coyotes have 
greatly expanded their range eastward in the past century, so the 
contemporary situation is quite different.

Red Wolves are the Product of Recent Hybridization Between 
Gray Wolves and Coyotes
Hybridization is a well-known mechanism for creating new spe-
cies; although more common in plants (Rieseberg 1997), it also 
occurs in animals, including mammals (Larsen et al. 2010) and birds 
(Lamichhaney et  al. 2018). Evolutionary hypotheses II, IIIA, and 
IIIB do not specify an ancient hybrid origin for the lineage leading 
to contemporary red wolves, but they do not exclude this possibil-
ity. Hypothesis IIIC differs from the others in postulating that red 
wolves are not an ancient lineage, but rather arose recently from 
hybridization between gray wolves and coyotes. Timing of the puta-
tive hybridization event has been variously estimated as likely less 
than 2500 ybp (Reich et al. 1999) and 287–430 ybp (vonHoldt et al. 
2011). Under this scenario, if the hybrid entity is not recognized as 
a formal species or subspecies to be listable under the ESA, it would 
have to be considered a DPS. In this case, DPS evaluations would 
be somewhat problematic because the taxon to which the puta-
tive DPS belongs is an important reference point. However, based 
on currently available information, we have concluded above that 
red wolves could be considered both Discrete and Significant with 
respect to either coyotes or gray wolves. This could be used to argue 
that even if red wolves are a hybrid-origin taxon, they nevertheless 
meet the criteria to be considered a DPS, regardless which formal 
taxon they are considered to be associated with. This scenario would 
also raise some legal/policy issues that are considered in the next 
section.

Discussion

The red wolf is currently listed under the ESA as a full species 
(C.  rufus), which is consistent with traditional taxonomic treat-
ments and the most recent review of the taxonomy of Canis in 
North America (Chambers et al. 2012). However, a number of more 
recent genetic studies have called into question the existing tax-
onomy of wolf-like canids, and the evolutionary history of the red 
wolf remains controversial (Dumbacher et  al. 2014). Under some 
scenarios, the red wolf would not be a valid species and perhaps 
not a valid subspecies, in which case any ESA listing would have to 
be as a DPS of a valid taxon. In the section Evolutionary History 
of Red Wolves in Relation to Other NA Canids of this paper, we 
have summarized the relevant genetic and nongenetic data, but we 
have not attempted to resolve the uncertainties or disagreements. 
Instead, in the section Analysis of Evolutionary Hypotheses in an 
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ESA Context, we have considered whether the red wolf would be a 
listable unit under the ESA under each of the major evolutionary sce-
narios that have been proposed, which can be characterized as 4-spe-
cies (C. lupus, C lycaon, C. rufus, C. latrans), 3-species (C. lupus, C 
lycaon, C. latrans), and 2-species (C. lupus, C. latrans) hypotheses.

Under the 4-species hypothesis, the red wolf would remain a full 
species and could continue to be listed on that basis. We also conclude 
that the 3-species hypothesis, which would group eastern wolves and 
red wolves under C. lycaon, would be relatively straightforward to 
evaluate. That scenario considers these 2 populations to be the last 
remnants of a biological species. Given that they are geographically 
disjunct and demonstrably differ in genetic and other characteristics, 
we conclude that eastern wolves and red wolves might be considered 
separate subspecies, and if not the red wolf would at least qualify as 
a DPS of C. lycaon.

The various 2-species hypotheses are more challenging to evalu-
ate, both because of their diversity and the fact that most would 
require evaluation of DPS status. Nevertheless, our overall conclu-
sion remains the same: if the red wolf is not considered to be a valid 
subspecies of either gray wolf or coyote, it would at least qualify as 
a DPS of its respective taxon. This conclusion is based on hypothet-
ical application of the 2 criteria in the joint 1996 interagency DPS 
policy: Discreteness and Significance. Available data indicate that the 
red wolf is genetically the most distinctive wolf-like canid in North 
America, which establishes Discreteness. Congruence of the his-
torical distribution of red wolf with the Eastern Temperate Forests 
Ecoregion (Figure  2) provides strong evidence for Significance 
Element 1 (persistence in an unusual ecological setting), and a case 
could be made for Elements 2 and 4 as well.

Some caveats are important to note regarding our evaluations. 
First, are red wolves genetically distinctive primarily because of their 
recent bottleneck and/or effects of the captive breeding program? 
This is a reasonable question, but we are not aware of any quantita-
tive analyses that attempt to answer it. The finding by Brzeski et al. 
(2016) of unique haplotypes in pre-Columbian samples presumed 
to be red wolf suggests that the genetic distinctiveness of red wolves 
is not merely a recent phenomenon, but more studies of this type 
would be useful to better clarify historical patterns. The Mexican 
wolf does not have the same hybridization issues as the red wolf, 
but it underwent an even more extreme bottleneck that has also 
undoubtedly affected recent genetic samples (Chambers et al. 2012); 
this, however, has not prevented the Mexican wolf from being recog-
nized as a valid subspecies and listed as such under the ESA.

The second caveat has to do with hybridization, which by all 
accounts has been extensive recently between red wolves and coyotes, 
and which by some accounts is responsible for producing the red-wolf 
phenotype in the first place (through hybridization of gray wolves and 
coyotes). These evaluations would be easier if the Services had a formal 
policy outlining how hybridization and hybrids should be considered 
in ESA listing and recovery. However, although the Services announced 
a proposed ESA intercross policy 2 decades ago (USFWS and NMFS 
1996b), it was never implemented or finalized. In the absence of spe-
cific policy guidance regarding hybridization, we applied the criteria in 
the joint DPS policy to existing data and concluded that the red wolf 
could be considered a DPS regardless of whether the taxon to which it 
belongs is considered to be the gray wolf or the coyote.

All of the DPS evaluations discussed above focus on the most 
recent data for red wolves and their relatives. These data, there-
fore, reflect the consequences of any hybridization that has occurred 
recently or historically. In spite of evidence for introgression of genes 
from coyote and perhaps gray wolf into the red wolf, we conclude 

that the current population meets both criteria to be a DPS, if not a 
subspecies or full species.

We have not attempted to grapple with questions of the 
following type:

• Can a biological entity that arises through hybridization be con-
sidered a “species” under the ESA (i.e., a named species or sub-
species or a DPS)?

• If so, how far in the past must the hybridization event have taken 
place?

• If a biological entity historically would have qualified as an ESA 
“species,” could it lose that status through hybridization with 
another biological entity?

• If so, how much hybridization is too much? What metrics should 
be monitored to determine whether a threshold of too much 
hybridization has been reached?

• Could or should the captive breeding program be modified to 
select for particular traits, such as larger (more wolf-like) size, 
which might help minimize hybridization with smaller coyotes?

• Given uncertainties about taxonomic status, if all plausible sce-
narios lead to either a species, subspecies, or DPS designation, 
could the red wolf continue to be listed without specifying which 
taxonomic category it fits into?

These are interesting questions but they are difficult or impossible to 
address in a strictly objective framework, because they involve soci-
etal values as well as legal and policy issues.

Broader Relevance
As a case study of listability under the US ESA, evaluations discussed 
here have necessarily focused on details specific to red wolves and 
to the legal/legislative context of one particular piece of legislation. 
However, many of the themes covered here resonate more broadly for 
biodiversity conservation and management. Taxonomic uncertainty 
is a pervasive issue, which is not surprising given that at least 2 dozen 
species concepts have been proposed in the literature (Mayden 1997; 
de Queiroz 2007). This uncertainty creates challenges for those trying 
to implement endangered species legislation (national laws exist for 
a number of countries besides the United States, including Australia, 
Canada, Costa Rica, and South Africa), which typically afford legal 
protection only to pre-defined entities like species or subspecies. One 
level of taxonomic uncertainty arises from the imperfect understand-
ing of particular evolutionary histories; another reflects the fact that 
evolution is a dynamic process and its products occur along a con-
tinuum rather than fitting neatly into discrete categories (Hey et al. 
2003). Only the first type of uncertainty can be resolved with more 
and better data. Both levels of taxonomic uncertainty are relevant 
for evaluations of red wolves: We can continue to refine our under-
standing of the evolutionary history, but even perfect understanding 
would not resolve all uncertainties about whether this enigmatic 
taxon should be considered a species, subspecies, or something else.

Jackson et al. (2017) recently faced a similar challenge regarding 
the Australian dingo—another problematical canid whose taxonomic 
status has been in dispute since the 18th Century. Jackson et al. disagree 
with some recent authors who have proposed that the dingo be consid-
ered a separate species (Canis dingo), pointing to strong evidence that 
it is a feral form of domestic dog. Nonetheless, and despite evidence for 
recent hybridization between dingos and domestic dogs, Jackson et al. 
(2017) conclude that Australian dingos are of great conservation sig-
nificance because of the ecological roles they now play and the insights 
they can provide about early stages of the domestication of dogs.
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In addition to considering taxonomic uncertainty, a second 
theme of our analyses focuses on conservation relevance of popula-
tion-level units below the species level (Soule 1986). Populations are 
routinely the focus of conservation efforts, and numerous laws pro-
vide for their protection. Although “Distinct Population Segment” 
is not a generally recognized biological term and is not in general 
use outside the United States, almost identical criteria (Discreteness 
and Evolutionary Significance) have been adopted by Canada to help 
identify population units that qualify for protection as Designatable 
Units under the Species at Risk Act, SARA http://www.cosewic.gc.ca/
default.asp?lang=en&n=DD31EAEE-1). This means that the criteria 
used here to evaluate DPSs of red wolves play a large role in deter-
mining formal conservation priorities across most of North America.

Finally, hybridization, both natural (Genovart 2009) and human-
mediated (Vilà et al. 2000), is an issue of global conservation con-
cern. Several decades of wrestling with complex problems associated 
with hybridization and conservation have produced a diversity of 
viewpoints (Hedrick 1995; Allendorf et al. 2001; Haig and Allendorf 
2006; Stronen and Paquet 2013; Wayne and Shaffer 2016). However, 
no strong consensus on practical application has emerged, no doubt 
in part because the ramifications of hybridization for conservation 
are very context specific. If a consensus is to eventually emerge, it 
will have to be built by synthesizing a series of detailed case studies 
like the one here for red wolves.
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Abstract

Defining units that can be afforded legal protection is a crucial, albeit challenging, step in 
conservation planning. As we illustrate with a case study of the red wolf (Canis rufus) from the 
southeastern United States, this step is especially complex when the evolutionary history of the 
focal taxon is uncertain. The US Endangered Species Act (ESA) allows listing of species, subspecies, 
or Distinct Population Segments (DPSs) of vertebrates. Red wolves were listed as an endangered 
species in 1973, and their status remains precarious. However, some recent genetic studies 
suggest that red wolves are part of a small wolf species (C. lycaon) specialized for heavily forested 
habitats of eastern North America, whereas other authors suggest that red wolves arose, perhaps 
within the last ~400  years, through hybridization between gray wolves (C.  lupus) and coyotes 
(C. latrans). Using published genetic, morphological, behavioral, and ecological data, we evaluated 
whether each evolutionary hypothesis would lead to a listable unit for red wolves. Although the 
potential hybrid origin of red wolves, combined with abundant evidence for recent hybridization 
with coyotes, raises questions about status as a separate species or subspecies, we conclude 
that under any proposed evolutionary scenario red wolves meet both criteria to be considered a 
DPS: they are discrete compared with other conspecific populations, and they are Significant to 
the taxon to which they belong. As population-level units can qualify for legal protection under 
endangered-species legislation in many countries throughout the world, this general approach 
could potentially be applied more broadly.

Subject areas: Conservation genetics and biodiversity
Keywords:  de-listing, distinct population segment, hybrid policy, hybridization, listing criteria, taxonomy

What biological units merit special protection? This question is 
increasingly relevant as earth’s ecosystems are ever more strongly 
influenced by humans. It is a difficult question even for relatively 
straightforward scenarios, where at a minimum one must con-
sider 1) uncertainties associated with estimates of extinction risk; 

2) difficulty in predicting consequences of alternative intervention 
strategies; and 3)  perceived values to humans and natural eco-
systems. Prioritizing scarce conservation resources is even more 
challenging when the evolutionary history of the focal taxon is 
uncertain.
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The red wolf (Canis rufus, C.  lycaon rufus, or C.  lupus rufus, 
depending on the authority), a small, wolf-like canid that historically 
occupied most of the United States east of the prairies and south of 
the Great Lakes, is a prime example of a taxon with an uncertain 
evolutionary history. Wolves, coyotes, jackals, dogs, and the dingo 
comprise the genus Canis, which first appeared in the fossil rec-
ord in southwestern United States and Mexico in the Miocene (~6 
MYA) (Wang and Tedford 2008). The gray wolf (C. lupus), which 
is the only wild Canis species that currently occurs in both the Old 
and New World, originated in Eurasia and appears in the North 
American fossil record by the late Rancholabrean period (~130 000 
ybp) or perhaps as early as the Illinoian period (~300 000 ybp; 
Nowak 1979), but there is little evidence of its existence south of the 
glaciers until the late Rancholabrean (Nowak 2002). Historic range 
of the gray wolf included most of North America except the eastern 
United States (Chambers et al. 2012). In 1973, the gray wolf in the 
lower 48 states was listed as Endangered under the US Endangered 
Species Act (ESA), based on the last few remaining wolves in north-
ern Minnesota and Michigan.

Several other wolf-like canids are restricted to North America. 
The small forms from areas of southern Ontario and Quebec centered 
on Algonquin Provincial Park are commonly referred to as “eastern 
wolves” (or more recently “Algonquin wolves” by the Committee 
on the Status of Species at Risk in Ontario) and are considered by 
some authors to be a separate species (C. lycaon) (Wilson et al. 2000; 
Baker et  al. 2003) or subspecies (C.  lupus lycaon) (Nowak 1995, 
2002, 2003; Chambers et al. 2012). Wolves from the western Great 
Lakes area of the United States and Canada, sometimes referred to 
as “Great Lakes” wolves and included by some authorities as part of 
the subspecies C. l. nubilus, are generally intermediate in size to east-
ern wolves and gray wolves from western North America (Nowak 
1995, 2002, 2003; Mech and Paul 2008; Mech et  al. 2011). Red 
wolves historically occupied most of the eastern United States, out-
side of the range of the Canis lineage referred to as lycaon. Another 
small canid historically occurred in the American southwest and 
Mexico, and the last remnant populations were listed under the ESA 
in 1976 as the Mexican wolf, a subspecies of gray wolf (Canis lupus 
baileyi; aka “lobo”). Finally, the coyote (C. latrans), the smallest wild 
North American wolf-like canid, was historically restricted to the 
western half of the continent but rapidly expanded eastward fol-
lowing the functional extinction of eastern wolves and red wolves 
(Parker 1995; Fener et al. 2005; Kays et al. 2010; Levy 2012).

The precarious status of the red wolf is not in question: nearly 
driven to extinction by the middle of the 20th century, it exists today 
as a captive population and a small experimental wild population 
(Gese et al. 2015). Red wolves were listed as Endangered in 1967 
under the US Endangered Species Preservation Act and remain listed 
(as C.  rufus) under the ESA. However, this listing and associated 
recovery actions are controversial because of uncertainties and scien-
tific disagreements about both the evolutionary history and contem-
porary history of red wolves. Recent hybridization between coyotes 
and both red wolves and eastern wolves, together with a paucity of 
historical genetic samples, has clouded interpretation of their evolu-
tionary history.

As elaborated in the next section, several hypotheses have been 
proposed regarding the evolutionary history of these charismatic 
canids. One hypothesis suggests that the red wolf is a unique New 
World lineage that split off from the smaller coyote in the Pleistocene; 
a variation posits that red wolves and eastern wolves together form a 
species separate from coyotes and gray wolves. Another hypothesis is 
that red wolves were a subspecies, or ecotype, of C. lupus specialized 

on the eastern forests. Various alternative scenarios for the origin of 
the eastern wolf-like canids involve ancient and/or recent hybrid-
ization with coyotes, gray wolves, and potentially domestic dogs 
(C. familiaris or C.  lupus familiaris) brought to the continent by 
humans (Anderson et al. 2009). All experts do agree that red wolves 
and coyotes hybridized in the southeastern United States as coyotes 
spread eastward in the 20th century and that hybridization remains 
a constant threat. However, there are diverse and strongly held views 
regarding what hybridization, old and new, means for conservation 
and management of red wolves.

Here, we tackle a question at the heart of the controversy: are 
red wolves a listable entity under the ESA? This is timely, as the red 
wolf’s status is under review as part of a periodic process mandated 
under Section 4(c)(2), and subsequent to the ESA listing of the red 
wolf, 2 events have changed the criteria for determining listability. 
First, the ESA has been amended several times, including the sections 
dealing with listing criteria. The 1978 ESA amendments [Public Law 
95–632 (1978), 92 Stat. 3751] clarified what units can be consid-
ered “species” under the ESA and hence legally protected if they are 
determined to be Threatened or Endangered: an ESA “species” can 
be either 1) a recognized biological species, 2) a recognized subspe-
cies, or 3) a “distinct population segment” (DPS). The provision to 
recognize DPSs applies only to vertebrate species. Although this lan-
guage opened up new options for listing populations of vertebrates, 
the ESA provides no specific guidance on how to determine what 
constitutes a DPS.

The second major event was that, following almost 2 decades 
of applying the DPS provision on an ad hoc basis, the agencies 
that implement the ESA (USFWS and National Marine Fisheries 
Service, NMFS) developed a joint policy to guide DPS determina-
tions (USFWS and NMFS 1996a). Under the joint species policy, to 
be a DPS a population or group of populations must meet 2 criteria: 
discreteness and significance. A population unit can be considered 
discrete if it satisfies either of the following conditions:

1. It is markedly separated from other populations of the same 
taxon as a consequence of physical, physiological, ecological, or 
behavioral factors. Quantitative measures of genetic or morpho-
logical discontinuity may provide evidence of this separation.

2. It is delimited by international governmental boundaries within 
which differences in the control of exploitation, management of 
habitat, conservation status, or regulatory mechanisms exist that 
are significant in light of Section 4(a)(1)(D) of the ESA.

According to the policy, information relevant to the “discrete” cri-
terion includes (but is not necessarily limited to) physical, ecological, 
behavioral, and genetic data.

Once a population segment is deemed to be discrete, the next step 
in DPS evaluation is to determine whether it is also “significant” to 
the taxon to which it belongs. Factors that can be used to determine 
whether a discrete population segment is significant include:

1) Persistence of the discrete segment in an ecological setting 
unusual or unique for the taxon;

2) Evidence that loss of the discrete segment would result in a signifi-
cant gap in the range of the taxon;

3) Evidence that the discrete segment represents the only surviving 
natural occurrence of a taxon that may be more abundant else-
where as an introduced population outside its historical range; and

4) Evidence that the discrete segment differs markedly from other 
populations of the taxon in its genetic characteristics.
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Determining whether the red wolf is a listable entity under the ESA, 
therefore, requires a determination whether they are a species, a sub-
species, or a DPS. Our approach to this problem is as follows. First, 
we review the various published hypotheses regarding historical 
evolutionary relationships of red wolves and other North American 
wolf-like canids. Our objective is not to establish which hypothesis is 
most likely, but rather to enumerate the plausible hypotheses so that 
each can be considered from the ESA perspective. Next, we review 
recent information about hybridization among North American 
Canis. Finally, for each of the published hypotheses, we draw on the 
best available scientific information to evaluate whether the red wolf 
could be considered a listable unit under the ESA by virtue of its sta-
tus as a species, subspecies, or DPS.

Evolutionary History of Red Wolves in Relation 
to Other NA Canids

Current Context: Captive Breeding and Recovery
By the early 1900s, a combination of direct persecution, forest clear-
ing, road building, and perhaps the decline of deer herds had elimi-
nated red wolves from most of their historic range (USFWS 1990), 
and hybridization between red wolves and coyotes had begun in 
central Texas (Nowak 2002; Phillips et al. 2003). By the time the 
USFWS initiated a captive breeding program in 1973, red wolves 
were confined to a single small population in Louisiana and Texas, 
surrounded by coyotes that had expanded their range eastward 
(Riley and McBride 1975; USFWS 1990). Over the next 7  years, 
more than 400 wild canids were captured from the area of the 
remaining red wolf population, and wild red wolves were extirpated 
from their historic range. A total of 42 captured animals were sent 
to the breeding facility as putatively pure red wolves; of them, only 
14 became the founders of the captive population (USFWS 1990). 
Details of the captive breeding program are described elsewhere 
(Waddell and Long 2015).

Currently, a single wild population of red wolves exists in the 
red wolf recovery area (RWRA) on the Albemarle Peninsula in 
northeastern North Carolina. This was established as a nonessential, 
“experimental” population to allow additional management flexi-
bility to reduce human conflicts. From 1987 to 1994, a total of 63 
wolves were introduced to the RWRA from the captive facility. The 
RWRA encompasses about 4600 km2, roughly half in public and 
half in private ownership, with red wolves making use of about 47% 
of that area (Phillips et al. 2003; Gese et al. 2015). Coyotes were not 
present when introductions began but arrived soon after, and hybrid-
ization with red wolves was confirmed by the early 1990s (Adams 
et al. 2003). Recognizing that coyote hybridization was the greatest 
risk to recovery, USFWS implemented specific, ongoing actions to 
reduce coyote introgression into the red wolf population, including 
removing hybrid litters and euthanizing or sterilizing coyotes and 
hybrids (Kelly 2000; Gese et al. 2015). Although the wild population 
increased to more than 100 wolves, it has since declined to fewer 
than 50 individuals (Madison J, USFWS, personal communication)

Morphology
Canid taxonomy, like that for many mammalian groups, historic-
ally has focused on morphological analysis of teeth and bones of 
the skull. Early efforts to make sense of North American canid 
diversity (e.g., Goldman 1944) found morphological evidence 
for a large number of subspecies of the gray wolf. More recently, 
Nowak (1995, 2002)  trimmed that to the red wolf (C. rufus) and 

five subspecies of gray wolf, including the Mexican wolf (C. l. bai-
leyi), eastern wolves in southern Ontario and Quebec (C. l. lycaon), 
and a form that historically occupied much of the western United 
States and ranged northward to encompass all of Hudson’s Bay 
(C.  l.  nubilus) (Figure 1). Nowak’s (2002) paper focused on east-
ern canids and used only skulls collected prior to 1918. He found 
that a small wolf appeared in areas east of the Great Plains and 
south of the Great Lakes and St. Lawrence River near the end of the 
Pleistocene, at about the same time coyotes disappeared from east-
ern North America. He found this small wolf, which he considered 
to be C. rufus, to be distinct from both the coyote and gray wolf, 
with no evidence of hybridization. Prior to European settlement of 
North America, the geographic range of these “red wolves” had little 
overlap with that of coyotes, whose eastern limits largely coincided 
with the westerly plains (Nowak 2002). Historically, eastern North 
America was heavily forested, and these small wolves were presum-
ably specialized to hunt the primary ungulate of the region, white-
tailed deer (Odocoileus virginianus).

Nowak’s taxonomic conclusions are based on multivariate, dis-
criminant function analysis (DFA) of morphological characters. 
DFA requires the user to pre-assign individuals into groups and then 
derives linear combinations of the original variables (the discrim-
inant functions) that maximize differences among groups. DFA is 
most robust when group membership in the pre-defined groups is 

Figure 1. Historical distribution of North American wolves from Chambers 
et al. (2012). In this version of the taxonomy, the red wolf (Canis rufus) is 
considered a separate species from gray wolves (Canis lupus), which are 
divided into 5 subspecies. The boundary between the red wolf and the 
eastern wolf, Canis l. lycaon, is uncertain, especially in the upper third of the 
C. rufus range shown here (from about Pennsylvania north). The other native 
wolf-like canid in North America, the coyote (C. latrans), is not shown here. 
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determined using independent information. When the same charac-
ters are used both to group the samples and to derive the discrimin-
ant functions (as Nowak did), the result can be an exaggeration of 
intergroup differences and overly-optimistic assessments of power to 
assign individuals to groups (Waples 2010).

More recently, Hinton and Chamberlain (2014) found that sym-
patric red wolves, coyotes, and their hybrids could be distinguished 
based on morphological characteristics: red wolves are the largest 
canid in the NC recovery region, coyotes the smallest, and hybrids 
are intermediate.

Ecology
Gray wolves historically inhabited most of North America except 
for the deciduous forests of eastern North America, an area occupied 
by red and eastern wolves, which are morphologically intermediate 
between gray wolves and coyotes (Nowak 1995; Kyle et al. 2006). 
The morphological and ecological differentiation of Canis taxo-
nomic groups has been attributed to habitat and prey selection, as 
well as to interference competition (Mech 1970). Population struc-
ture is often associated with ecological differences in vegetation and 
prey type (Geffen et  al. 2004; Carmichael et  al. 2007). A  striking 
example of ecological differentiation occurs for adjacent popula-
tions of gray wolves from coastal and inland British Columbia. The 
strong genetic structure between these groups does not correspond 
to geographic distance or physical dispersal barriers but rather to 
habitat differences, as coastal wolves obtain more than half of their 
protein from marine sources (Muñoz-Fuentes et al. 2009).

The historic distribution of red wolves (Figure 1) is largely con-
gruent with North America’s Ecoregion 8, Eastern Temperate Forests 
(Figure  2). This ecological region is characterized by a relatively 
dense and diverse forest cover, an abundance of perennial streams 
and rivers, and a high diversity of many species, including birds, fish, 
reptiles, and amphibians; it is recognized as “a significant evolution-
ary area for the continent’s fauna” (Commission for Environmental 
Cooperation 1997). Summers are hot and humid, whereas winters 
exhibit a latitudinal gradient from subtropical temperatures in the 
south to cool, continental temperatures in the north. The north-
central part of this ecoregion includes part of the historic range of 
C. lycaon (Figure 1).

Historically, sympatry between coyotes and wolves was restricted 
to western North America, where competition is reduced because 
large herbivores (moose, bison, and elk) provide abundant prey 
for wolves, whereas coyotes forage on deer and smaller species or 
scavenge wolf kills. As eastern forests were altered to more open, 
human-dominated habitats, wolf-control programs decimated his-
toric populations of eastern wolves and red wolves, leaving a void 
that coyotes, being renowned generalists, readily exploited. By the 
mid 1900s, coyotes had expanded into most of North America 
(Parker 1995; Sears et al. 2003; Levy 2012). Subsequent hybridiza-
tion between coyotes and remnant populations of wolves in eastern 
North America created an increasing coyote size gradient from west 
to east (Kays et al. 2010; Way et al. 2010). Hybridization between 
coyotes and eastern wolves has also created intermediate habitat 
preferences. Based on species distribution models, Otis et al. (2017) 
found that hybrids between the eastern wolves and eastern coyotes 
exhibited intermediate environmental niche characteristics com-
pared with their progenitors.

Red wolf habitat use and prey types in the reintroduced North 
Carolina population overlap with those of the invasive coyote. 
However, the proportion of prey types differs, consistent with the 
larger body sizes of red wolves; in particular, red wolves consume 

more white-tailed deer and fewer small mammals and rabbits than 
coyotes do in the RWRA (Hinton et al. 2017). Likewise, current red 
wolf habitat use differs from other wolves, with preference for agri-
cultural habitats over forest, perhaps tracking white-tailed deer den-
sities (Dellinger et al. 2013; Hinton et al. 2016).

Behavior and Contemporary Hybridization
Recent studies in and near the RWRA provide insights into con-
temporary interactions between red wolves and coyotes. The red 
wolf social system is similar to that of gray wolves and differs from 
that of coyotes in the area. From 1999 to 2013, red wolves in the 
reintroduced population regularly displaced other red wolves and 
killed or displaced coyotes and hybrids (Gese and Terletzky 2015). 
This behavior is important because it may form the basis of a repro-
ductive barrier between red wolves and coyotes (Fredrickson and 
Hedrick 2006). In addition, red wolves often formed packs by 
delayed dispersal of offspring or by inclusion of unrelated helpers 
into packs (Sparkman et al. 2011, 2012). Both of these are hallmarks 
of the gray wolf social system but rare among coyote populations.

In a 13-year study, Bohling and Waits (2015) found four times as 
many red-wolf litters as hybrid litters within the RWRA. About half 
of the hybridization events followed the death (typically caused by 
humans) of one member of a stable red-wolf breeding pair. Hybrid 
litters tended to be produced by first-time red-wolf breeders, away 
from the core RWRA. Red wolves that did not pair with other red 
wolves preferentially paired with admixed individuals rather than 
coyotes, even though coyotes vastly outnumbered hybrids within the 
study area. The authors concluded that social stability of red wolf 
family groups was an important factor in determining the probabil-
ity of hybridization (see also Hinton et al. 2015).

Bohling et  al. (2016) studied the spatial extent of hybridiza-
tion within the RWRA and adjacent areas. They found that red 
wolf ancestry declined sharply across a transect leading outside the 
RWRA and that no red wolves were found outside the recovery area, 
whereas half of the canids within the RWRA were coyotes. In spite 
of the pervasive presence of coyotes, only 4% of the individuals sur-
veyed by Bohling et al. (2016) were hybrids. This result, however, 
reflects at least in part success of the adaptive management plan to 
limit the consequences of hybridization.

In southern Quebec and Ontario, a study focused on eastern 
wolves from Algonquin Provincial Park (Rutledge et  al. 2010a) 
found evidence that coyote mtDNA was widespread but coyote 
Y-chromosome haplotypes were absent, indicating that male coy-
otes were not involved in hybridization with eastern wolves. In con-
trast, eastern and gray-wolf Y-chromosome haplotypes were present, 
indicating some male-mediated introgression of gray-wolf genes 
via eastern wolves and possible sex-biased introgression mediated 
by males of the larger species breeding with females of the smaller 
species. These studies also found divergent Y-chromosome haplo-
types unique to eastern Canada and the Great Lakes, supporting the 
hypothesis of a unique Canis taxon in the region (Wheeldon et al. 
2010; Wilson et al. 2012).

Current high hybridization rates between coyotes and both east-
ern wolves and red wolves are associated with high kill rates of 
wolves by humans (Rutledge et al. 2012a; Bohling and Waits 2015). 
High human-caused death rates, particularly due to gunshot during 
the deer-hunting season, facilitate coyote introgression by removing 
resident red wolves just prior to the breeding season, in which case 
the remaining wolf of a pair is more likely to settle for a coyote or a 
hybrid as a mate. With social structure intact, red and eastern wolves 
exhibit positive assortative mating (Rutledge et al. 2010a; Bohling 
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et al. 2016), and red wolves will exclude or displace coyotes from 
areas they occupy (Gese and Terletzky 2015). Death of transient red 
wolves removes individuals that might pair with other red wolves 
and displace coyotes as breeders (Hinton et al. 2015, 2016).

Although recent hybridization between coyotes and eastern 
wolves and red wolves is well documented, the extent of gray wolf 
× coyote hybridization is less clear. In western North America, gray 
wolves often kill coyotes, and no matings of the 2 species have been 
reported in the wild (Wheeldon et al. 2010; Rutledge et al. 2012a). In 
the western Great Lakes region, where the 2 species have co-existed 
since prior to European contact, studies have found evidence for lit-
tle (Wheeldon et al. 2010) or no (Mech 2011) recent hybridization 

between gray wolves and coyotes. Wheeldon et al. (2010) concluded 
that wolves from the western Great Lakes are derived from hybrid-
ization between gray wolves and eastern wolves. Because eastern 
wolves have also hybridized with coyotes recently (and perhaps his-
torically), they have potentially served as a conduit for indirect mix-
ing of gray wolf and coyote genes (Rutledge et al. 2012a).

An experimental attempt at artificial insemination showed that 
gray wolves and coyotes are not completely incompatible reproduc-
tively, as one of 9 coyote females inseminated with gray wolf semen 
produced offspring (Mech et al. 2014). Two of these gray-wolf–coy-
ote hybrids subsequently mated and produced F2 offspring (vonHoldt 
et al. 2017a), but whether the F2 generation is fertile is not known.

Figure  2. North American level-1 ecoregions (modified from Commission for Environmental Cooperation 1997). Ecoregion names: 1  =  Arctic Cordillera; 
2 = Tundra; 3 = Taiga; 4 = Hudson Plains; 5 = Northern Forests; 6 = Northwestern Forested Mountains; 7 = Marine West Coast Forests; 8 = Eastern Temperate 
Forests; 9 = Great Plains; 10 = North American Deserts; 11 = Mediterranean California; 12 = Southern Semi-Arid Highlands; 13 = Temperate Sierras; 14 = Tropical 
Dry Forests; 15 = Tropical Humid Forests.
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Genetics
The large (and growing) number of genetic studies of wolves and 
their relatives are challenging to summarize (see Chambers et  al. 
2012 for a recent attempt); these studies have only partially overlap-
ping sets of samples, DNA markers, and analytical methods, which 
not surprisingly supports a variety of perspectives. Here we focus on 
studies most directly relevant to red wolves.

Wayne and Jenks (1991) evaluated genetic variation in captive 
red wolves in the broader context of patterns of genetic variation 
in North American coyotes and gray wolves. In maternally inherited 
mitochondrial DNA (mtDNA), the authors found that red wolves 
from the captive population carried a single haplotype that was 
phylogenetically similar to that of coyotes. Other potential found-
ers that displayed at least a partial red-wolf phenotype but were not 
incorporated into the red-wolf captive population had either coy-
ote, gray wolf, or Mexican wolf mtDNA, and a mismatch often was 
observed between mtDNA haplotype and the morphological clas-
sification. Haplotypes obtained from six “red wolf” pelts collected 
between 1905 and 1930 were similar or identical to known coyote or 
gray-wolf haplotypes. Wayne and Jenks (1991) hypothesized that the 
red wolf is either 1) wholly of hybrid origin or 2) has recently hybrid-
ized with other North American canids. This paper represents the 
first proposed 2-species hypothesis for North American canids (gray 
wolf and coyote), with eastern and red wolves being of mixed origin.

Using data for 10 nuclear gene loci previously reported by Roy 
et al. (1994), Reich et al. (1999) estimated that the coyote–gray-wolf 
hybridization event occurred no more than 12 800 ybp, and likely 
less than 2500 ybp. Bertorelle and Excoffier (1998) found that the 
same data were consistent with red wolves and coyotes being sister 
species that diverged 10% as long ago as coyotes and gray wolves.

Wilson et al. (2000) proposed what has come to be known as the 
“three species” hypothesis based on the analysis of both nuclear and 
mtDNA data. At nuclear loci, Wilson et al. found that red wolves 
and eastern wolves were more similar to each other than either 
was to gray wolves. They identified coyote mtDNA in both eastern 
and red wolves but also found unique sequences in both of the lat-
ter forms that diverged from any coyote mtDNA haplotypes. The 
authors concluded that coyotes, red wolves, and eastern wolves all 
evolved in North America, with the eastern+red wolf lineage diverg-
ing from the coyote lineage 150 000–300 000 years ago. This three-
species hypothesis considers eastern wolves and red wolves to be 
part of the same species, C. lycaon.

The first paper to take advantage of the revolution in genomics 
technology to study worldwide evolution of Canis was vonHoldt 
et al. (2011), who used over 48 000 single-nucleotide-polymorphism 
(SNP) markers. These authors concluded that unique genetic fea-
tures of the red-wolf population were less distinctive than for other 
recognized wolf species or subspecies. Bayesian clustering analysis 
suggested that this was primarily due to its mixed origin. Subsequent 
analyses based on haplotype block size suggested that the primary 
hybridization event between coyotes and gray wolves occurred 
287–430 years ago; a similar analysis for Great Lakes wolves sug-
gested initial admixture 546–963 years ago. vonHoldt et al. (2011) 
concluded that the close affinity of red wolves and eastern wolves 
proposed by Wilson et al. (2000) owed more to similar patterns of 
lupus × latrans hybridization than to a shared evolutionary history.

The global scope of the vonHoldt et  al. (2011) analyses had 
both advantages and disadvantages. Including diverse canids from 
Eurasia and Africa provided a broad context for interpreting evolu-
tionary distinctiveness of New World forms. On the other hand, this 
made it more difficult to discern fine-scale structure within North 

America of some forms (esp. eastern wolves) represented by rela-
tively few samples. In particular, 75% of the individuals were domes-
tic dogs, and it is well known that some methods (such as Bayesian 
clustering) can be very sensitive to unequal sample sizes (Kalinowski 
2011) and most readily detect the strongest levels of genetic structur-
ing (Evanno et al. 2005).

Rutledge et al. (2012b) re-analyzed vonHoldt et al’s (2011) SNP 
data in a principal components analysis (PCA), with a focus on 4 
North American forms (gray wolves, coyotes, eastern wolves, and 
red wolves). They found red wolves to be the most distinctive of the 
4 groups (Figure 3), which they pointed out could be due at least in 
part to founder effect and drift associated with the captive breeding 
program.

Most recently, a whole-genome-sequencing study by vonHoldt 
et  al. (2016) greatly expanded the number of loci (to 5.4 million 
SNPs), while focusing on a much smaller number of individuals (28). 
Red wolves were the most divergent group (FST = 0.177 with North 
American gray wolves and 0.107 with coyotes judged to be non-
admixed) but were genetically more similar to coyotes considered 
to be admixed. vonHoldt et  al. (2016) noted that the amount of 
genetic divergence between North American gray wolves and coy-
otes (FST = 0.153) is not much larger than that between European 
and North American gray wolves (FST = 0.099), and they estimated 
the divergence time between gray wolves and coyotes at only about 
50 000 years ago. vonHoldt et al. (2016) further identified >16 000 
SNPs with fixed differences between coyotes and Eurasian gray 
wolves and used them to estimate coyote versus gray-wolf ances-
try in putative admixed forms; results indicated that Great Lakes 
wolves derive slightly more of their genes from gray wolves and east-
ern wolves derive slightly more from coyotes, whereas at least 80% 
of red-wolf genes can be traced to coyotes. The authors argued that 
the percentage of novel alleles in eastern wolves and red wolves was 
lower than expected if they were distinct species. Using a genetic-
demographic model that included divergence times and historical 
population sizes and an analysis that focused on 9 individuals, von-
Holdt et al. (2016) estimated the divergence between red wolf and 
coyote as 55 000–117 000 ybp and divergence between Great Lakes 
wolf and gray wolf as 27 000–32 000 ybp.

Figure 3. Principal components analysis of 48 000 SNPs for North American 
wolf-like canids (modified from Rutledge et  al. 2012b, which is based on 
data from vonHoldt et al. 2011). PC 1 represents 15.7% of the variance and 
PC 2 represents 3.6%. For alternative ways of presenting these data, see 
Supplementary Figure S3 in vonHoldt et al. (2011).
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Hohenlohe et al. (2017) criticized a number of aspects of the von-
Holdt et al. (2016) study, including representativeness of the sam-
ples and their suitability for assessing admixture, pooling of eastern 
wolves from Algonquin Park with Great Lakes wolves in some anal-
yses, interpretation of the PCA and rare-allele analyses, and conclu-
sions about admixture. vonHoldt et al. (2017b) responded to these 
criticisms and reaffirmed conclusions of their 2016 study.

Genetic analysis of historical (pre-European contact) specimens 
could potentially resolve some of the uncertainties regarding canid 
evolution in North America, but to date these are limited to stud-
ies of mtDNA. Wilson et al. (2003) found nongrey-wolf mtDNA in 
100-year-old samples from Maine and New York—long before the 
20th Century range expansion of coyotes. Rutledge et al. (2010b) 
examined 4 Canis skull samples excavated from 16th Century mid-
dens in southern Ontario and found that none contained mtDNA 
of gray-wolf origin. They concluded that this area was historically 
occupied by the New World-evolved eastern wolf rather than the 
Old World-evolved gray wolf, but they could not rule out the pos-
sibility that the specimens analyzed were admixed forms of eastern 
and gray wolves. Brzeski et al. (2016) examined 3 wolf-like tooth 
samples dated to 350–1900 ybp collected within the historic range 
of the red wolf. Each specimen produced a previously undocumented 
mtDNA haplotype, all of which grouped within the coyote clade. 
This result is consistent with either an origin by ancient hybrid-
ization with coyotes or evolution of the red wolf from the coyote 
lineage, but does not support a recent hybrid origin following the 
invasion of the coyote into eastern North America.

Collectively, studies to date have produced a range of conflicting 
conclusions regarding the origin of red and eastern wolves, as well 
as the timing of important evolutionary events. Further complicat-
ing matters, Koblmüller et al. (2016), examined 105 complete gray-
wolf mitogenomes, including 10 from Eurasian and North American 
wolves >14 000  years old. The authors concluded that all extant 
North American gray wolves derive from a single gray-wolf colon-
ization event from Eurasia about 23 000 ybp. This is at odds with 
the gray wolf—coyote and gray wolf—Great Lakes wolf divergence-
time estimates based on whole-genome sequences (vonHoldt et al. 
2016), as well as the coyote—red/eastern-wolf divergence estimate 
based on control-region mtDNA sequence data (Wilson et al. 2000).

Summary
The diverse ideas summarized above about the evolutionary his-
tory of wolf-like canids in North America can be grouped into 3 
general scenarios, referred to as the 4-, 3-, and 2-species hypoth-
eses (Figure 4). The 4-species hypothesis generally follows existing 
taxonomy based on morphology and historical distributions (see 
Figure 1; the 4 species are gray wolf, eastern wolf, red wolf, and coy-
ote, with both the red wolf and eastern wolf evolving from a coyote-
like ancestor). The most comprehensive summary of this scenario 
can be found in Chambers et  al. (2012). As noted above, all 4 of 
these groups show some level of genetic distinctiveness, in spite of 
acknowledged recent hybridization. However, the Chambers et  al. 
(2012) study has been criticized because it adopted the 4-species 
taxonomic hypothesis as a framework for interpreting the genetic 
data, rather than allowing species delimitations to emerge directly 
from the analysis of the data (Dumbacher et al. 2014).

The 3-species hypothesis originated with Wilson et  al. (2000) 
and has been supported in various ways by several subsequent 
papers showing distinctiveness of eastern wolves and/or red wolves. 
Under this scenario, red wolves would be grouped along with east-
ern wolves within C. lycaon as a separate subspecies or some other 

subspecific population unit. In support of this hypothesis, eastern 
and red wolves are similar in size and (in theory) well suited to the 
heavily forested areas that historically dominated most of eastern 
North America. However, not all analyses have found a close genetic 
affinity between eastern wolves and red wolves.

The 2-species hypothesis suggests that all modern populations 
referred to as wolves are subspecies of C. lupus and/or recent hybrids. 
This is supported by the lack of distinctive genetic material in red 
wolves or eastern wolves. One version of this hypothesis proposes 
that eastern forests were populated by one or more smaller forms of 
C. lupus that specialized on deer, and these hybridized with coyotes 
as eastern wolf populations dwindled in the last 400 years. A vari-
ation proposes that red wolves and/or eastern wolves could have 
arisen from more ancient hybridization between gray wolves and 
coyotes but have not diverged enough to be considered full species.

Timing of the hypothesized historical hybridization events is 
highly uncertain, with estimates ranging from a few hundred years 
to over 100 000 years. Under some scenarios of the 2-species hypoth-
esis, red wolves and/or eastern wolves might be considered separ-
ate subspecies (within C. latrans and C. lupus, respectively). Some 
authors (Mech 2011; Rutledge et al. 2012a; Hohenlohe et al. 2017) 
argue that scant empirical evidence for recent hybridization of gray 
wolves and coyotes in the wild (in spite of abundant opportuni-
ties) poses a challenge for the 2-species hypothesis. However, it is 
well known that changing environments can promote hybridization 
between species that normally have effective isolating mechanisms, 
and there are ample examples of changing environments in North 
America during the Pleistocene and Holocene. Therefore, recent pat-
terns of hybridization among North American canids are not neces-
sarily a good indicator of historical patterns.

Regardless of what conclusions are reached regarding species- 
and subspecies-level taxonomy of these North American canids, 
it is noteworthy that, in spite of recent introgression, and in spite 
of being surrounded and vastly outnumbered by coyotes or gray 
wolves, red wolves and eastern wolves both exhibit positive assorta-
tive mating—at least when harvest pressure and other anthropogenic 
mortality factors are low enough that social groups remain intact.

Analysis of Evolutionary Hypotheses in an 
ESA Context

In this section, we review the 3 major evolutionary hypotheses and 
discuss the implications of each for the status of red wolves as a 
potentially listable entity (species, subspecies, or DPS) under the ESA.

Four-species Hypothesis
In this scenario, the red wolf is considered a full species (C. rufus; 
see Goldman 1944; Nowak 2002; Baker et al. 2003; Chambers et al. 
2012), so it could continue to be listed on that basis (Figure 4).

Three-species Hypotheses
In the various 3-species scenarios, the red wolf is not a full species; 
instead, it and the eastern wolf are considered to be synonymous 
with or subspecific units of C.  lycaon. Opinions about whether 
to define subspecies—and if so, how—differ widely (Mayr 1982; 
Burbrink et al. 2000; Haig et al. 2006; Taylor et al. 2017). We are not 
aware of any published paper formally proposing that the red wolf 
be considered a subspecies of C. lycaon, although Chambers et al. 
(2012) discussed this idea hypothetically and some of the nomen-
clatural issues it would entail. As described above, however, the red 
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wolf and eastern gray wolf meet several of the criteria that are most 
commonly used to delimit subspecies: they are geographically allo-
patric (currently and perhaps historically) and are genetically and 
morphologically different from each other, as well as from coyotes 
and gray wolves.

If not considered a separate subspecies, the red wolf would be 
evaluated as a potential DPS of C.  lycaon. Because the only other 
extant population of C. lycaon is in Canada, the red wolf is “delim-
ited by international governmental boundaries” and therefore meets 
Element 2 of the Discreteness criterion. PCA results (Figure 3) and 
other results presented by Rutledge et al. (2012b) show that the 2 
populations are genetically distinct, so the red wolf likely also meets 
Discreteness Element 1 (marked separation from other populations 
of the taxon). After meeting the Discreteness test, Significance of the 
red wolf would be evaluated “with respect to the taxon to which it 
belongs”—that is, C. lycaon. The red wolf would presumably meet 
Significance Element 2 (only 2 conspecific populations are extant, 
so loss of the red wolf would create a major gap in the range of 
C. lycaon) and arguably would meet Significance Element 1 (occur-
rence in an unusual ecological setting). Although eastern wolves are 

found in part of the Eastern Temperate Forests Ecoregion historically 
occupied by red wolves, habitats for red wolves are more temperate/
subtropical, and the northern range of eastern wolves also extended 
into the colder Northern Forests Ecoregion (Figure 2). Whether the 
red wolf would also meet Significance Element 4 (marked genetic 
differences from other conspecifics) is more subjective. The joint DPS 
policy does not clarify whether the same genetic data can be used for 
both Discreteness Element 1 and Significance Element 4. In apply-
ing a similar 2-part test (reproductive isolation and evolutionary sig-
nificance) to Pacific salmon populations, as well as in applying the 
joint DPS policy to a variety of marine species, NOAA Fisheries has 
typically used presumably neutral molecular genetic data primarily 
to address the discreteness/reproductive isolation criterion and has 
largely relied on proxies for adaptive genetic differences (e.g., behav-
ior/life history/ecology) to meet the significance criterion (Waples 
2006).

Although meeting multiple Significance elements might make the 
case stronger, if Discreteness has been established it is not necessary 
to meet more than a single Significance element to be considered a 
DPS. Under a scenario in which both red wolves and eastern wolves 

Figure 4. Schematic evolutionary history (left) and resulting taxonomy (right) for 3 hypotheses for the origins of the red wolf (RW) and eastern wolf (EW). The 
evolutionary history diagrams show a timing of a coyote-wolf split around 1 MYA and subsequent speciation within North America around 500k YA, although as 
noted in the main text those dates are debatable. Under the 2-species hypothesis, the original RW and EW were forms of C. lupus that hybridized with coyotes 
when wolves were extirpated from most of their native range in eastern North America. This hypothesis also allows for the possibility of ancient hybridization 
between gray wolves and coyotes. The 3-species hypothesis recognizes RW and EW as a single species that diverged from the coyote lineage; C. lycaon is the 
older scientific name and so would have priority over C. rufus under this hypothesis. According to the 4-species hypothesis, EW and RW both evolved from the 
coyote lineage but diverged into separate species in the northeast and southeast.
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are considered subspecific units of C. lycaon, therefore, we conclude 
that red wolves would qualify as at least a DPS because they meet 
both Discreteness elements and at least 1 or 2 Significance elements 
of the joint DPS policy.

Two-species Hypotheses
The various 2-species hypotheses agree that the gray wolf and coy-
ote are the 2 species but differ in other details. In the following, we 
consider 3 variations of the 2-species hypothesis.

Red Wolves are Derived From Gray Wolves
Under this scenario, red wolves are not a full species but might be a 
subspecies of C. lupus, as proposed by Lawrence and Bossert (1975) 
and Wozencraft (2005).

If red wolves are not a separate subspecies, they could be a DPS 
of C. lupus. For that evaluation, it would be necessary to consider 
red wolves in the context of all other subspecific units of C. lupus. As 
noted above, red wolves can be considered Discrete compared with 
eastern (Algonquin) wolves according to both Discreteness elements. 
Some Great Lakes wolves occur in the United States, so the inter-
national border element does not apply to the Great Lakes wolves × 
red wolves comparison. In the PCA analysis shown in Figure 3, red 
wolves are the most genetically distinctive of all the North American 
wolf-like canids (the Mexican wolf, C. l. baileyi, was not represented 
in these samples, but its genetic distinctiveness has been established 
by many studies—see review by Chambers et al. 2012). This is also 
consistent with results presented by vonHoldt et  al. (2016), who 
found that red wolves had the highest FST values (all FST > 0.1) for 
pairwise comparisons with NA gray wolves, Great Lakes wolves, 
and coyotes. Collectively, these results support the conclusion that 
red wolves are Discrete compared with all other North American 
wolves.

With respect to Significance, there is little or no overlap in 
the historical distribution of red wolves with gray wolves, east-
ern wolves, Great Lakes wolves, and Mexican wolves, so loss of 
the red wolf would likely represent a significant gap in the range 
of C.  lupus (Significance Element 2). As the red wolf is the last 
remaining small-wolf population in the large area of Ecoregion 8 in 
the United States east of the prairies and south of the Great Lakes 
(Figure 2), it could also be argued that under this hypothesis, the red 
wolf occupies an ecological setting that is unusual or unique for the 
species (Significance Element 1). As noted above, it is possible that 
the red wolf might also meet Significance Element 4, but that is more 
speculative.

Red Wolves are Derived From Coyotes
Like the Chambers et  al. (2012) version of the 4-species hypoth-
esis, this scenario has red wolves being derived from the coyote lin-
eage, but more recently. It does not appear that anyone has formally 
proposed that the red wolf be considered a subspecies of C. latrans, 
although that is one possibility that might be evaluated. If not, and 
if red wolves were to remain a listable entity under this version of 
the 2-species hypothesis, it would have to be as a DPS of the coyote.

In vonHoldt et al. (2016), the red wolf was genetically more simi-
lar to coyotes than to gray wolves or Great Lakes wolves, but the level 
of divergence (FST = 0.108) was still substantial and larger than the 
values found for many other vertebrate populations that have been 
considered to be Discrete under the joint DPS policy (e.g., Gustafson 
et al. 2006; Seminoff et al. 2015). The PCA analysis (Figure 3) also 
provides strong evidence that red wolves are genetically distinctive 

compared with coyotes. Furthermore, although by all accounts sub-
stantial hybridization between red wolves and coyotes has occurred 
for at least a century, recent studies within and around the RWRA 
demonstrate that red wolves can be resistant to hybridization if 
anthropogenic pressures do not compromise their social structure. 
Current data therefore indicate that, under this scenario, red wolves 
could be considered discrete from other populations of C. latrans.

Until about 1900, the distributions of coyotes and red wolves 
were largely nonoverlapping, with coyotes being restricted to the 
west and red wolves filling a niche for a small, wolf-like canid in 
the deciduous forests of the east and southeast. Under those his-
torical conditions, therefore, it is likely that (compared with other 
C.  latrans) red wolves would have satisfied Significance Elements 
1 and 2. Following near-extirpation of the red wolf, coyotes have 
greatly expanded their range eastward in the past century, so the 
contemporary situation is quite different.

Red Wolves are the Product of Recent Hybridization Between 
Gray Wolves and Coyotes
Hybridization is a well-known mechanism for creating new spe-
cies; although more common in plants (Rieseberg 1997), it also 
occurs in animals, including mammals (Larsen et al. 2010) and birds 
(Lamichhaney et  al. 2018). Evolutionary hypotheses II, IIIA, and 
IIIB do not specify an ancient hybrid origin for the lineage leading 
to contemporary red wolves, but they do not exclude this possibil-
ity. Hypothesis IIIC differs from the others in postulating that red 
wolves are not an ancient lineage, but rather arose recently from 
hybridization between gray wolves and coyotes. Timing of the puta-
tive hybridization event has been variously estimated as likely less 
than 2500 ybp (Reich et al. 1999) and 287–430 ybp (vonHoldt et al. 
2011). Under this scenario, if the hybrid entity is not recognized as 
a formal species or subspecies to be listable under the ESA, it would 
have to be considered a DPS. In this case, DPS evaluations would 
be somewhat problematic because the taxon to which the puta-
tive DPS belongs is an important reference point. However, based 
on currently available information, we have concluded above that 
red wolves could be considered both Discrete and Significant with 
respect to either coyotes or gray wolves. This could be used to argue 
that even if red wolves are a hybrid-origin taxon, they nevertheless 
meet the criteria to be considered a DPS, regardless which formal 
taxon they are considered to be associated with. This scenario would 
also raise some legal/policy issues that are considered in the next 
section.

Discussion

The red wolf is currently listed under the ESA as a full species 
(C.  rufus), which is consistent with traditional taxonomic treat-
ments and the most recent review of the taxonomy of Canis in 
North America (Chambers et al. 2012). However, a number of more 
recent genetic studies have called into question the existing tax-
onomy of wolf-like canids, and the evolutionary history of the red 
wolf remains controversial (Dumbacher et  al. 2014). Under some 
scenarios, the red wolf would not be a valid species and perhaps 
not a valid subspecies, in which case any ESA listing would have to 
be as a DPS of a valid taxon. In the section Evolutionary History 
of Red Wolves in Relation to Other NA Canids of this paper, we 
have summarized the relevant genetic and nongenetic data, but we 
have not attempted to resolve the uncertainties or disagreements. 
Instead, in the section Analysis of Evolutionary Hypotheses in an 
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ESA Context, we have considered whether the red wolf would be a 
listable unit under the ESA under each of the major evolutionary sce-
narios that have been proposed, which can be characterized as 4-spe-
cies (C. lupus, C lycaon, C. rufus, C. latrans), 3-species (C. lupus, C 
lycaon, C. latrans), and 2-species (C. lupus, C. latrans) hypotheses.

Under the 4-species hypothesis, the red wolf would remain a full 
species and could continue to be listed on that basis. We also conclude 
that the 3-species hypothesis, which would group eastern wolves and 
red wolves under C. lycaon, would be relatively straightforward to 
evaluate. That scenario considers these 2 populations to be the last 
remnants of a biological species. Given that they are geographically 
disjunct and demonstrably differ in genetic and other characteristics, 
we conclude that eastern wolves and red wolves might be considered 
separate subspecies, and if not the red wolf would at least qualify as 
a DPS of C. lycaon.

The various 2-species hypotheses are more challenging to evalu-
ate, both because of their diversity and the fact that most would 
require evaluation of DPS status. Nevertheless, our overall conclu-
sion remains the same: if the red wolf is not considered to be a valid 
subspecies of either gray wolf or coyote, it would at least qualify as 
a DPS of its respective taxon. This conclusion is based on hypothet-
ical application of the 2 criteria in the joint 1996 interagency DPS 
policy: Discreteness and Significance. Available data indicate that the 
red wolf is genetically the most distinctive wolf-like canid in North 
America, which establishes Discreteness. Congruence of the his-
torical distribution of red wolf with the Eastern Temperate Forests 
Ecoregion (Figure  2) provides strong evidence for Significance 
Element 1 (persistence in an unusual ecological setting), and a case 
could be made for Elements 2 and 4 as well.

Some caveats are important to note regarding our evaluations. 
First, are red wolves genetically distinctive primarily because of their 
recent bottleneck and/or effects of the captive breeding program? 
This is a reasonable question, but we are not aware of any quantita-
tive analyses that attempt to answer it. The finding by Brzeski et al. 
(2016) of unique haplotypes in pre-Columbian samples presumed 
to be red wolf suggests that the genetic distinctiveness of red wolves 
is not merely a recent phenomenon, but more studies of this type 
would be useful to better clarify historical patterns. The Mexican 
wolf does not have the same hybridization issues as the red wolf, 
but it underwent an even more extreme bottleneck that has also 
undoubtedly affected recent genetic samples (Chambers et al. 2012); 
this, however, has not prevented the Mexican wolf from being recog-
nized as a valid subspecies and listed as such under the ESA.

The second caveat has to do with hybridization, which by all 
accounts has been extensive recently between red wolves and coyotes, 
and which by some accounts is responsible for producing the red-wolf 
phenotype in the first place (through hybridization of gray wolves and 
coyotes). These evaluations would be easier if the Services had a formal 
policy outlining how hybridization and hybrids should be considered 
in ESA listing and recovery. However, although the Services announced 
a proposed ESA intercross policy 2 decades ago (USFWS and NMFS 
1996b), it was never implemented or finalized. In the absence of spe-
cific policy guidance regarding hybridization, we applied the criteria in 
the joint DPS policy to existing data and concluded that the red wolf 
could be considered a DPS regardless of whether the taxon to which it 
belongs is considered to be the gray wolf or the coyote.

All of the DPS evaluations discussed above focus on the most 
recent data for red wolves and their relatives. These data, there-
fore, reflect the consequences of any hybridization that has occurred 
recently or historically. In spite of evidence for introgression of genes 
from coyote and perhaps gray wolf into the red wolf, we conclude 

that the current population meets both criteria to be a DPS, if not a 
subspecies or full species.

We have not attempted to grapple with questions of the 
following type:

• Can a biological entity that arises through hybridization be con-
sidered a “species” under the ESA (i.e., a named species or sub-
species or a DPS)?

• If so, how far in the past must the hybridization event have taken 
place?

• If a biological entity historically would have qualified as an ESA 
“species,” could it lose that status through hybridization with 
another biological entity?

• If so, how much hybridization is too much? What metrics should 
be monitored to determine whether a threshold of too much 
hybridization has been reached?

• Could or should the captive breeding program be modified to 
select for particular traits, such as larger (more wolf-like) size, 
which might help minimize hybridization with smaller coyotes?

• Given uncertainties about taxonomic status, if all plausible sce-
narios lead to either a species, subspecies, or DPS designation, 
could the red wolf continue to be listed without specifying which 
taxonomic category it fits into?

These are interesting questions but they are difficult or impossible to 
address in a strictly objective framework, because they involve soci-
etal values as well as legal and policy issues.

Broader Relevance
As a case study of listability under the US ESA, evaluations discussed 
here have necessarily focused on details specific to red wolves and 
to the legal/legislative context of one particular piece of legislation. 
However, many of the themes covered here resonate more broadly for 
biodiversity conservation and management. Taxonomic uncertainty 
is a pervasive issue, which is not surprising given that at least 2 dozen 
species concepts have been proposed in the literature (Mayden 1997; 
de Queiroz 2007). This uncertainty creates challenges for those trying 
to implement endangered species legislation (national laws exist for 
a number of countries besides the United States, including Australia, 
Canada, Costa Rica, and South Africa), which typically afford legal 
protection only to pre-defined entities like species or subspecies. One 
level of taxonomic uncertainty arises from the imperfect understand-
ing of particular evolutionary histories; another reflects the fact that 
evolution is a dynamic process and its products occur along a con-
tinuum rather than fitting neatly into discrete categories (Hey et al. 
2003). Only the first type of uncertainty can be resolved with more 
and better data. Both levels of taxonomic uncertainty are relevant 
for evaluations of red wolves: We can continue to refine our under-
standing of the evolutionary history, but even perfect understanding 
would not resolve all uncertainties about whether this enigmatic 
taxon should be considered a species, subspecies, or something else.

Jackson et al. (2017) recently faced a similar challenge regarding 
the Australian dingo—another problematical canid whose taxonomic 
status has been in dispute since the 18th Century. Jackson et al. disagree 
with some recent authors who have proposed that the dingo be consid-
ered a separate species (Canis dingo), pointing to strong evidence that 
it is a feral form of domestic dog. Nonetheless, and despite evidence for 
recent hybridization between dingos and domestic dogs, Jackson et al. 
(2017) conclude that Australian dingos are of great conservation sig-
nificance because of the ecological roles they now play and the insights 
they can provide about early stages of the domestication of dogs.
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In addition to considering taxonomic uncertainty, a second 
theme of our analyses focuses on conservation relevance of popula-
tion-level units below the species level (Soule 1986). Populations are 
routinely the focus of conservation efforts, and numerous laws pro-
vide for their protection. Although “Distinct Population Segment” 
is not a generally recognized biological term and is not in general 
use outside the United States, almost identical criteria (Discreteness 
and Evolutionary Significance) have been adopted by Canada to help 
identify population units that qualify for protection as Designatable 
Units under the Species at Risk Act, SARA http://www.cosewic.gc.ca/
default.asp?lang=en&n=DD31EAEE-1). This means that the criteria 
used here to evaluate DPSs of red wolves play a large role in deter-
mining formal conservation priorities across most of North America.

Finally, hybridization, both natural (Genovart 2009) and human-
mediated (Vilà et al. 2000), is an issue of global conservation con-
cern. Several decades of wrestling with complex problems associated 
with hybridization and conservation have produced a diversity of 
viewpoints (Hedrick 1995; Allendorf et al. 2001; Haig and Allendorf 
2006; Stronen and Paquet 2013; Wayne and Shaffer 2016). However, 
no strong consensus on practical application has emerged, no doubt 
in part because the ramifications of hybridization for conservation 
are very context specific. If a consensus is to eventually emerge, it 
will have to be built by synthesizing a series of detailed case studies 
like the one here for red wolves.
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Supplementary material can be found at https://academic.oup.com/
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Hi everyone,
          I hope the summer is off to a good start.
         Yesterday we learned from Journal of Heredity that an advance copy of our paper is now
published on their site:
https://academic.oup.com/jhered/advance-article/doi/10.1093/jhered/esy020/5034846?
guestAccessKey=ab4a2828-6103-4bb3-a099-0bc09ad1155c
 
        We want to once again thank you for being a part of that terrific workshop in Atlanta two
years ago.  Hopefully the paper captures some of the important ideas that you all contributed to
in so many ways.
  And of course,  we hope that it helps resolves some of the conservation conundrums with red
wolves and other species.
 
Sincerely,
      Scott
 
L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu 
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Thanks, Scott, for sharing the paper. 

Even with its affirmative conclusions, red wolf recovery faces even greater challenges now
than back in 1986 when we launched the NE North Carolina project with much optimism. 

Between those challenges and the deeply misguided 2017 Mexican wolf recovery plan, it's
hard not to grow pessimistic about the prospects for future wolf recovery work outside of
currently occupied habitat. 

One bright ray of hope is the great public wildlands of western Colorado. We have built the
Rocky Mountain Wolf Project (www.rockymountainwolfproject.org) as an impressive
coalition of conservation leaders and NGOs that aim to advance the reestablishment of the
species there via reintroductions. With over 17 M acres of federal public land that supports
over 700,000 elk and deer, after recreational hunters have killed an average of 80,000 animals,
western Colorado represents a mother lode of opportunity for the species. And the socio-
political tendencies of Colorado are better suited for wolf conservation than any other Rocky
Mountain state. 

More broadly, successful restoration work there would serve as the arch stone connecting
wolves from the High Arctic to the US/Mexico border. 

I know of no other place in the world where large carnivore restoration can be achieved over
such a sweeping, continental landscape. 
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(406) 243-4151
scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
 
 
 



From: Robin Waples
To: Mills, Scott; "gobled@uidaho.edu"; Smith, David R; "david.cobb@ncwildlife.org"; "Fred Allendorf"; "Holly

Doremus"; "Jaime Collazo"; "Linda Rutledge"; "Lisette Waits"; "Luigi Boitani"; "Mike.Phillips@tedturner.com";
Mike Schwartz; "Prof Roland Kays"; "Richard Fredrickson"; "rwayne@biology.ucla.edu"; Haig, Susan M;
Benjamin, Pete; Morse, Michael L; "Bridgett M. vonHoldt"

Cc: "Krishna Pacifici"
Subject: [EXTERNAL] Re: Red Wolf
Date: Thursday, June 28, 2018 11:45:52 PM
Importance: High

a rather ominous article yesterday in the Washington Post:

https://www.washingtonpost.com/news/energy-environment/wp/2018/06/27/interior-plans-to-
let-people-to-kill-endangered-red-wolves/?utm_term=.29fdc68b65fc

On 6/9/2018 9:16 AM, Mills, Scott wrote:

Hi everyone,
          I hope the summer is off to a good start.
         Yesterday we learned from Journal of Heredity that an advance copy of our paper
is now published on their site:
https://academic.oup.com/jhered/advance-
article/doi/10.1093/jhered/esy020/5034846?guestAccessKey=ab4a2828-6103-4bb3-
a099-0bc09ad1155c
 
        We want to once again thank you for being a part of that terrific workshop in
Atlanta two years ago.  Hopefully the paper captures some of the important ideas that
you all contributed to in so many ways.
  And of course,  we hope that it helps resolves some of the conservation conundrums
with red wolves and other species.
 
Sincerely,
      Scott
 
L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
 
 
 



From: Mike Phillips (TESF-Bozeman)
To: Robin Waples
Cc: Mills, Scott; gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Fred Allendorf; Holly Doremus;

Jaime Collazo; Linda Rutledge; Lisette Waits; Luigi Boitani; Mike Schwartz; Prof Roland Kays; Richard
Fredrickson; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Morse, Michael L; Bridgett M. vonHoldt;
Krishna Pacifici

Subject: [EXTERNAL] Re: Red Wolf
Date: Friday, June 29, 2018 1:47:58 AM
Importance: High

I never would have thought back in 1986 that we'd be at this point in the manner of making by
the Service. 

The current state of affairs with the red wolf recovery program makes clear that the agency has
failed to realize its great capacity, sadly for reasons that could be managed to achieve a
different outcome. 

Mike 

Sent from my iPhone

On Jun 28, 2018, at 9:46 PM, Robin Waples <robin.waples@noaa.gov> wrote:

a rather ominous article yesterday in the Washington Post:

https://www.washingtonpost.com/news/energy-
environment/wp/2018/06/27/interior-plans-to-let-people-to-kill-endangered-red-
wolves/?utm_term=.29fdc68b65fc

On 6/9/2018 9:16 AM, Mills, Scott wrote:

Hi everyone,
          I hope the summer is off to a good start.
         Yesterday we learned from Journal of Heredity that an advance copy
of our paper is now published on their site:
https://academic.oup.com/jhered/advance-
article/doi/10.1093/jhered/esy020/5034846?guestAccessKey=ab4a2828-
6103-4bb3-a099-0bc09ad1155c
 
        We want to once again thank you for being a part of that terrific
workshop in Atlanta two years ago.  Hopefully the paper captures some of
the important ideas that you all contributed to in so many ways.
  And of course,  we hope that it helps resolves some of the conservation
conundrums with red wolves and other species.
 
Sincerely,
      Scott
 



L. Scott Mills, Ph.D.
Associate Vice President of Research for Global Change and Sustainability
Professor of Wildlife Biology
University Hall, Room 116
University of Montana,  Missoula, MT  59812
(406) 243-4151
scott.mills@umontana.edu 
Mills Lab Web Page: http://www.umt.edu/research/millslab/
 
 
 



From: Morse, Michael L
To: Mike Phillips (TESF-Bozeman)
Cc: Robin Waples; Mills, Scott; gobled@uidaho.edu; Smith, David R; david.cobb@ncwildlife.org; Fred Allendorf; Holly

Doremus; Jaime Collazo; Linda Rutledge; Lisette Waits; Luigi Boitani; Mike Schwartz; Prof Roland Kays; Richard
Fredrickson; rwayne@biology.ucla.edu; Haig, Susan M; Benjamin, Pete; Bridgett M. vonHoldt; Krishna Pacifici

Subject: Re: [EXTERNAL] Re: Red Wolf
Date: Friday, June 29, 2018 8:54:19 AM
Importance: High

I'd like to take this opportunity to thank each and every one of you for your efforts over the
past few years in working with the red wolf program.  Please know that they are well
reconized and appreciated by the program and myself.

Best regards,

Michael

On Fri, Jun 29, 2018 at 1:47 AM, Mike Phillips (TESF-Bozeman)
<Mike.Phillips@tedturner.com> wrote:

I never would have thought back in 1986 that we'd be at this point in the manner of making
by the Service. 

The current state of affairs with the red wolf recovery program makes clear that the agency
has failed to realize its great capacity, sadly for reasons that could be managed to achieve a
different outcome. 

Mike 

Sent from my iPhone

On Jun 28, 2018, at 9:46 PM, Robin Waples <robin.waples@noaa.gov> wrote:

a rather ominous article yesterday in the Washington Post:

https://www.washingtonpost.com/news/energy-environment/
wp/2018/06/27/interior-plans-to-let-people-to-kill-endangered-red-wolves/?
utm_term=.29fdc68b65fc

On 6/9/2018 9:16 AM, Mills, Scott wrote:

Hi everyone,

          I hope the summer is off to a good start.

         Yesterday we learned from Journal of Heredity that an
advance copy of our paper is now published on their site:

https://academic.oup.com/jhered/advance-article/doi/10.
1093/jhered/esy020/5034846?guestAccessKey=ab4a2828-6103-



4bb3-a099-0bc09ad1155c

 

        We want to once again thank you for being a part of that
terrific workshop in Atlanta two years ago.  Hopefully the paper
captures some of the important ideas that you all contributed to in
so many ways.

  And of course,  we hope that it helps resolves some of the
conservation conundrums with red wolves and other species.

 

Sincerely,

      Scott

 

L. Scott Mills, Ph.D.

Associate Vice President of Research for Global Change and Sustainability

Professor of Wildlife Biology

University Hall, Room 116

University of Montana,  Missoula, MT  59812

(406) 243-4151

scott.mills@umontana.edu 

Mills Lab Web Page: http://www.umt.edu/research/millslab/

 

 

 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954



Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee Announced
Date: Thursday, August 9, 2018 8:09:26 AM
Importance: High

You have any thoughts on this?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Aug 8, 2018 at 4:59 PM
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee Announced
To: Michelle Eversen <michelle_eversen@fws.gov>, emily_weller@fws.gov, Jack Arnold
<jack_arnold@fws.gov>, Aaron Valenta <aaron_valenta@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>, joseph_madison@fws.gov, Bill Uihlein <bill_uihlein@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>

Very solid group of folks!

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

Begin forwarded message:

From: "Frazer, Gary" <gary_frazer@fws.gov>
Date: August 8, 2018 at 1:29:45 PM EDT
To: Gina Shultz <Gina_Shultz@fws.gov>, Jeff Newman <jeff_newman@fws.gov>,  Lisa
Ellis <lisa_ellis@fws.gov>, Leopoldo Miranda <Leopoldo_Miranda@fws.gov>,  Ted Koch
<Ted_Koch@fws.gov>
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee
Announced



View this email in your browser

Share Tweet Forward

fyi

Gary Frazer
Assistant Director -- Ecological Services
U.S. Fish and Wildlife Service
(202) 208-4646

---------- Forwarded message ----------
From: Seth Mott <seth_mott@fws.gov>
Date: Wed, Aug 8, 2018 at 1:23 PM
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee
Announced
To: Benjamin <benjamin_tuggle@fws.gov>, gary_frazer@fws.gov

FYI

Sent from my iPhone

Begin forwarded message:

From: Division on Earth and Life Studies <DELS@nas.edu>
Date: August 8, 2018 at 11:02:09 AM EDT
To: <seth_mott@fws.gov>
Subject: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional
Committee Announced
Reply-To: Division on Earth and Life Studies <DELS@nas.edu>



Provisional Committee Announced:
Assessing the Taxonomic Status of the Red Wolf and the

Mexican Gray Wolf



The National Academies of Sciences, Engineering, and Medicine (NASEM) are pleased to

announce the appointment of the provisional committee for the new study Assessing the

Taxonomic Status of the Red Wolf and the Mexican Gray Wolf. 

The NASEM has approved a committee slate to carry out an independent study of the

taxonomic status of the endangered Red wolf and Mexican gray wolf, pending a 20-day

public comment period that begins today. Taxonomic classifications of animals can have

important implications for conservation efforts. Recognizing that new genetic techniques

 are enabling scientists to distinguish organism groups at finer degrees of resolution than

ever before, this study will summarize the current science on the animals’ taxonomy,

evolutionary history, and genetic diversity. Funding for the study has been provided by The

U.S. Fish and Wildlife Service.

The public is invited to provide comments on the committee slate at the link below.

Comments must be received by Monday, August 27. 2018.

View Provisional Committee Here



Join the Conversation!
Follow @NASEM_Ag on Twitter and @NASEM.Ag on Facebook!

Use #WolfTaxonomy

Facebook Twitter Website

You are receiving this email because you subscribed for updates from the Board on Life Sciences or the Board on
Agriculture and Natural Resources (or because it was forwarded to you by a colleague). Manage your subscription

preferences here.

Copyright © 2018 Division on Earth and Life Studies, All rights reserved.
You are receiving this email because you opted in to the Division on Earth and Life Studies email list.

Our mailing address is:
Division on Earth and Life Studies

500 Fifth Street NW
Washington, DC 20001

Add us to your address book

unsubscribe from this list    update subscription preferences 

Provide Comments About Committee



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Re: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee Announced
Date: Thursday, August 9, 2018 8:33:39 AM
Importance: High

I only know Diane and Fred by name/reputation, but have heard of them both professionally. 
Diane's got a long history with gray wolves and if I can recall correctly may have been involved
with the Timber Wolf Alliance once upon a time.  Fred is retired from U of Montana in
conservation genetics. I think he was on one of the review boards for NSF too. I haven't
followed him professionally recently, but remember that he had some personal tragedy a
couple years ago in an avalanche.   I'm not familiar with anyone else listed here.

Becky Bartel Harrison, Phd
Supervisory  Wildlife Biologist
Alligator River & Pea Island National Wildlife Refuges
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
(252) 473-1132 ext. 2 31
rebecca_harrison@fws.gov

On Thu, Aug 9, 2018 at 8:09 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
You have any thoughts on this?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Aug 8, 2018 at 4:59 PM
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee Announced
To: Michelle Eversen <michelle_eversen@fws.gov>, emily_weller@fws.gov, Jack Arnold
<jack_arnold@fws.gov>, Aaron Valenta <aaron_valenta@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>, joseph_madison@fws.gov, Bill Uihlein <bill_uihlein@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>

Very solid group of folks!

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands



View this email in your browser

Share Tweet Forward

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

Begin forwarded message:

From: "Frazer, Gary" <gary_frazer@fws.gov>
Date: August 8, 2018 at 1:29:45 PM EDT
To: Gina Shultz <Gina_Shultz@fws.gov>, Jeff Newman <jeff_newman@fws.gov>,  Lisa
Ellis <lisa_ellis@fws.gov>, Leopoldo Miranda <Leopoldo_Miranda@fws.gov>,  Ted Koch
<Ted_Koch@fws.gov>
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee
Announced

fyi

Gary Frazer
Assistant Director -- Ecological Services
U.S. Fish and Wildlife Service
(202) 208-4646

---------- Forwarded message ----------
From: Seth Mott <seth_mott@fws.gov>
Date: Wed, Aug 8, 2018 at 1:23 PM
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional Committee
Announced
To: Benjamin <benjamin_tuggle@fws.gov>, gary_frazer@fws.gov

FYI

Sent from my iPhone

Begin forwarded message:

From: Division on Earth and Life Studies <DELS@nas.edu>
Date: August 8, 2018 at 11:02:09 AM EDT
To: <seth_mott@fws.gov>
Subject: [EXTERNAL] NASEM Wolf Taxonomy Study: Provisional
Committee Announced
Reply-To: Division on Earth and Life Studies <DELS@nas.edu>



Provisional Committee Announced:
Assessing the Taxonomic Status of the Red Wolf and the

Mexican Gray Wolf



The National Academies of Sciences, Engineering, and Medicine (NASEM) are pleased to

announce the appointment of the provisional committee for the new study Assessing the

Taxonomic Status of the Red Wolf and the Mexican Gray Wolf. 

The NASEM has approved a committee slate to carry out an independent study of the

taxonomic status of the endangered Red wolf and Mexican gray wolf, pending a 20-day

public comment period that begins today. Taxonomic classifications of animals can have

important implications for conservation efforts. Recognizing that new genetic techniques

 are enabling scientists to distinguish organism groups at finer degrees of resolution than

ever before, this study will summarize the current science on the animals’ taxonomy,

evolutionary history, and genetic diversity. Funding for the study has been provided by The

U.S. Fish and Wildlife Service.

The public is invited to provide comments on the committee slate at the link below.

Comments must be received by Monday, August 27. 2018.

View Provisional Committee Here



Join the Conversation!
Follow @NASEM_Ag on Twitter and @NASEM.Ag on Facebook!

Use #WolfTaxonomy

Facebook Twitter Website

You are receiving this email because you subscribed for updates from the Board on Life Sciences or the Board on
Agriculture and Natural Resources (or because it was forwarded to you by a colleague). Manage your subscription

preferences here.

Copyright © 2018 Division on Earth and Life Studies, All rights reserved.
You are receiving this email because you opted in to the Division on Earth and Life Studies email list.
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Division on Earth and Life Studies

500 Fifth Street NW
Washington, DC 20001

Add us to your address book

unsubscribe from this list    update subscription preferences 
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View this email in your browser

Share Tweet Forward

From: Madison, Joseph S
To: Benjamin, Pete
Subject: Fwd: [EXTERNAL] NASEM Wolf Taxonomy Study: First Public Meeting
Date: Friday, August 24, 2018 9:14:43 AM
Importance: High

Pete,

Just wondering if you know who is representing the Service in this meeting since it says they
will hear from the U.S. Fish and Wildlife Service.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

---------- Forwarded message ----------
From: Division on Earth and Life Studies <DELS@nas.edu>
Date: Thu, Aug 23, 2018 at 3:35 PM
Subject: [EXTERNAL] NASEM Wolf Taxonomy Study: First Public Meeting
To: michael_l_morse@fws.gov



Assessing the Taxonomic Status of the Red Wolf and the Mexican Gray
Wolf

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969



Registration Open: First Public Meeting
Please register to attend the public session of the first committee meeting. The public

session will be held Thursday, September 13, 2018 from 1:00 pm – 5:00 pm Eastern

Time at the National Academy of Sciences in Washington, D.C. During the public session

the committee will hear from the U.S. Fish and Wildlife Service, the study sponsors, as well

as a few invited speakers. The public session will also include time for interested parties to

give short public statements for the committee’s consideration (advanced sign-up is

required)*.  Members of the public are invited to attend in person or watch remotely

through the registration link provided below.

*Input can also be submitted in writing through the study website. All written materials

submitted to the committee will be included in the Public Access File created for the

Committee and may be quoted in whole or in part in the Committee’s report with

attribution.

Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



To receive updates about the study, including the agenda for the first and future meetings,

subscribe to the study email list. 

Join the Conversation!
Follow @NASEM_Ag on Twitter and @NASEM.Ag on Facebook!

Use #WolfTaxonomy

Facebook Twitter Website

You are receiving this email because you subscribed for updates from the Board on Life Sciences or the Board on
Agriculture and Natural Resources (or because it was forwarded to you by a colleague). Manage your subscription

preferences here.

Copyright © 2018 National Academy of Sciences, All rights reserved.
You are receiving this email because you opted in to the Division on Earth and Life Studies email list.

Our mailing address is:
National Academy of Sciences

500 Fifth Street NW
Washington, DC 20001

Add us to your address book

unsubscribe from this list    update subscription preferences 

Register Here

Subscribe Here



View this email in your browser

Share Tweet Forward

From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: [EXTERNAL] NASEM Wolf Taxonomy Study: First Public Meeting
Date: Friday, August 24, 2018 12:11:00 PM

Nope.  I’m guessing someone from science apps. 

Pete Benjamin, US FWS

On Aug 24, 2018, at 9:14 AM, Madison, Joseph <joseph_madison@fws.gov> wrote:

Pete,

Just wondering if you know who is representing the Service in this meeting since it
says they will hear from the U.S. Fish and Wildlife Service.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

---------- Forwarded message ----------
From: Division on Earth and Life Studies <DELS@nas.edu>
Date: Thu, Aug 23, 2018 at 3:35 PM
Subject: [EXTERNAL] NASEM Wolf Taxonomy Study: First Public Meeting
To: michael_l_morse@fws.gov



Assessing the Taxonomic Status of the Red Wolf and the Mexican Gray
Wolf

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242



Registration Open: First Public Meeting
Please register to attend the public session of the first committee meeting. The public

session will be held Thursday, September 13, 2018 from 1:00 pm – 5:00 pm Eastern

Time at the National Academy of Sciences in Washington, D.C. During the public session

the committee will hear from the U.S. Fish and Wildlife Service, the study sponsors, as well

as a few invited speakers. The public session will also include time for interested parties to

give short public statements for the committee’s consideration (advanced sign-up is

required)*.  Members of the public are invited to attend in person or watch remotely

through the registration link provided below.

*Input can also be submitted in writing through the study website. All written materials

submitted to the committee will be included in the Public Access File created for the

Committee and may be quoted in whole or in part in the Committee’s report with

attribution.

Register Here

Cell#: (252) 475-8350



To receive updates about the study, including the agenda for the first and future meetings,

subscribe to the study email list. 

Join the Conversation!
Follow @NASEM_Ag on Twitter and @NASEM.Ag on Facebook!

Use #WolfTaxonomy

Facebook Twitter Website

You are receiving this email because you subscribed for updates from the Board on Life Sciences or the Board on
Agriculture and Natural Resources (or because it was forwarded to you by a colleague). Manage your subscription

preferences here.

Copyright © 2018 National Academy of Sciences, All rights reserved.
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National Academy of Sciences
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From: Miranda, Leopoldo
To: Valenta, Aaron; Weller, Emily; Eversen, Michelle; Arnold, Jack; Benjamin, Pete
Subject: Fwd: FYI agenda for NAS wolf taxonomy study next week
Date: Friday, September 7, 2018 1:33:54 PM

FYI 

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Begin forwarded message:

From: "Haubold, Elsa" <elsa_haubold@fws.gov>
Date: September 7, 2018 at 1:25:52 PM EDT
To: Seth Mott <seth_mott@fws.gov>, Benjamin Tuggle
<benjamin_tuggle@fws.gov>,  Lisa Ellis <lisa_ellis@fws.gov>, Jeff Newman
<jeff_newman@fws.gov>,  "Frazer, Gary" <gary_frazer@fws.gov>, Leopoldo
Miranda <leopoldo_miranda@fws.gov>,  "Uihlein, Bill"
<bill_uihlein@fws.gov>, Seth Willey <seth_willey@fws.gov>,  James Broska
<james_broska@fws.gov>, Dana Bivens <dana_bivens@fws.gov>,  Laura
MacLean <Laura_Maclean@fws.gov>
Subject: FYI agenda for NAS wolf taxonomy study next week

Howdy wolf taxonomy study POCs,
 
I didn't receive the meeting agenda but was just on the NAS website and noted it
is now posted. In case you hadn't seen it, I thought I would share the link.  Once
Aurelia approves, I will send you the presentation I will be giving next week. It is
a short presentation restating the congressional approps language and the
statement of task with a few FWS flickr wolf pictures thrown in. 
 
-Elsa

http://nas-sites.org/dels/studies/wolf-taxonomy-study/meeting-1/

Elsa M. Haubold, Ph.D., PMP



MS: SA
5275 Leesburg, Pike 
Falls Church, VA 22041-3803

http://lccnetwork.org
703/358-1953



From: Miranda, Leopoldo
To: Eversen, Michelle; Benjamin, Pete; Arnold, Jack; Weller, Emily; Valenta, Aaron
Subject: Fwd: Brief summary from Sep. 13 NAS wolf taxonomy panel meeting
Date: Monday, September 24, 2018 4:18:31 PM
Attachments: ATT00001.htm

Summary of 1st meeting of NAS Wolf Taxonomy review panel open public session 13 Sept 18.docx

FYI only. These are internal notes not for further distribution. 

Leo

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Begin forwarded message:

From: "Haubold, Elsa" <elsa_haubold@fws.gov>
Date: September 24, 2018 at 3:51:04 PM EDT
To: Jeff Newman <jeff_newman@fws.gov>, Lisa Ellis <lisa_ellis@fws.gov>, 
"Frazer, Gary" <gary_frazer@fws.gov>, "Uihlein, Bill" <bill_uihlein@fws.gov>, 
Leopoldo Miranda <leopoldo_miranda@fws.gov>, James Broska
<james_broska@fws.gov>,  Seth Willey <seth_willey@fws.gov>
Cc: Benjamin Tuggle <benjamin_tuggle@fws.gov>, Seth Mott
<seth_mott@fws.gov>,  Gina Shultz <Gina_Shultz@fws.gov>
Subject: Brief summary from Sep. 13 NAS wolf taxonomy panel meeting

Howdy NAS wolf taxonomy study POCs, 
Attached is a brief summary from me about the public meeting held Sept. 13.
Note, in the summary is a link where you can watch all of the presentations made
that day.  Hope this is helpful. Next public meeting is Nov. 6 in Irvine, CA and
will be all about the science.  
-Elsa

Elsa M. Haubold, Ph.D., PMP

MS: SA
5275 Leesburg, Pike 
Falls Church, VA 22041-3803



http://lccnetwork.org
703/358-1953



file:///C/...nique%20Folder/20180924%20161831_Email_Fwd_%20Brief%20summary%20from%20Sep.%2013%20NAS%20wolf%20t.htm[1/15/2021 2:15:17 PM]



Summary of 1st meeting of NAS Wolf Taxonomy review panel 

Sept. 13, 2018, Washington, D.C. 

The NAS review panel met for the first time Sept. 13-14, 2018 at NAS headquarters in 
Washington, D.C.  They held an open public segment of the meeting from 1-5pm on Sept. 13. Several 
individuals were invited to give presentations about topics related to the study.  Meeting information 
including a tape of the presentations can be found here.  Elsa Haubold (USFWS) was invited to present 
the statement of task for the study and was asked several questions to clarify the statement of task.  She 
relayed and followed up with email: “Should the panel not have the information needed to address the 
questions, it would be helpful to understand why you could not make a decision.  Providing actual 
recommendations for specific research is outside the scope of work we have with the NAS.  You also 
asked whether you should comment if you believe either species if a distinct population segment as 
described in the Endangered Species Act. This is also outside the scope of the work we have with the 
NAS.” The Chair of the panel shared with Elsa their process including the plan to hold a series of public 
webinars to hear from varying perspectives surrounding the taxonomic classification of the species.   

Scott Edwards of Harvard University presented options for the panel to consider about defining 
species. Robert Wayne of UCLA further elaborated on existing studies supporting taxonomic status of 
the Mexican gray wolf.  Lisette Waits of University of Idaho did the same for red wolves, presenting new 
information from her laboratory that is currently under review for publication.  Holly Doremus of UC 
Berkeley Law School discussed implications of the ESA and taxonomic status.  Her presentation 
generated numerous questions including whether or not the Service wanted to the review panel to 
weigh in on whether they think either the Mexican gray wolf or red wolf qualifies as a distinct 
population segment.  Several members of the public took the opportunity to provide input at the end of 
the session including Nancy Blaney, Animal Welfare Institute. She stated the Institute has worked 
extensively on red wolves, supports red wolves as a full species and cited scientific studies.  Ron Nowack 
discussed scientific considerations the panel needed to make for the study.  Jason Rylander from 
Defenders of Wildlife (DOW) stated he wasn’t going to provide formal testimony but wanted to express 
thanks to the panel and looked forward to working with them. DOW hopes question of taxonomy are 
addressed by the panel as some would use the status to argue against ESA listing. Adrian Treves, 
University of WI Madison, studies wolf policy and ecology. Discussed ESA and how determinations about 
listing without regard to taxonomic classification that will most likely benefit species.  Holly Doremus 
clarified that this passage of the ESA, Section 4f applies to Recovery plans.  Travis further commented it 
was gratifying to see USFWS involving NAS in peer reviewed studies.  

At least one news story was published. This was in Cronkite news entitled Gray wolf faces new 
challenge: National Academies of Science Review.   

The second of three meetings of the panel will be held in November at the NAS Irvine, CA 
facility. The public portion of the meeting will be an all day workshop on Nov. 6, 2018 to discuss the 
scientific data in depth.   

 



From: Benjamin, Pete
To: Madison, Joseph S; Eversen, Michelle; Weller, Emily
Subject: Fwd: Current Evidence Supports Classification of Red Wolf as a Distinct Species, Report Says; Mexican Gray Wolf

Is a Valid Subspecies of Gray Wolf
Date: Friday, March 29, 2019 7:20:25 AM

It feels like we are treating this like bad news.  I can't believe we are once again caught so flat footed
by something we saw coming from a mile away.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Thu, Mar 28, 2019 at 11:45 AM
Subject: Re: Current Evidence Supports Classification of Red Wolf as a Distinct Species,
Report Says; Mexican Gray Wolf Is a Valid Subspecies of Gray Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>
Cc: Philip Kloer <Philip_Kloer@fws.gov>, Mike Oetker <michael_oetker@fws.gov>,
Madison, Joseph <joseph_madison@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>, Kristen Peters <Kristen_Peters@fws.gov>, Jack Arnold
<jack_arnold@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>

Talking with Gary et al here we will get a more direct talking point
about the report. In the lines of #1 No change in our management
approach. #2 NAS confirms the current scientific status for the
species. 

Leopoldo "Leo" Miranda
Regional Director
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, GA 30345
404-679-4000
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Thu, Mar 28, 2019 at 11:41 AM Jeffrey Fleming <jeffrey_m_fleming@fws.gov> wrote:



Folks,
Here is the link to the report for reference.  Please remember to
refer media calls to Laury per my email late yesterday.

If you get any calls from congressional office please let Kristen know
and she can help us take care of those working with headquarters.

Thank you,
J

http://www8.nationalacademies.org/onpinews/newsitem.aspx?
RecordID=25351&_ga=2.44439844.1230173640.1553787292-1413787784.1553787292

Sent from my iPhone



From: Benjamin, Pete
To: Weller, Emily
Cc: Madison, Joseph S; Eversen, Michelle
Subject: Re: Current Evidence Supports Classification of Red Wolf as a Distinct Species, Report Says; Mexican Gray Wolf

Is a Valid Subspecies of Gray Wolf
Date: Friday, March 29, 2019 8:26:33 AM

Let's call it the "rufus strut". 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Mar 29, 2019 at 8:22 AM Weller, Emily <emily_weller@fws.gov> wrote:
Thanks for forwarding...I was wondering when/what we might hear. You're right, wish it was a little
more of a positive response. 

I don't know about you, but I had an extra pep in my step coming into work this morning. Perhaps even
a strut.

On Fri, Mar 29, 2019 at 6:20 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
It feels like we are treating this like bad news.  I can't believe we are once again caught so flat
footed by something we saw coming from a mile away.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Thu, Mar 28, 2019 at 11:45 AM
Subject: Re: Current Evidence Supports Classification of Red Wolf as a Distinct Species,
Report Says; Mexican Gray Wolf Is a Valid Subspecies of Gray Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>
Cc: Philip Kloer <Philip_Kloer@fws.gov>, Mike Oetker <michael_oetker@fws.gov>,
Madison, Joseph <joseph_madison@fws.gov>, Michelle Eversen



<michelle_eversen@fws.gov>, Kristen Peters <Kristen_Peters@fws.gov>, Jack Arnold
<jack_arnold@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>

Talking with Gary et al here we will get a more direct talking
point about the report. In the lines of #1 No change in our
management approach. #2 NAS confirms the current scientific
status for the species. 

Leopoldo "Leo" Miranda
Regional Director
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, GA 30345
404-679-4000
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed to third
parties.

On Thu, Mar 28, 2019 at 11:41 AM Jeffrey Fleming <jeffrey_m_fleming@fws.gov>
wrote:

Folks,
Here is the link to the report for reference.  Please remember to
refer media calls to Laury per my email late yesterday.

If you get any calls from congressional office please let Kristen know
and she can help us take care of those working with headquarters.

Thank you,
J

http://www8.nationalacademies.org/onpinews/newsitem.aspx?
RecordID=25351&_ga=2.44439844.1230173640.1553787292-
1413787784.1553787292

Sent from my iPhone

-- 
Emily Bizwell Weller
Captive Propagation and Release Coordinator
Regional Red Wolf Recovery Lead
Fish and Wildlife Service
200 Dulles Drive
Lafayette, LA 70506
337-291-3090



337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Cc: Eversen, Michelle; Martin, Rebekah; Madison, Joseph S
Subject: Re: Current Evidence Supports Classification of Red Wolf as a Distinct Species, Report Says; Mexican Gray Wolf

Is a Valid Subspecies of Gray Wolf
Date: Friday, March 29, 2019 11:19:37 AM

Hilarious.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Mar 29, 2019 at 11:13 AM Weller, Emily <emily_weller@fws.gov> wrote:
Red Wolf employees be like

On Fri, Mar 29, 2019 at 9:28 AM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
I  have been Rufus Strutting since yesterday

On Fri, Mar 29, 2019 at 8:26 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Let's call it the "rufus strut". 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Mar 29, 2019 at 8:22 AM Weller, Emily <emily_weller@fws.gov> wrote:
Thanks for forwarding...I was wondering when/what we might hear. You're right, wish it was a
little more of a positive response. 

I don't know about you, but I had an extra pep in my step coming into work this morning.
Perhaps even a strut.

On Fri, Mar 29, 2019 at 6:20 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
It feels like we are treating this like bad news.  I can't believe we are once again caught so
flat footed by something we saw coming from a mile away.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom
of Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Thu, Mar 28, 2019 at 11:45 AM
Subject: Re: Current Evidence Supports Classification of Red Wolf as a Distinct
Species, Report Says; Mexican Gray Wolf Is a Valid Subspecies of Gray Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>
Cc: Philip Kloer <Philip_Kloer@fws.gov>, Mike Oetker
<michael_oetker@fws.gov>, Madison, Joseph <joseph_madison@fws.gov>,
Michelle Eversen <michelle_eversen@fws.gov>, Kristen Peters
<Kristen_Peters@fws.gov>, Jack Arnold <jack_arnold@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>

Talking with Gary et al here we will get a more direct talking
point about the report. In the lines of #1 No change in our
management approach. #2 NAS confirms the current
scientific status for the species. 

Leopoldo "Leo" Miranda
Regional Director
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, GA 30345



404-679-4000
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

On Thu, Mar 28, 2019 at 11:41 AM Jeffrey Fleming
<jeffrey_m_fleming@fws.gov> wrote:

Folks,
Here is the link to the report for reference.  Please remember to
refer media calls to Laury per my email late yesterday.

If you get any calls from congressional office please let Kristen know
and she can help us take care of those working with headquarters.

Thank you,
J

http://www8.nationalacademies.org/onpinews/newsitem.aspx?
RecordID=25351&_ga=2.44439844.1230173640.1553787292-
1413787784.1553787292

Sent from my iPhone

-- 
Emily Bizwell Weller
Captive Propagation and Release Coordinator
Regional Red Wolf Recovery Lead
Fish and Wildlife Service
200 Dulles Drive
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom

of Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service



100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties

-- 
Emily Bizwell Weller
Captive Propagation and Release Coordinator
Regional Red Wolf Recovery Lead
Fish and Wildlife Service
200 Dulles Drive
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Weller, Emily
Subject: Fwd: [EXTERNAL] Reminder: Report Release Webinar: Evaluating the Taxonomic Status of the Mexican Gray Wolf and the Red Wolf starts in 1 hour
Date: Tuesday, April 16, 2019 11:08:50 AM

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: An Nguyen-Gia <no-reply@zoom.us>
Date: Tue, Apr 16, 2019 at 10:02 AM
Subject: [EXTERNAL] Reminder: Report Release Webinar: Evaluating the Taxonomic Status of the Mexican Gray Wolf and the Red Wolf starts in 1 hour
To: Pete Benjamin <pete_benjamin@fws.gov>

Hi Pete Benjamin, 

This is a reminder that "Report Release Webinar: Evaluating the Taxonomic Status of the Mexican Gray Wolf and the Red Wolf" will begin in 1 hour:

Date Time:
Apr 16, 2019 11:00 AM Eastern Time (US and Canada) 
Add to Calendar   Add to Google Calendar   Add to Yahoo Calendar

Join from a PC, Mac, iPad, iPhone or Android device: 
Please click this URL to join. https://nasem.zoom.us/w/179691205?
tk=jzupvZj2cE2C3TFrq3ZzzB9Ws5Fq6wopRcwvpTYKOq4.DQEAAAAACrXexRZoVndMclFCUVJMeTdoQWk1WEYyaFFnAA&pwd=QzFKSGZ5Q3YvbU1mMDFldEVDS25JZz09&uuid=WN_15hrk888R7K7kxKLkAQncA
Note: This link should not be shared with others; it is unique to you.
Password: wolves

You can cancel your registration at any time.

 



From: An Nguyen-Gia
To: Benjamin, Pete
Subject: [EXTERNAL] Thank you for attending Report Release Webinar: Evaluating the Taxonomic Status of the Mexican

Gray Wolf and the Red Wolf
Date: Wednesday, April 17, 2019 11:19:27 AM
Importance: High

Hi Pete Benjamin, 

Thank you for attending Report Release Webinar: Evaluating the Taxonomic Status
of the Mexican Gray Wolf and the Red Wolf.

The webinar recording will be posted here soon: http://nas-
sites.org/dels/studies/wolf-taxonomy-study/. The prepublication version of the
consensus report can be downloaded for free here: https://www.nap.edu/25351/. For
more information about the study and report, go to the study website here: http://nas-
sites.org/dels/studies/wolf-taxonomy-study/

 



From: An Nguyen-Gia
To: Benjamin, Pete
Subject: [EXTERNAL] Thank you for attending Report Release Webinar: Evaluating the Taxonomic Status of the Mexican

Gray Wolf and the Red Wolf
Date: Wednesday, April 17, 2019 11:19:27 AM
Importance: High

Hi Pete Benjamin, 

Thank you for attending Report Release Webinar: Evaluating the Taxonomic Status
of the Mexican Gray Wolf and the Red Wolf.

The webinar recording will be posted here soon: http://nas-
sites.org/dels/studies/wolf-taxonomy-study/. The prepublication version of the
consensus report can be downloaded for free here: https://www.nap.edu/25351/. For
more information about the study and report, go to the study website here: http://nas-
sites.org/dels/studies/wolf-taxonomy-study/

 



From: Benjamin, Pete
To: Valenta, Aaron
Cc: Madison, Joseph S; Eversen, Michelle; Weller, Emily
Subject: Re: NAS Wolf Taxonomy study
Date: Thursday, June 6, 2019 1:03:37 PM

I would very much like a hard copy.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Jun 6, 2019 at 12:42 PM Valenta, Aaron <aaron_valenta@fws.gov> wrote:
Hi All,

Can you let me know if you want a printed copy of the NAS study?  And, any additional
copies?

Thanks,

Aaron Valenta
Chief, Division of Restoration and Recovery
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
404/679-4144

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties.  

---------- Forwarded message ---------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Thu, Jun 6, 2019 at 12:21 PM
Subject: Fwd: NAS Wolf Taxonomy study
To: Aaron Valenta <aaron_valenta@fws.gov>
Cc: Bill Uihlein <bill_uihlein@fws.gov>, Catherine Phillips
<Catherine_Phillips@fws.gov>, Jack Arnold <jack_arnold@fws.gov>, Mike Oetker
<michael_oetker@fws.gov>

Aaron,

could you guys take a crack at this and let Bill know?



Bill, once we get the #, could you reply to Anna-Marie? Thanks!

Leo

Leopoldo "Leo" Miranda
Regional Director
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, GA 30345
404-679-4000
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: York, Anna-Marie <anna-marie_york@fws.gov>
Date: Thu, Jun 6, 2019 at 10:54 AM
Subject: NAS Wolf Taxonomy study
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, James Broska
<james_broska@fws.gov>, <amy_lueders@fws.gov>, Bill Uihlein <bill_uihlein@fws.gov>

I am working with Elsa Haubold in Science Applications at HQ. We have received copies of
the Wolf Taxonomy study from  NAS. How many copies do each of you want? (NAS will
send copies to state agencies.)

Anna-Marie York (she/her)
Grants Management Specialist
703-358-1881

U.S. Fish & Wildlife Service Headquarters
MS: SA
5275 Leesburg Pike
Falls Church, VA 22041-3803



From: Miranda, Leopoldo
To: Benjamin, Pete
Cc: Eversen, Michelle; Arnold, Jack
Subject: Time sensitive - Fwd: Senate Capability Statements - Red Wolf
Date: Thursday, April 14, 2016 5:20:43 PM
Attachments: ATT00001.htm

Capability S-FWS-25 ES Red Wolves_mdk.docx
Capability S-FWS-26 ES Red Wolves_mdk.docx
ATT00002.htm
Capability H FWS - 4 ESA Mexican wolf_4.8.16.docx
ATT00003.htm

Importance: High

Pete,

See the attached documents. We got language in the appropriations Bill to defund the
program. Not a surprise. Could you take a first crack at the Draft Effect Statement? They
attached the MX Wolf one as an example. For me, that one is a little too long and has some
weird language. We will need to have it here during he day tomorrow so we can float it by
Mike before sending it to HQ-ES COB tomorrow so they can review and send it to Chris
Nolin on Monday....

Leo

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: "Kelhart, Megan" <megan_kelhart@fws.gov>
Date: April 14, 2016 at 3:48:52 PM CDT
To: Leopoldo Miranda <Leopoldo_Miranda@fws.gov>, Robert Tawes
<robert_tawes@fws.gov>,  Kristen Peters <kristen_peters@fws.gov>, Jack
Arnold <jack_arnold@fws.gov>
Cc: Martha BalisLarsen <martha_balislarsen@fws.gov>, Jennifer Neely
<jennifer_neely@fws.gov>,  Jeff Newman <jeff_newman@fws.gov>, Maricela
Constantino <Maricela_Constantino@fws.gov>
Subject: Senate Capability Statements - Red Wolf

Hi Leo!

I hope you are doing well and had a nice time in Austin with the ES team.  I



missed being there for this year's meetings and seeing you all.

The Division of Budget received report language from the Senate for red wolf. 
There are two Capability Statements attached.  Kristen and I chatted this
afternoon - we are so lucky to have briefly stolen her from EA!   I promised her I
would send drafts with previously approved language we used for similar report
language in the House for Mexican wolf.  

I have some general language in the draft, but it would be great to have something
specific to the landowners down in NC.   Can you take a look at the two red wolf
attachments and make edits?  Ideally the Division of Budget would like the
statements by Monday.

I'm also including the Mx wolf Capability Statement for reference.  Feel free to
contact me if you have questions.  

Thank you!  (I am desperately missing good coffee here!!!)  

Megan

Megan Debranski Kelhart
Ecological Services
U.S. Fish and Wildlife Service
703-358-1755



file:///C/...lder/4%20Unique%20Folder/20160414%20172043_Email_Time%20sensitive%20-%20Fwd_%20Senate%20Capability%20St.htm[1/15/2021 3:04:44 PM]



Capability Number: S-FWS-25 
 

Department of the Interior 
           FY 2017—Capability Statement 

   
Bureau:   Fish and Wildlife Service 
Appropriation:  Resource Management 
Activity/Subactivity:  Ecological Services/Recovery 
 

Proposed Report Language:  
 
Sec. __ None of the funds appropriated or otherwise made available by this Act may be used by 
the Department of the Interior or the United States Fish and Wildlife Service to implement 50 
CFR 17.84(c). 

 
Proposed By: Senate Appropriations 
 
Amount Enacted for Project/Program for FY   :   $0 / 0 FTE 
Amount Budgeted for Project/Program for FY   :  $0 / 0 FTE 
 
Effect of Proposed Amendment: 
 
1. What would the funding in the proposed amendment be used for? 
 
[No funding is provided.]  The U.S. Fish and Wildlife Service has a statutory requirement to 
implement the Endangered Species Act.  Defunding the agency’s ability to fulfill its legal 
requirements would only further litigation by outside groups on both sides and undercut our 
ability to work collaboratively with states, local communities, and landowners to conserve this 
imperiled species.   
 
As we understand this language, it would bar the Service from carrying out any of the 
responsibilities associated with the listing of the Red wolf under the ESA; bar the Service from 
implementing the provisions of the experimental population rule, which provides management 
flexibility and authorizes take for management purposes, depredation and nuisance behaviors. It 
would not preclude third parties from suing private citizens for take violations under section 9 of 
the ESA, likely to occur in the absence of federal management. 
 
2. Feasibility/capability of the proposed funding level or language this fiscal year? 
 
The Service administers the Endangered Species Act, and thus must implement all provisions of 
the ESA.  The Service does not support any appropriation language that would cause the agency 
to limit its capability of implementing the ESA, and potentially cause an increase in litigation 
regarding the Government’s responsibility to implement the statutory requirements of the ESA. 
 
3. Is the program/project ranked on existing priority setting systems? 



 
 Funding for the Ecological Services program is subject to a careful priority setting process.   
 
Outlay Effect: 

FY 2017: $0 
 FY 2018: $0 
 FY 2019: $0 
 
 
 
 
 
 



Capability Number: S-FWS-26 
 

Department of the Interior 
           FY 2017—Capability Statement 

   
Bureau:   Fish and Wildlife Service 
Appropriation:  Resource Management 
Activity/Subactivity:  Ecological Services/Recovery 
 

Proposed Report Language:  
 
Sec. __ None of the funds appropriated or otherwise made available by this Act may be used by 
the Department of the Interior or the United States Fish and Wildlife Service to treat the red wolf 
(Canis rufus) in North Carolina as an endangered species or threatened species under the 
Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.). 

Report Language: 

The Committee acknowledges the North Carolina Wildlife Resources Commission request that 
the United States Fish and Wildlife Service end the Red Wolf Recovery Program and declare the 
Red Wolf extinct. Furthermore, the Committee agrees that the Red Wolf Recovery Program, 
since its establishment, has failed to meet population recovery goals for the Red Wolf and that 
the program has negatively affected North Carolina landowners and the populations of several 
other native species. The Committee expects United States Fish and Wildlife Service to end this 
failed program during this fiscal year. 

Proposed By: Senate Appropriations 
 
Amount Enacted for Project/Program for FY   :   $0 / 0 FTE 
Amount Budgeted for Project/Program for FY   :  $0 / 0 FTE 
 
Effect of Proposed Amendment: 
 
1. What would the funding in the proposed amendment be used for? 
 
[No funding is provided.]  This report language would legislatively override an objective, 
science-based listing determination of the Service and runs counter to the fundamental principle 
that science should govern determinations under our nation’s environmental laws by legislating 
the conservation status of a species under the ESA without regard to science.  It would not 
remove the Red wolf from the list, so the prohibition against take would still remain, as would 
the ability of citizens to sue to force compliance.   
 
The U.S. Fish and Wildlife Service has a statutory requirement to implement the Endangered 
Species Act.  Defunding the agency’s ability to fulfill its legal requirements would only further 
litigation by outside groups on both sides and undercut our ability to work collaboratively with 
states, local communities, and landowners to conserve this imperiled species.   
 



As we understand this language, it would bar the Service from carrying out any of the 
responsibilities associated with the listing of the Red wolf under the ESA; bar the Service from 
implementing the provisions of the experimental population rule, which provides management 
flexibility and authorizes take for management purposes, depredation and nuisance behaviors. It 
would not preclude third parties from suing private citizens for take violations under section 9 of 
the ESA, likely to occur in the absence of federal management. 
 
2. Feasibility/capability of the proposed funding level or language this fiscal year? 
 
The Service administers the Endangered Species Act, and thus must implement all provisions of the ESA.  
The Service does not support any appropriation language that would cause the agency to limit its 
capability of implementing the ESA, and potentially cause an increase in litigation regarding the 
Government’s responsibility to implement the statutory requirements of the ESA. 
 
3. Is the program/project ranked on existing priority setting systems? 
 
 Funding for the Ecological Services program is subject to a careful priority setting process.   
 
Outlay Effect: 

FY 2017: $0 
 FY 2018: $0 
 FY 2019: $0 
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Capability Number: H-FWS-4 
 

Department of the Interior 
FY 2016—Capability Statement 

 
Bureau:   Fish and Wildlife Service 
Appropriation:  Resource Management 
Activity/Subactivity:  Ecological Services 
 
Proposed Report Language: None of the funds made available by this Act may be used- (1) to 
implement, administer, or enforce the final rule entitled ''Endangered and Threatened Wildlife and Plants; 
Revision to the Regulations for the Nonessential Experimental Population of the Mexican Wolf'' 
published by the Department of the Interior in the Federal Register on January 16, 2015 (80 Fed. Reg. 
2512); or (2) to treat the Mexican Wolf as an endangered species or threatened species under the 
Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.); (3) to develop or carry out a recovery plan for 
the Mexican Wolves that applies to areas outside such species' historic habitat. 

Proposed By: House Appropriations 
 
Amount Enacted for Project/Program for FY 2015:   $0 / 0 FTE 
Amount Budgeted for Project/Program for FY 2016:   $0 / 0 FTE 
 
Effect of Proposed Amendment: 
1. What would the funding in the proposed amendment be used for? 
 
[No funding is provided.] This language would legislatively override an objective, science-based listing 
determination of the Service and runs counter to the fundamental principle that science should govern 
determinations under our nation’s environmental laws by legislating the conservation status of a species 
under the ESA without regard to science.  It would not remove Mexican wolf from the list, so the 
prohibition against take would still remain, as would the ability of citizens to sue to force compliance.   
 
The U.S. Fish and Wildlife Service has a statutory requirement to implement the Endangered Species Act.  
Defunding the agency’s ability to fulfill its legal requirements would only further litigation by outside 
groups on both sides and undercut our ability to work collaboratively with states, local communities, and 
landowners to conserve this imperiled species.  At the current population level, lack of active 
management is likely to result in the elimination of the Mexican wolf in the United States. 
 
As we understand this language, it would bar the Service from carrying out any of the responsibilities 
associated with the listing of the Mexican Wolf under the ESA; bar the Service from implementing the 
provisions of the experimental population rule, which provides management flexibility and authorizes 
take for management purposes, depredation and nuisance behaviors, and unacceptable impacts to native 
ungulates; and prevent the Service from developing a recovery plan that would apply outside of the 
historical range.    This language would prohibit the Service from managing Mexican wolves in the wild, 
which includes capture and removal of depredating and problem wolves and assisting livestock producers 
with managing wolf-livestock conflicts, such as using radio collars and hazing techniques.  It would also 
preclude the Service from managing the livestock depredation compensation programs, which provides 
funding through the Livestock Demonstration Program.  It would not preclude third parties from suing 
private citizens for take violations under section 9 of the ESA, likely to occur in the absence of federal 
management. 
 
 
2. Feasibility/capability of the proposed funding level or language this fiscal year? 
 
The Service administers the Endangered Species Act, and thus must implement all provisions of the ESA.  
The Service does not support any appropriation language that would cause the agency to limit its 



capability of implementing the ESA, and potentially cause an increase in litigation regarding the 
Government’s responsibility to implement the statutory requirements of the ESA. 
 
3. Is the program/project ranked on existing priority setting systems? 
 
 Funding for the Ecological Services program is subject to a careful priority setting process.   
 
Outlay Effect: 

FY 2017: $0 
 FY 2018: $0 
 FY 2019: $0 
 
Note: Submission of this capability statement does not reflect Departmental support for the proposed 
amendment. The Department does not support the addition of funds for any program or project that 
would result in the reduction of funding for other programs or projects in the President’s Budget. 
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From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Eversen, Michelle; Arnold, Jack
Subject: Re: Time sensitive - Fwd: Senate Capability Statements - Red Wolf
Date: Friday, April 15, 2016 7:45:21 AM
Attachments: Capability S-FWS-26 ES Red Wolves_mdk.pmb.docx
Importance: High

Here's my quick stab at it.  I worked off S-FWS-26.  Let me know if you need anything else.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Apr 14, 2016 at 5:20 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
Pete,

See the attached documents. We got language in the appropriations Bill to defund the
program. Not a surprise. Could you take a first crack at the Draft Effect Statement? They
attached the MX Wolf one as an example. For me, that one is a little too long and has some
weird language. We will need to have it here during he day tomorrow so we can float it by
Mike before sending it to HQ-ES COB tomorrow so they can review and send it to Chris
Nolin on Monday....

Leo

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: "Kelhart, Megan" <megan_kelhart@fws.gov>
Date: April 14, 2016 at 3:48:52 PM CDT
To: Leopoldo Miranda <Leopoldo_Miranda@fws.gov>, Robert Tawes
<robert_tawes@fws.gov>,  Kristen Peters <kristen_peters@fws.gov>, Jack
Arnold <jack_arnold@fws.gov>
Cc: Martha BalisLarsen <martha_balislarsen@fws.gov>, Jennifer Neely
<jennifer_neely@fws.gov>,  Jeff Newman <jeff_newman@fws.gov>, Maricela
Constantino <Maricela_Constantino@fws.gov>



Subject: Senate Capability Statements - Red Wolf

Hi Leo!

I hope you are doing well and had a nice time in Austin with the ES team.  I
missed being there for this year's meetings and seeing you all.

The Division of Budget received report language from the Senate for red wolf. 
There are two Capability Statements attached.  Kristen and I chatted this
afternoon - we are so lucky to have briefly stolen her from EA!   I promised her
I would send drafts with previously approved language we used for similar
report language in the House for Mexican wolf.  

I have some general language in the draft, but it would be great to have
something specific to the landowners down in NC.   Can you take a look at the
two red wolf attachments and make edits?  Ideally the Division of Budget
would like the statements by Monday.

I'm also including the Mx wolf Capability Statement for reference.  Feel free to
contact me if you have questions.  

Thank you!  (I am desperately missing good coffee here!!!)  

Megan

Megan Debranski Kelhart
Ecological Services
U.S. Fish and Wildlife Service
703-358-1755



Capability Number: S-FWS-26 
 

Department of the Interior 
           FY 2017—Capability Statement 

   
Bureau:   Fish and Wildlife Service 
Appropriation:  Resource Management 
Activity/Subactivity:  Ecological Services/Recovery 
 

Proposed Report Language:  
 
Sec. __ None of the funds appropriated or otherwise made available by this Act may be used by 
the Department of the Interior or the United States Fish and Wildlife Service to treat the red wolf 
(Canis rufus) in North Carolina as an endangered species or threatened species under the 
Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.). 

Report Language: 

The Committee acknowledges the North Carolina Wildlife Resources Commission request that 
the United States Fish and Wildlife Service end the Red Wolf Recovery Program and declare the 
Red Wolf extinct. Furthermore, the Committee agrees that the Red Wolf Recovery Program, 
since its establishment, has failed to meet population recovery goals for the Red Wolf and that 
the program has negatively affected North Carolina landowners and the populations of several 
other native species. The Committee expects United States Fish and Wildlife Service to end this 
failed program during this fiscal year. 

Proposed By: Senate Appropriations 
 
Amount Enacted for Project/Program for FY   :   $0 / 0 FTE 
Amount Budgeted for Project/Program for FY   :  $0 / 0 FTE 
 
Effect of Proposed Amendment: 
 
1. What would the funding in the proposed amendment be used for? 
 
[No funding is provided.]  This report language would legislatively override an objective, 
science-based listing determination of the Service and runs counter to the fundamental principle 
that science should govern determinations under our nation’s environmental laws by legislating 
the conservation status of a species under the ESA without regard to science.  There is no 
scientific basis for declaring the red wolf extinct.  The report language It would not remove the 
Red wolf from the list, so the prohibition against take would still remain, which would place 
additional restrictions on private landowners, not fewer.  as would the ability of citizens to sue to 
force compliance.   
 
The U.S. Fish and Wildlife Service has a statutory requirement to implement the Endangered 
Species Act.  Defunding the agency’s ability to fulfill its legal requirements would only further 
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litigation by outside groups on both sides and undercut our ability to work collaboratively with 
states, local communities, and landowners to conserve this imperiled species.   
 
As we understand this language, it would bar the Service from carrying out any of the 
responsibilities associated with the listing of the rRed wolf under the ESA; bar the Service from 
implementing the provisions of the experimental population rule, which provides management 
flexibility and authorizes take for management purposes, depredation and nuisance behaviors.  
We would be unable to remove wolves from private lands where they are not wanted or 
authorize take in any form.  It would also prohibit continued implementation of scientifically 
proven management techniques used by the Service to manage interactions with coyotes.  It 
would not preclude third parties from suing private citizens for take violations under section 9 of 
the ESA, likely to occur in the absence of federal management.  This language would achieve the 
exact opposite effect of the Committee’s intent.   
 
2. Feasibility/capability of the proposed funding level or language this fiscal year? 
 
The Service administers the Endangered Species Act, and thus must implement all provisions of the ESA.  
The Service does not support any appropriation language that would cause the agency to limit its 
capability of implementing the ESA, and potentially cause an increase in litigation regarding the 
Government’s responsibility to implement the statutory requirements of the ESA. 
 
3. Is the program/project ranked on existing priority setting systems? 
 
 Funding for the Ecological Services program is subject to a careful priority setting process.   
 
Outlay Effect: 

FY 2017: $0 
 FY 2018: $0 
 FY 2019: $0 
 
 
 
 
 
 



From: Miranda, Leopoldo
To: Benjamin, Pete
Cc: Eversen, Michelle; Arnold, Jack
Subject: Re: Time sensitive - Fwd: Senate Capability Statements - Red Wolf
Date: Friday, April 15, 2016 11:25:44 AM
Importance: High

THANKS!!!!

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Fri, Apr 15, 2016 at 7:45 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Here's my quick stab at it.  I worked off S-FWS-26.  Let me know if you need anything else.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Apr 14, 2016 at 5:20 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
Pete,

See the attached documents. We got language in the appropriations Bill to defund the
program. Not a surprise. Could you take a first crack at the Draft Effect Statement? They
attached the MX Wolf one as an example. For me, that one is a little too long and has
some weird language. We will need to have it here during he day tomorrow so we can
float it by Mike before sending it to HQ-ES COB tomorrow so they can review and send it
to Chris Nolin on Monday....

Leo

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



Sent from my iPad

Begin forwarded message:

From: "Kelhart, Megan" <megan_kelhart@fws.gov>
Date: April 14, 2016 at 3:48:52 PM CDT
To: Leopoldo Miranda <Leopoldo_Miranda@fws.gov>, Robert Tawes
<robert_tawes@fws.gov>,  Kristen Peters <kristen_peters@fws.gov>, Jack
Arnold <jack_arnold@fws.gov>
Cc: Martha BalisLarsen <martha_balislarsen@fws.gov>, Jennifer Neely
<jennifer_neely@fws.gov>,  Jeff Newman <jeff_newman@fws.gov>,
Maricela Constantino <Maricela_Constantino@fws.gov>
Subject: Senate Capability Statements - Red Wolf

Hi Leo!

I hope you are doing well and had a nice time in Austin with the ES team.  I
missed being there for this year's meetings and seeing you all.

The Division of Budget received report language from the Senate for red
wolf.  There are two Capability Statements attached.  Kristen and I chatted
this afternoon - we are so lucky to have briefly stolen her from EA!   I
promised her I would send drafts with previously approved language we used
for similar report language in the House for Mexican wolf.  

I have some general language in the draft, but it would be great to have
something specific to the landowners down in NC.   Can you take a look at
the two red wolf attachments and make edits?  Ideally the Division of Budget
would like the statements by Monday.

I'm also including the Mx wolf Capability Statement for reference.  Feel free
to contact me if you have questions.  

Thank you!  (I am desperately missing good coffee here!!!)  

Megan

Megan Debranski Kelhart
Ecological Services
U.S. Fish and Wildlife Service
703-358-1755



From: Peters, Kristen E
To: Benjamin, Pete; Eversen, Michelle; Miranda, Leopoldo
Cc: Fleming, Jeffrey M
Subject: Review Requested - Red Wolf Review Fact Sheet
Date: Thursday, June 9, 2016 11:58:09 AM
Attachments: Red Wolf Recovery Program Review FactSheet_Text.docx
Importance: High

Hi all,
 
On Tuesday we got the green light from Cindy and Mike to schedule meetings with congressional
staff to provide an update on the red wolf review.  These meetings are targeted for early July. We
would like to develop a fact sheet that discusses the work we have done to evaluate the program to
date.  This fact sheet would be left behind as a reference for congressional staff. 
 
Attached is an initial draft of this fact sheet.  The text included here is from existing, previously
cleared materials including the red wolf recovery program’s webpage, new releases and fact sheets. 
Could you please review the attached draft and provide any comments, edits or concerns.  It would
be great to get your input by next Wednesday, June 15.  The fact sheet text would then need to be
reviewed by the Regional Director’s office before being designed.
 
Let me know if you have any questions or concerns.
 
Kristen
 
 

Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
Office:  (404) 679-7172
kristen_peters@fws.gov

 



Red Wolf Recovery Program Review  
Photo filename: Bartel_USFWS_pdza_rw3.jpg 
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The red wolf is one of the world’s most endangered canids. Once common throughout the eastern and 
southcentral United States, red wolf populations were decimated by the early part of the 20th Century 
as a result of intensive predator control programs and the degradation and alteration of the species' 
habitat. When the red wolf was designated an endangered in 1967, the U.S. Fish and Wildlife Service 
initiated efforts to conserve the species. Today, more than 50 red wolves roam their native habitats in 
eastern North Carolina, and nearly 200 red wolves are maintained in captive breeding facilities 
throughout the United States. 
 
WMI Evaluation 
In 2014, the Service contracted with the Wildlife Management Institute (WMI) to conduct an 
independent review and evaluation of the Red Wolf Recovery Program’s non-essential, experimental 
population in five eastern North Carolina counties. This population was established under Section 10(j) 
of the Endangered Species Act and is a component of the overall recovery effort for the red wolf.   
 
The evaluation focused on numerous questions with respect to three program elements: supporting 
science, program management, and human dimensions. WMI reviewed more than 200 documents, 
interviewed Service and North Carolina Wildlife Resources Commission (NCWRC) staff at various 
management levels, commissioned literature reviews of red wolf genetics and ecology, held two public 
meetings in the red wolf restoration area, and conducted public opinion surveys.   
 
The 171-page, peer-reviewed evaluation was one action among several that are part of a broad 
agreement between the Service and the NCWRC on candid management put in place in late 2013. Both 
agencies recognized that steps were needed to improve management of the non-essential, 
experimental population in North Carolina. 
 
Red Wolf Recovery Program Review 
In light of the WMI evaluation and the substantial management history of the non-essential, 
experimental population in North Carolina, the Service found more work was needed to determine both 
lessons learned and the role of these wolves in the overall recovery effort. In June 2015, the Service 
announced its intent to gather additional science and research to guide recovery of the red wolf. At that 
time, the Service reaffirmed its management practices would be confined to the 1995 special rule (10j) 
currently in place.  A review of the red wolf recovery program to determine what actions are necessary 
to achieve red wolf recovery and evaluate the extent to which those actions can be implemented on the 
landscape is ongoing.   
 
The Service has taken steps to involve state partners and key stakeholders in the review. A multi-faceted 
recovery team was reconvened to address current and future needs to restore red wolves in the wild. 
The team—comprised of representatives from federal and state agencies, university scientists, species 
experts, representatives from non-governmental organizations, county officials, and private 
landowners—is reviewing the science of red wolf conservation related to species taxonomy and historic 
range, wild population viability, captive population viability, and human dimensions.   
 
The review is part of the Service’s continuing commitment to get the science right and foster trust with 
stakeholders as issues regarding the recovery of the red wolf are addressed and implemented. It will 



enable the Service to make a decision regarding the future direction of the entire red wolf recovery 
program by September 2016. 
 
Additional Information 
More information about the Service’s review of the Red Wolf Recovery Program is available at 
fws.gov/redwolf/evaluation.html 
 
Visit fws.gov/redwolf to learn more about the red wolf and the Service’s recovery efforts. 
 
For questions about the Service’s red wolf recovery efforts or the review, contact: 
Cindy Dohner 
Southeast Regional Director 
cynthia_dohner@fws.gov 
404/679-4000 
 
Leo Miranda 
Assistant Regional Director, Ecological Services 
leopoldo_miranda@fws.gov 
404/679-7085 
 

 
Side Bar:  
 
Red Wolf Facts  
 
Scientific name: Canis rufus 
 
Status: Endangered  
 
Description: The red wolf is a native North American canid intermediate in size between the coyote 
(Canis latrans) and gray wolf (Canis lupus). Red wolves are mostly brown and buff colored with some 
black along their backs, often with a reddish color on their ears, head and legs. Adult red wolves range in 
weight from about 45 to 80 pounds. Red wolves have wide heads with broad muzzles, tall pointed ears 
and long, slender legs with large feet. Red wolves stand about 26 inches at their shoulder and are about 
4 feet long from the tip of the nose to the tip of the tail. 
 
Habitat: The last red wolves were found in coastal prairie and marsh habitat because this was the last 
area in which the animals were allowed to remain. Any habitat area in the southeastern United States of 
sufficient size, which provides adequate food, water, and the basic cover requirement of heavy 
vegetation, should be suitable habitat for the red wolf. Telemetry studies indicate that red wolf home 
range requirements vary from about 25 to 50 square miles. 
 
Diet: Although the exact diet of red wolves varies depending on available prey, it usually consists of a 
combination of white-tailed deer, raccoons and smaller mammals such as rabbits, rodents and nutria. 
The red wolf is an opportunistic feeder and can travel up to 20 miles a day or more to find food, which 
can be consumed at a rate of two to five pounds daily. 
 



Behavior: Red wolves are social animals that live in close-knit packs. Typical packs consist 5-8 animals 
including a breeding adult pair and their offspring of different years. Older offspring will often assist the 
breeding pair in pup rearing. Almost all offspring between one and two years of age will leave the pack 
or "disperse" to form their own pack. 
 
Red wolves tend to form pair-bonds for life and mate once a year in February. Pups are typically born in 
April or May in well-hidden in dens that may be located in hollow trees, stream banks and sand knolls. 
Dens have also been found in holes dug in the ground near downed logs or forest debris piles. 
 
Wolf packs have specific territories that they actively defend against other canids, including other 
wolves. Most active at dusk and dawn, red wolves are elusive and generally avoid humans and human 
activity. 
 
Threats: Human-caused mortality (e.g., vehicle strikes, gunshots) can remove breeders from the wild 
wolf population. These threats, combined with habitat fragmentation from increasing development, 
allow coyotes to expand into the recovery area. Coyotes may directly compete with wolves for 
resources, as well as introduce diseases, and dilute wolf genetic lines through hybridization. 

 
Red Wolf Recovery Program Timeline 
 
1967 Red wolf listed as endangered under the Endangered Species Preservation Act 

1968 USFWS begins study of red wolf in southeast Texas and southwest Louisiana 

1969 First red wolf places in captivity initiating the red wolf captive breeding center at Point 
Defiance Zoo & Aquarium, Tacoma, Washington 

1973 Endangered Species Act becomes Federal law 

1973 First recovery plan approved 

1977    First litter of red wolf pups born in breeding program at Point Defiance Zoo & Aquarium 

1978 First successful experimental release, tracking, and recapture of red wolves on Bulls Island, 
South Carolina, solidifies reintroduction techniques 

1980 Last red wolves removed from the wild; declared biologically extinct in the wild 

1984 Recovery plan revised and implemented 
 

Point Defiance Zoo and Aquarium receives approval from American Association of Zoos and 
Aquariums for a Red Wolf Species Survival Plan (SSP) 

 
Land Between The Lakes red wolf reintroduction project abandoned due to lack of public and 
state support 

   (ARNWR) established on land in northeastern North Carolina 

1986 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
the Alligator River National Wildlife Refuge  

1987 Restoration effort begins with the experimental release of red wolves at ARNWR, North 
Carolina 

1988 First litter of red wolf pups born in the wild at ARNWR 

Commented [KEP1]: There are too many dates on the 
website’s timeline for the fact sheet.  Proposing to keep only the 
information in black font. Strikethrough, gray font text would be 
omitted.  Let me know if any of the omitted text should be included 
on a timeline with the major actions in the recovery program 



1989 Second island propagation project initiated by the release of red wolves on Horn Island off the 
coast of Mississippi 

 
Recovery plan updated; 1st USFWS plan to include the Red Wolf Species SSP as a conservation 
strategy 

1990 Third island propagation project begins by releasing red wolves on St. Vincent National Wildlife 
Refuge,an island off the Gulf Coast of Florida 

 
Pocosin Lakes National Wildlife Refuge (PLNWR) established on land within red wolf 
experimental population boundaries in eastern North Carolina 

1991 American Sheep Industry Association files petition to delist red wolf based on genetic analyses 

 1991 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
the Great Smoky Mountains National Park  

1992 Experimental release begins at Great Smoky Mountains National Park  
 

1991 Petition request to delist the red wolf found unwarranted by USFWS 

1993 First red wolves born in the wild at Great Smoky Mountains National Park 
 

Red wolves released onto PLNWR 

1995 Amendment to Interior Appropriation Bill introduced in Senate to suspend all funding for Red 
Wolf Recovery Program. Amendment narrowly defeated. 

 
North Carolina law to allow taking on red wolves on pri vate property in two counties goes into 
effect. 

1995 Publication of an amendment to the special rule in the Federal Register addressing private 
landowner concerns about reintroduced red wolves 

 
National Wilderness Institute files petition to delist red wolf based on nuclear DNA results 

1997 1995 petition request to delist the red wolf found unwarranted by USFWS 

1998 Red wolf project ended at Great Smoky Mountains National Park 

  Publication of a final rule in the Federal Register to terminate attempts to restore a wild 
population of red wolves in the GSMNP 

 
Island propagation program ends at Horn Island off the coast of Mississippi 

2000 Adaptive management plan implemented to address red wolf/coyote hybridization at ARNWR 

2005 Island propagation program ends at Bulls Island, South Carolina.  Remaining red wolves are 
relocated to ARNWR and SSP facilities 

2007 Red Wolf Recovery Program receives the Association of Zoos and Aquariums North American 
Conservation Award 

2013 Memorandum of Understanding on collaborative conservation of red wolves and other candids 
on the Albemarle Peninsula signed by the Service and the North Carolina Wildlife Resources 
Commission 

2014 Release of the peer-reviewed evaluation of the non-essential, experimental population in 
North Carolina conducted by the Wildlife Management Institute 



2015 Reintroductions of red wolf into the wild suspended while additional science and research into 
the feasibility of species’ recovery is gathered; existing red wolves located in North Carolina are 
managed in accordance with the 1995 rule  

 Recovery team reconvened to address current and future needs to restore red wolves in the 
wild   

2016 A decision regarding the future direction of the entire red wolf recovery program is expected 
by September 

 
Approximately 50-75 wild red wolves (~50 known radio-collared animals) exist in the northeastern North 
Carolina recovery area; and ~190 red wolves in >40 captive breeding facilities participating in the Red 
Wolf Species Survival Plan 
 

 
Photo options for back of fact sheet:  
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Sources: 
https://www.fws.gov/redwolf/ 
http://www.fws.gov/nc-es/mammal/redwolf.html 
red wolf fact sheet (http://www.fws.gov/redwolf/images/redwolffacts_final.pdf) 
Service news releases  



From: Benjamin, Pete
To: Peters, Kristen E
Cc: Eversen, Michelle; Miranda, Leopoldo; Fleming, Jeffrey M
Subject: Re: Review Requested - Red Wolf Review Fact Sheet
Date: Thursday, June 9, 2016 12:15:41 PM
Attachments: Red Wolf Recovery Program Review FactSheet_Text.pmb.docx
Importance: High

Looks pretty good to me.  Here are my minor edits.  What's the plan for the briefings?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jun 9, 2016 at 11:58 AM, Kristen Peters <kristen_peters@fws.gov> wrote:

Hi all,

 

On Tuesday we got the green light from Cindy and Mike to schedule meetings with
congressional staff to provide an update on the red wolf review.  These meetings are
targeted for early July. We would like to develop a fact sheet that discusses the work we
have done to evaluate the program to date.  This fact sheet would be left behind as a
reference for congressional staff. 

 

Attached is an initial draft of this fact sheet.  The text included here is from existing,
previously cleared materials including the red wolf recovery program’s webpage, new
releases and fact sheets.  Could you please review the attached draft and provide any
comments, edits or concerns.  It would be great to get your input by next Wednesday, June
15.  The fact sheet text would then need to be reviewed by the Regional Director’s office
before being designed.

 

Let me know if you have any questions or concerns.

 

Kristen

 

 

Kristen Peters

Congressional and Legislative Affairs Specialist



Southeast Region

U.S. Fish and Wildlife Service

1875 Century Boulevard

Atlanta, Georgia 30345

Office:  (404) 679-7172

kristen_peters@fws.gov

 



Red Wolf Recovery Program Review  
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The red wolf is one of the world’s most endangered canids. Once common throughout the eastern and 
southcentral United States, red wolf populations were decimated by the early part of the 20th Century 
as a result of intensive predator control programs and the degradation and alteration of the species' 
habitat. When the red wolf was designated an endangered in 1967, the U.S. Fish and Wildlife Service 
initiated efforts to conserve the species. Today, more than 50 40 red wolves roam their native habitats 
in eastern North Carolina, and nearly 200 red wolves are maintained in captive breeding facilities 
throughout the United States. 
 
WMI Evaluation 
In 2014, the Service contracted with the Wildlife Management Institute (WMI) to conduct an 
independent review and evaluation of the Red Wolf Recovery Program’s non-essential, experimental 
population in five eastern North Carolina counties. This population was established under Section 10(j) 
of the Endangered Species Act and is a component of the overall recovery effort for the red wolf.   
 
The evaluation focused on numerous questions with respect to three program elements: supporting 
science, program management, and human dimensions. WMI reviewed more than 200 documents, 
interviewed Service and North Carolina Wildlife Resources Commission (NCWRC) staff at various 
management levels, commissioned literature reviews of red wolf genetics and ecology, held two public 
meetings in the red wolf restoration area, and conducted public opinion surveys.   
 
The 171-page, peer-reviewed evaluation was one action among several that are part of a broad 
agreement between the Service and the NCWRC on candid management put in place in late 2013. Both 
agencies recognized that steps were needed to improve management of the non-essential, 
experimental population in North Carolina. 
 
Red Wolf Recovery Program Review 
In light of the WMI evaluation and the substantial management history of the non-essential, 
experimental population in North Carolina, the Service found more work was needed to determine both 
lessons learned and the role of these wolves in the overall recovery effort. In June 2015, the Service 
announced its intent to gather additional science and research to guide recovery of the red wolf. At that 
time, the Service reaffirmed its management practices would be confined to the 1995 special rule (10j) 
currently in place.  A review of the red wolf recovery program to determine what actions are necessary 
to achieve red wolf recovery and evaluate the extent to which those actions can be implemented on the 
landscape is ongoing.   
 
The Service has taken steps to involve state partners and key stakeholders in the review. A multi-faceted 
recovery team was reconvened to address current and future needs to restore red wolves in the wild. 
The team—comprised of representatives from federal and state agencies, university scientists, species 
experts, representatives from non-governmental organizations, county officials, and private 
landowners—is reviewing the science of red wolf conservation related to species taxonomy and historic 
range, wild population viability, captive population viability, and human dimensions.   
 
The review is part of the Service’s continuing commitment to get the science right and foster trust with 
stakeholders as issues regarding the recovery of the red wolf are addressed and implemented. It will 



enable the Service to make a decision regarding the future direction of the entire red wolf recovery 
program by September 2016. 
 
Additional Information 
More information about the Service’s review of the Red Wolf Recovery Program is available at 
fws.gov/redwolf/evaluation.html 
 
Visit fws.gov/redwolf to learn more about the red wolf and the Service’s recovery efforts. 
 
For questions about the Service’s red wolf recovery efforts or the review, contact: 
Cindy Dohner 
Southeast Regional Director 
cynthia_dohner@fws.gov 
404/679-4000 
 
Leo Miranda 
Assistant Regional Director, Ecological Services 
leopoldo_miranda@fws.gov 
404/679-7085 
 

 
Side Bar:  
 
Red Wolf Facts  
 
Scientific name: Canis rufus 
 
Status: Endangered  
 
Description: The red wolf is a native North American canid intermediate in size between the coyote 
(Canis latrans) and gray wolf (Canis lupus). Red wolves are mostly brown and buff colored with some 
black along their backs, often with a reddish color on their ears, head and legs. Adult red wolves range in 
weight from about 45 to 80 pounds. Red wolves have wide heads with broad muzzles, tall pointed ears 
and long, slender legs with large feet. Red wolves stand about 26 inches at their shoulder and are about 
4 feet long from the tip of the nose to the tip of the tail. 
 
Habitat: The last red wolves were found in coastal prairie and marsh habitat because this was the last 
area in which the animals were allowed to remain. Any habitat area in the southeastern United States of 
sufficient size, which provides adequate food, water, and the basic cover requirement of heavy 
vegetation, should be suitable habitat for the red wolf. Telemetry studies indicate that red wolf home 
range requirements vary from about 25 to 50 square miles. 
 
Diet: Although the exact diet of red wolves varies depending on available prey, it usually consists of a 
combination of white-tailed deer, raccoons and smaller mammals such as rabbits, rodents and nutria. 
The red wolf is an opportunistic feeder and can travel up to 20 miles a day or more to find food, which 
can be consumed at a rate of two to five pounds daily. 
 



Behavior: Red wolves are social animals that live in close-knit packs. Typical packs consist of 5-8 animals 
including a breeding adult pair and their offspring of different years. Older offspring will often assist the 
breeding pair in pup rearing. Almost all offspring between one and two years of age will leave the pack 
or "disperse" to form their own pack. 
 
Red wolves tend to form pair-bonds for life and mate once a year in February. Pups are typically born in 
April or May in well-hidden in dens that may be located in hollow trees, stream banks and sand knolls. 
Dens have also been found in holes dug in the ground near downed logs or forest debris piles. 
 
Wolf packs have specific territories that they actively defend against other canids, including other 
wolves. Most active at dusk and dawn, red wolves are elusive and generally avoid humans and human 
activity. 
 
Threats: Human-caused mortality (e.g., vehicle strikes, gunshots) can remove breeders from the wild 
wolf population. These threats, combined with habitat fragmentation from increasing development, 
allow coyotes to expand into the recovery area. Coyotes may directly compete with wolves for 
resources, as well as introduce diseases, and dilute wolf genetic lines through hybridization. 

 
Red Wolf Recovery Program Timeline 
 
1967 Red wolf listed as endangered under the Endangered Species Preservation Act 

1968 USFWS begins study of red wolf in southeast Texas and southwest Louisiana 

1969 First red wolf places in captivity initiating the red wolf captive breeding center at Point 
Defiance Zoo & Aquarium, Tacoma, Washington 

1973 Endangered Species Act becomes Federal law 

1973 First recovery plan approved 

1977    First litter of red wolf pups born in breeding program at Point Defiance Zoo & Aquarium 

1978 First successful experimental release, tracking, and recapture of red wolves on Bulls Island, 
South Carolina, solidifies reintroduction techniques 

1980 Last red wolves removed from the wild; declared biologically extinct in the wild 

1984 Recovery plan revised and implemented 
 

Point Defiance Zoo and Aquarium receives approval from American Association of Zoos and 
Aquariums for a Red Wolf Species Survival Plan (SSP) 

 
Land Between The Lakes red wolf reintroduction project abandoned due to lack of public and 
state support 

   (ARNWR) established on land in northeastern North Carolina 

1986 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
the Alligator River National Wildlife Refuge  

1987 Restoration effort begins with the experimental release of red wolves at ARNWR, North 
Carolina 

1988 First litter of red wolf pups born in the wild at ARNWR 
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1989 Second island propagation project initiated by the release of red wolves on Horn Island off the 
coast of Mississippi 

 
Recovery plan updated; 1st USFWS plan to include the Red Wolf Species SSP as a conservation 
strategy 

1990 Third island propagation project begins by releasing red wolves on St. Vincent National Wildlife 
Refuge,an island off the Gulf Coast of Florida 

 
Pocosin Lakes National Wildlife Refuge (PLNWR) established on land within red wolf 
experimental population boundaries in eastern North Carolina 

1991 American Sheep Industry Association files petition to delist red wolf based on genetic analyses 

 1991 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
the Great Smoky Mountains National Park  

1992 Experimental release begins at Great Smoky Mountains National Park  
 

1991 Petition request to delist the red wolf found unwarranted by USFWS 

1993 First red wolves born in the wild at Great Smoky Mountains National Park 
 

Red wolves released onto PLNWR 

1995 Amendment to Interior Appropriation Bill introduced in Senate to suspend all funding for Red 
Wolf Recovery Program. Amendment narrowly defeated. 

 
North Carolina law to allow taking on red wolves on pri vate property in two counties goes into 
effect. 

1995 Publication of an amendment to the special rule in the Federal Register addressing private 
landowner concerns about reintroduced red wolves 

 
National Wilderness Institute files petition to delist red wolf based on nuclear DNA results 

1997 1995 petition request to delist the red wolf found unwarranted by USFWS 

1998 Red wolf project ended at Great Smoky Mountains National Park 

  Publication of a final rule in the Federal Register to terminate attempts to restore a wild 
population of red wolves in the GSMNP 

 
Island propagation program ends at Horn Island off the coast of Mississippi 

2000 Adaptive management plan implemented to address red wolf/coyote hybridization at ARNWR 

2005 Island propagation program ends at Bulls Island, South Carolina.  Remaining red wolves are 
relocated to ARNWR and SSP facilities 

2007 Red Wolf Recovery Program receives the Association of Zoos and Aquariums North American 
Conservation Award 

2013 Memorandum of Understanding on collaborative conservation of red wolves and other candids 
on the Albemarle Peninsula signed by the Service and the North Carolina Wildlife Resources 
Commission 

2014 Release of the peer-reviewed evaluation of the non-essential, experimental population in 
North Carolina conducted by the Wildlife Management Institute 



2015 Reintroductions of red wolf into the wild suspended while additional science and research into 
the feasibility of species’ recovery is gathered; existing red wolves located in North Carolina are 
managed in accordance with the 1995 rule  

 Recovery team reconvened to address current and future needs to restore red wolves in the 
wild   

2016 A decision regarding the future direction of the entire red wolf recovery program is expected 
by September 

 
Approximately 50-75 wild red wolves (~50 known radio-collared animals) exist in the northeastern North 
Carolina recovery area; and ~190 red wolves in >40 captive breeding facilities participating in the Red 
Wolf Species Survival Plan 
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From: Peters, Kristen E
To: Benjamin, Pete
Cc: Eversen, Michelle; Miranda, Leopoldo; Fleming, Jeffrey M
Subject: RE: Review Requested - Red Wolf Review Fact Sheet
Date: Thursday, June 9, 2016 1:10:40 PM
Importance: High

The plans are still in the works. However, Cindy or Mike and Leo will go the Hill and try to meet with
staff of House and Senate Interior Appropriations Subcommittees, authorizing committees (Senate
EPW and House Natural Resources), Senators Tillis and Burr and maybe Rep. Jones.   The intent of
the meetings are to given them an update on the review and to try to address the concerns that are
resulting in the possible report language in the Senate approps bill.  I will keep you posted as the
planning coming together.  
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, June 09, 2016 12:16 PM
To: Kristen Peters
Cc: Michelle Eversen; Leopoldo Miranda; Jeffrey Fleming
Subject: Re: Review Requested - Red Wolf Review Fact Sheet
 
Looks pretty good to me.  Here are my minor edits.  What's the plan for the
briefings?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Jun 9, 2016 at 11:58 AM, Kristen Peters <kristen_peters@fws.gov> wrote:
Hi all,
 
On Tuesday we got the green light from Cindy and Mike to schedule meetings with
congressional staff to provide an update on the red wolf review.  These meetings are targeted
for early July. We would like to develop a fact sheet that discusses the work we have done to
evaluate the program to date.  This fact sheet would be left behind as a reference for
congressional staff. 
 
Attached is an initial draft of this fact sheet.  The text included here is from existing,
previously cleared materials including the red wolf recovery program’s webpage, new releases
and fact sheets.  Could you please review the attached draft and provide any comments, edits
or concerns.  It would be great to get your input by next Wednesday, June 15.  The fact sheet
text would then need to be reviewed by the Regional Director’s office before being designed.
 
Let me know if you have any questions or concerns.
 
Kristen
 
 

Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region



U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
Office:  (404) 679-7172
kristen_peters@fws.gov
 
 



From: Fleming, Jeffrey M
To: Benjamin, Pete
Cc: Peters, Kristen E; Eversen, Michelle; Miranda, Leopoldo
Subject: Re: Review Requested - Red Wolf Review Fact Sheet
Date: Thursday, June 9, 2016 3:42:46 PM
Attachments: Red Wolf Recovery Program Review FactSheet_Text.pmb jf.docx
Importance: High

here are some edits from me on top of Pete's.....

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Thu, Jun 9, 2016 at 12:15 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Looks pretty good to me.  Here are my minor edits.  What's the plan for the briefings?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jun 9, 2016 at 11:58 AM, Kristen Peters <kristen_peters@fws.gov> wrote:

Hi all,

 

On Tuesday we got the green light from Cindy and Mike to schedule meetings with
congressional staff to provide an update on the red wolf review.  These meetings are
targeted for early July. We would like to develop a fact sheet that discusses the work we
have done to evaluate the program to date.  This fact sheet would be left behind as a
reference for congressional staff. 

 

Attached is an initial draft of this fact sheet.  The text included here is from existing,
previously cleared materials including the red wolf recovery program’s webpage, new
releases and fact sheets.  Could you please review the attached draft and provide any
comments, edits or concerns.  It would be great to get your input by next Wednesday,
June 15.  The fact sheet text would then need to be reviewed by the Regional Director’s
office before being designed.

 

Let me know if you have any questions or concerns.



 

Kristen

 

 

Kristen Peters

Congressional and Legislative Affairs Specialist

Southeast Region

U.S. Fish and Wildlife Service

1875 Century Boulevard

Atlanta, Georgia 30345

Office:  (404) 679-7172

kristen_peters@fws.gov

 



Red Wolf Recovery Program Review  
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The red wolf is one of the world’s most endangered  wolvescanids. Once common throughout the 
eastern and southcentral United States, red wolf populations were decimated by the early part of the 
20th Century as a result of intensive predator control programs and the degradation and alteration of 
the species' habitat. When the red wolf was designated an endangered in 1967, the U.S. Fish and 
Wildlife Service initiated efforts to conserve the species. Today, more than 50 40 red wolves roam their 
native habitats in eastern North Carolina as a non-essential, experimental population, and nearly 200 
red wolves are maintained in captive breeding facilities throughout the United States. 
 
In 2013 the Service found some inconsistencies in the management of the experimental population.  The 
population was established in 1995 using a recovery tool provided by the Endangered Species Act as a 
piece of the overall recovery effort.   
 
WMI Evaluation 
In 2014, the Service contracted with the Wildlife Management Institute (WMI) to conduct an 
independent review and evaluation of the Red Wolf Recovery Program’s non-essential, experimental 
population in five eastern North Carolina counties. This population was established under Section 10(j) 
of the Endangered Species Act and is a component of the overall recovery effort for the red wolf.   
 
The evaluation focused on many numerous questions with respect toin three program elements: 
supporting science, program management, and human dimensions. WMI reviewed more than 200 
documents, interviewed Service and North Carolina Wildlife Resources Commission (NCWRC) staff at 
various management levels, commissioned literature reviews of red wolf genetics and ecology, held two 
public meetings in the red wolf restoration area, and conducted public opinion surveys.   
 
The 171-page, peer-reviewed evaluation was one action among several that are part of a broad 
agreement between the Service and the NCWRC on candired wolf d management put in place in late 
2013. Both agencies recognized that steps were needed to improve management of the non-essential, 
experimental population in North Carolina. 
 
Red Wolf Recovery Program Review 
In light of the WMI evaluation and the substantial management history of the non-essential, 
experimental population in North Carolina, the Service found more work was needed to determine both 
lessons learned and the role of these wolves in the overall recovery effort. In June 2015, the Service 
announced it would ts intent to gather additional science and research to guide recovery of the red wolf. 
At that time, the Service reaffirmed its management practices would be confined to the 1995 special 
rule (10j) currently in place.  A review of the red wolf recovery program to determine what actions are 
necessary to achieve red wolf recovery,  and evaluate the extent to which those actions can be 
implemented on the landscape, and determine whether recovery is feasible, is ongoing.   
 
The Service has taken steps to involve state partners and key stakeholders in the review. A multi-faceted 
recovery team was reconvened in the fall of 2015 to address current and future needs to restore red 
wolves in the wild. The team—comprised of representatives from federal and state agencies, university 
scientists, species experts, representatives from non-governmental organizations, county officials, and 
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private landowners—is reviewing the science of red wolf conservation related to species taxonomy and 
historic range, wild population viability, captive population viability, and human dimensions.   
 
The review is part of the Service’s continuing commitment to get the science right and foster trust with 
stakeholders as issues regarding the recovery of the red wolf are addressed and implemented. It will 
enable the Service to make a decision regarding th e future direction of the entire red wolf recovery 
program by September 2016. 
 
Additional Information 
More information about the Service’s review of the Red Wolf Recovery Program is available at 
fws.gov/redwolf/evaluation.html 
 
Visit fws.gov/redwolf to learn more about the red wolf and the Service’s recovery efforts. 
 
For questions about the Service’s red wolf recovery efforts or the review, contact: 
Cindy Dohner 
Southeast Regional Director 
cynthia_dohner@fws.gov 
404/679-4000 
 
Leo Miranda 
Assistant Regional Director, Ecological Services 
leopoldo_miranda@fws.gov 
404/679-7085 
 

 
Side Bar:  
 
Red Wolf Facts  
 
Scientific name: Canis rufus 
 
Status: Endangered  
 
Description: The red wolf is a native North American canid intermediate in size between the coyote 
(Canis latrans) and gray wolf (Canis lupus). Red wolves are mostly brown and buff colored with some 
black along their backs, often with a reddish color on their ears, head and legs. Adult red wolves range in 
weight from about 45 to 80 pounds. Red wolves have wide heads with broad muzzles, tall pointed ears 
and long, slender legs with large feet. Red wolves stand about 26 inches at their shoulder and are about 
4 feet long from the tip of the nose to the tip of the tail. 
 
Habitat: The last red wolves were found in coastal prairie and marsh habitat because this was the last 
area in which the animals were allowed to remain. Any habitat area in the southeastern United States of 
sufficient size, which provides adequate food, water, and the basic cover requirement of heavy 
vegetation, should be suitable habitat for the red wolf. Telemetry studies indicate that red wolf home 
range requirements vary from about 25 to 50 square miles. 
 



Diet: Although the exact diet of red wolves varies depending on available prey, it usually consists of a 
combination of white-tailed deer, raccoons and smaller mammals such as rabbits, rodents and nutria. 
The red wolf is an opportunistic feeder and can travel up to 20 miles a day or more to find food, which 
can be consumed at a rate of two to five pounds daily. 
 
Behavior: Red wolves are social animals that live in close-knit packs. Typical packs consist of 5-8 animals 
including a breeding adult pair and their offspring of different years. Older offspring will often assist the 
breeding pair in pup rearing. Almost all offspring between one and two years of age will leave the pack 
or "disperse" to form their own pack. 
 
Red wolves tend to form pair-bonds for life and mate once a year in February. Pups are typically born in 
April or May in well-hidden in dens that may be located in hollow trees, stream banks and sand knolls. 
Dens have also been found in holes dug in the ground near downed logs or forest debris piles. 
 
Wolf packs have specific territories that they actively defend against other canids, including other 
wolves. Most active at dusk and dawn, red wolves are elusive and generally avoid humans and human 
activity. 
 
Threats: Human-caused mortality (e.g., vehicle strikes, gunshots) can remove breeders from the wild 
wolf population. These threats, combined with habitat fragmentation from increasing development, 
allow coyotes to expand into the recovery area. Coyotes may directly compete with wolves for 
resources, as well as introduce diseases, and dilute wolf genetic lines through hybridization. 

 
Red Wolf Recovery Program Timeline 
 
1967 Red wolf listed as endangered under the Endangered Species Preservation Act 

1968 USFWS begins study of red wolf in southeast Texas and southwest Louisiana 

1969 First red wolf places in captivity initiating the red wolf captive breeding center at Point 
Defiance Zoo & Aquarium, Tacoma, Washington 

1973 Endangered Species Act becomes Federal law 

1973 First recovery plan approved 

1977    First litter of red wolf pups born in breeding program at Point Defiance Zoo & Aquarium 

1978 First successful experimental release, tracking, and recapture of red wolves on Bulls Island, 
South Carolina, solidifies reintroduction techniques 

1980 Last red wolves removed from the wild; declared biologically extinct in the wild 

1984 Recovery plan revised and implemented 
 

Point Defiance Zoo and Aquarium receives approval from American Association of Zoos and 
Aquariums for a Red Wolf Species Survival Plan (SSP) 

 
Land Between The Lakes red wolf reintroduction project abandoned due to lack of public and 
state support 

   (ARNWR) established on land in northeastern North Carolina 

1986 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
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the Alligator River National Wildlife Refuge  

1987 Restoration effort begins with the experimental release of red wolves at ARNWR, North 
Carolina 

1988 First litter of red wolf pups born in the wild at ARNWR 

1989 Second island propagation project initiated by the release of red wolves on Horn Island off the 
coast of Mississippi 

 
Recovery plan updated; 1st USFWS plan to include the Red Wolf Species SSP as a conservation 
strategy 

1990 Third island propagation project begins by releasing red wolves on St. Vincent National Wildlife 
Refuge,an island off the Gulf Coast of Florida 

 
Pocosin Lakes National Wildlife Refuge (PLNWR) established on land within red wolf 
experimental population boundaries in eastern North Carolina 

1991 American Sheep Industry Association files petition to delist red wolf based on genetic analyses 

 1991 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
the Great Smoky Mountains National Park  

1992 Experimental release begins at Great Smoky Mountains National Park  
 

1991 Petition request to delist the red wolf found unwarranted by USFWS 

1993 First red wolves born in the wild at Great Smoky Mountains National Park 
 

Red wolves released onto PLNWR 

1995 Amendment to Interior Appropriation Bill introduced in Senate to suspend all funding for Red 
Wolf Recovery Program. Amendment narrowly defeated. 

 
North Carolina law to allow taking on red wolves on pri vate property in two counties goes into 
effect. 

1995 Publication of an amendment to the special rule in the Federal Register addressing private 
landowner concerns about reintroduced red wolves 

 
National Wilderness Institute files petition to delist red wolf based on nuclear DNA results 

1997 1995 petition request to delist the red wolf found unwarranted by USFWS 

1998 Red wolf project ended at Great Smoky Mountains National Park 

  Publication of a final rule in the Federal Register to terminate attempts to restore a wild 
population of red wolves in the GSMNP 

 
Island propagation program ends at Horn Island off the coast of Mississippi 

2000 Adaptive management plan implemented to address red wolf/coyote hybridization at ARNWR 

2005 Island propagation program ends at Bulls Island, South Carolina.  Remaining red wolves are 
relocated to ARNWR and SSP facilities 

2007 Red Wolf Recovery Program receives the Association of Zoos and Aquariums North American 
Conservation Award 

2013 Memorandum of Understanding on collaborative conservation of red wolves and other candids 



including coyotes on the Albemarle Peninsula signed by the Service and the North Carolina 
Wildlife Resources Commission 

2014 Release of the peer-reviewed evaluation of the non-essential, experimental population in 
North Carolina conducted by the Wildlife Management Institute 

2015 Reintroductions of red wolf into the wild suspended while additional science and research into 
the feasibility of species’ recovery is gathered; existing red wolves located in North Carolina are 
managed in accordance with the 1995 rule  

 Recovery team reconvened to address current and future needs to restore red wolves in the 
wild   

2016 A decision regarding the future direction of the entire red wolf recovery program is expected 
by September 

 
Approximately 50-75 wild red wolves (~50 known radio-collared animals) exist in the northeastern North 
Carolina recovery area; and ~190 red wolves in >40 captive breeding facilities participating in the Red 
Wolf Species Survival Plan 
 

 
Photo options for back of fact sheet:  
 
Photo filename: wolf pup 
Photo Credit: Ryan Nordsven/USFWS 
 
Photo filename: red wolf-001_SethBynum_PDZA.jpg 
Credit: Seth Bynum, Point Defiance Zoo & Aquarium 
 
Photo filename: 20140226_11964F_release_Bartel_photo5.jpg 
Photo credit: Becky Bartel/USFWS 
 
Photo filename: USFWSBartel_photo2.JPG 
Photo credit: Becky Bartel/USFWS 
 

 
Sources: 
https://www.fws.gov/redwolf/ 
http://www.fws.gov/nc-es/mammal/redwolf.html 
red wolf fact sheet (http://www.fws.gov/redwolf/images/redwolffacts_final.pdf) 
Service news releases  



From: Eversen, Michelle
To: Peters, Kristen E
Cc: Benjamin, Pete; Miranda, Leopoldo; Fleming, Jeffrey M
Subject: Re: Review Requested - Red Wolf Review Fact Sheet
Date: Friday, June 10, 2016 9:53:49 AM
Importance: High

Glad to hear it Kristen and thank you for pulling a draft together.  I will certainly get you
comments by Wed.

Sent from my iPhone

On Jun 9, 2016, at 11:58 AM, Kristen Peters <kristen_peters@fws.gov> wrote:

Hi all,
 
On Tuesday we got the green light from Cindy and Mike to schedule meetings with
congressional staff to provide an update on the red wolf review.  These meetings are
targeted for early July. We would like to develop a fact sheet that discusses the work
we have done to evaluate the program to date.  This fact sheet would be left behind as
a reference for congressional staff. 
 
Attached is an initial draft of this fact sheet.  The text included here is from existing,
previously cleared materials including the red wolf recovery program’s webpage, new
releases and fact sheets.  Could you please review the attached draft and provide any
comments, edits or concerns.  It would be great to get your input by next Wednesday,
June 15.  The fact sheet text would then need to be reviewed by the Regional
Director’s office before being designed.
 
Let me know if you have any questions or concerns.
 
Kristen
 
 

Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
Office:  (404) 679-7172
kristen_peters@fws.gov

 

<Red Wolf Recovery Program Review FactSheet_Text.docx>



From: Peters, Kristen E
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Review Requested - Red Wolf Review Fact Sheet
Date: Wednesday, July 13, 2016 12:37:59 PM
Attachments: Red Wolf Recovery Program Review FactSheet_Text_FINAL_revised.docx

RedWolfFS2016.pdf
Importance: High

Hi Pete,
 
A few weeks ago I sent draft text for a fact sheet on the red wolf program review.  It has finally gone
through the appropriate review here in the RO and additional information was added since you last
reviewed the fact sheet’s text. Attached is a Word document with the text of the fact sheet.  Could
you give it a quick review and see if there are any fatal flaws? There is a date in the timeline that I
am working with Michelle to confirm but the rest of the text should be final.
 
Also, I have attached a designed draft of the fact sheet.  Please note this draft was done before fact
sheet text was finalized (so the text in the PDF does not match the text in the Word document).  I am
sharing to give you a sense of what the final product will look like.  I will send you another version of
the PDF by tomorrow with the final text incorporated.
 
Let me know if you have any questions or concerns.
 
Kristen
 
 

Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
Office:  (404) 679-7172
kristen_peters@fws.gov
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TEXT FOR RED WOLF REVIEW FACT SHEET 
 

Red Wolf Recovery Program Review  
 
The red wolf is one of the world’s most endangered wolves. Once common throughout the eastern and 
southcentral United States, red wolf populations were decimated by the early part of the 20th Century 
as a result of intensive predator control programs and the degradation and alteration of the species' 
habitat. When the red wolf was designated endangered in 1967, the U.S. Fish and Wildlife Service 
initiated efforts to conserve the species. Today, more than 40 red wolves roam their native habitats in 
eastern North Carolina as a non-essential, experimental population, and nearly 200 red wolves are 
maintained in captive breeding facilities throughout the United States. 
 
In 2013, the Service and North Carolina Wildlife Resources Commission (NCWRC) entered into broad 
agreement acknowledging growing concerns from private landowners regarding management of the 
non-essential, experimental population in the North Carolina Albemarle Peninsula. Both agencies 
recognized steps were needed to improve management of the non-essential, experimental population 
in North Carolina. Among them was the need to conduct an evaluation of the Red Wolf Recovery 
Program’s non-essential, experimental population in five eastern North Carolina counties. 
 
To that end in 2014, the Service contracted with the Wildlife Management Institute (WMI) to conduct an 
independent evaluation focused on questions within three primary elements: supporting science, 
program management, and human dimensions. WMI reviewed more than 200 documents, interviewed 
Service and NCWRC staff at various management levels, commissioned literature reviews of red wolf 
genetics and ecology, held two public meetings in the red wolf restoration area, and conducted public 
opinion surveys.   
 
In light of the findings from the WMI evaluation, the Service expanded the review in June 2015 to 
include the recovery efforts beyond the Program’s non-essential, experimental population in North 
Carolina. The objective of expanding the scope was to identify actions necessary to guide red wolf 
recovery on the landscape.     
 
The Service has taken steps to involve state partners and key stakeholders in the on-going review. A 
multi-faceted recovery team was reconvened in the fall of 2015 to address current and future needs to 
restore red wolves in the wild. The team—comprised of representatives from federal and state agencies, 
university scientists, species experts, representatives from non-governmental organizations, county 
officials, and private landowners—is reviewing the implementation of recovery actions and the science 
of red wolf conservation related to species taxonomy and historic range, population viability, and 
human dimensions.   
 
The review is part of the Service’s continuing commitment to ensure the science is right and foster trust 
with stakeholders as issues regarding the recovery of the red wolf are addressed and implemented. It 
will enable the Service to make a decision regarding the future direction of the entire red wolf recovery 
program by September 2016. 
 
Additional Information 
More information about the Service’s review of the Red Wolf Recovery Program is available at 
fws.gov/redwolf/evaluation.html 
 



2 
 

Visit fws.gov/redwolf to learn more about the red wolf and the Service’s recovery efforts. 
 
For questions about the Service’s red wolf recovery efforts or the review, contact: 
Leo Miranda 
Assistant Regional Director, Ecological Services 
leopoldo_miranda@fws.gov 
404/679-7085 
 

 
Side Bar:  
 
Red Wolf Facts  
 
Status: Endangered  
 
Description: The red wolf (Canis rufus) is a native North American canid intermediate in size between the 
coyote (Canis latrans) and gray wolf (Canis lupus). Red wolves are mostly brown and buff colored with 
some black along their backs, often with a reddish color on their ears, head and legs. Adult red wolves 
range in weight from about 45 to 80 pounds. Red wolves have wide heads with broad muzzles, tall 
pointed ears and long, slender legs with large feet. Red wolves stand about 26 inches at their shoulder 
and are about 4 feet long from the tip of the nose to the tip of the tail. 
 
Habitat: The last red wolves were found in coastal prairie and marsh habitat because this was the last 
area in which the animals were allowed to remain. Any habitat area in the southeastern United States of 
sufficient size, which provides adequate food, water, and the basic cover requirement of heavy 
vegetation, should be suitable habitat for the red wolf. Telemetry studies indicate that red wolf home 
range requirements vary from about 25 to 50 square miles. 
 
Diet: Although the exact diet of red wolves varies depending on available prey, it usually consists of a 
combination of white-tailed deer, raccoons and smaller mammals such as rabbits, rodents and nutria. 
The red wolf is an opportunistic feeder and can travel up to 20 miles a day or more to find food, which 
can be consumed at a rate of two to five pounds daily. 
 
Behavior: Red wolves are social animals that live in close-knit packs. Typical packs consist of 5-8 animals 
including a breeding adult pair and their offspring of different years. Older offspring will often assist the 
breeding pair in pup rearing. Almost all offspring between one and two years of age will leave the pack 
or "disperse" to form their own pack. 
 
Red wolves tend to form pair-bonds for life and mate once a year in February. Pups are typically born in 
April or May in well-hidden dens that may be located in hollow trees, stream banks and sand knolls. 
Dens have also been found in holes dug in the ground near downed logs or forest debris piles. 
 
Wolf packs have specific territories that they actively defend against other canids, including other 
wolves. Most active at dusk and dawn, red wolves are elusive and generally avoid humans and human 
activity. 
 
Threats: Human-caused mortality (e.g., vehicle strikes, gunshots) can remove breeders from the wild 
wolf population. These threats, combined with habitat fragmentation from increasing development, 
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allow coyotes to expand into the recovery area. Coyotes may directly compete with wolves for 
resources, as well as introduce diseases, and dilute wolf genetic lines through hybridization. This is 
particularly true when a pack has lost one of the adults from the breeding pair close to mating season.  

 
Red Wolf Recovery Program Timeline 
 
1967 Red wolf listed as endangered under the Endangered Species Preservation Act 

1969 Red wolf captive breeding initiated at Point Defiance Zoo & Aquarium in Tacoma, Washington 

1973 Endangered Species Act becomes Federal law 

1977    First litter of red wolf pups born in breeding program at Point Defiance Zoo & Aquarium 

1978 First successful experimental release, tracking, and recapture of red wolves on Bulls Island, 
South Carolina, solidifies reintroduction techniques 

1980 Last red wolves removed from the wild; declared biologically extinct in the wild 

1986 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
the Alligator River National Wildlife Refuge in eastern North Carolina 

1987 Restoration effort begins with the experimental release of red wolves at Alligator River 
National Wildlife Refuge  

1988 First litter of red wolf pups born in the wild at Alligator River National Wildlife Refuge  

1991 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into 
the Great Smoky Mountains National Park  

1992 Experimental release begins at Great Smoky Mountains National Park  

1993 First red wolves born in the wild at Great Smoky Mountains National Park 

1995 Publication of an amendment to the special rule in the Federal Register addressing private 
landowner concerns about reintroduced red wolves 

1998 Red wolf project ended at Great Smoky Mountains National Park due to lack of adequate food 
sources 

2000 Adaptive management plan implemented to address red wolf/coyote hybridization within the 
recovery area 

2006 The size of the wild population in North Carolina peaked at an estimated 120-130 wolves  

2013 Memorandum of Understanding on collaborative conservation of red wolves and other canids 
including coyotes on the Albemarle Peninsula signed by the Service and the North Carolina 
Wildlife Resources Commission 

2014 Release of the peer-reviewed evaluation of the non-essential, experimental population in 
North Carolina conducted by the Wildlife Management Institute 

 NCWRC established rules to ban nighttime hunting and require permits for daytime hunting of 
coyotes in the five-county red wolf recovery area in eastern North Carolina 

2015 Reintroductions of red wolf into the wild suspended while additional science and research into 
the feasibility of species’ recovery is gathered; existing red wolves located in North Carolina are 
managed in accordance with the 1995 rule  
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 Recovery team reconvened to address current and future needs to restore red wolves in the 
wild; the team’s first face-to-face meeting was held on December 2 and 3, 2015, in Raleigh, 
North Carolina  

2016 Department of the Interior’s Office of Inspector General released an investigation report on 
the red wolf recovery efforts in North Carolina; the investigation found no evidence to support 
allegations that the Service misreported red wolf mortality data or falsely reported the cause 
of death of a specific wolf; the report affirmed the Service’s own findings that more wolves 
were released than originally proposed in a Federal Register notice, and the agency did not 
always follow its rules about releasing wolves onto private land 

 The recovery team continued to meet with the intent to produce a set of recommendations for 
consideration by the Southeast Region; the team met five times this year via conference call 
and one face-to-face meeting  

 
A decision regarding the future direction of the entire red wolf recovery program is expected 
by September 

 
 

Photo for front of fact sheet: 
Photo filename: Bartel_USFWS_pdza_rw3.jpg 
Photo credit: Becky Bartel/USFWS 
 
Photo options for back of fact sheet:  
Photo filename: wolf pup 
Photo Credit: Ryan Nordsven/USFWS 
--OR-- 
Photo filename: red wolf-001_SethBynum_PDZA.jpg 
Credit: Seth Bynum, Point Defiance Zoo & Aquarium 
 
  



Red Wolf Recovery Program Review U.S. Fish & Wildlife Service

The red wolf is one 
of the world’s most 
endangered wolves. 
Once common 
throughout the eastern 
and southcentral 
United States, red 
wolf populations were 
decimated by the 
early part of the 20th 
Century as a result 
of intensive predator 
control programs and 
the degradation and 
alteration of the species’ 
habitat. When the red 
wolf was designated 
endangered in 1967, the 
U.S. Fish and Wildlife 
Service initiated efforts 
to conserve the species. 
Today, more than 40 red 
wolves roam their native 
habitats in eastern North 
Carolina as a non-
essential, experimental 
population, and nearly 
200 red wolves are 
maintained in captive 
breeding facilities 
throughout the United 
States.
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Red Wolf 
Recovery 
Program 
Review

Additional Information
More information about the Service’s 
review of the Red Wolf Recovery 
Program is available at:    
fws.gov/redwolf/evaluation.html

Visit fws.gov/redwolf to learn more about 
the red wolf and the Service’s recovery 
efforts.

Red Wolf Recovery Program Timeline
1967 Red wolf listed as endangered under the Endangered Species Preservation Act

1969 Red wolf captive breeding initiated at Point Defiance Zoo & Aquarium in Tacoma, Washington

1973  Endangered Species Act becomes Federal law

1977  First litter of red wolf pups born in breeding program at Point Defiance Zoo & Aquarium

1978 First successful experimental release, tracking, and recapture of red wolves on Bulls Island, South Carolina, solidifies reintroduction techniques

1980 Last red wolves removed from the wild; declared biologically extinct in the wild

1986 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into the Alligator River National Wildlife Refuge in   
eastern North Carolina

1987 Restoration effort begins with the experimental release of red wolves at Alligator River National Wildlife Refuge 

1988 First litter of red wolf pups born in the wild at Alligator River National Wildlife Refuge 

1991 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into the Great Smoky Mountains National Park 

1992  Experimental release begins at Great Smoky Mountains National Park 

1993 First red wolves born in the wild at Great Smoky Mountains National Park

1995 Publication of an amendment to the special rule in the Federal Register addressing private landowner concerns about reintroduced red wolves

1998  Red wolf project ended at Great Smoky Mountains National Park due to lack of adequate food sources

2013  Memorandum of Understanding on collaborative conservation of red wolves and other canids including coyotes on the Albemarle Peninsula signed 
by the Service and the North Carolina Wildlife Resources Commission

2014 Release of the peer-reviewed evaluation of the non-essential, experimental population in North Carolina conducted by the Wildlife Management 
Institute

 NCWRC established rules to ban nighttime hunting and require permits for daytime hunting of coyotes in the five-county red wolf recovery area in 
eastern North Carolina

2015 Reintroductions of red wolf into the wild suspended while additional science and research into the feasibility of species’ recovery is gathered; 
existing red wolves located in North Carolina are managed in accordance with the 1995 rule 

 Recovery team reconvened to address current and future needs to restore red wolves in the wild; the team’s first face-to-face meeting was held on 
December 2 and 3, 2015, in Raleigh, North Carolina 

2016  Department of the Interior’s Office of Inspector General released an investigation report on the red wolf recovery efforts in North Carolina; the 
investigation found no evidence to support allegations that the Service misreported red wolf mortality data or falsely reported the cause of death 
of a specific wolf; the report affirmed the Service’s own findings that more wolves were released than originally proposed in a Federal Register 
notice, and the agency did not always follow its rules about releasing wolves onto private land

 The recovery team continued to meet with the intent to produce a set of recommendations for consideration by the Southeast Region; the team 
met five times this year via conference call and one face-to-face meeting 

 A decision regarding the future direction of the entire red wolf recovery program is expected by September

For questions about the Service’s red wolf 
recovery efforts or the review, contact:
Cindy Dohner
Southeast Regional Director
cynthia_dohner@fws.gov
404/679 4000

Leo Miranda
Assistant Regional Director  
Ecological Services
leopoldo_miranda@fws.gov
404/679 7085

photo: Ryan Nordsven/USFWS



Red Wolf Recovery Program Review

Every species deserves a chance.

WMI Evaluation
In 2014, the Service contracted with the 
Wildlife Management Institute (WMI) 
to conduct an independent review and 
evaluation of the Red Wolf Recovery 
Program’s non-essential, experimental 
population in five eastern North Carolina 
counties.   

The evaluation focused on many 
questions within three primary 
elements: supporting science, program 
management, and human dimensions. 
WMI reviewed more than 200 documents, 
interviewed Service and North Carolina 
Wildlife Resources Commission 
(NCWRC) staff at various management 
levels, commissioned literature reviews 
of red wolf genetics and ecology, held 
two public meetings in the red wolf 
restoration area, and conducted public 
opinion surveys.  

The 171-page, peer-reviewed evaluation 
was one action among several that are 
part of a broad agreement between the 

In 2013, the Service began to address 
growing concerns of State of North 
Carolina and private landowners in 
the Albemarle Peninsula regarding 
management of the non-essential, 
experimental population. The Service 
established this population in 1995 
using a recovery tool provided by the 
Endangered Species Act as a piece of the 
overall recovery effort.  

Service and the NCWRC on red wolf 
management put in place in late 2013. 
Both agencies recognized steps were 
needed to improve management of the 
non-essential, experimental population in 
North Carolina.

Red Wolf Recovery Program Review
In light of the WMI evaluation and 
in support of an agreement with the 
NCWRC, the Service initiated a more 
comprehensive review to address the 
gaps identified in the WMI evaluation. 
In June 2015, the Service announced 
it would gather additional science and 
research to guide recovery of the red 
wolf. At that time, the Service reaffirmed 
its management practices would be 
confined to the 1995 special rule (10j) 
currently in place. A review of the red 
wolf recovery program to determine what 
actions are necessary to achieve red wolf 
recovery and to evaluate the extent to 
which those actions can be implemented 
on the landscape is ongoing.  

The Service has taken steps to involve 
state partners and key stakeholders in 
the review. A multi-faceted recovery 
team was reconvened in the fall of 2015 
to address current and future needs 
to restore red wolves in the wild. The 
team—comprised of representatives 
from federal and state agencies, 
university scientists, species experts, 
representatives from non-governmental 
organizations, county officials, and private 

landowners—is reviewing the science of 
red wolf conservation related to species 
taxonomy and historic range, population 
viability, and human dimensions.  

The review is part of the Service’s 
continuing commitment to get the science 
right and foster trust with stakeholders 
as issues regarding the recovery of the 
red wolf are addressed and implemented. 
It will enable the Service to make a 
decision regarding the future direction of 
the entire red wolf recovery program by 
September 2016.

Red Wolf Recovery Program Review

Every species deserves a chance.

Red Wolf Facts 
Status: Endangered 

Description: The red wolf (Canis rufus) is a native North American canid intermediate in size between the coyote 
(Canis latrans) and gray wolf (Canis lupus). Red wolves are mostly brown and buff colored with some black along 
their backs, often with a reddish color on their ears, head and legs. Adult red wolves range in weight from about 45 
to 80 pounds. Red wolves have wide heads with broad muzzles, tall pointed ears and long, slender legs with large 
feet. Red wolves stand about 26 inches at their shoulder and are about 4 feet long from the tip of the nose to the tip 
of the tail.

Habitat: The last red wolves were found in coastal prairie and marsh habitat because this was the last area in which 
the animals were allowed to remain. Any habitat area in the southeastern United States of sufficient size, which 
provides adequate food, water, and the basic cover requirement of heavy vegetation, should be suitable habitat for 
the red wolf. Telemetry studies indicate that red wolf home range requirements vary from about 25 to 50 square 
miles.

Diet: Although the exact diet of red wolves varies depending on available prey, it usually consists of a combination 
of white-tailed deer, raccoons and smaller mammals such as rabbits, rodents and nutria. The red wolf is an 
opportunistic feeder and can travel up to 20 miles a day or more to find food, which can be consumed at a rate of two 
to five pounds daily.

Behavior: Red wolves are social animals that live in close-knit packs. Typical packs consist of 5-8 animals including 
a breeding adult pair and their offspring of different years. Older offspring will often assist the breeding pair in pup 
rearing. Almost all offspring between one and two years of age will leave the pack or “disperse” to form their own 
pack.

Red wolves tend to form pair-bonds for life and mate once a year in February. Pups are typically born in April or 
May in well-hidden dens that may be located in hollow trees, stream banks and sand knolls. Dens have also been 
found in holes dug in the ground near downed logs or forest debris piles.

Wolf packs have specific territories that they actively defend against other canids, including other wolves. Most 
active at dusk and dawn, red wolves are elusive and generally avoid humans and human activity.

Threats: Human-caused mortality (e.g., vehicle strikes, gunshots) can remove breeders from the wild wolf 
population. These threats, combined with habitat fragmentation from increasing development, allow coyotes to 
expand into the recovery area. Coyotes may directly compete with wolves for resources, as well as introduce 
diseases, and dilute wolf genetic lines through hybridization. This is particularly true when a pack has lost one of the 
adults from the breeding pair close to mating season. 

photo: Seth Bynum, Point Defiance Zoo & Aquarium
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From: Peters, Kristen E
To: Miranda, Leopoldo; Benjamin, Pete; Eversen, Michelle
Subject: Red Wolf Review Fact Sheet
Date: Saturday, July 16, 2016 12:45:57 PM
Attachments: RedWolfFSFinal2016.pdf
Importance: High

Hi all,
 
Attached is the red wolf fact sheet that we are taking to our meetings on Capitol Hill on Tuesday.  All
of the meetings are with staff.  Below is the current schedule.  Let me know if you have any
questions.  
 
kristen



Red Wolf Recovery Program Review U.S. Fish & Wildlife Service

The red wolf is one 
of the world’s most 
endangered wolves. 
Once common 
throughout the eastern 
and southcentral 
United States, red 
wolf populations were 
decimated by the 
early part of the 20th 
Century as a result 
of intensive predator 
control programs and 
the degradation and 
alteration of the species’ 
habitat. When the red 
wolf was designated 
endangered in 1967, the 
U.S. Fish and Wildlife 
Service initiated efforts 
to conserve the species. 
Today, more than 40 red 
wolves roam their native 
habitats in eastern North 
Carolina as a non-
essential, experimental 
population, and nearly 
200 red wolves are 
maintained in captive 
breeding facilities 
throughout the United 
States.
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Red Wolf 
Recovery 
Program 
Review

Red Wolf Recovery Program Timeline
1967 Red wolf listed as endangered under the Endangered Species Preservation Act

1969 Red wolf captive breeding initiated at Point Defiance Zoo & Aquarium in Tacoma, Washington

1973  Endangered Species Act becomes Federal law

1977  First litter of red wolf pups born in breeding program at Point Defiance Zoo & Aquarium

1978 First successful experimental release, tracking, and recapture of red wolves on Bulls Island, South Carolina, solidifies reintroduction techniques

1980 Last red wolves removed from the wild; declared biologically extinct in the wild

1986 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into the Alligator River National Wildlife Refuge in 
eastern North Carolina

1987 Restoration effort begins with the experimental release of red wolves at Alligator River National Wildlife Refuge 

1988 First litter of red wolf pups born in the wild at Alligator River National Wildlife Refuge 

1991 Publication of a final rule in the Federal Register to introduce mated pairs of red wolves into the Great Smoky Mountains National Park 

1992  Experimental release begins at Great Smoky Mountains National Park 

1993 First red wolves born in the wild at Great Smoky Mountains National Park

1995 Publication of an amendment to the special rule in the Federal Register addressing private landowner concerns about reintroduced red wolves

1998  Red wolf project ended at Great Smoky Mountains National Park due to lack of adequate food sources

2000 Adaptive management plan implemented to address red wolf/coyote hybridization within the recovery area

2006  The size of the wild population in North Carolina peaked at an estimated 120-130 wolves

2013  Memorandum of Understanding on collaborative conservation of red wolves and other canids including coyotes on the Albemarle Peninsula signed 
by the Service and the North Carolina Wildlife Resources Commission

2014 Release of the peer-reviewed evaluation of the non-essential, experimental population in North Carolina conducted by the Wildlife Management 
Institute

NCWRC established rules to ban nighttime hunting and require permits for daytime hunting of coyotes in the five-county red wolf recovery area in 
eastern North Carolina

2015 Reintroductions of red wolf into the wild suspended while additional science and research into the feasibility of species’ recovery is gathered; 
existing red wolves located in North Carolina are managed in accordance with the 1995 rule 

Recovery team reconvened to address current and future needs to restore red wolves in the wild; the team’s first face-to-face meeting was held 
on December 2 and 3, 2015, in Raleigh, North Carolina 

2016  Department of the Interior’s Office of Inspector General released an investigation report on the red wolf recovery efforts in North Carolina; the 
investigation found no evidence to support allegations that the Service misreported red wolf mortality data or falsely reported the cause of death 
of a specific wolf; the report affirmed the Service’s own findings that more wolves were released than originally proposed in a Federal Register 
notice, and the agency did not always follow its rules about releasing wolves onto private land

The recovery team continued to meet with the intent to produce a set of recommendations for consideration by the Service; the team met five 
times this year via conference call and one face-to-face meeting 

A decision regarding the future direction of the entire red wolf recovery program is expected by September

photo: Ryan Nordsven/USFWS

For questions about the Service’s red wolf 
recovery efforts or the review, contact:
Leo Miranda
Assistant Regional Director  
Ecological Services
leopoldo_miranda@fws.gov
404/679 7085

Additional Information
More information about the Service’s 
review of the Red Wolf Recovery 
Program is available at:   
fws.gov/redwolf/evaluation.html

Visit fws.gov/redwolf to learn more about 
the red wolf and the Service’s recovery 
efforts.



Red Wolf Recovery Program Review

Every species deserves a chance.

In 2013, the Service and North Carolina 
Wildlife Resources Commission 
(NCWRC) entered into broad agreement 
acknowledging growing concerns 
from private landowners regarding 
management of the non-essential, 
experimental population in the North 
Carolina Albemarle Peninsula. Both 
agencies recognized steps were needed 
to improve management of the non-
essential, experimental population in 
North Carolina. Among them was the 
need to conduct an evaluation of the Red 
Wolf Recovery Program’s non-essential, 
experimental population in five eastern 
North Carolina counties.

To that end in 2014, the Service 
contracted with the Wildlife Management 
Institute (WMI) to conduct an 
independent evaluation focused 
on questions within three primary 
elements: supporting science, program 
management, and human dimensions. 
WMI reviewed more than 200 documents, 
interviewed Service and NCWRC 
staff at various management levels, 
commissioned literature reviews of red 
wolf genetics and ecology, held two public 
meetings in the red wolf restoration area, 
and conducted public opinion surveys. 

Red Wolf Recovery Program Review

Every species deserves a chance.
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In light of the findings from the WMI 
evaluation, the Service expanded the 
review in June 2015 to include the 
recovery efforts beyond the Program’s 
non-essential, experimental population 
in North Carolina. The objective of 
expanding the scope was to identify 
actions necessary to guide red wolf 
recovery on the landscape.   

The Service has taken steps to involve 
state partners and key stakeholders in 
the on-going review. A multi-faceted 
recovery team was reconvened in the fall 
of 2015 to address current and future 
needs to restore red wolves in the wild. 
The team—comprised of representatives 
from federal and state agencies, 
university scientists, species experts, 
representatives from non-governmental 
organizations, county officials, and 
private landowners—is reviewing the 
implementation of recovery actions and 
the science of red wolf conservation 
related to species taxonomy and historic 
range, population viability, and human 
dimensions. 

Red Wolf Facts 
Status: Endangered 

Description: The red wolf (Canis rufus) is a native North American canid intermediate in size between the coyote 
(Canis latrans) and gray wolf (Canis lupus). Red wolves are mostly brown and buff colored with some black along 
their backs, often with a reddish color on their ears, head and legs. Adult red wolves range in weight from about 45 to 
80 pounds. Red wolves have wide heads with broad muzzles, tall pointed ears and long, slender legs with large feet. 
Red wolves stand about 26 inches at their shoulder and are about 4 feet long from the tip of the nose to the tip of the 
tail.

Habitat: The last red wolves were found in coastal prairie and marsh habitat because this was the last area in which 
the animals were allowed to remain. Any habitat area in the southeastern United States of sufficient size, which 
provides adequate food, water, and the basic cover requirement of heavy vegetation, should be suitable habitat for 
the red wolf. Telemetry studies indicate that red wolf home range requirements vary from about 25 to 50 square 
miles.

Diet: Although the exact diet of red wolves varies depending on available prey, it usually consists of a combination 
of white-tailed deer, raccoons and smaller mammals such as rabbits, rodents and nutria. The red wolf is an 
opportunistic feeder and can travel up to 20 miles a day or more to find food, which can be consumed at a rate of two 
to five pounds daily.

Behavior: Red wolves are social animals that live in close-knit packs. Typical packs consist of 5-8 animals including 
a breeding adult pair and their offspring of different years. Older offspring will often assist the breeding pair in pup 
rearing. Almost all offspring between one and two years of age will leave the pack or “disperse” to form their own 
pack.

Red wolves tend to form pair-bonds for life and mate once a year in February. Pups are typically born in April or 
May in well-hidden dens that may be located in hollow trees, stream banks and sand knolls. Dens have also been 
found in holes dug in the ground near downed logs or forest debris piles.

Wolf packs have specific territories that they actively defend against other canids, including other wolves. Most 
active at dusk and dawn, red wolves are elusive and generally avoid humans and human activity.

Threats: Human-caused mortality (e.g., vehicle strikes, gunshots) can remove breeders from the wild wolf population. 
These threats, combined with habitat fragmentation from increasing development, allow coyotes to expand into the 
recovery area. Coyotes may directly compete with wolves for resources, as well as introduce diseases, and dilute wolf 
genetic lines through hybridization. This is particularly true when a pack has lost one of the adults from the breeding 
pair close to mating season. 

The review is part of the Service’s 
continuing commitment to ensure the 
science is right and foster trust with 
stakeholders as issues regarding the 
recovery of the red wolf are addressed 
and implemented. It will enable the 
Service to make a decision regarding the 
future direction of the entire red wolf 
recovery program by September 2016.



From: Peters, Kristen E
To: Miranda, Leopoldo; Benjamin, Pete; Eversen, Michelle
Subject: RE: Red Wolf Review Fact Sheet
Date: Saturday, July 16, 2016 12:46:50 PM
Importance: High

This time with the schedule J
 

Time Location Staffer(s) Member/Office
10:30 a.m. B-308 Rayburn Darren Benjamin (House)

Rita Culp (House)
Melissa Zimmerman (Senate)
Chris Tomassi (Senate)

Senate and House Interior-Environment
Appropriations Subcommittees

12:00 pm 217 Russell Lee Bobbitt, Environmental
LA
Courtney Temple,
Environmental LA

Senator Richard Burr (R-NC)
Senator Thom Tillis (R-NC)

1:00 p.m. 410 Dirksen Jason Albritton, Professional
Staff

Senate Environment and Public Works
Committee (minority)

4:00 p.m.
TENTATIVE

H2-186 Ford Matt Strickler, Senior Policy
Advisor

House Natural Resources Committee
(minority)

 
 

From: Kristen Peters [mailto:kristen_peters@fws.gov] 
Sent: Saturday, July 16, 2016 12:46 PM
To: Leopoldo Miranda (Leopoldo_Miranda@fws.gov); Pete Benjamin; Michelle Eversen
(Michelle_Eversen@fws.gov)
Subject: Red Wolf Review Fact Sheet
 
Hi all,
 
Attached is the red wolf fact sheet that we are taking to our meetings on Capitol Hill on Tuesday.  All of
the meetings are with staff.  Below is the current schedule.  Let me know if you have any questions.  
 
kristen



From: Miranda, Leopoldo
To: Benjamin, Pete; Eversen, Michelle; Ertel, Janet; Valenta, Aaron
Cc: Weller, Emily; Arnold, Jack
Subject: ACTION DUE COB WEDNESDAY - Fwd: Responses Needed by Wednesday - QFRs from Wolf Hearing
Date: Monday, November 7, 2016 11:17:55 AM
Attachments: R4 QFRs - Red Wolves.doc
Importance: High

See attached. Also, note the extremely fast turnaround. These
QFR's are answered first with "Yes" or "No" and then a short
explanation of why. Let's plan on discussing tomorrow AM. 

Janet, Could you be the POC to compile the answers? We will
need to have a good draft by noon on Wednesday so we can
evaluate and edit as needed to have it ready by COB....

Leo

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Peters, Kristen <kristen_peters@fws.gov>
Date: Mon, Nov 7, 2016 at 10:51 AM
Subject: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, David Viker <david_viker@fws.gov>
Cc: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter <brett_hunter@fws.gov>

Hi Leo and David, 

Attached are Questions for the Record from the September oversight hearing on wolf
management. The 13 questions (some with subparts) have been assigned to R4 for response. 
Responses to most of the questions will need to be drafted by ES.  However, question 3 from
Sen. Tillis asks about the status of the restoration work at Pocosin Lakes, and so Refuges will
have the lead for that one. 

HQ has given us a short deadline for drafting these responses. Can you please provide 
ARD-approved responses to me by COB Wednesday, November 9.  I will then package them
up and get the draft responses over to the RD's office for review and approval.  

Let me know if you have any questions or concerns. Thank you.  



Kristen 

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S.Fish and Wildlife Service
(404) 679-7172
kristen_peters@fws.gov



Committee on Natural Resources 
Subcommittee on Oversight and Investigations 

1334 Longworth House Office Building 
Wednesday, September 21, 2016 

2:00pm  
 

Oversight Hearing on 
“The Status of the Federal Government’s Management of Wolves” 

 
Questions from Chairman Louie Gohmert (TX-01) for Mr. Steve Guertin, Deputy Director for 
Policy, U.S. Fish and Wildlife Service 
 

1. The U.S. Fish and Wildlife Service announced its intent to double the size of its red wolf 
captive breeding population, with the aim of eventually reintroducing those wolves into 
the wild anywhere in the region between Texas, Pennsylvania, and the Atlantic Ocean.  
Please identify the specific areas in which the Service is considering introduction.  Please 
also identify the Service’s goal for total number of wolf reintroduction areas and the 
number of wolves that would likely be introduced in each area.  
 

2. The Service severely underestimated the habitat needed for successful red wolf recovery 
in North Carolina and Tennessee.   Please explain, in thorough detail, the methodology 
that the Service will use to evaluate potential reintroduction areas throughout the region 
to ensure that enough habitat is available in future red wolf recovery efforts. 
 

3. What exactly does the Service mean when it says it will manage the red wolf captive 
breeding population as part of the non-essential, experimental population? Please explain, 
in detail, how this management approach will work.  Service staff also mentioned that 
captive wolves will receive a “wildlife experience,” please explain the meaning of 
“wildlife experience” in this context.  
 

4. How has the Service addressed its failures to receive written consent of owners prior to 
releasing wolves on private property?  How will the Service keep red wolves off of 
private property going forward?   Has the Service standardized its procedures for dealing 
with wolves and/or wolf releases on private property? If so, please provide written 
documentation of those procedures.  
 

5. The Service identified coyote hybridization as an existential threat for the red wolf.  Does 
the Service have a plan for limiting hybridization in the wild?  If so, please provide it to 
the Committee.  If not, does the Service intend to generate such a plan prior to additional 
releases of red wolves into the wild? 
 

 
Questions from Rep. Dingell for Mr. Steve Guertin, Deputy Director for Program 
management and policy, U.S. Fish and Wildlife Service 
 



1. On September 29, 2016, Judge Terrence Boyle in the Eastern District of North Carolina 
issued a preliminary injunction preventing the Fish and Wildlife Service from removing 
wolves from the landscape unless there is a showing of danger to people or property. In 
his order, Judge Boyle admonished the FWS regarding its duty to conserve red wolves in 
the wild.  In light of this decision, will the FWS revisit its recent proposal on changes to 
red wolf management? 

 
2. What are your management plans from now until the Fall of 2017 for the current wild red 

wolf population? Do you intend to remove wolves from Pocosin Lakes NWR to Dare 
County? 

 
3. How many red wolves are currently being held in captivity? How long have they been 

held? 
 

4. How many red wolves have been removed from the wild from 2014-2016? 
 

 
 
Questions from Sen. Thom Tillis (NC) for Mr. Stephen Guertin, Deputy Director for Policy, 
U.S. Fish and Wildlife Service 
 

1. A report on the Red Wolf Program recently released by the Office of the Inspector 
General found that Fish and Wildlife Service violated its rule by releasing 132 wolves 
into the wild between 1987 and 2013 when the rule had only provided for the release of 
12 wolves. Furthermore, many of these wolves were released on private lands without 
permission from the landowners, something Fish and Wildlife Service maintained it was 
not going to do. 

 
a. Normally, if they shoe were on the other foot and it was a private landowner 

violating breaking a law or federal regulation, there would be some sort of 
recourse.  

 
b. What action did Fish and Wildlife take to correct this clear and obvious violation 

of its own rules?  
 

2. As Fish and Wildlife attempted to manage its non-experimental population of wolves and 
secure that population on federal lands, the agency made the promise that it would 
remove Red Wolves found to be on private lands at the landowners’ request. 
Additionally, Fish and Wildlife Service has stated that it would issue private take permits 
to landowners for the landowners to trap the wolves to be returned to the Agency. 

 
a. How many landowners made requests to Fish and Wildlife Service to have wolves 

removed from private lands?   
 

b. How many special take permits have been applied for? 
 



 
c. How many special take permits have been issued by the Agency? 

 
3. Mr. Myers’ mentions in his testimony that the flooding at the Pocosin Lakes Wildlife 

Refuge may have adversely impacted its suitability to support the wild wolf population. 
 

a. What is the condition of that refuge now given the ongoing hydrology restoration 
efforts? 

 
b. How many wolves are currently living on the Refuge?  

 
4. It is my understanding that Fish and Wildlife Service can account for less than 30 wild 

wolves with collars and have estimated that there are about 15 more wolves whose 
whereabouts are unknown. 
 

a. What steps will the Agency make to recover these 15 “missing” wolves? 
 

b. If the Agency already has difficulty tracking the collared wolves that are out 
there, how can I and private landowners be assured that a wolves will be 
accurately tracked and kept off private lands in any future non-experimental 
population site that are created?  

 
 



From: Ertel, Janet
To: Miranda, Leopoldo
Cc: Benjamin, Pete; Eversen, Michelle; Valenta, Aaron; Weller, Emily; Arnold, Jack
Subject: Re: ACTION DUE COB WEDNESDAY - Fwd: Responses Needed by Wednesday - QFRs from Wolf Hearing
Date: Monday, November 7, 2016 11:24:29 AM
Importance: High

Can do.

-J

On Mon, Nov 7, 2016 at 11:17 AM, Miranda, Leopoldo <leopoldo_miranda@fws.gov> wrote:
See attached. Also, note the extremely fast turnaround. These
QFR's are answered first with "Yes" or "No" and then a short
explanation of why. Let's plan on discussing tomorrow AM. 

Janet, Could you be the POC to compile the answers? We will
need to have a good draft by noon on Wednesday so we can
evaluate and edit as needed to have it ready by COB....

Leo

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Peters, Kristen <kristen_peters@fws.gov>
Date: Mon, Nov 7, 2016 at 10:51 AM
Subject: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, David Viker
<david_viker@fws.gov>
Cc: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter <brett_hunter@fws.gov>

Hi Leo and David, 

Attached are Questions for the Record from the September oversight hearing on wolf
management. The 13 questions (some with subparts) have been assigned to R4 for response. 
Responses to most of the questions will need to be drafted by ES.  However, question 3
from Sen. Tillis asks about the status of the restoration work at Pocosin Lakes, and so
Refuges will have the lead for that one. 

HQ has given us a short deadline for drafting these responses. Can you please provide 



ARD-approved responses to me by COB Wednesday, November 9.  I will then package
them up and get the draft responses over to the RD's office for review and approval.  

Let me know if you have any questions or concerns. Thank you.  

Kristen 

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S.Fish and Wildlife Service
(404) 679-7172
kristen_peters@fws.gov

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Miranda, Leopoldo
To: Benjamin, Pete; Eversen, Michelle; Ertel, Janet; Valenta, Aaron
Cc: Weller, Emily; Arnold, Jack
Subject: Re: ACTION DUE COB WEDNESDAY - Fwd: Responses Needed by Wednesday - QFRs from Wolf Hearing
Date: Monday, November 7, 2016 2:28:57 PM
Attachments: R4 QFRs - Red Wolves - W Comments and Assigments.doc
Importance: High

Here is the document with some quick comments and suggested
topic assignments.... 

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mon, Nov 7, 2016 at 11:17 AM, Miranda, Leopoldo <leopoldo_miranda@fws.gov> wrote:
See attached. Also, note the extremely fast turnaround. These
QFR's are answered first with "Yes" or "No" and then a short
explanation of why. Let's plan on discussing tomorrow AM. 

Janet, Could you be the POC to compile the answers? We will
need to have a good draft by noon on Wednesday so we can
evaluate and edit as needed to have it ready by COB....

Leo

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Peters, Kristen <kristen_peters@fws.gov>
Date: Mon, Nov 7, 2016 at 10:51 AM
Subject: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, David Viker
<david_viker@fws.gov>



Cc: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter <brett_hunter@fws.gov>

Hi Leo and David, 

Attached are Questions for the Record from the September oversight hearing on wolf
management. The 13 questions (some with subparts) have been assigned to R4 for response. 
Responses to most of the questions will need to be drafted by ES.  However, question 3
from Sen. Tillis asks about the status of the restoration work at Pocosin Lakes, and so
Refuges will have the lead for that one. 

HQ has given us a short deadline for drafting these responses. Can you please provide 
ARD-approved responses to me by COB Wednesday, November 9.  I will then package
them up and get the draft responses over to the RD's office for review and approval.  

Let me know if you have any questions or concerns. Thank you.  

Kristen 

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S.Fish and Wildlife Service
(404) 679-7172
kristen_peters@fws.gov



Committee on Natural Resources 
Subcommittee on Oversight and Investigations 

1334 Longworth House Office Building 
Wednesday, September 21, 2016 

2:00pm  
 

Oversight Hearing on 
“The Status of the Federal Government’s Management of Wolves” 

 
Questions from Chairman Louie Gohmert (TX-01) for Mr. Steve Guertin, Deputy Director for 
Policy, U.S. Fish and Wildlife Service 
 

1. The U.S. Fish and Wildlife Service announced its intent to double the size of its red wolf 
captive breeding population, with the aim of eventually reintroducing those wolves into 
the wild anywhere in the region between Texas, Pennsylvania, and the Atlantic Ocean.  
Please identify the specific areas in which the Service is considering introduction.  Please 
also identify the Service’s goal for total number of wolf reintroduction areas and the 
number of wolves that would likely be introduced in each area.  
 

2. The Service severely underestimated the habitat needed for successful red wolf recovery 
in North Carolina and Tennessee.   Please explain, in thorough detail, the methodology 
that the Service will use to evaluate potential reintroduction areas throughout the region 
to ensure that enough habitat is available in future red wolf recovery efforts. 
 

3. What exactly does the Service mean when it says it will manage the red wolf captive 
breeding population as part of the non-essential, experimental population? Please explain, 
in detail, how this management approach will work.  Service staff also mentioned that 
captive wolves will receive a “wildlife experience,” please explain the meaning of 
“wildlife experience” in this context.  
 

4. How has the Service addressed its failures to receive written consent of owners prior to 
releasing wolves on private property?  How will the Service keep red wolves off of 
private property going forward?   Has the Service standardized its procedures for dealing 
with wolves and/or wolf releases on private property? If so, please provide written 
documentation of those procedures.  
 

5. The Service identified coyote hybridization as an existential threat for the red wolf.  Does 
the Service have a plan for limiting hybridization in the wild?  If so, please provide it to 
the Committee.  If not, does the Service intend to generate such a plan prior to additional 
releases of red wolves into the wild? 
 

 
Questions from Rep. Dingell for Mr. Steve Guertin, Deputy Director for Program 
management and policy, U.S. Fish and Wildlife Service 
 

Commented [ML1]: Let’s use that draft MS we had as a starting 
point (the one with the thunderstorm maps) and explain that it is 
just that. A starting point and that a complete evaluation will be 
done through the SSA/Recovery Planning process as we described 
during our announcement.  (Pete’s) 

Commented [ML2]: Since we don’t really know this, let’s use 
the general criteria described in one of our technical reports 
(“Lessons Learned” report, I think it is Luchas et al.)  (Pete’s) 

Commented [ML3]: Pete, you did this already for Cindy. Let’s 
use that white paper.   

Commented [ML4]: I think this one is for the Field Office to 
draft. We have some of it in our 2015 press release and Q/A’s. 
(Pete’s) 

Commented [ML5]: Yes. This is part of the process we 
announced earlier this year. SSA and Recovery Planning is the key 
as well as the new rule-making/NEPA process  (Aaron) 



1. On September 29, 2016, Judge Terrence Boyle in the Eastern District of North Carolina 
issued a preliminary injunction preventing the Fish and Wildlife Service from removing 
wolves from the landscape unless there is a showing of danger to people or property. In 
his order, Judge Boyle admonished the FWS regarding its duty to conserve red wolves in 
the wild.  In light of this decision, will the FWS revisit its recent proposal on changes to 
red wolf management? 

 
2. What are your management plans from now until the Fall of 2017 for the current wild red 

wolf population? Do you intend to remove wolves from Pocosin Lakes NWR to Dare 
County? 

 
3. How many red wolves are currently being held in captivity? How long have they been 

held? 
 

4. How many red wolves have been removed from the wild from 2014-2016? 
 

 
 
Questions from Sen. Thom Tillis (NC) for Mr. Stephen Guertin, Deputy Director for Policy, 
U.S. Fish and Wildlife Service 
 

1. A report on the Red Wolf Program recently released by the Office of the Inspector 
General found that Fish and Wildlife Service violated its rule by releasing 132 wolves 
into the wild between 1987 and 2013 when the rule had only provided for the release of 
12 wolves. Furthermore, many of these wolves were released on private lands without 
permission from the landowners, something Fish and Wildlife Service maintained it was 
not going to do. 

 
a. Normally, if they shoe were on the other foot and it was a private landowner 

violating breaking a law or federal regulation, there would be some sort of 
recourse.  

 
b. What action did Fish and Wildlife take to correct this clear and obvious violation 

of its own rules?  
 

2. As Fish and Wildlife attempted to manage its non-experimental population of wolves and 
secure that population on federal lands, the agency made the promise that it would 
remove Red Wolves found to be on private lands at the landowners’ request. 
Additionally, Fish and Wildlife Service has stated that it would issue private take permits 
to landowners for the landowners to trap the wolves to be returned to the Agency. 

 
a. How many landowners made requests to Fish and Wildlife Service to have wolves 

removed from private lands?   
 

b. How many special take permits have been applied for? 
 

Commented [ML6]: No. The decision by the court on imposing 
a preliminary injunction on two provisions of our existing rule does 
not affect our proposal. (Aaron) 

Commented [ML7]: No. We announced our proposed concept 
plan.  Before we do something like this we need to go through the 
rule-making/NEPA process. (Aaron) 

Commented [ML8]: Pete’s folks to draft. 

Commented [ML9]: Not sure how to answer this, it is just a 
comment. 

Commented [ML10]: Use the press release and Q/A’s from last 
year when we announced the “next steps” (Michelle?) 



 
c. How many special take permits have been issued by the Agency? 

 
3. Mr. Myers’ mentions in his testimony that the flooding at the Pocosin Lakes Wildlife 

Refuge may have adversely impacted its suitability to support the wild wolf population. 
 

a. What is the condition of that refuge now given the ongoing hydrology restoration 
efforts? 

 
b. How many wolves are currently living on the Refuge?  

 
4. It is my understanding that Fish and Wildlife Service can account for less than 30 wild 

wolves with collars and have estimated that there are about 15 more wolves whose 
whereabouts are unknown. 
 

a. What steps will the Agency make to recover these 15 “missing” wolves? 
 

b. If the Agency already has difficulty tracking the collared wolves that are out 
there, how can I and private landowners be assured that a wolves will be 
accurately tracked and kept off private lands in any future non-experimental 
population site that are created?  

 
 

Commented [ML11]: Pete’s folks can answer these 

Commented [ML12]: Refuges is drafting this one 

Commented [ML13]: Pete can answer this one 

Commented [ML14]: Pete’s folks. 



From: Janet Ertel (via Google Docs)
To: Benjamin, Pete
Cc: Miranda, Leopoldo; Eversen, Michelle; Valenta, Aaron; Weller, Emily; Arnold, Jack
Subject: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
Date: Tuesday, November 8, 2016 8:03:34 AM
Importance: High

Janet Ertel has invited you to edit the following document:

R4 QFRs - Red Wolves - W Comments and
Assigments.doc

Re: ACTION DUE COB WEDNESDAY - Fwd: Responses Needed by
Wednesday - QFRs from Wolf Hearing

As we assemble information and responses for the Red Wolf QFR,
please put your additions directly in this g-drive document.

Open in Docs

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from

Google Docs.



From: Ertel, Janet
To: Miranda, Leopoldo
Cc: Benjamin, Pete; Eversen, Michelle; Valenta, Aaron; Weller, Emily; Arnold, Jack
Subject: Re: ACTION DUE COB WEDNESDAY - Fwd: Responses Needed by Wednesday - QFRs from Wolf Hearing
Date: Tuesday, November 8, 2016 8:04:58 AM
Importance: High

All,

As we assemble information and responses for the Red Wolf QFR, please put your additions
directly in the g-drive document at this link:
             
 https://docs.google.com/document/d/1adLj8GpRWibLxC5uXz6_6nEi5izQYERr2PYHUJl5hjw/edit

-Janet

On Mon, Nov 7, 2016 at 2:28 PM, Miranda, Leopoldo <leopoldo_miranda@fws.gov> wrote:
Here is the document with some quick comments and suggested
topic assignments.... 

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mon, Nov 7, 2016 at 11:17 AM, Miranda, Leopoldo <leopoldo_miranda@fws.gov> wrote:
See attached. Also, note the extremely fast turnaround. These
QFR's are answered first with "Yes" or "No" and then a short
explanation of why. Let's plan on discussing tomorrow AM. 

Janet, Could you be the POC to compile the answers? We will
need to have a good draft by noon on Wednesday so we can
evaluate and edit as needed to have it ready by COB....

Leo

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.



---------- Forwarded message ----------
From: Peters, Kristen <kristen_peters@fws.gov>
Date: Mon, Nov 7, 2016 at 10:51 AM
Subject: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, David Viker <david_viker@fws.gov>
Cc: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter <brett_hunter@fws.gov>

Hi Leo and David, 

Attached are Questions for the Record from the September oversight hearing on wolf
management. The 13 questions (some with subparts) have been assigned to R4 for response. 
Responses to most of the questions will need to be drafted by ES.  However, question 3 from
Sen. Tillis asks about the status of the restoration work at Pocosin Lakes, and so Refuges will
have the lead for that one. 

HQ has given us a short deadline for drafting these responses. Can you please provide 
ARD-approved responses to me by COB Wednesday, November 9.  I will then package them
up and get the draft responses over to the RD's office for review and approval.  

Let me know if you have any questions or concerns. Thank you.  

Kristen 

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S.Fish and Wildlife Service
(404) 679-7172
kristen_peters@fws.gov

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Ward, Sara
To: Benjamin, Pete
Subject: Fwd: Responses Needed by Wednesday - QFRs from Wolf Hearing
Date: Tuesday, November 8, 2016 12:46:08 PM
Importance: High

Hi, can you please give this a read  (particularly part B)

Sara
***********************************************************************
Sara E. Ward
U.S. Fish and Wildlife Service
Raleigh Ecological Services Field Office
P.O. Box 33726
Raleigh, NC  27636-3726
Phone: 919-856-4520 Ext. 30, Fax: 919-856-4556
Email: Sara_Ward@fws.gov
***********************************************************************

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Martin, Rebekah <rebekah_p_martin@fws.gov>
Date: Tue, Nov 8, 2016 at 11:56 AM
Subject: Re: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Sara Ward <sara_ward@fws.gov>, "Harrison, Rebecca" <rebecca_harrison@fws.gov>,
Scott Lanier <Scott_Lanier@fws.gov>, Howard Phillips <Howard_Phillips@fws.gov>
Cc: Sue Cielinski <Susan_Cielinski@fws.gov>

Folks - timeline got pushed up; I need to send a response to Janet Ertel by mid-afternoon. Can you give
this a read and review and suggest any edits ASAP? I tried not to delve too far into the red wolf aspect on
the first question, but included some language from a document Becky recently shared. Thanks!

1. Mr. Myers’ mentions in his testimony that the flooding at the Pocosin Lakes Wildlife Refuge may
have adversely impacted its suitability to support the wild wolf population.

 
a. What is the condition of that refuge now given the ongoing hydrology restoration efforts?

The Service is taking a science-based approach to restoring the natural hydrology and rewetting pocosin
peat soils at Pocosin Lakes National Wildlife Refuge.  Since the Refuge was established in 1991, the
Service has been working to restore the pocosin peat soils in three of the most significantly ditched and
drained areas of the Refuge.  Restoration activities include raising the elevation of existing berms and
installing flashboard riser water control structures in strategic locations.  We then use this infrastructure
to stop the artificial drainage of rainwater from the peat soils through the ditch system.  The new
infrastructure enables the Refuge to rewet historically drained peatlands and return lands to a natural,
seasonally-saturated condition.  This allows the water table to naturally fluctuate based on rainfall and
evapotranspiration. The goal of the peat rewetting project is to recreate seasonally 



saturated soil conditions, not to inundate or flood. That means that the goal of the 
project is to rewet the soil underground, not create standing water above ground. The 
majority of the restored areas remain accessible and suitable for terrestrial wildlife, 
allowing a wolf to traverse the restored areas without encountering standing water.
 Monitoring and modeling information collected by universities in North Carolina and
federal agencies indicates that activities to rewet drained peatlands do not result in
downstream flooding.  The flooding recently experienced on Refuge and adjacent
private lands is the result of excessive amounts of rain falling on the already saturated
ground and already filled ditches, creeks, and sounds.  No management strategy
would prevent flooding on or off the Refuge under these conditions.

 
b. How many wolves are currently living on the Refuge? 

On/near Pocosin Lakes:
1. Pair of adult radio-collared red wolves (mother/daughter) use a portion of Pocosin 
Lakes NWR (west of Lake Phelps)
2. Three adult radio-collared red wolves use a small portion of Pocosin Lakes NWR 
(northeast corner).  The breeding pair did have 2 pups in 2015 (den was off-refuge).  
Pups are not radio-collared yet.  

Rebekah P. Martin
Acting Refuge Supervisor for
AL, GA, KY, NC, SC, TN
1875 Century Blvd 
Atlanta, GA
404.679.7178
804.366.0398 

On Mon, Nov 7, 2016 at 12:21 PM, Viker, David <david_viker@fws.gov> wrote:
Howard/Rebekah - please see below - provide to me/Brett by early afternoon on
Wednesday - thank you - david

---------- Forwarded message ----------
From: Peters, Kristen <kristen_peters@fws.gov>
Date: Mon, Nov 7, 2016 at 10:51 AM
Subject: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, David Viker
<david_viker@fws.gov>
Cc: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter <brett_hunter@fws.gov>

Hi Leo and David, 

Attached are Questions for the Record from the September oversight hearing on wolf
management. The 13 questions (some with subparts) have been assigned to R4 for response. 
Responses to most of the questions will need to be drafted by ES.  However, question 3
from Sen. Tillis asks about the status of the restoration work at Pocosin Lakes, and so



Refuges will have the lead for that one. 

HQ has given us a short deadline for drafting these responses. Can you please provide 
ARD-approved responses to me by COB Wednesday, November 9.  I will then package
them up and get the draft responses over to the RD's office for review and approval.  

Let me know if you have any questions or concerns. Thank you.  

Kristen 

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S.Fish and Wildlife Service
(404) 679-7172
kristen_peters@fws.gov



From: Ward, Sara
To: Martin, Rebekah
Cc: Harrison, Rebecca; Lanier, Scott; Phillips, Howard; Sue Cielinski; Benjamin, Pete
Subject: Re: Responses Needed by Wednesday - QFRs from Wolf Hearing
Date: Tuesday, November 8, 2016 12:59:35 PM
Importance: High

My suggestions (in red):

The Service is taking a science-based approach to restoring the natural hydrology and
rewetting pocosin peat soils at Pocosin Lakes National Wildlife Refuge.  Since the
Refuge was established in 1991, the Service has been working to restore the pocosin
peat soils in three of the most significantly ditched and drained areas of the Refuge. 
Restoration activities include raising the elevation of existing berms and installing
flashboard riser water control structures in strategic locations.  We then use this
infrastructure to stop the artificial drainage of rainwater from the peat soils through
the ditch system.  The new infrastructure enables the Refuge to rewet historically
drained peatlands and return lands to a natural, seasonally-saturated condition.  This
allows the water table to naturally fluctuate based on rainfall and
evapotranspiration. The goal of the peat rewetting project is to recreate seasonally saturated soil conditions, 
not to inundate or flood. That means that the goal of the project is to rewet the soil underground, not create 
standing water above ground. However, there are limited areas where standing water may be present seasonally 
because the land is not flat and prior soil loss (due to combustion of soils during fires or soil oxidation and 
subsidence due along the pre-existing ditches). The majority of the restored areas remain accessible and suitable 
for terrestrial wildlife, allowing a wolf to traverse the restored areas without encountering standing water except in 
and around ditches dug prior to refuge establishment. Monitoring and modeling information collected by
universities in North Carolina and federal agencies indicates that activities to rewet drained peatlands do not result
in downstream flooding.  The flooding recently experienced on Refuge and adjacent private lands is the result of
excessive amounts of rain falling on lands already saturated by repeated tropical events and already filled ditches,
creeks, and sounds.  No management strategy would prevent flooding on or off the Refuge under these conditions.

***********************************************************************
Sara E. Ward
U.S. Fish and Wildlife Service
Raleigh Ecological Services Field Office
P.O. Box 33726
Raleigh, NC  27636-3726
Phone: 919-856-4520 Ext. 30, Fax: 919-856-4556
Email: Sara_Ward@fws.gov
***********************************************************************

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.

On Tue, Nov 8, 2016 at 11:56 AM, Martin, Rebekah <rebekah_p_martin@fws.gov> wrote:
Folks - timeline got pushed up; I need to send a response to Janet Ertel by mid-afternoon. Can you give
this a read and review and suggest any edits ASAP? I tried not to delve too far into the red wolf aspect
on the first question, but included some language from a document Becky recently shared. Thanks!

1. Mr. Myers’ mentions in his testimony that the flooding at the Pocosin Lakes Wildlife Refuge may



have adversely impacted its suitability to support the wild wolf population.

 
a. What is the condition of that refuge now given the ongoing hydrology restoration efforts?

The Service is taking a science-based approach to restoring the natural hydrology and rewetting pocosin
peat soils at Pocosin Lakes National Wildlife Refuge.  Since the Refuge was established in 1991, the
Service has been working to restore the pocosin peat soils in three of the most significantly ditched and
drained areas of the Refuge.  Restoration activities include raising the elevation of existing berms and
installing flashboard riser water control structures in strategic locations.  We then use this
infrastructure to stop the artificial drainage of rainwater from the peat soils through the ditch system. 
The new infrastructure enables the Refuge to rewet historically drained peatlands and return lands to a
natural, seasonally-saturated condition.  This allows the water table to naturally fluctuate based on
rainfall and evapotranspiration. The goal of the peat rewetting project is to recreate 
seasonally saturated soil conditions, not to inundate or flood. That means that the 
goal of the project is to rewet the soil underground, not create standing water above 
ground. The majority of the restored areas remain accessible and suitable for 
terrestrial wildlife, allowing a wolf to traverse the restored areas without 
encountering standing water. Monitoring and modeling information collected by
universities in North Carolina and federal agencies indicates that activities to rewet
drained peatlands do not result in downstream flooding.  The flooding recently
experienced on Refuge and adjacent private lands is the result of excessive amounts
of rain falling on the already saturated ground and already filled ditches, creeks, and
sounds.  No management strategy would prevent flooding on or off the Refuge
under these conditions.

 
b. How many wolves are currently living on the Refuge? 

On/near Pocosin Lakes:
1. Pair of adult radio-collared red wolves (mother/daughter) use a portion of 
Pocosin Lakes NWR (west of Lake Phelps)
2. Three adult radio-collared red wolves use a small portion of Pocosin Lakes NWR 
(northeast corner).  The breeding pair did have 2 pups in 2015 (den was off-refuge).  
Pups are not radio-collared yet.  

Rebekah P. Martin
Acting Refuge Supervisor for
AL, GA, KY, NC, SC, TN
1875 Century Blvd 
Atlanta, GA
404.679.7178
804.366.0398 

On Mon, Nov 7, 2016 at 12:21 PM, Viker, David <david_viker@fws.gov> wrote:
Howard/Rebekah - please see below - provide to me/Brett by early afternoon on
Wednesday - thank you - david

---------- Forwarded message ----------



From: Peters, Kristen <kristen_peters@fws.gov>
Date: Mon, Nov 7, 2016 at 10:51 AM
Subject: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, David Viker
<david_viker@fws.gov>
Cc: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter
<brett_hunter@fws.gov>

Hi Leo and David, 

Attached are Questions for the Record from the September oversight hearing on wolf
management. The 13 questions (some with subparts) have been assigned to R4 for
response.  Responses to most of the questions will need to be drafted by ES.  However,
question 3 from Sen. Tillis asks about the status of the restoration work at Pocosin Lakes,
and so Refuges will have the lead for that one. 

HQ has given us a short deadline for drafting these responses. Can you please provide 
ARD-approved responses to me by COB Wednesday, November 9.  I will then package
them up and get the draft responses over to the RD's office for review and approval.  

Let me know if you have any questions or concerns. Thank you.  

Kristen 

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S.Fish and Wildlife Service
(404) 679-7172
kristen_peters@fws.gov



From: Benjamin, Pete
To: Ward, Sara
Subject: Re: Responses Needed by Wednesday - QFRs from Wolf Hearing
Date: Tuesday, November 8, 2016 3:40:30 PM

Looks right to me.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Nov 8, 2016 at 12:59 PM, Ward, Sara <sara_ward@fws.gov> wrote:
My suggestions (in red):

The Service is taking a science-based approach to restoring the natural hydrology
and rewetting pocosin peat soils at Pocosin Lakes National Wildlife Refuge.  Since
the Refuge was established in 1991, the Service has been working to restore the
pocosin peat soils in three of the most significantly ditched and drained areas of the
Refuge.  Restoration activities include raising the elevation of existing berms and
installing flashboard riser water control structures in strategic locations.  We then
use this infrastructure to stop the artificial drainage of rainwater from the peat soils
through the ditch system.  The new infrastructure enables the Refuge to rewet
historically drained peatlands and return lands to a natural, seasonally-saturated
condition.  This allows the water table to naturally fluctuate based on rainfall and
evapotranspiration. The goal of the peat rewetting project is to recreate seasonally saturated soil 
conditions, not to inundate or flood. That means that the goal of the project is to rewet the soil underground, not 
create standing water above ground. However, there are limited areas where standing water may be present 
seasonally because the land is not flat and prior soil loss (due to combustion of soils during fires or soil oxidation 
and subsidence due along the pre-existing ditches). The majority of the restored areas remain accessible and 
suitable for terrestrial wildlife, allowing a wolf to traverse the restored areas without encountering standing 
water except in and around ditches dug prior to refuge establishment. Monitoring and modeling information
collected by universities in North Carolina and federal agencies indicates that activities to rewet drained
peatlands do not result in downstream flooding.  The flooding recently experienced on Refuge and adjacent
private lands is the result of excessive amounts of rain falling on lands already saturated by repeated tropical
events and already filled ditches, creeks, and sounds.  No management strategy would prevent flooding on or off
the Refuge under these conditions.

***********************************************************************
Sara E. Ward
U.S. Fish and Wildlife Service
Raleigh Ecological Services Field Office
P.O. Box 33726
Raleigh, NC  27636-3726
Phone: 919-856-4520 Ext. 30, Fax: 919-856-4556
Email: Sara_Ward@fws.gov
***********************************************************************



NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Nov 8, 2016 at 11:56 AM, Martin, Rebekah <rebekah_p_martin@fws.gov> wrote:
Folks - timeline got pushed up; I need to send a response to Janet Ertel by mid-afternoon. Can you
give this a read and review and suggest any edits ASAP? I tried not to delve too far into the red wolf
aspect on the first question, but included some language from a document Becky recently shared.
Thanks!

1. Mr. Myers’ mentions in his testimony that the flooding at the Pocosin Lakes Wildlife Refuge
may have adversely impacted its suitability to support the wild wolf population.

 
a. What is the condition of that refuge now given the ongoing hydrology restoration

efforts?

The Service is taking a science-based approach to restoring the natural hydrology and rewetting
pocosin peat soils at Pocosin Lakes National Wildlife Refuge.  Since the Refuge was established in
1991, the Service has been working to restore the pocosin peat soils in three of the most significantly
ditched and drained areas of the Refuge.  Restoration activities include raising the elevation of
existing berms and installing flashboard riser water control structures in strategic locations.  We then
use this infrastructure to stop the artificial drainage of rainwater from the peat soils through the ditch
system.  The new infrastructure enables the Refuge to rewet historically drained peatlands and return
lands to a natural, seasonally-saturated condition.  This allows the water table to naturally fluctuate
based on rainfall and evapotranspiration. The goal of the peat rewetting project is to 
recreate seasonally saturated soil conditions, not to inundate or flood. That means 
that the goal of the project is to rewet the soil underground, not create standing 
water above ground. The majority of the restored areas remain accessible and 
suitable for terrestrial wildlife, allowing a wolf to traverse the restored areas 
without encountering standing water. Monitoring and modeling information
collected by universities in North Carolina and federal agencies indicates that
activities to rewet drained peatlands do not result in downstream flooding.  The
flooding recently experienced on Refuge and adjacent private lands is the result of
excessive amounts of rain falling on the already saturated ground and already
filled ditches, creeks, and sounds.  No management strategy would prevent
flooding on or off the Refuge under these conditions.

 
b. How many wolves are currently living on the Refuge? 

On/near Pocosin Lakes:
1. Pair of adult radio-collared red wolves (mother/daughter) use a portion of 
Pocosin Lakes NWR (west of Lake Phelps)
2. Three adult radio-collared red wolves use a small portion of Pocosin Lakes 
NWR (northeast corner).  The breeding pair did have 2 pups in 2015 (den was off-
refuge).  Pups are not radio-collared yet.  



Rebekah P. Martin
Acting Refuge Supervisor for
AL, GA, KY, NC, SC, TN
1875 Century Blvd 
Atlanta, GA
404.679.7178
804.366.0398 

On Mon, Nov 7, 2016 at 12:21 PM, Viker, David <david_viker@fws.gov> wrote:
Howard/Rebekah - please see below - provide to me/Brett by early afternoon on
Wednesday - thank you - david

---------- Forwarded message ----------
From: Peters, Kristen <kristen_peters@fws.gov>
Date: Mon, Nov 7, 2016 at 10:51 AM
Subject: Responses Needed by Wednesday - QFRs from Wolf Hearing
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, David Viker
<david_viker@fws.gov>
Cc: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Brett Hunter
<brett_hunter@fws.gov>

Hi Leo and David, 

Attached are Questions for the Record from the September oversight hearing on wolf
management. The 13 questions (some with subparts) have been assigned to R4 for
response.  Responses to most of the questions will need to be drafted by ES.  However,
question 3 from Sen. Tillis asks about the status of the restoration work at Pocosin
Lakes, and so Refuges will have the lead for that one. 

HQ has given us a short deadline for drafting these responses. Can you please provide 
ARD-approved responses to me by COB Wednesday, November 9.  I will then
package them up and get the draft responses over to the RD's office for review and
approval.  

Let me know if you have any questions or concerns. Thank you.  

Kristen 

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S.Fish and Wildlife Service
(404) 679-7172
kristen_peters@fws.gov



From: Ertel, Janet
To: Benjamin, Pete; Miranda, Leopoldo; Eversen, Michelle; Valenta, Aaron; Weller, Emily; Arnold, Jack
Subject: Re: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
Date: Tuesday, November 8, 2016 4:46:21 PM
Importance: High

Thanks All, for the contributions today.   I will download this for clean up first thing in the
AM, with intent to have a near final document by noon.  I'll share a clean copy as soon as I
have it ready.

-Janet

On Tue, Nov 8, 2016 at 8:03 AM, <janet_ertel@fws.gov> wrote:

Janet Ertel has invited you to edit the following document:

R4 QFRs - Red Wolves - W Comments and
Assigments.doc

Re: ACTION DUE COB WEDNESDAY - Fwd: Responses Needed by
Wednesday - QFRs from Wolf Hearing

As we assemble information and responses for the Red Wolf QFR,
please put your additions directly in this g-drive document.

Open in Docs

This is a courtesy copy of an email for your record only. It's not the same email

your collaborators received. Click here to learn more.

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Miranda, Leopoldo
To: Ertel, Janet
Cc: Benjamin, Pete; Eversen, Michelle; Valenta, Aaron; Weller, Emily; Arnold, Jack
Subject: Re: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
Date: Tuesday, November 8, 2016 4:47:26 PM
Importance: High

Thank you all!

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Nov 8, 2016, at 4:46 PM, Ertel, Janet <janet_ertel@fws.gov> wrote:

Thanks All, for the contributions today.   I will download this for clean up first
thing in the AM, with intent to have a near final document by noon.  I'll share a
clean copy as soon as I have it ready.

-Janet

On Tue, Nov 8, 2016 at 8:03 AM, <janet_ertel@fws.gov> wrote:

Janet Ertel has invited you to edit the following document:

R4 QFRs - Red Wolves - W Comments and
Assigments.doc

Re: ACTION DUE COB WEDNESDAY - Fwd:
Responses Needed by Wednesday - QFRs from Wolf
Hearing

As we assemble information and responses for the Red
Wolf QFR, please put your additions directly in this g-
drive document.

Open in Docs



This is a courtesy copy of an email for your record only. It's not

the same email your collaborators received. Click here to learn

more.

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Ertel, Janet
To: Benjamin, Pete
Cc: Miranda, Leopoldo; Eversen, Michelle; Valenta, Aaron; Weller, Emily; Arnold, Jack
Subject: Re: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
Date: Wednesday, November 9, 2016 7:49:24 AM
Importance: High

Pete,

Thanks for submitting the bulk of the responses yesterday!  I notice though that the following
questions still need responses.  Are you working on these, or do we need to go elsewhere for
answers?

I've downloaded the g-doc for editing now, so please send any additional material to me as an
attachment.  

Thanks,

-Janet

 _____________________
1.      How many red wolves are currently being held in captivity? How long have they
been held?

 

Response:  (Pete)

 
2.      How many red wolves have been removed from the wild from 2014-2016?[1] 

 

Response:  (Pete)

Pete’s folks to draft.

On Tue, Nov 8, 2016 at 4:46 PM, Ertel, Janet <janet_ertel@fws.gov> wrote:
Thanks All, for the contributions today.   I will download this for clean up first thing in the
AM, with intent to have a near final document by noon.  I'll share a clean copy as soon as I
have it ready.

-Janet

On Tue, Nov 8, 2016 at 8:03 AM, <janet_ertel@fws.gov> wrote:

Janet Ertel has invited you to edit the following document:

R4 QFRs - Red Wolves - W Comments and



Assigments.doc

Re: ACTION DUE COB WEDNESDAY - Fwd: Responses Needed
by Wednesday - QFRs from Wolf Hearing

As we assemble information and responses for the Red Wolf QFR,
please put your additions directly in this g-drive document.

Open in Docs

This is a courtesy copy of an email for your record only. It's not the same

email your collaborators received. Click here to learn more.

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Benjamin, Pete
To: Ertel, Janet
Subject: Re: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
Date: Wednesday, November 9, 2016 9:57:53 AM
Importance: High

I just got done with them in the google doc. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Nov 9, 2016 at 7:49 AM, Ertel, Janet <janet_ertel@fws.gov> wrote:
Pete,

Thanks for submitting the bulk of the responses yesterday!  I notice though that the
following questions still need responses.  Are you working on these, or do we need to go
elsewhere for answers?

I've downloaded the g-doc for editing now, so please send any additional material to me as
an attachment.  

Thanks,

-Janet

 _____________________
1.      How many red wolves are currently being held in captivity? How long have they
been held?

 

Response:  (Pete)

 
2.      How many red wolves have been removed from the wild from 2014-2016?[1] 

 

Response:  (Pete)

Pete’s folks to draft.



On Tue, Nov 8, 2016 at 4:46 PM, Ertel, Janet <janet_ertel@fws.gov> wrote:
Thanks All, for the contributions today.   I will download this for clean up first thing in the
AM, with intent to have a near final document by noon.  I'll share a clean copy as soon as I
have it ready.

-Janet

On Tue, Nov 8, 2016 at 8:03 AM, <janet_ertel@fws.gov> wrote:

Janet Ertel has invited you to edit the following document:

R4 QFRs - Red Wolves - W Comments and
Assigments.doc

Re: ACTION DUE COB WEDNESDAY - Fwd: Responses
Needed by Wednesday - QFRs from Wolf Hearing

As we assemble information and responses for the Red Wolf
QFR, please put your additions directly in this g-drive document.

Open in Docs

This is a courtesy copy of an email for your record only. It's not the same

email your collaborators received. Click here to learn more.

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services



(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Ertel, Janet
To: Benjamin, Pete
Subject: Re: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
Date: Wednesday, November 9, 2016 10:40:58 AM
Importance: High

I'll have to work on combining the versions then.  Are the only changes you made this
morning to those that didn't have any response as yet?

-J

On Wed, Nov 9, 2016 at 9:57 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I just got done with them in the google doc. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Nov 9, 2016 at 7:49 AM, Ertel, Janet <janet_ertel@fws.gov> wrote:
Pete,

Thanks for submitting the bulk of the responses yesterday!  I notice though that the
following questions still need responses.  Are you working on these, or do we need to go
elsewhere for answers?

I've downloaded the g-doc for editing now, so please send any additional material to me as
an attachment.  

Thanks,

-Janet

 _____________________
1.      How many red wolves are currently being held in captivity? How long have
they been held?

 

Response:  (Pete)

 
2.      How many red wolves have been removed from the wild from 2014-2016?[1] 



 

Response:  (Pete)

Pete’s folks to draft.

On Tue, Nov 8, 2016 at 4:46 PM, Ertel, Janet <janet_ertel@fws.gov> wrote:
Thanks All, for the contributions today.   I will download this for clean up first thing in
the AM, with intent to have a near final document by noon.  I'll share a clean copy as
soon as I have it ready.

-Janet

On Tue, Nov 8, 2016 at 8:03 AM, <janet_ertel@fws.gov> wrote:

Janet Ertel has invited you to edit the following document:

R4 QFRs - Red Wolves - W Comments and
Assigments.doc

Re: ACTION DUE COB WEDNESDAY - Fwd: Responses
Needed by Wednesday - QFRs from Wolf Hearing

As we assemble information and responses for the Red Wolf
QFR, please put your additions directly in this g-drive
document.

Open in Docs

This is a courtesy copy of an email for your record only. It's not the same

email your collaborators received. Click here to learn more.

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127



cell: 678-772-6336

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Ertel, Janet
To: Miranda, Leopoldo; Arnold, Jack; Valenta, Aaron; Benjamin, Pete; Eversen, Michelle; Weller, Emily; Peters,

Kristen E
Subject: Fwd: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
Date: Thursday, November 10, 2016 10:28:58 AM
Importance: High

Good morning, All.   Kristen is continuing to work on our draft QFR, and has a series of
specific questions that need resolution.

Please confirm your availability to meet by conference call at 1:00 today to walk through
remaining questions, so we can wrap this out today.

Thanks,

-Janet

---------- Forwarded message ----------
From: Ertel, Janet <janet_ertel@fws.gov>
Date: Tue, Nov 8, 2016 at 4:46 PM
Subject: Re: R4 QFRs - Red Wolves - W Comments and Assigments.doc - Invitation to edit
To: Pete Benjamin <Pete_Benjamin@fws.gov>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>, michelle_eversen <michelle_eversen@fws.gov>, Aaron
Valenta <Aaron_Valenta@fws.gov>, Emily Weller <emily_weller@fws.gov>, Jack Arnold
<Jack_Arnold@fws.gov>

Thanks All, for the contributions today.   I will download this for clean up first thing in the
AM, with intent to have a near final document by noon.  I'll share a clean copy as soon as I
have it ready.

-Janet

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336

-- 
-----------------------------
Janet Ertel
Acting - Chief of Staff, R4 Ecological Services
(Acting dates: Oct 16-Nov 11)
desk: 404-679-4127
cell: 678-772-6336



From: Peters, Kristen E
To: Miranda, Leopoldo; Arnold, Jack; Eversen, Michelle; Valenta, Aaron; Benjamin, Pete; Weller, Emily; Viker, David;

Hunter, Brett; Martin, Rebekah; Fleming, Jeffrey M; Kristi Farmer
Subject: RD Approved Red Wolf QFRs
Date: Tuesday, November 15, 2016 10:51:37 AM
Attachments: QFRs_Red Wolf Management_RD Approved_REDLINE.docx

QFRs_Red Wolf Management_RD Approved.docx
Importance: High

Hi all,
 
Attached are the responses sent to HQ CLA on the Questions for the Record related to red wolf
management.  The RD’s office had some changes to the responses and so I’ve included a redline
version for your reference.  HQ CLA will now package these responses with others on gray and
Mexican wolves answered by other regions.  The package will be reviewed in HQ and then at DOI
before going to OMB for final review and approval. 
 
Thank you for your help with these responses.  Let me know if you have any questions or concerns.
 
Kristen
 
 

Kristen Peters
Congressional and Legislative Affairs Specialist
Southeast Region
U.S. Fish and Wildlife Service
1875 Century Boulevard
Atlanta, Georgia 30345
Office:  (404) 679-7172
kristen_peters@fws.gov
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Committee on Natural Resources 
Subcommittee on Oversight and Investigations 

1334 Longworth House Office Building 
Wednesday, September 21, 2016 

2:00pm  
 

Oversight Hearing on 
“The Status of the Federal Government’s Management of Wolves” 

 
Questions from Chairman Louie Gohmert (TX-01) for Mr. Steve Guertin, Deputy Director for 
Policy, U.S. Fish and Wildlife Service 
 

1. The U.S. Fish and Wildlife Service announced its intent to double the size of its red wolf 
captive breeding population, with the aim of eventually reintroducing those wolves into 
the wild anywhere in the region between Texas, Pennsylvania, and the Atlantic Ocean.  
Please identify the specific areas in which the Service is considering introduction.  Please 
also identify the Service’s goal for total number of wolf reintroduction areas and the 
number of wolves that would likely be introduced in each area.  

 
Response:  No specific locations for reintroduction have been identified at this time.  The 
Service must first secure the captive population of red wolves before considering the 
establishment of any new populations in the wild.  This past September, the Service 
committed to identifying potential new sites for additional reintroduced populations by 
October 2017.  To do so, the Service will coordinate closely with state fish and wildlife 
agencies as it works collaboratively through the recovery planning process to identify 
potentially suitable sites based on habitat characteristics. This would include, stakeholder 
and partner engagementopportunities, appropriate rulemaking, and public 
engagementreview and comment.  The current Red Wolf Recovery Plan calls for the 
establishment of three wild populations.  It is premature to speculate on the number of 
wolves that may be released at any future site.  

 
2. The Service severely underestimated the habitat needed for successful red wolf recovery 

in North Carolina and Tennessee.   Please explain, in thorough detail, the methodology 
that the Service will use to evaluate potential reintroduction areas throughout the region 
to ensure that enough habitat is available in future red wolf recovery efforts. 
 
Response:  The Service learned a great deal from its experience with red wolf 
reintroductions through the non-essential, experimental population in eastern North 
Carolina to date.  The Service now has a much better understanding of red wolf habitat 
and space requirements, as well as other important logistical and societal factors that 
must be considered in establishing and managing a wild red wolf population.  We now 
know the now space needs of red wolves exceed the available federal land base in the 
Southeasteastern North Carolina.  As such, successful reintroduction efforts must engage 
private landowners in reintroduction decisions and population management and must 
ensure that the interests and needs of the community are protected.  The recent report by 
the Red Wolf Recovery Team (available at: fws.gov/redwolf/evaluation.html) concluded 
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that the socio-political factors related to red wolf reintroductions are every bit as 
important as ecological factors in determining the likelihood of success.  The Service will 
carefully consider these societal needs and ensure that affected communities are fully 
engaged in all potential reintroduction efforts.  

 
3. What exactly does the Service mean when it says it will manage the red wolf captive 

breeding population as part of the non-essential, experimental population? Please explain, 
in detail, how this management approach will work.  Service staff also mentioned that 
captive wolves will receive a “wildlife experience,” please explain the meaning of 
“wildlife experience” in this context.  

 
Response:  Conservation of genetic diversity is an important aspect of recovering species 
including the red wolf.  In the past, tThe Service’s partners in the red wolf Species 
Survival Plan manage genetic diversity within the captive populations by carefully 
selecting the wolves that will be paired for breeding purposes on an annual basis.  This 
process has enabled them to conserve approximately 89 percent of the genetic diversity 
represented in the 14 founding wolves.  Our intention going forward is to better integrate 
the wild red wolf nonessential, experimental population into the overall management of 
genetic diversity within the entire population by bringing wild red wolves that are of 
particularly high genetic value into captivity to be paired with captive animals.   
 
It is also important to long-term recovery of the species that animals be retained in the 
wild to have “wild experience.”  Selecting animals that are believed to have the best 
chance of surviving the initial release, successfully establishing territories and 
reproducing is essential to maximize the chances for success of a new population of red 
wolves. These qualities are more likely to be found in wild-born wolves.  Additionally, 
any wolf released into unfamiliar territory faces increased risks.  These risks are reduced 
for animals that are already skilled hunters, and are not habituated to human presence and 
care, and fostered in the wild.  The chance for survival increases for introduced wolves if 
they have experienced living on their own in the wild.    

 
4. How has the Service addressed its failures to receive written consent of owners prior to 

releasing wolves on private property?  How will the Service keep red wolves off of 
private property going forward?   Has the Service standardized its procedures for dealing 
with wolves and/or wolf releases on private property? If so, please provide written 
documentation of those procedures.  

 
Response:  In 2014, the Service acknowledged it made some mistakes in its management 
of the Red Wolf Recovery Program and did not always follow its rules about releasing 
wolves onto private land.  Before then, neither the Service nor the 1995 governing rule 
(50 C.F.R. 17.84(c)) required written consent for red wolf recovery actions on private 
lands.  Prior to 2014, the Service entered into written or verbal agreements with 
landowners to access their properties.  Since 2014then, the Service has managed the non-
essential, experimental population in accordance with the 1995 rule and now requires 
written consent from willing landowners for all red wolf recovery actions on private 
lands.   
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In September 2016, the Service announced it would refocus the project to federal lands 
within Dare County, North Carolina.  The Service recognizes that red wolves will not 
stay on federal lands.  Prior to the September 29, 2016, preliminary injunction by Federal 
Judge Terrence Boyle, the Service had committed to removing red wolves from private 
lands when requested to do so by the landowner in accordance with the 1995 rule.  In 
light of the injunction, the Service now can only remove red wolves when there is a risk 
of harm to people or property.  Red wolves removed from the landscape will be handled 
and cared for humanely.  Some wolves removed from private lands would be released on 
federal lands in Dare County and others will be relocated to a captive breeding facility. 
The Service will continue to seek written agreements with willing landowners adjacent to 
federal lands to facilitate management of wild wolves.  

 
5. The Service identified coyote hybridization as an existential threat for the red wolf.  Does 

the Service have a plan for limiting hybridization in the wild?  If so, please provide it to 
the Committee.  If not, does the Service intend to generate such a plan prior to additional 
releases of red wolves into the wild? 

 
Response:  The Red Wolf Adaptive Management Plan (available at: 
www.fws.gov/redwolf/Reviewdocuments/20130211_RWAMP_2013-2015.pdf) was 
developed for the express purpose of managing coyote genetic introgression into the red 
wolf population.  Its components include monitoring of the population to identify hybrid 
animals for management action.  Potential actions include removing them from the 
population or sterilizing and releasing them for use as placeholder animals.  The plan also 
includes an active research effort to assess the effectiveness of management actions so 
that adjustments can be made as needed.  Scientific research has shown the plan to be 
effective in limiting hybridization.  
 

Questions from Rep. Dingell for Mr. Steve Guertin, Deputy Director for Program 
management and policy, U.S. Fish and Wildlife Service 
 

1. On September 29, 2016, Judge Terrence Boyle in the Eastern District of North Carolina 
issued a preliminary injunction preventing the Fish and Wildlife Service from removing 
wolves from the landscape unless there is a showing of danger to people or property. In 
his order, Judge Boyle admonished the FWS regarding its duty to conserve red wolves in 
the wild.  In light of this decision, will the FWS revisit its recent proposal on changes to 
red wolf management? 

 
Response:  No. The Service is committed to recovering the red wolf.  We are moving 
forward with the implementation of a series of actions announced in September 2016 to 
secure the captive and wild red wolf populations.  We believe this strategy is 
scientifically sound and will move us toward recovery.  

 
2. What are your management plans from now until the Fall of 2017 for the current wild red 

wolf population?  Do you intend to remove wolves from Pocosin Lakes NWR to Dare 
County? 
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Response:  We do not anticipate removing red wolves from private or public lands due to 
Judge Boyle’s preliminary injunction.  The Service will only authorize take of red wolves 
when there is a threat to human safety or to the safety of livestock or pets as dictated by 
Judge Boyle’s order.  When the preliminary injunction is lifted, the Service will resume 
managing red wolves in accordance with the existing 1995 rule and its proposed course 
of action to refocus red wolf recovery actions on federal lands. 

 
3. How many red wolves are currently being held in captivity? How long have they been 

held? 
 

Response:  Currently, there are approximately 225 red wolves in over 40 captive 
breeding facilities around the country. 

 
4. How many red wolves have been removed from the wild from 2014-2016? 

 
Response:  Since 2014, the Service removed nine wolves from the five-county non-
essential, experimental population area in eastern North Carolina.   

 
Questions from Sen. Thom Tillis (NC) for Mr. Stephen Guertin, Deputy Director for Policy, 
U.S. Fish and Wildlife Service 
 

1. A report on the Red Wolf Program recently released by the Office of the Inspector 
General found that Fish and Wildlife Service violated its rule by releasing 132 wolves 
into the wild between 1987 and 2013 when the rule had only provided for the release of 
12 wolves. Furthermore, many of these wolves were released on private lands without 
permission from the landowners, something Fish and Wildlife Service maintained it was 
not going to do. 

 
a. Normally, if the shoe were on the other foot and it was a private landowner 

violating breaking a law or federal regulation, there would be some sort of 
recourse.  
 
Response:  In 2014, the Service acknowledged it made some mistakes in its 
management of the Red Wolf Recovery Program.  In those past instances, the 
Service only released wolves on private lands with agreements – either written or 
verbal – to do so.  Since then, the Service has managed the non-essential, 
experimental population in eastern North Carolina in accordance with the 1995 
rule (50 C.F.R. 17.84(c)).  The Service is no longer releasing wolves on private 
lands.   
 

b. What action did Fish and Wildlife take to correct this clear and obvious violation 
of its own rules?  
 
Response:  Over the past three years, the Service has conducted comprehensive 
reviews of the Red Wolf Recovery Program, ensured the program is in 
compliance with enacted rules, and reorganized the program to avoid future 
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deviations from the existing rules.  The Service also is complying with Judge 
Boyle’s order. 
 

2. As Fish and Wildlife attempted to manage its non-experimental population of wolves and 
secure that population on federal lands, the agency made the promise that it would 
remove Red Wolves found to be on private lands at the landowners’ request. 
Additionally, Fish and Wildlife Service has stated that it would issue private take permits 
to landowners for the landowners to trap the wolves to be returned to the Agency. 

 
a. How many special take permits have been applied for? 

 
Response: The Service does not issue trapping permits to private landowners for 
the removal of red wolves since the agency or agents of the Service, including 
private trappers, conducts the trapping operations.  When trapping efforts are 
abandoned, the Service may issue an authorization to take a red wolf by lethal 
means.    
 

b. How many special take permits have been issued by the Agency? 
 

Response:  As of October 2016, the Service has issued five lethal take 
authorization affecting three properties.   
 

3. Mr. Myers’ mentions in his testimony that the flooding at the Pocosin Lakes Wildlife 
Refuge may have adversely impacted its suitability to support the wild wolf population. 
 

a. What is the condition of that refuge now given the ongoing hydrology restoration 
efforts? 
 
Response:  The Service is taking a science-based approach working with 
hydrologists to restore the natural hydrology and rewetting pocosin peat soils at 
the Pocosin National Wildlife Refuge (Refuge).  Since the Refuge was established 
in 1991, the Service has been working to restore the pocosin peat soils in three of 
the most significantly ditched and drained areas affecting nearly a third of the 
Refuge’s 110,107 acres.  Restoration activities include raising the elevation of 
existing berms and installing flashboard riser water control structures in strategic 
locations.  The Service will then use this infrastructure to stop the artificial 
drainage of rainwater from the peat soils through the ditch system.  The new 
infrastructure enables the Refuge to rewet historically drained peatlands and 
return lands to a natural, seasonally-saturated condition.  Within the restored area, 
low-lying areas where standing water may be present seasonally are expected and 
may beand acceptable for foraging and hunting by terrestrial wildlife, including 
red wolves.  The flooding recently experienced on the Refuge and adjacent 
private lands is the result of excessive amounts of rain falling on lands already 
saturated by repeated tropical events including Hurricane Matthew aggravating 
conditions in ditches, creeks, and sounds, already full from previous rain events.  
No management strategy would prevent localized flooding on or off the Refuge 
under these conditions.  We are working diligently with adjacent landowners to 
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ensure a better understanding of the hydrology restoration effort and to identify 
opportunities of mutual interest that have great potential to improve drainage 
conditions for these landowners.   

 
b. How many wolves are currently living on the Refuge?  

 
Response:  Five adult red wolves are known to use portions of the Refuge.  We 
are uncertain as to the number of pups potentially born in 2015 or 2016 that may 
use portions of the Refuge at this time.  

 
4. It is my understanding that Fish and Wildlife Service can account for less than 30 wild 

wolves with collars and have estimated that there are about 15 more wolves whose 
whereabouts are unknown. 
 

a. What steps will the Agency make to recover these 15 “missing” wolves? 
 
Response:  The current wild population estimate is approximately 45 wolves, 
including the known number of animals  (28 radio collared wolves) and a 
percentage of the number of observed puppies born this spring that were pit-
tagged but not collared because they were too small.  The exact number of these 
young animals that survive their first year of life will not be known until they are 
old enough to be safely trapped.  However, trapping cannot occur until the 
existing federal court injunction has been lifted.  Additionally, there are a small, 
but unknown, number of animals that avoid being trapped and are undetected on 
the landscape, as well as animals that inhabit lands to which we do not have 
access.   

 
b. If the Agency already has difficulty tracking the collared wolves that are out 

there, how can I and private landowners be assured that a wolves will be 
accurately tracked and kept off private lands in any future non-experimental 
population site that are created?  

 
Response:  The Service is able to closely monitor the wild population when its 
biologists can trap and fit adult red wolves with radio or satellitetracking collars.  
In recent years, reduced access to private lands has limited the agency’s ability to 
find red wolf litters and conduct trapping operations that would allow for a more 
accurate account of the wild population and movement of red wolves on the 
landscape.    Additionally, the recent injunction has further limited the Service’s 
ability to trap wolves for monitoring activities.   
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1334 Longworth House Office Building 
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2:00pm  
 

Oversight Hearing on 
“The Status of the Federal Government’s Management of Wolves” 

 
Questions from Chairman Louie Gohmert (TX-01) for Mr. Steve Guertin, Deputy Director for 
Policy, U.S. Fish and Wildlife Service 
 

1. The U.S. Fish and Wildlife Service announced its intent to double the size of its red wolf 
captive breeding population, with the aim of eventually reintroducing those wolves into 
the wild anywhere in the region between Texas, Pennsylvania, and the Atlantic Ocean.  
Please identify the specific areas in which the Service is considering introduction.  Please 
also identify the Service’s goal for total number of wolf reintroduction areas and the 
number of wolves that would likely be introduced in each area.  

 
Response:  No specific locations for reintroduction have been identified at this time.  The 
Service must first secure the captive population of red wolves before considering the 
establishment of any new populations in the wild.  This past September, the Service 
committed to identifying potential new sites for additional reintroduced populations by 
October 2017.  To do so, the Service will coordinate closely with state fish and wildlife 
agencies as it works collaboratively through the recovery planning process to identify 
potentially suitable sites based on habitat characteristics. This would include stakeholder 
and partner engagement, appropriate rulemaking, and public review and comment.  The 
current Red Wolf Recovery Plan calls for the establishment of three wild populations.  It 
is premature to speculate on the number of wolves that may be released at any future site.  

 
2. The Service severely underestimated the habitat needed for successful red wolf recovery 

in North Carolina and Tennessee.   Please explain, in thorough detail, the methodology 
that the Service will use to evaluate potential reintroduction areas throughout the region 
to ensure that enough habitat is available in future red wolf recovery efforts. 
 
Response:  The Service learned a great deal from its experience with red wolf 
reintroductions through the non-essential, experimental population in eastern North 
Carolina to date.  The Service now has a much better understanding of red wolf habitat 
and space requirements, as well as other important logistical and societal factors that 
must be considered in establishing and managing a wild red wolf population.  We now 
know the space needs of red wolves exceed the available federal land base in the eastern 
North Carolina.  As such, successful reintroduction efforts must engage private 
landowners in reintroduction decisions and population management and must ensure that 
the interests and needs of the community are protected.  The recent report by the Red 
Wolf Recovery Team (available at: fws.gov/redwolf/evaluation.html) concluded that the 
socio-political factors related to red wolf reintroductions are every bit as important as 
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ecological factors in determining the likelihood of success.  The Service will carefully 
consider these societal needs and ensure that affected communities are fully engaged in 
all potential reintroduction efforts.  

 
3. What exactly does the Service mean when it says it will manage the red wolf captive 

breeding population as part of the non-essential, experimental population? Please explain, 
in detail, how this management approach will work.  Service staff also mentioned that 
captive wolves will receive a “wildlife experience,” please explain the meaning of 
“wildlife experience” in this context.  

 
Response:  Conservation of genetic diversity is an important aspect of recovering species 
including the red wolf.  In the past, the Service’s partners in the red wolf Species Survival 
Plan manage genetic diversity within the captive populations by carefully selecting the 
wolves that will be paired for breeding purposes on an annual basis.  This process has 
enabled them to conserve approximately 89 percent of the genetic diversity represented in 
the 14 founding wolves.  Our intention going forward is to better integrate the wild red 
wolf nonessential, experimental population into the overall management of genetic 
diversity within the entire population by bringing wild red wolves that are of particularly 
high genetic value into captivity to be paired with captive animals.   
 
It is also important to long-term recovery of the species that animals be retained in the 
wild to have “wild experience.”  Selecting animals that are believed to have the best 
chance of surviving the initial release, successfully establishing territories and 
reproducing is essential to maximize the chances for success of a new population of red 
wolves. These qualities are more likely to be found in wild-born wolves.  Additionally, 
any wolf released into unfamiliar territory faces increased risks.  These risks are reduced 
for animals that are already skilled hunters, not habituated to human presence and care, 
and fostered in the wild.  The chance for survival increases for introduced wolves if they 
have experienced living on their own in the wild.    

 
4. How has the Service addressed its failures to receive written consent of owners prior to 

releasing wolves on private property?  How will the Service keep red wolves off of 
private property going forward?   Has the Service standardized its procedures for dealing 
with wolves and/or wolf releases on private property? If so, please provide written 
documentation of those procedures.  

 
Response:  In 2014, the Service acknowledged it made some mistakes in its management 
of the Red Wolf Recovery Program and did not always follow its rules about releasing 
wolves onto private land.  Before then, neither the Service nor the 1995 governing rule 
(50 C.F.R. 17.84(c)) required written consent for red wolf recovery actions on private 
lands.  Prior to 2014, the Service entered into written or verbal agreements with 
landowners to access their properties.  Since 2014, the Service has managed the non-
essential, experimental population in accordance with the 1995 rule and now requires 
written consent from willing landowners for all red wolf recovery actions on private 
lands.   
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In September 2016, the Service announced it would refocus the project to federal lands 
within Dare County, North Carolina.  The Service recognizes that red wolves will not 
stay on federal lands.  Prior to the September 29, 2016, preliminary injunction by Federal 
Judge Terrence Boyle, the Service had committed to removing red wolves from private 
lands when requested to do so by the landowner in accordance with the 1995 rule.  In 
light of the injunction, the Service now can only remove red wolves when there is a risk 
of harm to people or property.  Red wolves removed from the landscape will be handled 
and cared for humanely.  Some wolves removed from private lands would be released on 
federal lands in Dare County and others will be relocated to a captive breeding facility. 
The Service will continue to seek written agreements with willing landowners adjacent to 
federal lands to facilitate management of wild wolves.  

 
5. The Service identified coyote hybridization as an existential threat for the red wolf.  Does 

the Service have a plan for limiting hybridization in the wild?  If so, please provide it to 
the Committee.  If not, does the Service intend to generate such a plan prior to additional 
releases of red wolves into the wild? 

 
Response:  The Red Wolf Adaptive Management Plan (available at: 
www.fws.gov/redwolf/Reviewdocuments/20130211_RWAMP_2013-2015.pdf) was 
developed for the express purpose of managing coyote genetic introgression into the red 
wolf population.  Its components include monitoring of the population to identify hybrid 
animals for management action.  Potential actions include removing them from the 
population or sterilizing and releasing them for use as placeholder animals.  The plan also 
includes an active research effort to assess the effectiveness of management actions so 
that adjustments can be made as needed.  Scientific research has shown the plan to be 
effective in limiting hybridization.  
 

Questions from Rep. Dingell for Mr. Steve Guertin, Deputy Director for Program 
management and policy, U.S. Fish and Wildlife Service 
 

1. On September 29, 2016, Judge Terrence Boyle in the Eastern District of North Carolina 
issued a preliminary injunction preventing the Fish and Wildlife Service from removing 
wolves from the landscape unless there is a showing of danger to people or property. In 
his order, Judge Boyle admonished the FWS regarding its duty to conserve red wolves in 
the wild.  In light of this decision, will the FWS revisit its recent proposal on changes to 
red wolf management? 

 
Response:  No. The Service is committed to recovering the red wolf.  We are moving 
forward with the implementation of a series of actions announced in September 2016 to 
secure the captive and wild red wolf populations.  We believe this strategy is 
scientifically sound and will move us toward recovery.  

 
2. What are your management plans from now until the Fall of 2017 for the current wild red 

wolf population?  Do you intend to remove wolves from Pocosin Lakes NWR to Dare 
County? 
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Response:  We do not anticipate removing red wolves from private or public lands due to 
Judge Boyle’s preliminary injunction.  The Service will only authorize take of red wolves 
when there is a threat to human safety or to the safety of livestock or pets as dictated by 
Judge Boyle’s order.  When the preliminary injunction is lifted, the Service will resume 
managing red wolves in accordance with the existing 1995 rule and its proposed course 
of action to refocus red wolf recovery actions on federal lands. 

 
3. How many red wolves are currently being held in captivity? How long have they been 

held? 
 

Response:  Currently, there are approximately 225 red wolves in over 40 captive 
breeding facilities around the country. 

 
4. How many red wolves have been removed from the wild from 2014-2016? 

 
Response:  Since 2014, the Service removed nine wolves from the five-county non-
essential, experimental population area in eastern North Carolina.   

 
Questions from Sen. Thom Tillis (NC) for Mr. Stephen Guertin, Deputy Director for Policy, 
U.S. Fish and Wildlife Service 
 

1. A report on the Red Wolf Program recently released by the Office of the Inspector 
General found that Fish and Wildlife Service violated its rule by releasing 132 wolves 
into the wild between 1987 and 2013 when the rule had only provided for the release of 
12 wolves. Furthermore, many of these wolves were released on private lands without 
permission from the landowners, something Fish and Wildlife Service maintained it was 
not going to do. 

 
a. Normally, if the shoe were on the other foot and it was a private landowner 

violating breaking a law or federal regulation, there would be some sort of 
recourse.  
 
Response:  In 2014, the Service acknowledged it made some mistakes in its 
management of the Red Wolf Recovery Program.  In those past instances, the 
Service only released wolves on private lands with agreements – either written or 
verbal – to do so.  Since then, the Service has managed the non-essential, 
experimental population in eastern North Carolina in accordance with the 1995 
rule (50 C.F.R. 17.84(c)).  The Service is no longer releasing wolves on private 
lands.  
 

b. What action did Fish and Wildlife take to correct this clear and obvious violation 
of its own rules?  
 
Response:  Over the past three years, the Service has conducted comprehensive 
reviews of the Red Wolf Recovery Program, ensured the program is in 
compliance with enacted rules, and reorganized the program to avoid future 
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deviations from the existing rules.  The Service also is complying with Judge 
Boyle’s order. 
 

2. As Fish and Wildlife attempted to manage its non-experimental population of wolves and 
secure that population on federal lands, the agency made the promise that it would 
remove Red Wolves found to be on private lands at the landowners’ request. 
Additionally, Fish and Wildlife Service has stated that it would issue private take permits 
to landowners for the landowners to trap the wolves to be returned to the Agency. 

 
a. How many special take permits have been applied for? 

 
Response: The Service does not issue trapping permits to private landowners for 
the removal of red wolves since the agency or agents of the Service, including 
private trappers, conducts the trapping operations.  When trapping efforts are 
abandoned, the Service may issue an authorization to take a red wolf by lethal 
means.    
 

b. How many special take permits have been issued by the Agency? 
 

Response:  As of October 2016, the Service has issued five lethal take 
authorization affecting three properties.   
 

3. Mr. Myers’ mentions in his testimony that the flooding at the Pocosin Lakes Wildlife 
Refuge may have adversely impacted its suitability to support the wild wolf population. 
 

a. What is the condition of that refuge now given the ongoing hydrology restoration 
efforts? 
 
Response:  The Service is taking a science-based approach working with 
hydrologists to restore the natural hydrology and rewetting pocosin peat soils at 
the Pocosin National Wildlife Refuge (Refuge).  Since the Refuge was established 
in 1991, the Service has been working to restore the pocosin peat soils in three of 
the most significantly ditched and drained areas affecting nearly a third of the 
Refuge’s 110,107 acres.  Restoration activities include raising the elevation of 
existing berms and installing flashboard riser water control structures in strategic 
locations.  The Service will then use this infrastructure to stop the artificial 
drainage of rainwater from the peat soils through the ditch system.  The new 
infrastructure enables the Refuge to rewet historically drained peatlands and 
return lands to a natural, seasonally-saturated condition.  Within the restored area, 
low-lying areas where standing water may be present seasonally are expected and 
may be acceptable for foraging and hunting by terrestrial wildlife, including red 
wolves.  The flooding recently experienced on the Refuge and adjacent private 
lands is the result of excessive amounts of rain falling on lands already saturated 
by repeated tropical events including Hurricane Matthew aggravating conditions 
in ditches, creeks, and sounds, already full from previous rain events.  No 
management strategy would prevent localized flooding on or off the Refuge under 
these conditions.  We are working diligently with adjacent landowners to ensure a 
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better understanding of the hydrology restoration effort and to identify 
opportunities of mutual interest that have great potential to improve drainage 
conditions for these landowners.  

 
b. How many wolves are currently living on the Refuge?  

 
Response:  Five adult red wolves are known to use portions of the Refuge.  We 
are uncertain as to the number of pups potentially born in 2015 or 2016 that may 
use portions of the Refuge at this time.  

 
4. It is my understanding that Fish and Wildlife Service can account for less than 30 wild 

wolves with collars and have estimated that there are about 15 more wolves whose 
whereabouts are unknown. 
 

a. What steps will the Agency make to recover these 15 “missing” wolves? 
 
Response:  The current wild population estimate is approximately 45 wolves, 
including the known number of animals  (28 radio collared wolves) and a 
percentage of the number of observed puppies born this spring that were pit-
tagged but not collared because they were too small.  The exact number of these 
young animals that survive their first year of life will not be known until they are 
old enough to be safely trapped.  However, trapping cannot occur until the 
existing federal court injunction has been lifted.  Additionally, there are a small, 
but unknown, number of animals that avoid being trapped and are undetected on 
the landscape, as well as animals that inhabit lands to which we do not have 
access.   

 
b. If the Agency already has difficulty tracking the collared wolves that are out 

there, how can I and private landowners be assured that a wolves will be 
accurately tracked and kept off private lands in any future non-experimental 
population site that are created?  

 
Response:  The Service is able to closely monitor the wild population when its 
biologists can trap and fit adult red wolves with tracking collars.  In recent years, 
reduced access to private lands has limited the agency’s ability to find red wolf 
litters and conduct trapping operations that would allow for a more accurate 
account of the wild population and movement of red wolves on the landscape.   
Additionally, the recent injunction has further limited the Service’s ability to trap 
wolves for monitoring activities.   
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• leopoldo_miranda@fws.gov

Going?   
Yes <https://www.google.com/calendar/event?
action=RESPOND&eid=Mm90dWYxNDBocjhqazNtbjYwdTEzcHM3dGwgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=1&tok=MjIja3Jpc3Rlbl9wZXRlcnNAZndzLmdvdjIxNTRhNzZiNTZiM2EwYzA3M2FhYTZhOGE4NmIzYTk1ZmNjMmYxNzI&ctz=America%2FNew_York&hl=en&es=1> 
- 
Maybe <https://www.google.com/calendar/event?
action=RESPOND&eid=Mm90dWYxNDBocjhqazNtbjYwdTEzcHM3dGwgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=3&tok=MjIja3Jpc3Rlbl9wZXRlcnNAZndzLmdvdjIxNTRhNzZiNTZiM2EwYzA3M2FhYTZhOGE4NmIzYTk1ZmNjMmYxNzI&ctz=America%2FNew_York&hl=en&es=1> 
- 
No <https://www.google.com/calendar/event?
action=RESPOND&eid=Mm90dWYxNDBocjhqazNtbjYwdTEzcHM3dGwgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&rst=2&tok=MjIja3Jpc3Rlbl9wZXRlcnNAZndzLmdvdjIxNTRhNzZiNTZiM2EwYzA3M2FhYTZhOGE4NmIzYTk1ZmNjMmYxNzI&ctz=America%2FNew_York&hl=en&es=1>    
more options » <https://www.google.com/calendar/event?
action=VIEW&eid=Mm90dWYxNDBocjhqazNtbjYwdTEzcHM3dGwgcGV0ZV9iZW5qYW1pbkBmd3MuZ292&tok=MjIja3Jpc3Rlbl9wZXRlcnNAZndzLmdvdjIxNTRhNzZiNTZiM2EwYzA3M2FhYTZhOGE4NmIzYTk1ZmNjMmYxNzI&ctz=America%2FNew_York&hl=en&es=1> 

Invitation from Google Calendar <https://www.google.com/calendar/> 

You are receiving this email at the account pete_benjamin@fws.gov because you are subscribed for invitations on calendar pete_benjamin@fws.gov.

To stop receiving these emails, please log in to https://www.google.com/calendar/ and change your notification settings for this calendar.

Forwarding this invitation could allow any recipient to modify your RSVP response. Learn More <https://support.google.com/calendar/answer/37135#forwarding> .



From: Benjamin, Pete
To: RaleighAdmin, FW4
Subject: Fwd: Notes from Yesterday"s Red Wolf Congressional Briefing
Date: Thursday, July 5, 2018 10:21:18 AM

red wolf section 10(j) rule related.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Peters, Kristen <kristen_peters@fws.gov>
Date: Thu, Jun 28, 2018 at 12:09 PM
Subject: Notes from Yesterday's Red Wolf Congressional Briefing
To: Michael Oetker <michael_oetker@fws.gov>, David Viker <david_viker@fws.gov>,
Leopoldo Miranda <leopoldo_miranda@fws.gov>, Jeffrey Fleming
<jeffrey_m_fleming@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>
Cc: Alyssa Hausman <alyssa_hausman@fws.gov>

Hi all, 

We had a good turnout for the congressional briefing on red wolf.  Below is the list of
participants as well as the questions asked.  Alyssa Hausman and I are working on the follow-
up actions and expect them to be completed later today.  

Let me know if you have any questions. 

Kristen 

---

Red Wolf Proposed 10(j) Rule and Environmental Assessment
Congressional Briefing

June 27, 2018

Participants
Skylar Bayer Senate Environment and Public Works Committee
Elizabeth Mabry Senate Environment and Public Works Committee
Melissa Beaumont House Natural Resources Committee
Chris Esparza House Natural Resources Committee



Sarah Lessard House Natural Resources Committee
Jocelyn Hunn House Interior-Environment Appropriations Subcommittee
Joshua Bowlen Congressman Jones
Adam Caldwell Senator Thom Tillis
Trey Lewis Senator Thom Tillis
Torie Ness Sen. Thom Tillis
Betty Jo Shepheard Senator Richard Burr
Mykel Wedig Senator Richard Burr
Dennis Sills Rep. GK Butterfield
Allison Gilmore Rep. GK Butterfield
Gordon Holzberg Rep. Adams
Ian Whitson Rep. David Rouzer

 
Questions Asked

Betty Jo Shepheard (Burr):  Do you know about a Lake Mattamuskeet meeting also scheduled
for July 10? Follow-up: Explore changing date of Mattamuskeet meeting and update local
staff know of change [Status: Meeting date changed; staff informed of change]
Sarah Lassard (HNR):  How will this proposal recover the species if the management area is
reduced to two tracks of public land?
Sarah Lassard (HNR):  The proposal does not include any prohibitions of take outside the
federal lands. What happens if all the wolves leave federal land and you lose all of them to
take?
Jocelyn Hunn (Senate Approps):  How will the results of the NAS study be considered? Will
they be included in the final proposal?
Sarah Lassard (HNR):  Are there other wolves on non-federal lands? What will happen to
them?
Josh Bowlen (Jones):  The proposal allows for take of animals outside of the NEP
management area.  Is that legal? And how does Judge Boyle’s injunction affect that?
Josh Bowlen (Jones):  How many of the 35-40 animals are on the refuge?
Elizabeth Mabry (EPW):  What is the status of the Service’s efforts to identify new
reintroduction sites? Follow-up: Send group scientific papers related to reintroduction sites
 [Status: Drafting email and will distribute later today]

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
U.S.Fish and Wildlife Service, Southeast Region
1875 Century Blvd.
Atlanta, Georgia 30345
(404) 679-7172
kristen_peters@fws.gov



From: Lewis, Trey (Tillis)
To: Benjamin, Pete
Subject: [EXTERNAL] Red Wolf meeting follow up
Date: Tuesday, July 17, 2018 1:49:02 PM
Attachments: image002.png
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Pete,
 
I wanted to tell you that it was a pleasure meeting you last week at the Red Wolf informational
meeting.
 
Also, is it possible for me to obtain the PowerPoint presentation that you presented at the event?
 
Please keep me in the loop with any events or information, specifically in Northeast NC.
 
Best,
Trey Lewis, MPA
Northeast Regional Representative
Office of U.S. Senator Thom Tillis
1694 Arlington Boulevard
Suite 102
Greenville, NC 27858
Cell: 252-515-4087

To sign up for Senator Tillis’ newsletter click here.
Follow Senator Tillis on social media!

     
 



From: Benjamin, Pete
To: Lewis, Trey (Tillis)
Subject: Re: [EXTERNAL] Red Wolf meeting follow up
Date: Tuesday, July 17, 2018 2:22:51 PM
Attachments: image004.png
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2018.07.10.Public Hearing.Presentation (1).pptx

Hi Trey,

It was a pleasure to meet you as well and I look forward to working with you.  Here's the .ppt
presentation.  Let me know if you have any questions of need anything else.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 17, 2018 at 1:49 PM, Lewis, Trey (Tillis) <Trey_Lewis@tillis.senate.gov> wrote:

Pete,

 

I wanted to tell you that it was a pleasure meeting you last week at the Red Wolf
informational meeting.

 

Also, is it possible for me to obtain the PowerPoint presentation that you presented at the
event?

 

Please keep me in the loop with any events or information, specifically in Northeast NC.

 

Best,

Trey Lewis, MPA

Northeast Regional Representative

Office of U.S. Senator Thom Tillis



1694 Arlington Boulevard

Suite 102

Greenville, NC 27858

Cell: 252-515-4087

To sign up for Senator Tillis’ newsletter click here.

Follow Senator Tillis on social media!

   

 



U.S. Fish and Wildlife Service
Public Hearing – July 10, 2018

Proposal to Replace the Existing 
Regulations Governing the Experimental 

Population of Red Wolves in Eastern North 
Carolina 



A Little About the Red Wolf

• Historically found throughout
southeastern United States

• The red wolf is listed as an 
Endangered Species 

• A captive breeding program 
was established at Point
Defiance Zoo and Aquarium 
in 1969

• The species was considered extinct in the wild by the late 
1970’s

• Red wolves were reintroduced to the wild at Alligator River 
National Wildlife Refuge in 1987



Endangered Species Act 

• Section 10(j) of the Endangered Species Act allows for the 
establishment of Experimental Populations to further the conservation 
of listed species

• Members of experimental populations are treated as “threatened 
species”, meaning that they do not receive the same protections 
afforded to endangered species

• The Service issues rules setting the specific management restrictions, 
protective measures or other special management concerns of that 
population

• Section 10(j) allows the Service to 
tailor rules for an experimental 
population in order to address 
community concerns; facilitating 
reintroductions of listed species



History of the Red Wolf Experimental Population in 
Eastern North Carolina – 1986 Rule

• First Section 10(j) Rule for red wolves was finalized in 1986
• Authorized the release of 6 mated pairs of wolves on 

Alligator River National Wildlife Refuge
• Required wolves that left the Refuge to be captured and 

returned to the Refuge or captivity
• Wolves successfully survived and reproduced

• Wolves left the Refuge 
frequently

• Capturing and returning 
wolves proved ineffective



History of the Red Wolf Experimental Population in 
Eastern North Carolina – 1995 Rule

• The Section 10(j) rule for the eastern NC red wolf population was substantially 
modified in 1995

• The 1995 rule:
– removed the requirement to capture

and return wolves that left the Refuge
– provided for wolves to be removed from

private lands at landowner request
– provided for the authorization of take of

wolves by private landowners after 
removal efforts were abandoned.  

• The 1995 rule did not address the arrival of coyotes in the 5-county area; nor did 
it incorporate the techniques needed to manage red wolf / coyote interactions

• The take provisions in the 1995 rule proved ineffective in addressing landowner 
concerns regarding red wolves on private lands



History of the Red Wolf Experimental Population in 
Eastern North Carolina – 1995 Rule

Source: Faust et al. (2016)



The Proposed Rule

• Replaces the existing (1995) rule
• Focuses Federal management of red wolves on Alligator River National Wildlife 

Refuge and Dare County Bombing Range (the NC NEP Management Area)
• Authorizes release of up to 5 red wolves per year from the captive population
• Authorizes all actions needed to manage red wolves in accordance with the Red 

Wolf Adaptive Management Work Plan.  
• Removes the requirement for landowners to seek authorization prior to the take 

of wolves on non-federal lands



The Process

• We are taking comments on the Proposed Rule tonight
• You may also provide comments online or by mail 
• We will review all information 

received and move to complete 
a final rule and documentation 
by the end of the calendar year.  

• None of the provisions of the 
proposed rule are effective until 
after publication of a final
rule in the Federal Register



Ways to Comment

• Submit written comment until July 30, 2018:
• Online: http://www.regulations.gov. In the Search box, 

enter FWS-R4-ES-2018-0035, which is the docket number 
for this rule. Then, click on the Search button and follow the 
link to “Comment Now!”

• U.S. mail or hand-delivery to: 
Public Comments Processing 
Attn: FWS-R4-ES-2018-0035, 
U.S. Fish and Wildlife Service, 
MS: BPHC,
5275 Leesburg Pike, 
Falls Church, VA 22041-3803



Thank You



From: Benjamin, Pete
To: Brandon Sherrill
Subject: Coyote Update
Date: Monday, February 1, 2016 9:21:20 AM
Importance: High

Hi Brandon,

Can you give me an update on the collared coyote?  I'd like to start sharing the information with the
manager of the property from whence the animal came.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Sherrill, Brandon L
To: Cobb, David T.; Myers, Gordon S.; Briggs, M. Kyle; Sawyer, David T; Benjamin, Pete; Harrison, Rebecca; Beyer,

Arthur; Olfenbuttel, Colleen; Albers, Geriann
Subject: GPS data from ARNWR coyote
Date: Monday, February 1, 2016 9:57:17 AM
Attachments: image001.png
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Importance: High

Good morning,
I’ve attached an updated map (and .KLM file) for the coyote that was recently released. As of 3 am
this morning, it was still on the refuge.
Please let me know if you have any questions or concerns.
 
Thank you,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 











Attachment 20160201 095717_Email_GPS data from ARNWR coyote.kml (104626 Bytes) cannot be converted to PDF format.



From: Sherrill, Brandon L
To: Benjamin, Pete
Subject: RE: Coyote Update
Date: Monday, February 1, 2016 10:40:00 AM
Attachments: image001.png
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Importance: High

Hi Pete,
I just sent out an updated map with the coyote’s current locations. Let me know if you would like
any other information.
Can you provide me with that landowner’s location so I can include that on future maps. I would like
to show how far the release point is from the original capture location (that could be especially
beneficial if the coyote leaves the refuge). I can contact Becky/Art if you don’t have the GPS location
of the capture site.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Monday, February 01, 2016 9:21 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Subject: Coyote Update
 
Hi Brandon,
 
Can you give me an update on the collared coyote?  I'd like to start sharing the
information with the manager of the property from whence the animal came. 
Thanks,
 



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408











From: Benjamin, Pete
To: Rodney Glass
Subject: Coyote Update
Date: Tuesday, February 2, 2016 3:44:28 PM
Importance: High

Hi Rodney,

It was great to see you the other day.  I really enjoyed the discussion and as usual you have given me a
lot to think about.  I heard what you and the other fellows said, and I completely understand where
you are coming from.  I hope you know that I am working really hard to do the right thing here, and by
that I mean what is right by the law and the wolves but mostly by the people of the 5-county area.  I
also haven't forgotten our discussion about New Lake and I'm still working on that as well.  

I promised that I'd keep you updated on the coyote that was removed from your property awhile back. 
We've put a GPS collar on her and released her on Alligator River NWR.  The State is tracking her and
giving me updates periodically.  Attached is a map showing her movements over the passed two
weeks.  This is giving us a very important opportunity to test out these new GPS collars and learn more
about the fine scale movements of these animals.  I really appreciate you working with us on this.  I'll
continue to keep you posted.  

Hope you are doing well.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Rodney Glass
To: Benjamin, Pete
Subject: RE: Coyote Update
Date: Tuesday, February 2, 2016 4:56:10 PM
Importance: High

Thanks Pete.  Boy it sure looks like she wants to get across that river doesn't it.  Looks like she
thought about crossing the bridge.
 
About the meeting..........I have been thinking a lot about that too.  I appreciate the venue for
discussion. I'm still at a loss for how you all can make this work though.  I have to admit I was
shocked by your statement that a pocosin is not suitable habitat for the wolf.  If that's the
case,  it seems to me the only option, at least in NC, is to find a way to make the program
tolerable to private landowners.  And then you still have to deal with the coyotes.......... 
Speaking of that,  I am going to start trapping and will call you if anything with a collar is
captured.
 
Rodney
 

Date: Tue, 2 Feb 2016 15:44:28 -0500
Subject: Coyote Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi Rodney,

It was great to see you the other day.  I really enjoyed the discussion and as usual you have given me a
lot to think about.  I heard what you and the other fellows said, and I completely understand where
you are coming from.  I hope you know that I am working really hard to do the right thing here, and by
that I mean what is right by the law and the wolves but mostly by the people of the 5-county area.  I
also haven't forgotten our discussion about New Lake and I'm still working on that as well.  

I promised that I'd keep you updated on the coyote that was removed from your property awhile back. 
We've put a GPS collar on her and released her on Alligator River NWR.  The State is tracking her and
giving me updates periodically.  Attached is a map showing her movements over the passed two
weeks.  This is giving us a very important opportunity to test out these new GPS collars and learn more
about the fine scale movements of these animals.  I really appreciate you working with us on this.  I'll
continue to keep you posted.  

Hope you are doing well.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Rodney Glass
Subject: Re: Coyote Update
Date: Tuesday, February 2, 2016 5:16:49 PM

Thanks Rodney, I think you have a very good grasp of the situation.  Let me know what you catch.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Feb 2, 2016 at 4:56 PM, Rodney Glass <mrrglass@hotmail.com> wrote:
Thanks Pete.  Boy it sure looks like she wants to get across that river doesn't it.  Looks like
she thought about crossing the bridge.
 
About the meeting..........I have been thinking a lot about that too.  I appreciate the venue for
discussion. I'm still at a loss for how you all can make this work though.  I have to admit I
was shocked by your statement that a pocosin is not suitable habitat for the wolf.  If that's
the case,  it seems to me the only option, at least in NC, is to find a way to make the program
tolerable to private landowners.  And then you still have to deal with the coyotes.......... 
Speaking of that,  I am going to start trapping and will call you if anything with a collar is
captured.
 
Rodney

 

Date: Tue, 2 Feb 2016 15:44:28 -0500
Subject: Coyote Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi Rodney,

It was great to see you the other day.  I really enjoyed the discussion and as usual you have given me
a lot to think about.  I heard what you and the other fellows said, and I completely understand
where you are coming from.  I hope you know that I am working really hard to do the right thing
here, and by that I mean what is right by the law and the wolves but mostly by the people of the 5-
county area.  I also haven't forgotten our discussion about New Lake and I'm still working on that as
well.  

I promised that I'd keep you updated on the coyote that was removed from your property awhile
back.  We've put a GPS collar on her and released her on Alligator River NWR.  The State is tracking
her and giving me updates periodically.  Attached is a map showing her movements over the passed
two weeks.  This is giving us a very important opportunity to test out these new GPS collars and learn
more about the fine scale movements of these animals.  I really appreciate you working with us on
this.  I'll continue to keep you posted.  

Hope you are doing well.  

Pete Benjamin



Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Beyer, Arthur
To: Benjamin, Pete
Subject: Fwd: GPS collar order
Date: Monday, February 8, 2016 9:05:47 AM
Attachments: image001.png
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VERTEX PLUS order information V1 2.docx

Importance: High

just fyi - I'll provide Brandon an average neck measurement for the wolf collars they plan to
order.  As for the belt color being different from coyotes as a way for the public to distinguish
the two species, after talking with Mike and Ryan, I'll see if we can't have Brandon order the
wolf collars with a Yellow belt.  We can then add yellow reflective tape once in hand. 
Looking at Telonics, where we get our standard VHF collars, we can order future collars with
yellow belting also.  For the Telonics collars already in hand, we could add the reflective tape. 
Let me know your thoughts.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Wed, Feb 3, 2016 at 9:18 AM
Subject: GPS collar order
To: "Beyer, Arthur" <arthur_beyer@fws.gov>, "Harrison, Rebecca"
<rebecca_harrison@fws.gov>

Hi,

I’ve attached the order information form that I received from Vectronic Aerospace for our next
collar order for you to check out. We are purchasing ten collars this time (two different orders
of five each).

 

We discussed placing one of the orders of five collars with larger belting for potential use on
red wolves. Can you provide an average belt circumference that would be appropriate? As you
can see on the order form, they indicate that belt circumference is adjustable by +/- 10%.

 

I am going to increase the size of the coyote collars from the previous order since they were a
little smaller than I anticipated.

 

Let me know if you have any questions or concerns.

 

Brandon



 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 











VERTEX Plus Collar order information 
 

page 1 of 5  January 15, 2021 

1) Payment Options 
 PURCHASE ORDER NO.       
 BANK WIRE TRANSFER 
 CHECK 
 CREDIT CARD (3.0% service fee) 

 
 
2) Invoice address  
Name of Organisation and Department_ :  
Complete Address_________________ :  
City_____________________________ :  
State____________________________ :  
Post/Zip Code_____________________ :  
Country__________________________ :  
Contact Person____________________ :  
Email Address____________________  :  
Telephone number_________________ :  
EU-VAT Code (For EU-customers only)_:  

 
 
 
 
 
 
 
 
 
 

 
 
3) Delivery address for the goods (no post box!)  
Name of Organisation and Department_ :  
Complete Address_________________ :  
City_____________________________ :  
State____________________________ :  
Post/Zip Code_____________________ :  
Country__________________________ :  
Contact Person____________________ :  
Email Address_____________________:  
Telephone number_________________ :  

 
 
 
 
 
 
 
 
 

 
 
4) ANIMAL SPECIES       
 
5) NUMBER OF COLLARS        
     
6) VHF BEACON, BATTERY, BELT CIRCUMFERENCE  
   

VHF beacon 
Please list all VHF frequency for each collar 

Battery size 
Choose here by 
drop down: 

Belt circumference 
(Adjustability ± 10%) 

 
 
 
 
 
 
 
 
 

__________       
__________       
__________       
__________       
__________       
__________       
__________       

 
  



VERTEX Plus Collar order information 
 

page 2 of 5  January 15, 2021 

7)  BASIC SENSOR PACKAGE extra charge 
 activity sensor for average data on 2-axis within 5 minutes intervals 
 mortality/hibernation sensor (choose settings below) 
 temperature sensor 

 
8)  ADVANCED SENSOR PACKAGE extra charge 

 activity sensor for raw data on 3-axis 
Choose frequency here by drop down: _____ (default: 8 Hz) 

 mortality/hibernation sensor (choose settings below) 
 temperature sensor 

 
 MORTALITY SENSOR 

Choose here by drop down:  ____________________ (default: 24 h) 
 
 
Hibernation delay time Choose hours / days here by drop down: _______ / _______  
(default: 24 hours) 
Wakeup activity level (value: 1 - 254)       (default: 39) 
 
9)  DROP-OFF release time in weeks (max. 260 weeks for timer controlled drop-off, max. 208 
weeks for radio and timer controlled drop-off) 
 

 Timer settings REQUIRED FIELD, CHOOSE ONLY ONE OPTION  
          Relative Release time       weeks    days    hours 
          Absolute Release time    .  .          :  :    (**dd.mm.yyyy    hh:mm:ss) 

 Radio option to release the collar remotely   
 
 
10) Collar schedule programming 
 
a)  GPS schedule (default: every hour)       
 
b)  VHF beacon schedule (default: 24 hours)       
 
c) UTC correction for schedules 

UTC  or 
LMT  If you use Local Mean Time, please specify the UTC correction       
 

 
d)  VIRTUAL FENCE, please provide schedule and polygon       
 
e)  GSM/ IRIDIUM scheduled transmission time (e.g. 22:00 h)       
 
f)   GPS Location Skip Count (e.g. send every 3rd GPS location)       
 
g)  SQL Database setup at https://www.vectronic-wildlife.com/ extra charge 
 
h)  Further programming settings       
  



VERTEX Plus Collar order information 
 

page 3 of 5  January 15, 2021 

11) Collar communication 
 

IRIDIUM 
2-way communication 
(please sign Iridium contract) 

A message can contain 1 -18 fixes 
Default: 4 fixe per message 
 
Choose Iridium mode here by drop down: 
_______________ 

GLOBALSTAR 
1-way communication 
(please sign Globalstar contract) 

A message can contain 1 or 2 fixes 
Default: 1 fix per message 
 
Choose GLOBALSTAR mode here by drop down: 
_______________ 

GSM 
2-way communication 

VECTRONIC SIM CHIPS 
(please sign GSM contract) 
Default: 8 fixes per message, other formats additional costs 

CUSTOMER SIM CARDS 
 Provide SIM cards with telephone No., PIN and PUK 
      
Please be sure SIM cards are activated, international 
roaming is enabled and there is credit on the account for 
testing the collars. 
Default: 7 Fixes per Message depending on network 
Please check with your provider if you want something else. 
 
Choose GSM mode here by drop down _______________ 

 UHF 

 UHF communication  
time window each day in hours from 
  :  :   to   :  :    (hh:mm:ss) 

 UHF ID TAGS for Proximity or Separation 
 STORE ON BOARD  

12) Data Transmission 

 Data download in GPS Plus X software via HTTP service 

 Data reception via Email, please provide your email address       

 Email Addresses to receive notification messages       

 Mobile Number(s) to receive notification SMS text messages (Optional)       
0.46 EURO per message 

 Destination number of your own GSM-ground station        
(data will be forwarded if you are using the VECTRONIC GSM ground station in Berlin)  
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OPTIONAL: BELT INFORMATION 
 
13) BELT SHAPE:  

 OVAL  ROUND  OVAL/ROUND 

 
14) BELT WIDTH:  

 Belt Width 
 32 mm 38 mm 50 mm 63 mm 75 mm 
VERTEX Plus GLOBALSTAR / IRIDIUM      
VERTEX Plus GSM       
VERTEX Plus UHF      
VERTEX Plus Store On Board      

 
15) BELT THICKNESS:  

 Belt Width 
Belt Thickness 32 mm 38 mm 50 mm 63 mm 75 mm 
7.0 mm (X2/X2)      
5.2 mm (ST/ST)      
4.3 mm (ST/SF)      
3.3 mm (SF/SF)      

 
16) BELT EDGE OPTIONS:    
  

 Rounded Edges (Default)   Smooth Edges 
17) BELT COLOUR:  
 

Black Tan Dark Brown Yellow White 

     
Default  

no extra charge extra charge 

 
Other colours available by request, please specify extra charge:       
 
18) Labelling with contact info (max. 4 lines and max. 20 characters per line) extra charge 

 metal label plates       
 

 laser inscribed housing       
 
 
       Collar belt labelling  
e.g. vertical numbers and/or letters extra charge       
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19) Cotton layers: 1 – 6 layer extra charge 
Choose cotton layer here by drop down: 
____________________ 



From: Benjamin, Pete
To: Beyer, Arthur
Subject: Re: GPS collar order
Date: Monday, February 8, 2016 10:50:37 AM
Attachments: image002.png
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Importance: High

I think that is a good idea.  I'm thinking that the wolves will need to be marked differently than the
coyotes.  We may want to stop marking the coyotes all together (maybe using internal transmitters). 
What do you think about that?  For these landowner agreements to work the wolves will need to be as
easy to distinguish as possible.  Have you thought any more about ear tags or ways to mark the
puppies?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 8, 2016 at 9:05 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
just fyi - I'll provide Brandon an average neck measurement for the wolf collars they plan to
order.  As for the belt color being different from coyotes as a way for the public to
distinguish the two species, after talking with Mike and Ryan, I'll see if we can't have
Brandon order the wolf collars with a Yellow belt.  We can then add yellow reflective tape
once in hand.  Looking at Telonics, where we get our standard VHF collars, we can order
future collars with yellow belting also.  For the Telonics collars already in hand, we could
add the reflective tape.  Let me know your thoughts.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Wed, Feb 3, 2016 at 9:18 AM
Subject: GPS collar order
To: "Beyer, Arthur" <arthur_beyer@fws.gov>, "Harrison, Rebecca"
<rebecca_harrison@fws.gov>

Hi,

I’ve attached the order information form that I received from Vectronic Aerospace for our
next collar order for you to check out. We are purchasing ten collars this time (two different
orders of five each).

 

We discussed placing one of the orders of five collars with larger belting for potential use on
red wolves. Can you provide an average belt circumference that would be appropriate? As
you can see on the order form, they indicate that belt circumference is adjustable by +/-
10%.

 



I am going to increase the size of the coyote collars from the previous order since they were
a little smaller than I anticipated.

 

Let me know if you have any questions or concerns.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 













From: Beyer, Arthur
To: Benjamin, Pete
Subject: Re: GPS collar order
Date: Monday, February 8, 2016 11:00:20 AM
Attachments: image004.png
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I haven't thought about the pups much, but I don't think ear tags would be too evasive, just not
sure if it's been done at young ages.  I'll reach out to some vets and talk about that some more.
 

Coyotes could be implanted, thought not, that I know of, with gps capabilities, and the battery
life is much lower.  But, it's certainly possible and even if we switch over to yellow collars on
wolves, it will take a while to circulate the old black collars out of the population.

On Mon, Feb 8, 2016 at 10:50 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I think that is a good idea.  I'm thinking that the wolves will need to be marked differently than the
coyotes.  We may want to stop marking the coyotes all together (maybe using internal transmitters). 
What do you think about that?  For these landowner agreements to work the wolves will need to be
as easy to distinguish as possible.  Have you thought any more about ear tags or ways to mark the
puppies?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 8, 2016 at 9:05 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
just fyi - I'll provide Brandon an average neck measurement for the wolf collars they plan
to order.  As for the belt color being different from coyotes as a way for the public to
distinguish the two species, after talking with Mike and Ryan, I'll see if we can't have
Brandon order the wolf collars with a Yellow belt.  We can then add yellow reflective tape
once in hand.  Looking at Telonics, where we get our standard VHF collars, we can order
future collars with yellow belting also.  For the Telonics collars already in hand, we could
add the reflective tape.  Let me know your thoughts.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Wed, Feb 3, 2016 at 9:18 AM
Subject: GPS collar order
To: "Beyer, Arthur" <arthur_beyer@fws.gov>, "Harrison, Rebecca"
<rebecca_harrison@fws.gov>

Hi,

I’ve attached the order information form that I received from Vectronic Aerospace for our
next collar order for you to check out. We are purchasing ten collars this time (two



different orders of five each).

 

We discussed placing one of the orders of five collars with larger belting for potential use
on red wolves. Can you provide an average belt circumference that would be appropriate?
As you can see on the order form, they indicate that belt circumference is adjustable by +/-
10%.

 

I am going to increase the size of the coyote collars from the previous order since they
were a little smaller than I anticipated.

 

Let me know if you have any questions or concerns.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 











From: Benjamin, Pete
To: Beyer, Arthur
Subject: Re: GPS collar order
Date: Monday, February 8, 2016 11:12:13 AM
Attachments: image002.png
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I saw a picture in the last Wildlife Society newsletter of (I think) a litter of linx kittens with ear tags. 
I'll try to find it and send it to you. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 8, 2016 at 11:00 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
I haven't thought about the pups much, but I don't think ear tags would be too evasive, just
not sure if it's been done at young ages.  I'll reach out to some vets and talk about that some
more.  

Coyotes could be implanted, thought not, that I know of, with gps capabilities, and the
battery life is much lower.  But, it's certainly possible and even if we switch over to yellow
collars on wolves, it will take a while to circulate the old black collars out of the population.

On Mon, Feb 8, 2016 at 10:50 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I think that is a good idea.  I'm thinking that the wolves will need to be marked differently than
the coyotes.  We may want to stop marking the coyotes all together (maybe using internal
transmitters).  What do you think about that?  For these landowner agreements to work the wolves
will need to be as easy to distinguish as possible.  Have you thought any more about ear tags or
ways to mark the puppies?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 8, 2016 at 9:05 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
just fyi - I'll provide Brandon an average neck measurement for the wolf collars they
plan to order.  As for the belt color being different from coyotes as a way for the public
to distinguish the two species, after talking with Mike and Ryan, I'll see if we can't have
Brandon order the wolf collars with a Yellow belt.  We can then add yellow reflective
tape once in hand.  Looking at Telonics, where we get our standard VHF collars, we can
order future collars with yellow belting also.  For the Telonics collars already in hand,
we could add the reflective tape.  Let me know your thoughts.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Wed, Feb 3, 2016 at 9:18 AM
Subject: GPS collar order



To: "Beyer, Arthur" <arthur_beyer@fws.gov>, "Harrison, Rebecca"
<rebecca_harrison@fws.gov>

Hi,

I’ve attached the order information form that I received from Vectronic Aerospace for
our next collar order for you to check out. We are purchasing ten collars this time (two
different orders of five each).

 

We discussed placing one of the orders of five collars with larger belting for potential
use on red wolves. Can you provide an average belt circumference that would be
appropriate? As you can see on the order form, they indicate that belt circumference is
adjustable by +/- 10%.

 

I am going to increase the size of the coyote collars from the previous order since they
were a little smaller than I anticipated.

 

Let me know if you have any questions or concerns.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200



 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 











From: Sherrill, Brandon L
To: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria
Subject: GPS - Collared Coyote Update
Date: Monday, February 8, 2016 4:18:59 PM
Attachments: image001.png
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Importance: High

Good afternoon,
I’ve attached updated maps (and .KLM file) for the GPS-collared coyote on ARNWR. Please let me
know if you have any questions or concerns.
 
Thank you,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 











Attachment 20160208 161859_Email_GPS - Collared Coyote Update.kml (140621 Bytes) cannot be converted to PDF format.



From: Sherrill, Brandon L
To: Benjamin, Pete
Subject: RE: Coyote Update
Date: Monday, February 8, 2016 4:25:50 PM
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Importance: High

Hi Pete,
Any chance you were able to get the capture location for the GPS-collared coyote. David mentioned
wanting to share a map of locations of this coyote at the Commission meeting this week and it would
be good to show them the proximity of the private property to the release site.
 
Thank you,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Monday, February 01, 2016 10:40 AM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>
Subject: RE: Coyote Update
 
Hi Pete,
I just sent out an updated map with the coyote’s current locations. Let me know if you would like
any other information.
Can you provide me with that landowner’s location so I can include that on future maps. I would like
to show how far the release point is from the original capture location (that could be especially
beneficial if the coyote leaves the refuge). I can contact Becky/Art if you don’t have the GPS location
of the capture site.



 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Monday, February 01, 2016 9:21 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Subject: Coyote Update
 
Hi Brandon,
 
Can you give me an update on the collared coyote?  I'd like to start sharing the
information with the manager of the property from whence the animal came. 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408











From: Cobb, David T.
To: Sherrill, Brandon L; Myers, Gordon S.; Briggs, M. Kyle; Boynton, Allen; Sawyer, David T; Benjamin, Pete;

Harrison, Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria
Subject: RE: GPS - Collared Coyote Update
Date: Monday, February 8, 2016 4:39:13 PM
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COOL stuff!  Do you know where the capture location on Mr. Glass’ property is
located?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Sherrill, Brandon L 
Sent: Monday, February 08, 2016 4:19 PM
To: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Cobb, David T. <david.cobb@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Sawyer, David T <David.Sawyer@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>;
Harrison, Rebecca <rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>;
Olfenbuttel, Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Serenari, Christopher <christopher.serenari@ncwildlife.org>;
Palamar, Maria <maria.palamar@ncwildlife.org>
Subject: GPS - Collared Coyote Update
 
Good afternoon,
I’ve attached updated maps (and .KLM file) for the GPS-collared coyote on ARNWR. Please let me
know if you have any questions or concerns.
 
Thank you,



Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 











From: Cobb, David T.
To: Beyer, Arthur
Cc: Sherrill, Brandon L; Myers, Gordon S.; Briggs, M. Kyle; Boynton, Allen; Sawyer, David T; Benjamin, Pete;

Harrison, Rebecca; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria
Subject: RE: GPS - Collared Coyote Update
Date: Tuesday, February 9, 2016 8:57:38 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

10-4.  Thanks
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 
From: Beyer, Arthur [mailto:arthur_beyer@fws.gov] 
Sent: Tuesday, February 09, 2016 8:13 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Myers, Gordon S.
<gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Sawyer, David T <David.Sawyer@ncwildlife.org>; Benjamin, Pete
<pete_benjamin@fws.gov>; Harrison, Rebecca <rebecca_harrison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann <geriann.albers@ncwildlife.org>; Serenari,
Christopher <christopher.serenari@ncwildlife.org>; Palamar, Maria <maria.palamar@ncwildlife.org>
Subject: Re: GPS - Collared Coyote Update
 
David, Rodney never gave us any location information on this coyote.  I know he's done some
trapping around the NE corner of New Lake, but he also works on some properties to the
southwest of the lake also, which was where we would usually pick up the coyote during
telemetry flights.
 
On Mon, Feb 8, 2016 at 4:39 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:



COOL stuff!  Do you know where the capture location on Mr. Glass’
property is located?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 
 
From: Sherrill, Brandon L 
Sent: Monday, February 08, 2016 4:19 PM
To: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>; Sawyer, David T <David.Sawyer@ncwildlife.org>;
Benjamin, Pete <pete_benjamin@fws.gov>; Harrison, Rebecca
<rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>; Olfenbuttel,
Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Serenari, Christopher
<christopher.serenari@ncwildlife.org>; Palamar, Maria <maria.palamar@ncwildlife.org>
Subject: GPS - Collared Coyote Update
 
Good afternoon,
I’ve attached updated maps (and .KLM file) for the GPS-collared coyote on ARNWR.
Please let me know if you have any questions or concerns.
 
Thank you,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200



 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

 











From: Sherrill, Brandon L
To: Benjamin, Pete; Beyer, Arthur; Cobb, David T.; Harrison, Rebecca; Shipley, Andrea J
Subject: RE: AP Coyote: updated map
Date: Thursday, February 25, 2016 12:44:53 PM
Attachments: image001.png
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Hi Pete,
The collars are collecting six locations a day (although I may change that to an odd number so that
the times they record points will vary throughout the week).
We had originally discussed using a “virtual fence” that would alter the scheduling of points
depending on the animal’s location; however, that was before we had done much research on the
types of collars that were available for use on canids. I think our original thought was to emulate the
Urban Bear Study where their collars take more points within the city limits (I think every two hours
when they are in Asheville), but of course, bear can wear collars with much larger batteries, allowing
for this frequent schedule. Due to the smaller battery needed for our collars, I would not
recommend increasing the number of points collected per day. That would significantly shorten the
life of the collars.
 
That is my suggestion, but am willing to discuss it further if there are other opinions.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 9:39 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer <arthur_beyer@fws.gov>;
Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca Harrison <rebecca_harrison@fws.gov>;



Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
Thanks Brandon,
 
How is the collar currently programmed?  How often is it set to report locations? 
Now that the animal has left the refuge should we start tracking it more closely?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 9:15 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

I’ve attached the most recent map (and .KML file) containing GPS data for the collared
coyote that was released on Alligator River NWR. Please let me know if you have any
questions or concerns.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

 











From: Benjamin, Pete
To: Sherrill, Brandon L
Cc: Beyer, Arthur; Cobb, David T.; Harrison, Rebecca; Shipley, Andrea J
Subject: Re: AP Coyote: updated map
Date: Thursday, February 25, 2016 1:06:41 PM
Attachments: image001.png
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That makes sense.  I didn't realize we were getting 6 locations per day.  If that's the case, I'm guessing
the .jpg you provided doesn't show all the locations?  If it does then the animal went from well to the
North on the east side of Alligator River to the well to the North on the west side in less than a day.  I
like the idea of going to an odd number.  BTW, what was the time sequence on the animal's big move
to the west?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Feb 25, 2016 at 12:44 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,

The collars are collecting six locations a day (although I may change that to an odd number so that
the times they record points will vary throughout the week).

We had originally discussed using a “virtual fence” that would alter the scheduling of points
depending on the animal’s location; however, that was before we had done much research on the
types of collars that were available for use on canids. I think our original thought was to emulate
the Urban Bear Study where their collars take more points within the city limits (I think every two
hours when they are in Asheville), but of course, bear can wear collars with much larger batteries,
allowing for this frequent schedule. Due to the smaller battery needed for our collars, I would not
recommend increasing the number of points collected per day. That would significantly shorten
the life of the collars.

 

That is my suggestion, but am willing to discuss it further if there are other opinions.

 

Brandon

 

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

 



Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 9:39 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer <arthur_beyer@fws.gov>;
Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca Harrison <rebecca_harrison@fws.gov>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map

 

Thanks Brandon,

 

How is the collar currently programmed?  How often is it set to report locations? 
Now that the animal has left the refuge should we start tracking it more closely?  



Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

On Thu, Feb 25, 2016 at 9:15 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

I’ve attached the most recent map (and .KML file) containing GPS data for the collared
coyote that was released on Alligator River NWR. Please let me know if you have any
questions or concerns.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 



         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 











From: Sherrill, Brandon L
To: Benjamin, Pete
Cc: Beyer, Arthur; Cobb, David T.; Harrison, Rebecca; Shipley, Andrea J
Subject: RE: AP Coyote: updated map
Date: Thursday, February 25, 2016 1:26:19 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

You are correct. I probably should have made that clear in my email. When points are very close
together, Google earth clumps them into a single point. Additionally, not all fixes are successfully
transmitted, so there may be a point missing between some locations.
In order to view all locations and see the recorded times you’ll need to open the .KML file in Google
Earth.
The main excursion from where it has been the last several weeks to the current location took just
over a day, from late Saturday night to early Monday morning. The last point that would have been
northwest of the bombing range in Dare County was at 11pm on 2/20. It then proceeded south. The
point located in Hyde County was at 3pm on 2/21. The northern most point in Tyrrell County was
recorded at 3am on 2/22. The last recorded point was a 7pm on 2/23.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 1:07 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 



That makes sense.  I didn't realize we were getting 6 locations per day.  If that's the
case, I'm guessing the .jpg you provided doesn't show all the locations?  If it does
then the animal went from well to the North on the east side of Alligator River to
the well to the North on the west side in less than a day.  I like the idea of going to
an odd number.  BTW, what was the time sequence on the animal's big move to the
west?
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 12:44 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,
The collars are collecting six locations a day (although I may change that to an odd number so that
the times they record points will vary throughout the week).
We had originally discussed using a “virtual fence” that would alter the scheduling of points
depending on the animal’s location; however, that was before we had done much research on the
types of collars that were available for use on canids. I think our original thought was to emulate
the Urban Bear Study where their collars take more points within the city limits (I think every two
hours when they are in Asheville), but of course, bear can wear collars with much larger batteries,
allowing for this frequent schedule. Due to the smaller battery needed for our collars, I would not
recommend increasing the number of points collected per day. That would significantly shorten
the life of the collars.
 
That is my suggestion, but am willing to discuss it further if there are other opinions.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 



 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 9:39 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer <arthur_beyer@fws.gov>;
Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca Harrison <rebecca_harrison@fws.gov>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
Thanks Brandon,
 
How is the collar currently programmed?  How often is it set to report locations? 
Now that the animal has left the refuge should we start tracking it more closely?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 9:15 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

I’ve attached the most recent map (and .KML file) containing GPS data for the collared
coyote that was released on Alligator River NWR. Please let me know if you have any
questions or concerns.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

 

 













From: Cobb, David T.
To: Sherrill, Brandon L; Benjamin, Pete
Cc: Beyer, Arthur; Harrison, Rebecca; Shipley, Andrea J
Subject: RE: AP Coyote: updated map
Date: Thursday, February 25, 2016 1:36:12 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Brandon,
 
Will you add the boundary files for the refuges?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 
From: Sherrill, Brandon L 
Sent: Thursday, February 25, 2016 1:26 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: AP Coyote: updated map
 
You are correct. I probably should have made that clear in my email. When points are very close
together, Google earth clumps them into a single point. Additionally, not all fixes are successfully
transmitted, so there may be a point missing between some locations.
In order to view all locations and see the recorded times you’ll need to open the .KML file in Google
Earth.
The main excursion from where it has been the last several weeks to the current location took just
over a day, from late Saturday night to early Monday morning. The last point that would have been
northwest of the bombing range in Dare County was at 11pm on 2/20. It then proceeded south. The



point located in Hyde County was at 3pm on 2/21. The northern most point in Tyrrell County was
recorded at 3am on 2/22. The last recorded point was a 7pm on 2/23.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 1:07 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
That makes sense.  I didn't realize we were getting 6 locations per day.  If that's the
case, I'm guessing the .jpg you provided doesn't show all the locations?  If it does
then the animal went from well to the North on the east side of Alligator River to
the well to the North on the west side in less than a day.  I like the idea of going to
an odd number.  BTW, what was the time sequence on the animal's big move to the
west?
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 12:44 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,
The collars are collecting six locations a day (although I may change that to an odd number so that



the times they record points will vary throughout the week).
We had originally discussed using a “virtual fence” that would alter the scheduling of points
depending on the animal’s location; however, that was before we had done much research on the
types of collars that were available for use on canids. I think our original thought was to emulate
the Urban Bear Study where their collars take more points within the city limits (I think every two
hours when they are in Asheville), but of course, bear can wear collars with much larger batteries,
allowing for this frequent schedule. Due to the smaller battery needed for our collars, I would not
recommend increasing the number of points collected per day. That would significantly shorten
the life of the collars.
 
That is my suggestion, but am willing to discuss it further if there are other opinions.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 9:39 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer <arthur_beyer@fws.gov>;
Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca Harrison <rebecca_harrison@fws.gov>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
Thanks Brandon,
 
How is the collar currently programmed?  How often is it set to report locations? 
Now that the animal has left the refuge should we start tracking it more closely?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office



Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 9:15 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

I’ve attached the most recent map (and .KML file) containing GPS data for the collared
coyote that was released on Alligator River NWR. Please let me know if you have any
questions or concerns.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

 
 











From: Benjamin, Pete
To: Cobb, David T.
Cc: Sherrill, Brandon L; Beyer, Arthur; Harrison, Rebecca; Shipley, Andrea J
Subject: Re: AP Coyote: updated map
Date: Thursday, February 25, 2016 1:39:18 PM
Attachments: image004.png

image003.png
image001.png
image002.png

Importance: High

It is very impressive to see the animal move that quickly across that terrain.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Feb 25, 2016 at 1:36 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Brandon,

 

Will you add the boundary files for the refuges?

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 



 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Thursday, February 25, 2016 1:26 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: AP Coyote: updated map

 

You are correct. I probably should have made that clear in my email. When points are very close
together, Google earth clumps them into a single point. Additionally, not all fixes are successfully
transmitted, so there may be a point missing between some locations.

In order to view all locations and see the recorded times you’ll need to open the .KML file in
Google Earth.

The main excursion from where it has been the last several weeks to the current location took just
over a day, from late Saturday night to early Monday morning. The last point that would have
been northwest of the bombing range in Dare County was at 11pm on 2/20. It then proceeded
south. The point located in Hyde County was at 3pm on 2/21. The northern most point in Tyrrell
County was recorded at 3am on 2/22. The last recorded point was a 7pm on 2/23.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist



 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 1:07 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map

 

That makes sense.  I didn't realize we were getting 6 locations per day.  If that's
the case, I'm guessing the .jpg you provided doesn't show all the locations?  If it
does then the animal went from well to the North on the east side of Alligator
River to the well to the North on the west side in less than a day.  I like the idea
of going to an odd number.  BTW, what was the time sequence on the animal's big
move to the west?

 

Pete Benjamin

Field Supervisor



Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

On Thu, Feb 25, 2016 at 12:44 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,

The collars are collecting six locations a day (although I may change that to an odd number so
that the times they record points will vary throughout the week).

We had originally discussed using a “virtual fence” that would alter the scheduling of points
depending on the animal’s location; however, that was before we had done much research on
the types of collars that were available for use on canids. I think our original thought was to
emulate the Urban Bear Study where their collars take more points within the city limits (I think
every two hours when they are in Asheville), but of course, bear can wear collars with much
larger batteries, allowing for this frequent schedule. Due to the smaller battery needed for our
collars, I would not recommend increasing the number of points collected per day. That would
significantly shorten the life of the collars.

 

That is my suggestion, but am willing to discuss it further if there are other opinions.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299



office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 9:39 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer
<arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca Harrison
<rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map

 

Thanks Brandon,

 

How is the collar currently programmed?  How often is it set to report
locations?  Now that the animal has left the refuge should we start tracking it
more closely?  

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 



On Thu, Feb 25, 2016 at 9:15 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

I’ve attached the most recent map (and .KML file) containing GPS data for the collared
coyote that was released on Alligator River NWR. Please let me know if you have any
questions or concerns.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 



 











From: Sherrill, Brandon L
To: Benjamin, Pete; Cobb, David T.
Cc: Beyer, Arthur; Harrison, Rebecca; Shipley, Andrea J
Subject: RE: AP Coyote: updated map
Date: Thursday, February 25, 2016 1:45:26 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

I can add federal boundaries. Would you like to see it with this data, or just on future maps?
 
It is really cool how quickly these animals travel!
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 1:39 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer <arthur_beyer@fws.gov>;
Rebecca Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
It is very impressive to see the animal move that quickly across that terrain.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 



On Thu, Feb 25, 2016 at 1:36 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Brandon,
 
Will you add the boundary files for the refuges?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Sherrill, Brandon L 
Sent: Thursday, February 25, 2016 1:26 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: AP Coyote: updated map
 
You are correct. I probably should have made that clear in my email. When points are very close
together, Google earth clumps them into a single point. Additionally, not all fixes are successfully
transmitted, so there may be a point missing between some locations.
In order to view all locations and see the recorded times you’ll need to open the .KML file in
Google Earth.
The main excursion from where it has been the last several weeks to the current location took just
over a day, from late Saturday night to early Monday morning. The last point that would have
been northwest of the bombing range in Dare County was at 11pm on 2/20. It then proceeded
south. The point located in Hyde County was at 3pm on 2/21. The northern most point in Tyrrell
County was recorded at 3am on 2/22. The last recorded point was a 7pm on 2/23.
 
Brandon
 
---------------------------------------------------------------------
 



Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 1:07 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
That makes sense.  I didn't realize we were getting 6 locations per day.  If that's
the case, I'm guessing the .jpg you provided doesn't show all the locations?  If it
does then the animal went from well to the North on the east side of Alligator
River to the well to the North on the west side in less than a day.  I like the idea
of going to an odd number.  BTW, what was the time sequence on the animal's big
move to the west?
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 12:44 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,
The collars are collecting six locations a day (although I may change that to an odd number so
that the times they record points will vary throughout the week).
We had originally discussed using a “virtual fence” that would alter the scheduling of points
depending on the animal’s location; however, that was before we had done much research on
the types of collars that were available for use on canids. I think our original thought was to
emulate the Urban Bear Study where their collars take more points within the city limits (I think
every two hours when they are in Asheville), but of course, bear can wear collars with much
larger batteries, allowing for this frequent schedule. Due to the smaller battery needed for our



collars, I would not recommend increasing the number of points collected per day. That would
significantly shorten the life of the collars.
 
That is my suggestion, but am willing to discuss it further if there are other opinions.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 9:39 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer
<arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca Harrison
<rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
Thanks Brandon,
 
How is the collar currently programmed?  How often is it set to report
locations?  Now that the animal has left the refuge should we start tracking it
more closely?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 9:15 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

I’ve attached the most recent map (and .KML file) containing GPS data for the collared
coyote that was released on Alligator River NWR. Please let me know if you have any



questions or concerns.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Cobb, David T.
To: Sherrill, Brandon L; Benjamin, Pete
Cc: Beyer, Arthur; Harrison, Rebecca; Shipley, Andrea J
Subject: RE: AP Coyote: updated map
Date: Thursday, February 25, 2016 2:01:32 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Yes it is.  You can wait for the next map.  Thanks!
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Sherrill, Brandon L 
Sent: Thursday, February 25, 2016 1:45 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Rebecca Harrison <rebecca_harrison@fws.gov>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: AP Coyote: updated map
 
I can add federal boundaries. Would you like to see it with this data, or just on future maps?
 
It is really cool how quickly these animals travel!
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 



NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 1:39 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer <arthur_beyer@fws.gov>;
Rebecca Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
It is very impressive to see the animal move that quickly across that terrain.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 1:36 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Brandon,
 
Will you add the boundary files for the refuges?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 



         
 

 
From: Sherrill, Brandon L 
Sent: Thursday, February 25, 2016 1:26 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca
Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: AP Coyote: updated map
 
You are correct. I probably should have made that clear in my email. When points are very close
together, Google earth clumps them into a single point. Additionally, not all fixes are successfully
transmitted, so there may be a point missing between some locations.
In order to view all locations and see the recorded times you’ll need to open the .KML file in
Google Earth.
The main excursion from where it has been the last several weeks to the current location took just
over a day, from late Saturday night to early Monday morning. The last point that would have
been northwest of the bombing range in Dare County was at 11pm on 2/20. It then proceeded
south. The point located in Hyde County was at 3pm on 2/21. The northern most point in Tyrrell
County was recorded at 3am on 2/22. The last recorded point was a 7pm on 2/23.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 1:07 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Arthur Beyer <arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca



Harrison <rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
That makes sense.  I didn't realize we were getting 6 locations per day.  If that's
the case, I'm guessing the .jpg you provided doesn't show all the locations?  If it
does then the animal went from well to the North on the east side of Alligator
River to the well to the North on the west side in less than a day.  I like the idea
of going to an odd number.  BTW, what was the time sequence on the animal's big
move to the west?
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 12:44 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,
The collars are collecting six locations a day (although I may change that to an odd number so
that the times they record points will vary throughout the week).
We had originally discussed using a “virtual fence” that would alter the scheduling of points
depending on the animal’s location; however, that was before we had done much research on
the types of collars that were available for use on canids. I think our original thought was to
emulate the Urban Bear Study where their collars take more points within the city limits (I think
every two hours when they are in Asheville), but of course, bear can wear collars with much
larger batteries, allowing for this frequent schedule. Due to the smaller battery needed for our
collars, I would not recommend increasing the number of points collected per day. That would
significantly shorten the life of the collars.
 
That is my suggestion, but am willing to discuss it further if there are other opinions.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 



         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, February 25, 2016 9:39 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Arthur Beyer
<arthur_beyer@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Rebecca Harrison
<rebecca_harrison@fws.gov>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: AP Coyote: updated map
 
Thanks Brandon,
 
How is the collar currently programmed?  How often is it set to report
locations?  Now that the animal has left the refuge should we start tracking it
more closely?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Thu, Feb 25, 2016 at 9:15 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

I’ve attached the most recent map (and .KML file) containing GPS data for the collared
coyote that was released on Alligator River NWR. Please let me know if you have any
questions or concerns.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Rodney Glass
To: Benjamin, Pete
Subject: RE: Update
Date: Monday, February 29, 2016 6:23:19 PM
Importance: High

Can you make it out to me and anyone I hire?
 

Date: Mon, 29 Feb 2016 12:47:44 -0500
Subject: Re: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hey Rodney,  

Are you still doing the trapping yourself?  I need to know whose name to put on the authorization
letter. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Sat, Feb 27, 2016 at 8:38 PM, Rodney Glass <mrrglass@hotmail.com> wrote:

Thanks

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 20:05:40 -0500

Subject: RE: Update
To: mrrglass@hotmail.com

Yeah, I don't see why we couldn't do that again.  I'll work on the authorization on
Monday. 

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------



From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 7:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

That's correct.
 

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 18:49:28 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

I trying to remember - Last year did we authorize you to trap under our state
permit?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 5:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Pete,

Trapping goes out Monday and I would like to keep going for awhile.  Would it
be possible to get a permit again?  Thanks.

rg

From: pete_benjamin@fws.gov
Date: Fri, 26 Feb 2016 09:26:48 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

Yes, she's sterile.  It is interesting that she didn't just turn left and head straight
back to New Lake.



Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/26/2016 8:31 AM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Morning Pete.  One question, is that coyote sterile?  Did you spay it before re-
release?  Thanks.
 
rg
 

From: mrrglass@hotmail.com
To: pete_benjamin@fws.gov
Subject: RE: Update
Date: Thu, 25 Feb 2016 18:41:49 -0500

Hi Pete.  I hate to say I told you it was going to come back, but I told it would
come back.  :)

We've been trapping.  Weather hasn't been great for it.  Biggest problem is that
these things know they are being trapped.  Been there, done that.  Seen that
bait, smelled that lure.  We are trying some new stuff.  May want to get a
depredation permit to keep going awhile.  Thanks for the update.

rg

Date: Thu, 25 Feb 2016 09:36:45 -0500
Subject: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi Rodney,



Attached is the latest location info on the GPS-collared coyote.  Looks like it has flown
the coop.  I'm going to ask the WRC if we can start getting more frequent location fixes
on the animal now that it is off-refuge.  

Also, the last time we talked you said you were planning to do some trapping.  Any
luck?  Hope your are well.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Sherrill, Brandon L
To: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley,
Andrea J

Cc: richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd, Joe; Clark, John; Clifton,
Ray; Clifton, Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville, Tommy;
Hanks, Neal; Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence, Gary;
Stone, John; White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: GPS-collared Coyote: Updated Map
Date: Saturday, March 5, 2016 5:18:33 PM
Attachments: image001.png

image002.png
image003.png
image004.png
GPS_Collar18962_20160304083336.kml

Importance: High

Good afternoon,
I have attached the most recent map with data on the location of the GPS-collared coyote that was
released on Alligator River NWR back in January. I’ve also included a .KML file that can be opened in
Google Earth if you would like to manipulate the map and get a little more information on each GPS

point. The coyote’s last recorded location was in southern Tyrrell County on March 3rd.
 
Please let me know if you have any questions or concerns.
 
Brandon
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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Attachment 20160305 171833_Email_GPS-collared Coyote_ Updated Map.kml (337125 Bytes) cannot be converted to PDF format.



From: John Clark
To: Sherrill, Brandon L
Cc: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley,
Andrea J; richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd, Joe; Clifton,
Ray; Clifton, Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville, Tommy;
Hanks, Neal; Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence, Gary;
Stone, John; White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: Re: GPS-collared Coyote: Updated Map
Date: Saturday, March 5, 2016 9:30:39 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Brandon,

This is good information for us to have. Thanks for sending it. Could you possibly highlight
the refuge boundaries on the map?  

John Litton Clark
Sampson Bladen Oil Co
Han-Dee Hugo's
910-596-7879

On Mar 5, 2016, at 5:18 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,
I have attached the most recent map with data on the location of the GPS-collared
coyote that was released on Alligator River NWR back in January. I’ve also included a
.KML file that can be opened in Google Earth if you would like to manipulate the map
and get a little more information on each GPS point. The coyote’s last recorded

location was in southern Tyrrell County on March 3rd.
 
Please let me know if you have any questions or concerns.
 
Brandon
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Cobb, David T.
To: Clark, John
Cc: richard.edwards@henryschein.com; Spence, Gary; Hanks, Neal; Clifton, Ray (Personal); Budd, Joe; Clifton, Ray;

Sawyer, David T; Craig, Mark; Stone, John; Boynton, Allen; Proctor, Dean; Myers, Gordon S.; Berry, Tom; Spear,
Timothy L; Beyer, Arthur; Seegars, Wes; Benjamin, Pete; Harrison, Rebecca; White, Brian W; Shipley, Andrea J;
White, Brian; Zimmer, Landon; Edwards, Richard; Cogdell, Jim; Briggs, M. Kyle; Haywood, Betsy; Seegars, Wes;
Fonville, Tommy; Coley, John T.; Albers, Geriann; Johnson, Mike (Commissioner); Palamar, Maria; Serenari,
Christopher; Sherrill, Brandon L; Olfenbuttel, Colleen

Subject: Re: GPS-collared Coyote: Updated Map
Date: Sunday, March 6, 2016 10:56:44 AM
Importance: High

Brandon has been trying to add the refuge boundaries but we have not yet gotten the shape file
for Alligator River refuge. Hopefully this will come through early next week.

Sent from my Verizon 4G LTE Smartphone
On Mar 5, 2016 9:31 PM, John Clark <John.Clark@sampsonbladen.com> wrote:
Brandon,

This is good information for us to have. Thanks for sending it. Could you possibly highlight
the refuge boundaries on the map?  

John Litton Clark
Sampson Bladen Oil Co
Han-Dee Hugo's
910-596-7879

On Mar 5, 2016, at 5:18 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,
I have attached the most recent map with data on the location of the GPS-collared
coyote that was released on Alligator River NWR back in January. I’ve also included a
.KML file that can be opened in Google Earth if you would like to manipulate the map
and get a little more information on each GPS point. The coyote’s last recorded

location was in southern Tyrrell County on March 3rd.
 
Please let me know if you have any questions or concerns.
 
Brandon
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Sherrill, Brandon L
To: Clark, John
Cc: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley,
Andrea J; richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd, Joe; Clifton,
Ray; Clifton, Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville, Tommy;
Hanks, Neal; Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence, Gary;
Stone, John; White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: RE: GPS-collared Coyote: Updated Map
Date: Monday, March 7, 2016 2:34:41 PM
Attachments: image001.png

image002.png
image003.png
image004.png
GPS_Collar18962_20160307110339.kml

Importance: High

Good afternoon,
I’ve attached an updated map that includes refuge boundaries. Please let me know if you have any
questions or concerns, or if you’d like to see any other information included on these maps.
I’ve also attached the .KML file in case you are still interested in checking out the data in Google
Earth (don’t hesitate to contact me if you have any trouble viewing the data in that program).
 
Sincerely,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: John Clark [mailto:John.Clark@sampsonbladen.com] 
Sent: Saturday, March 05, 2016 9:31 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Cobb, David T. <david.cobb@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Sawyer, David T <David.Sawyer@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>;
Harrison, Rebecca <rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>;



Olfenbuttel, Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Serenari, Christopher <christopher.serenari@ncwildlife.org>;
Palamar, Maria <maria.palamar@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>;
richard.edwards@henryschein.com; White, Brian W <brian.white@ncwildlife.org>; Seegars, Wes
<wes.seegars@ncwildlife.org>; Berry, Tom <tom.berry@berico.com>; Budd, Joe
<jbudd@buddgroup.com>; Clifton, Ray <Ray.Clifton@ncwildlife.org>; Clifton, Ray (Personal)
<rmdlclifton@gmail.com>; Cogdell, Jim <jcogdell@forkstables.com>; Coley, John T.
<coley@bpropnc.com>; Craig, Mark <mcraig@rhbarringer.com>; Edwards, Richard
<richard.edwards@ncwildlife.org>; Fonville, Tommy <tfonville@fmrealty.com>; Hanks, Neal
<4ncwildlife@gmail.com>; Johnson, Mike (Commissioner) <mjohnson@hickorytoyota.com>;
Proctor, Dean <dproctor@unitedbevnc.com>; Seegars, Wes <wes@seegarsfence.com>; Spear,
Timothy L <timothy.spear@ncwildlife.org>; Spence, Gary <spence.ncwrc@gmail.com>; Stone, John
<john.stone@ncwildlife.org>; White, Brian <Brian@atmusa.com>; Zimmer, Landon
<landon.zimmer@ncwildlife.org>; Haywood, Betsy <betsy.haywood@ncwildlife.org>
Subject: Re: GPS-collared Coyote: Updated Map
 
Brandon,
 
This is good information for us to have. Thanks for sending it. Could you possibly highlight the refuge
boundaries on the map?  

John Litton Clark
Sampson Bladen Oil Co
Han-Dee Hugo's
910-596-7879

On Mar 5, 2016, at 5:18 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,
I have attached the most recent map with data on the location of the GPS-collared
coyote that was released on Alligator River NWR back in January. I’ve also included a
.KML file that can be opened in Google Earth if you would like to manipulate the map
and get a little more information on each GPS point. The coyote’s last recorded

location was in southern Tyrrell County on March 3rd.
 
Please let me know if you have any questions or concerns.
 
Brandon
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299



office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Shipley, Andrea J
To: Sherrill, Brandon L; Clark, John
Cc: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria;
richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd, Joe; Clifton, Ray; Clifton,
Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville, Tommy; Hanks, Neal;
Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence, Gary; Stone, John;
White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: RE: GPS-collared Coyote: Updated Map
Date: Monday, March 7, 2016 2:40:05 PM
Attachments: image009.png
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Importance: High

Where it was located as of last Friday, is that area close to where it had been captured?
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 

From: Sherrill, Brandon L 
Sent: Monday, March 07, 2016 2:35 PM
To: Clark, John <john.clark@sampsonbladen.com>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Cobb, David T. <david.cobb@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Sawyer, David T <David.Sawyer@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>;
Harrison, Rebecca <rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>;
Olfenbuttel, Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Serenari, Christopher <christopher.serenari@ncwildlife.org>;
Palamar, Maria <maria.palamar@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>;
richard.edwards@henryschein.com; White, Brian W <brian.white@ncwildlife.org>; Seegars, Wes
<wes.seegars@ncwildlife.org>; Berry, Tom <tom.berry@berico.com>; Budd, Joe
<jbudd@buddgroup.com>; Clifton, Ray <Ray.Clifton@ncwildlife.org>; Clifton, Ray (Personal)
<rmdlclifton@gmail.com>; Cogdell, Jim <jcogdell@forkstables.com>; Coley, John T.
<coley@bpropnc.com>; Craig, Mark <mcraig@rhbarringer.com>; Edwards, Richard
<richard.edwards@ncwildlife.org>; Fonville, Tommy <tfonville@fmrealty.com>; Hanks, Neal
<4ncwildlife@gmail.com>; Johnson, Mike (Commissioner) <mjohnson@hickorytoyota.com>;



Proctor, Dean <dproctor@unitedbevnc.com>; Seegars, Wes <wes@seegarsfence.com>; Spear,
Timothy L <timothy.spear@ncwildlife.org>; Spence, Gary <spence.ncwrc@gmail.com>; Stone, John
<john.stone@ncwildlife.org>; White, Brian <Brian@atmusa.com>; Zimmer, Landon
<landon.zimmer@ncwildlife.org>; Haywood, Betsy <betsy.haywood@ncwildlife.org>
Subject: RE: GPS-collared Coyote: Updated Map
 
Good afternoon,
I’ve attached an updated map that includes refuge boundaries. Please let me know if you have any
questions or concerns, or if you’d like to see any other information included on these maps.
I’ve also attached the .KML file in case you are still interested in checking out the data in Google
Earth (don’t hesitate to contact me if you have any trouble viewing the data in that program).
 
Sincerely,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: John Clark [mailto:John.Clark@sampsonbladen.com] 
Sent: Saturday, March 05, 2016 9:31 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Cobb, David T. <david.cobb@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Sawyer, David T <David.Sawyer@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>;
Harrison, Rebecca <rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>;
Olfenbuttel, Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Serenari, Christopher <christopher.serenari@ncwildlife.org>;
Palamar, Maria <maria.palamar@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>;
richard.edwards@henryschein.com; White, Brian W <brian.white@ncwildlife.org>; Seegars, Wes
<wes.seegars@ncwildlife.org>; Berry, Tom <tom.berry@berico.com>; Budd, Joe
<jbudd@buddgroup.com>; Clifton, Ray <Ray.Clifton@ncwildlife.org>; Clifton, Ray (Personal)



<rmdlclifton@gmail.com>; Cogdell, Jim <jcogdell@forkstables.com>; Coley, John T.
<coley@bpropnc.com>; Craig, Mark <mcraig@rhbarringer.com>; Edwards, Richard
<richard.edwards@ncwildlife.org>; Fonville, Tommy <tfonville@fmrealty.com>; Hanks, Neal
<4ncwildlife@gmail.com>; Johnson, Mike (Commissioner) <mjohnson@hickorytoyota.com>;
Proctor, Dean <dproctor@unitedbevnc.com>; Seegars, Wes <wes@seegarsfence.com>; Spear,
Timothy L <timothy.spear@ncwildlife.org>; Spence, Gary <spence.ncwrc@gmail.com>; Stone, John
<john.stone@ncwildlife.org>; White, Brian <Brian@atmusa.com>; Zimmer, Landon
<landon.zimmer@ncwildlife.org>; Haywood, Betsy <betsy.haywood@ncwildlife.org>
Subject: Re: GPS-collared Coyote: Updated Map
 
Brandon,
 
This is good information for us to have. Thanks for sending it. Could you possibly highlight the refuge
boundaries on the map?  

John Litton Clark
Sampson Bladen Oil Co
Han-Dee Hugo's
910-596-7879

On Mar 5, 2016, at 5:18 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,
I have attached the most recent map with data on the location of the GPS-collared
coyote that was released on Alligator River NWR back in January. I’ve also included a
.KML file that can be opened in Google Earth if you would like to manipulate the map
and get a little more information on each GPS point. The coyote’s last recorded

location was in southern Tyrrell County on March 3rd.
 
Please let me know if you have any questions or concerns.
 
Brandon
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Benjamin, Pete
To: Rodney Glass
Subject: Fwd: GPS-collared Coyote: Updated Map
Date: Monday, March 7, 2016 3:27:15 PM
Attachments: image002.png
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Importance: High

Hi Rodney,

We are still processing the request to authorize your trapper to work under our State permit.  Should
have that ready soon.  Also attached is the latest update on the collared coyote.  I guess Dorothy was
right - there's no place like home. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Sat, Mar 5, 2016 at 5:18 PM
Subject: GPS-collared Coyote: Updated Map
To: "Myers, Gordon S." <gordon.myers@ncwildlife.org>, "Briggs, M. Kyle"
<kyle.briggs@ncwildlife.org>, "Cobb, David T." <david.cobb@ncwildlife.org>, "Boynton,
Allen" <allen.boynton@ncwildlife.org>, "Sawyer, David T"
<David.Sawyer@ncwildlife.org>, "Benjamin, Pete" <pete_benjamin@fws.gov>, "Harrison,
Rebecca" <rebecca_harrison@fws.gov>, "Beyer, Arthur" <arthur_beyer@fws.gov>,
"Olfenbuttel, Colleen" <Colleen.Olfenbuttel@ncwildlife.org>, "Albers, Geriann"
<geriann.albers@ncwildlife.org>, "Serenari, Christopher"
<christopher.serenari@ncwildlife.org>, "Palamar, Maria" <maria.palamar@ncwildlife.org>,
"Shipley, Andrea J" <andrea.shipley@ncwildlife.org>
Cc: "richard.edwards@henryschein.com" <richard.edwards@henryschein.com>, "White,
Brian W" <brian.white@ncwildlife.org>, "Seegars, Wes" <wes.seegars@ncwildlife.org>,
"Berry, Tom" <tom.berry@berico.com>, "Budd, Joe" <jbudd@buddgroup.com>, "Clark,
John" <john.clark@sampsonbladen.com>, "Clifton, Ray" <Ray.Clifton@ncwildlife.org>,
"Clifton, Ray (Personal)" <rmdlclifton@gmail.com>, "Cogdell, Jim"
<jcogdell@forkstables.com>, "Coley, John T." <coley@bpropnc.com>, "Craig, Mark"
<mcraig@rhbarringer.com>, "Edwards, Richard" <richard.edwards@ncwildlife.org>,
"Fonville, Tommy" <tfonville@fmrealty.com>, "Hanks, Neal" <4ncwildlife@gmail.com>,
"Johnson, Mike (Commissioner)" <mjohnson@hickorytoyota.com>, "Proctor, Dean"
<dproctor@unitedbevnc.com>, "Seegars, Wes" <wes@seegarsfence.com>, "Spear, Timothy
L" <timothy.spear@ncwildlife.org>, "Spence, Gary" <spence.ncwrc@gmail.com>, "Stone,
John" <john.stone@ncwildlife.org>, "White, Brian" <Brian@atmusa.com>, "Zimmer,
Landon" <landon.zimmer@ncwildlife.org>, "Haywood, Betsy"
<betsy.haywood@ncwildlife.org>

Good afternoon,



I have attached the most recent map with data on the location of the GPS-collared coyote that
was released on Alligator River NWR back in January. I’ve also included a .KML file that can
be opened in Google Earth if you would like to manipulate the map and get a little more
information on each GPS point. The coyote’s last recorded location was in southern Tyrrell
County on March 3rd.

 

Please let me know if you have any questions or concerns.

 

Brandon

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Beyer, Arthur
To: Shipley, Andrea J
Cc: Sherrill, Brandon L; Clark, John; Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer,

David T; Benjamin, Pete; Harrison, Rebecca; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher;
Palamar, Maria; richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd, Joe;
Clifton, Ray; Clifton, Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville,
Tommy; Hanks, Neal; Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence,
Gary; Stone, John; White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: Re: GPS-collared Coyote: Updated Map
Date: Monday, March 7, 2016 4:00:09 PM
Attachments: image012.png
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Importance: High

Not sure exactly where Glass caught it, but am guessing the last location puts it just to the east
of the farms he might have been trapping.

On Mon, Mar 7, 2016 at 2:40 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:

Where it was located as of last Friday, is that area close to where it had been captured?

 

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

Andrea J. Shipley

Temporary Canid Biologist

 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 



From: Sherrill, Brandon L 
Sent: Monday, March 07, 2016 2:35 PM
To: Clark, John <john.clark@sampsonbladen.com>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>; Sawyer, David T <David.Sawyer@ncwildlife.org>;
Benjamin, Pete <pete_benjamin@fws.gov>; Harrison, Rebecca
<rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>; Olfenbuttel,
Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Serenari, Christopher
<christopher.serenari@ncwildlife.org>; Palamar, Maria <maria.palamar@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>; richard.edwards@henryschein.com;
White, Brian W <brian.white@ncwildlife.org>; Seegars, Wes
<wes.seegars@ncwildlife.org>; Berry, Tom <tom.berry@berico.com>; Budd, Joe
<jbudd@buddgroup.com>; Clifton, Ray <Ray.Clifton@ncwildlife.org>; Clifton, Ray
(Personal) <rmdlclifton@gmail.com>; Cogdell, Jim <jcogdell@forkstables.com>; Coley,
John T. <coley@bpropnc.com>; Craig, Mark <mcraig@rhbarringer.com>; Edwards,
Richard <richard.edwards@ncwildlife.org>; Fonville, Tommy <tfonville@fmrealty.com>;
Hanks, Neal <4ncwildlife@gmail.com>; Johnson, Mike (Commissioner)
<mjohnson@hickorytoyota.com>; Proctor, Dean <dproctor@unitedbevnc.com>; Seegars,
Wes <wes@seegarsfence.com>; Spear, Timothy L <timothy.spear@ncwildlife.org>;
Spence, Gary <spence.ncwrc@gmail.com>; Stone, John <john.stone@ncwildlife.org>;
White, Brian <Brian@atmusa.com>; Zimmer, Landon <landon.zimmer@ncwildlife.org>;
Haywood, Betsy <betsy.haywood@ncwildlife.org>
Subject: RE: GPS-collared Coyote: Updated Map

 

Good afternoon,

I’ve attached an updated map that includes refuge boundaries. Please let me know if you
have any questions or concerns, or if you’d like to see any other information included on
these maps.

I’ve also attached the .KML file in case you are still interested in checking out the data in
Google Earth (don’t hesitate to contact me if you have any trouble viewing the data in that
program).

 

Sincerely,

Brandon

 

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

 

Brandon L. Sherrill



Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: John Clark [mailto:John.Clark@sampsonbladen.com] 
Sent: Saturday, March 05, 2016 9:31 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>; Sawyer, David T <David.Sawyer@ncwildlife.org>;
Benjamin, Pete <pete_benjamin@fws.gov>; Harrison, Rebecca
<rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>; Olfenbuttel,
Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Serenari, Christopher
<christopher.serenari@ncwildlife.org>; Palamar, Maria <maria.palamar@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>; richard.edwards@henryschein.com;
White, Brian W <brian.white@ncwildlife.org>; Seegars, Wes
<wes.seegars@ncwildlife.org>; Berry, Tom <tom.berry@berico.com>; Budd, Joe
<jbudd@buddgroup.com>; Clifton, Ray <Ray.Clifton@ncwildlife.org>; Clifton, Ray
(Personal) <rmdlclifton@gmail.com>; Cogdell, Jim <jcogdell@forkstables.com>; Coley,
John T. <coley@bpropnc.com>; Craig, Mark <mcraig@rhbarringer.com>; Edwards,
Richard <richard.edwards@ncwildlife.org>; Fonville, Tommy <tfonville@fmrealty.com>;



Hanks, Neal <4ncwildlife@gmail.com>; Johnson, Mike (Commissioner)
<mjohnson@hickorytoyota.com>; Proctor, Dean <dproctor@unitedbevnc.com>; Seegars,
Wes <wes@seegarsfence.com>; Spear, Timothy L <timothy.spear@ncwildlife.org>;
Spence, Gary <spence.ncwrc@gmail.com>; Stone, John <john.stone@ncwildlife.org>;
White, Brian <Brian@atmusa.com>; Zimmer, Landon <landon.zimmer@ncwildlife.org>;
Haywood, Betsy <betsy.haywood@ncwildlife.org>
Subject: Re: GPS-collared Coyote: Updated Map

 

Brandon,

 

This is good information for us to have. Thanks for sending it. Could you possibly highlight
the refuge boundaries on the map?  

John Litton Clark

Sampson Bladen Oil Co

Han-Dee Hugo's

910-596-7879

On Mar 5, 2016, at 5:18 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,

I have attached the most recent map with data on the location of the GPS-
collared coyote that was released on Alligator River NWR back in January. I’ve
also included a .KML file that can be opened in Google Earth if you would like
to manipulate the map and get a little more information on each GPS point. The
coyote’s last recorded location was in southern Tyrrell County on March 3rd.

 

Please let me know if you have any questions or concerns.

 

Brandon

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®



Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 
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From: Beyer, Arthur
To: Benjamin, Pete; Harrison, Rebecca; Nordsven, Ryan; Morse, Michael L
Date: Wednesday, March 9, 2016 8:02:35 AM
Importance: High

So, interesting results on the 4 unknown form Ventures.  All came back as hybrids.  They
didn't even come back as F1 or red wolf backcross, but either as a coyote backcross or F2.  I
gave Jen some wolf numbers to try and track down if any of the Ventures wolves were
involved, but these may have moved into the area on one end where Matt happened to be
trapping.  

I do think we need to give these back, either alive or dead.  If we don't, and we aren't paying
anyone for these after we stated they could be wolf, we'll be accused of just saying they
weren't wolves then secretly releasing them.  If we give them back to Matt in the same
condition we received them, alive and with foot damage from his traps, it would be hard for
anyone to argue that we were holding something back.  

Let me know if you have any questions.  I'll pass on any more info I receive from Jen.

This should help with pen space and release issues as well eh?  Sorry, was listening to a
Canadian politician this morning on the radio.



From: Benjamin, Pete
To: Nordsven, Ryan; Morse, Michael L
Subject: Request
Date: Wednesday, March 9, 2016 10:47:12 AM
Importance: High

Hey, I forgot to do this yesterday, but if you guys are out at Sandy Ridge could you take a couple
photos of the two yearling wolves that came off of Ventures.  I want to drive home the urgency of the
situation and a picture would be worth a thousand words.  The cuter the photos - the better.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Mike Bryant; Benjamin, Pete; Lanier, Scott; Beyer, Arthur
Subject: thoughts on interspecific studies on red wolves and coyotes
Date: Tuesday, March 15, 2016 3:43:07 PM
Importance: High

Hi All,

I’ve been hearing some details about work proposed on Alligator River to examine
interspecific interactions.  I wanted to share my thoughts and concerns about these
efforts in case they’re useful in ongoing discussions.  I will not be addressing any
refuge-specific compatibility issues, but instead wanted to speak to the scientific
approach more generally.  

My biggest concern is the general lack of experimental design.  I understand the goal
is to examine inter-specific interactions between wolves and coyotes, but I have not
seen any clear research objectives put forward.  What research questions specifically
would these efforts assess? Given these could be better articulated, I still have
concerns about logistics that would seriously impede an adequate sample size and
statistical inference. 

Right now, we only have access to 4 GPS collars from NCWRC (all smaller size more
appropriate for coyotes).  It’s my understanding another 10 are ordered and would
be available later this spring/summer. Optimistically, that would leave 14 collars
available.  If these were split evenly between species, 7 canids of each group could
be collared. This is not a decent sample size to sufficiently document interactions or
infer any kind of trend.  Ideally these efforts would not all be limited to one location
or sampling site, but instead efforts would be stratified across locations and habitat
types across the recovery area, requiring a larger sample size. [Side note: Currently,
on Alligator River, there are 7 wolves and 1 radio-collared sterilized placeholder we are
actively monitoring.  Eight animals to choose from here is not not ideal. Additionally,
we would be making some unrealistic assumptions that we could capture all of these
animals to install a GPS collar anyway.]  An additional field concern and logistical
constraint is that trapping season is coming to a close.  As we get closer to whelping
season, we typically cease efforts around March 15 (now) in order to avoid capturing
pregnant females.  These efforts are not usually continued until the late fall due to
the heat and temperature constraints of trapping in late spring/summer.  I'm not
even addressing the staff limitations to actually implement these efforts. 

My other concern is why anyone would attempt to reinvent the wheel here.  There
have been a significant amount of investigations examining interspecific interactions
already, many of which occurred over longer time periods and with larger sampling
sizes.  Most notable of these efforts was Hinton’s (2014) dissertation work, “Red wolf
and coyote ecology and interactions in northeastern North Carolina".  This research
utilized a larger dataset with 28 GPS-collared coyotes and 34 GPS-collared red



wolves. His results shared insights on space use, food habits, etc. (Hinton 2014,
Hinton et al. 2015, Hinton et al. in review).  Additional efforts examined other aspects
of spatial dynamics between the two species (Roth et al. 2008, Gese and Terletzky
2015). Researchers at Virginia Tech also examined home range sizes, habitat use,
and road use/avoidance using GPS data from red wolves (n = 32; Vaughn and Kelly
2011). There have been numerous projects investigating comparative food habits of
both species (Souther and Wiggers 2012, McVey et al. 2013, Hinton 2014).  Similarly,
there have been intensive studies assessing red wolf/coyote interactions and the
factors influencing hybridization and genetic consequences (Adams et al. 2003, Beck
2005, Bohling and Waits 2011, Bohling et al. 2013, 2015, Gese et al. 2015).  Most
recently, Gese and Terletzky (2015) examined a long-term data of radio-collared
sterilized placeholder coyotes and radio-collared red wolves.  Their work gave insights
on territorial fidelity, survival rates, displacement rates (of coyotes by wolves), and
showed uni-directional mortality events (i.e., wolves kill coyotes & not vice versa).

In summary, I'm unclear of the intention of this proposed work.  There is no clear
experimental design or research objectives.  I don’t think that 14 collars (7 on each
species) is going to show anything new that studies with 4x as many observed
animals have already documented.  I think these resources (and very expensive
collars) would be better utilized asking other more specific questions. For example,
while we know much about the food habits of both canids, there is still much to be
learned about the actual trophic cascades.

Just my two cents.  If I can provide additional information or a list of references,
please let me know.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



From: Sherrill, Brandon L
To: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley,
Andrea J; Clark, John; richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd,
Joe; Clifton, Ray; Clifton, Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville,
Tommy; Hanks, Neal; Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence,
Gary; Stone, John; White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: GPS-collared Coyote: Updated Map
Date: Tuesday, March 15, 2016 5:17:09 PM
Attachments: image001.png

image002.png
image003.png
image004.png
Coyote 18962_15Mar2016.png
GPS_Collar18962_20160315161220.kml

Importance: High

Good afternoon,
I’ve attached an updated map of the collared coyote on the Albemarle Peninsula. I’ve also included a
.KML file that can be opened in Google Earth.
Please let me know if you have any questions or concerns.
 
Sincerely,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Bryant, Mike
To: Harrison, Rebecca
Cc: Benjamin, Pete; Lanier, Scott; Beyer, Arthur
Subject: Re: thoughts on interspecific studies on red wolves and coyotes
Date: Wednesday, March 16, 2016 8:28:48 AM
Importance: High

These thoughts, which I understand and agree with, bring more clarity and specificity to my
concerns.  In addition to the policy concerns (ESA-Section 7 and compatibility) I've raised -
 now, in my mind, there is the scientific integrity policy which could be compromised.

On Tue, Mar 15, 2016 at 3:43 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:

Hi All,

I’ve been hearing some details about work proposed on Alligator River to examine
interspecific interactions.  I wanted to share my thoughts and concerns about these
efforts in case they’re useful in ongoing discussions.  I will not be addressing any
refuge-specific compatibility issues, but instead wanted to speak to the scientific
approach more generally.  

My biggest concern is the general lack of experimental design.  I understand the
goal is to examine inter-specific interactions between wolves and coyotes, but I
have not seen any clear research objectives put forward.  What research questions
specifically would these efforts assess? Given these could be better articulated, I
still have concerns about logistics that would seriously impede an adequate sample
size and statistical inference. 

Right now, we only have access to 4 GPS collars from NCWRC (all smaller size more
appropriate for coyotes).  It’s my understanding another 10 are ordered and would
be available later this spring/summer. Optimistically, that would leave 14 collars
available.  If these were split evenly between species, 7 canids of each group could
be collared. This is not a decent sample size to sufficiently document interactions or
infer any kind of trend.  Ideally these efforts would not all be limited to one location
or sampling site, but instead efforts would be stratified across locations and habitat
types across the recovery area, requiring a larger sample size. [Side note:
Currently, on Alligator River, there are 7 wolves and 1 radio-collared sterilized placeholder
we are actively monitoring.  Eight animals to choose from here is not not ideal.
Additionally, we would be making some unrealistic assumptions that we could
capture all of these animals to install a GPS collar anyway.]  An additional field
concern and logistical constraint is that trapping season is coming to a close.  As we
get closer to whelping season, we typically cease efforts around March 15 (now) in
order to avoid capturing pregnant females.  These efforts are not usually continued
until the late fall due to the heat and temperature constraints of trapping in late
spring/summer.  I'm not even addressing the staff limitations to actually implement
these efforts. 



My other concern is why anyone would attempt to reinvent the wheel here.  There
have been a significant amount of investigations examining interspecific interactions
already, many of which occurred over longer time periods and with larger sampling
sizes.  Most notable of these efforts was Hinton’s (2014) dissertation work, “Red
wolf and coyote ecology and interactions in northeastern North Carolina".  This
research utilized a larger dataset with 28 GPS-collared coyotes and 34 GPS-collared
red wolves. His results shared insights on space use, food habits, etc. (Hinton 2014,
Hinton et al. 2015, Hinton et al. in review).  Additional efforts examined other
aspects of spatial dynamics between the two species (Roth et al. 2008, Gese and
Terletzky 2015). Researchers at Virginia Tech also examined home range sizes,
habitat use, and road use/avoidance using GPS data from red wolves (n = 32;
Vaughn and Kelly 2011). There have been numerous projects investigating
comparative food habits of both species (Souther and Wiggers 2012, McVey et al.
2013, Hinton 2014).  Similarly, there have been intensive studies assessing red
wolf/coyote interactions and the factors influencing hybridization and genetic
consequences (Adams et al. 2003, Beck 2005, Bohling and Waits 2011, Bohling et
al. 2013, 2015, Gese et al. 2015).  Most recently, Gese and Terletzky (2015)
examined a long-term data of radio-collared sterilized placeholder coyotes and
radio-collared red wolves.  Their work gave insights on territorial fidelity, survival
rates, displacement rates (of coyotes by wolves), and showed uni-directional
mortality events (i.e., wolves kill coyotes & not vice versa).

In summary, I'm unclear of the intention of this proposed work.  There is no clear
experimental design or research objectives.  I don’t think that 14 collars (7 on each
species) is going to show anything new that studies with 4x as many observed
animals have already documented.  I think these resources (and very expensive
collars) would be better utilized asking other more specific questions. For example,
while we know much about the food habits of both canids, there is still much to be
learned about the actual trophic cascades.

Just my two cents.  If I can provide additional information or a list of references,
please let me know.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245



Email: rebecca_harrison@fws.gov

-- 
Michael R. Bryant
Project Leader
Coastal North Carolina
National Wildlife Refuges Complex
P.O. Box 1969
100 Conservation Way
Manteo, NC  27954
mike_bryant@fws.gov
252-473-1131 ext 222
fax 252-473-1668
cell 252-216-7505



From: Sherrill, Brandon L
To: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley,
Andrea J; Clark, John; richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd,
Joe; Clifton, Ray; Clifton, Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville,
Tommy; Hanks, Neal; Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence,
Gary; Stone, John; White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: GPS-collared Coyote: Updated Map
Date: Monday, March 21, 2016 6:14:15 PM
Attachments: image001.png

image002.png
image003.png
image004.png
Coyote 18962_21Mar2016.png
GPS_Collar18962_20160321123233.kml

Importance: High

Good evening,
I’ve attached the weekly map update of the collared coyote on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
Please let me know if you have any questions or concerns.
 
Sincerely,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Edwards Jr, George Richard
To: Sherrill, Brandon L
Cc: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley, Andrea
J; Clark, John; White, Brian W; Seegars, Wes; Berry, Tom; Budd, Joe; Clifton, Ray; Clifton, Ray (Personal); Cogdell,
Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville, Tommy; Hanks, Neal; Johnson, Mike (Commissioner);
Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence, Gary; Stone, John; White, Brian; Zimmer, Landon;
Haywood, Betsy

Subject: Re: GPS-collared Coyote: Updated Map
Date: Monday, March 21, 2016 9:21:58 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Brandon
Is the coyote a male or female? Also what is your estimated range for it? Very cool map and survey. Thanks for
keeping us posted.

Richard Edwards
910-279-1983
Sent from i Phone

On Mar 21, 2016, at 6:15 PM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org<mailto:brandon.sherrill@ncwildlife.org>> wrote:

Good evening,
I’ve attached the weekly map update of the collared coyote on the Albemarle Peninsula. I’ve also included a .KML file
that can be opened in Google Earth.
Please let me know if you have any questions or concerns.

Sincerely,
Brandon

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

Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist

NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200

ncwildlife.org<https://urldefense.proofpoint.com/v2/url?u=http-
3A__ncwildlife.org_&d=BQMFAg&c=oWGb6VZ3l2vZJmEE2g3snVcs5pshq_Z8o3gHS_k7a3k&r=hPgUZ2ifBK2Hhg-
J4Fgy-GxtuNyDaa38KH5vh3EAvlY&m=s75GiT_qKW-4QHEmpWFz-
pJQR1wi6JAitlDJhi01l6c&s=MfHuEDUB_KSZwvbeZ-XXcyoWnXG5TLrnm63MkyIO3Cw&e=>

<image001.png>   <image002.png>   <image003.png>   <image004.png>
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parties.
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From: Sherrill, Brandon L
To: Edwards Jr, George Richard
Cc: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley, Andrea
J; Clark, John; White, Brian W; Seegars, Wes; Berry, Tom; Budd, Joe; Clifton, Ray; Clifton, Ray (Personal); Cogdell,
Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville, Tommy; Hanks, Neal; Johnson, Mike (Commissioner);
Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence, Gary; Stone, John; White, Brian; Zimmer, Landon;
Haywood, Betsy

Subject: RE: GPS-collared Coyote: Updated Map
Date: Monday, March 21, 2016 11:03:39 PM
Importance: High

Commissioner Edwards,
This is a female coyote. Coyote home ranges can vary significantly between individual animals (depending on sex, age,
time of year, etc.), ranging from under 1,000 acres to over 10,000 acres. Given the fact that this animal was recently
held in captivity and relocated, any home range estimates from the current set of GPS locations would not be indicative
of this animal's typical home range. We will need to observe this animal's movement for some time before we can
accurately estimate the home range. Based on the most recent location data, this coyote appears to have moved back
near the area where it was originally trapped. 
We will keep you updated on this coyote's movements as we continue to get more movement data.

Brandon
---------------------------------------------------------------------

Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 
         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.

-----Original Message-----
From: Edwards Jr, George Richard [mailto:richard.edwards@henryschein.com]
Sent: Monday, March 21, 2016 9:22 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David
T. <david.cobb@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Sawyer, David T
<David.Sawyer@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>; Harrison, Rebecca
<rebecca_harrison@fws.gov>; Beyer, Arthur <arthur_beyer@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann <geriann.albers@ncwildlife.org>; Serenari, Christopher
<christopher.serenari@ncwildlife.org>; Palamar, Maria <maria.palamar@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Clark, John <john.clark@sampsonbladen.com>; White, Brian W
<brian.white@ncwildlife.org>; Seegars, Wes <wes.seegars@ncwildlife.org>; Berry, Tom <tom.berry@berico.com>;
Budd, Joe <jbudd@buddgroup.com>; Clifton, Ray <Ray.Clifton@ncwildlife.org>; Clifton, Ray (Personal)
<rmdlclifton@gmail.com>; Cogdell, Jim <jcogdell@forkstables.com>; Coley, John T. <coley@bpropnc.com>; Craig,
Mark <mcraig@rhbarringer.com>; Edwards, Richard <richard.edwards@ncwildlife.org>; Fonville, Tommy



<tfonville@fmrealty.com>; Hanks, Neal <4ncwildlife@gmail.com>; Johnson, Mike (Commissioner)
<mjohnson@hickorytoyota.com>; Proctor, Dean <dproctor@unitedbevnc.com>; Seegars, Wes
<wes@seegarsfence.com>; Spear, Timothy L <timothy.spear@ncwildlife.org>; Spence, Gary
<spence.ncwrc@gmail.com>; Stone, John <john.stone@ncwildlife.org>; White, Brian <Brian@atmusa.com>; Zimmer,
Landon <landon.zimmer@ncwildlife.org>; Haywood, Betsy <betsy.haywood@ncwildlife.org>
Subject: Re: GPS-collared Coyote: Updated Map

Brandon
Is the coyote a male or female? Also what is your estimated range for it? Very cool map and survey. Thanks for
keeping us posted.

Richard Edwards
910-279-1983
Sent from i Phone

On Mar 21, 2016, at 6:15 PM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org<mailto:brandon.sherrill@ncwildlife.org>> wrote:

Good evening,
I've attached the weekly map update of the collared coyote on the Albemarle Peninsula. I've also included a .KML file
that can be opened in Google Earth.
Please let me know if you have any questions or concerns.

Sincerely,
Brandon

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

Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist

NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200

ncwildlife.org<https://urldefense.proofpoint.com/v2/url?u=http-
3A__ncwildlife.org_&d=BQMFAg&c=oWGb6VZ3l2vZJmEE2g3snVcs5pshq_Z8o3gHS_k7a3k&r=hPgUZ2ifBK2Hhg-
J4Fgy-GxtuNyDaa38KH5vh3EAvlY&m=s75GiT_qKW-4QHEmpWFz-
pJQR1wi6JAitlDJhi01l6c&s=MfHuEDUB_KSZwvbeZ-XXcyoWnXG5TLrnm63MkyIO3Cw&e=>
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From: Sherrill, Brandon L
To: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Boynton, Allen; Sawyer, David T; Benjamin, Pete; Harrison,

Rebecca; Beyer, Arthur; Olfenbuttel, Colleen; Albers, Geriann; Serenari, Christopher; Palamar, Maria; Shipley,
Andrea J; Clark, John; richard.edwards@henryschein.com; White, Brian W; Seegars, Wes; Berry, Tom; Budd,
Joe; Clifton, Ray; Clifton, Ray (Personal); Cogdell, Jim; Coley, John T.; Craig, Mark; Edwards, Richard; Fonville,
Tommy; Hanks, Neal; Johnson, Mike (Commissioner); Proctor, Dean; Seegars, Wes; Spear, Timothy L; Spence,
Gary; Stone, John; White, Brian; Zimmer, Landon; Haywood, Betsy

Subject: GPS-collared Coyote: Updated Map
Date: Monday, March 28, 2016 10:47:05 AM
Attachments: image001.png

image002.png
image003.png
image004.png
Coyote 18962_28Mar2016.png
GPS_Collar18962_20160328085809.kml

Importance: High

Good morning,
I’ve attached the weekly map update of the collared coyote on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth. All locations during the last four have been
recorded in southern Tyrrell and northern Hyde Counties.
Please let me know if you have any questions or concerns.
 
Sincerely,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Benjamin, Pete
To: Rodney Glass; Jett Ferebee
Subject: GPS-collared coyote update
Date: Monday, May 23, 2016 9:34:38 AM
Attachments: GPS_Collar18962_20160523084606.kml
Importance: High

Hi Guys,

I missed last weeks update, but it looks like the GPS-collared coyote that the WRC has been tracking
made a trip up to your property Jett before returning to the area over by Rodney.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



Attachment 20160523 093438_Email_GPS-collared coyote update.kml (987036 Bytes) cannot be converted to PDF format.



From: Jett Ferebee
To: Benjamin, Pete; mrrglass@hotmail.com
Subject: Re: GPS-collared coyote update
Date: Monday, May 23, 2016 3:47:46 PM
Importance: High

Geez Pete and I thought I was starting my week off right! ;)

-----Original Message-----
From: Benjamin, Pete <pete_benjamin@fws.gov>
To: Rodney Glass <mrrglass@hotmail.com>; Jett Ferebee <jettferebee@aol.com>
Sent: Mon, May 23, 2016 9:35 am
Subject: GPS-collared coyote update

Hi Guys,

I missed last weeks update, but it looks like the GPS-collared coyote that the WRC has been tracking
made a trip up to your property Jett before returning to the area over by Rodney.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Rodney Glass
To: Jett Ferebee; Benjamin, Pete
Subject: RE: GPS-collared coyote update
Date: Monday, May 23, 2016 6:52:47 PM
Importance: High

Pete 
 
I have a rifle with me at all times and I'm on the lookout.  It probably went to Jett's because I
lobbed a couple rounds at it the other day....... but I missed.
 
rg
 

Date: Mon, 23 May 2016 15:47:46 -0400
From: jettferebee@aol.com
To: pete_benjamin@fws.gov; mrrglass@hotmail.com
Subject: Re: GPS-collared coyote update

Geez Pete and I thought I was starting my week off right! ;)

-----Original Message-----
From: Benjamin, Pete <pete_benjamin@fws.gov>
To: Rodney Glass <mrrglass@hotmail.com>; Jett Ferebee <jettferebee@aol.com>
Sent: Mon, May 23, 2016 9:35 am
Subject: GPS-collared coyote update

Hi Guys,

I missed last weeks update, but it looks like the GPS-collared coyote that the WRC has been tracking
made a trip up to your property Jett before returning to the area over by Rodney.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Rodney Glass
Subject: RE: GPS-collared coyote update
Date: Monday, May 23, 2016 8:28:14 PM
Importance: High

That might be what caused her to bolt.  Did you compare it's movements to the date you were
shooting?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 05/23/2016 6:52 PM (GMT-05:00) 
To: Jett Ferebee <jettferebee@aol.com>, "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: GPS-collared coyote update 

Pete 
 
I have a rifle with me at all times and I'm on the lookout.  It probably went to Jett's because I
lobbed a couple rounds at it the other day....... but I missed.
 
rg
 

Date: Mon, 23 May 2016 15:47:46 -0400
From: jettferebee@aol.com
To: pete_benjamin@fws.gov; mrrglass@hotmail.com
Subject: Re: GPS-collared coyote update

Geez Pete and I thought I was starting my week off right! ;)

-----Original Message-----
From: Benjamin, Pete <pete_benjamin@fws.gov>
To: Rodney Glass <mrrglass@hotmail.com>; Jett Ferebee <jettferebee@aol.com>
Sent: Mon, May 23, 2016 9:35 am
Subject: GPS-collared coyote update

Hi Guys,

I missed last weeks update, but it looks like the GPS-collared coyote that the WRC has been tracking
made a trip up to your property Jett before returning to the area over by Rodney.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Rodney Glass
To: Benjamin, Pete
Subject: RE: GPS-collared coyote update
Date: Tuesday, May 24, 2016 7:55:30 AM
Importance: High

I'm not able to download your map in its current format.  
 

From: pete_benjamin@fws.gov
Date: Mon, 23 May 2016 20:28:14 -0400
Subject: RE: GPS-collared coyote update
To: mrrglass@hotmail.com

That might be what caused her to bolt.  Did you compare it's movements to the date you were
shooting?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 05/23/2016 6:52 PM (GMT-05:00) 
To: Jett Ferebee <jettferebee@aol.com>, "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: GPS-collared coyote update 

Pete 
 
I have a rifle with me at all times and I'm on the lookout.  It probably went to Jett's because I
lobbed a couple rounds at it the other day....... but I missed.
 
rg
 

Date: Mon, 23 May 2016 15:47:46 -0400
From: jettferebee@aol.com
To: pete_benjamin@fws.gov; mrrglass@hotmail.com
Subject: Re: GPS-collared coyote update

Geez Pete and I thought I was starting my week off right! ;)



-----Original Message-----
From: Benjamin, Pete <pete_benjamin@fws.gov>
To: Rodney Glass <mrrglass@hotmail.com>; Jett Ferebee <jettferebee@aol.com>
Sent: Mon, May 23, 2016 9:35 am
Subject: GPS-collared coyote update

Hi Guys,

I missed last weeks update, but it looks like the GPS-collared coyote that the WRC has been tracking
made a trip up to your property Jett before returning to the area over by Rodney.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Rodney Glass
Subject: Re: GPS-collared coyote update
Date: Tuesday, May 31, 2016 9:02:54 AM

Sorry about that Rodney.  I was out all last week and just saw your message.  I should be getting a
fresh update today and will send it along.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, May 24, 2016 at 7:55 AM, Rodney Glass <mrrglass@hotmail.com> wrote:
I'm not able to download your map in its current format.  
 

From: pete_benjamin@fws.gov
Date: Mon, 23 May 2016 20:28:14 -0400
Subject: RE: GPS-collared coyote update
To: mrrglass@hotmail.com

That might be what caused her to bolt.  Did you compare it's movements to the date you
were shooting?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 05/23/2016 6:52 PM (GMT-05:00) 
To: Jett Ferebee <jettferebee@aol.com>, "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: GPS-collared coyote update 

Pete 
 
I have a rifle with me at all times and I'm on the lookout.  It probably went to Jett's because I
lobbed a couple rounds at it the other day....... but I missed.
 
rg
 

Date: Mon, 23 May 2016 15:47:46 -0400
From: jettferebee@aol.com
To: pete_benjamin@fws.gov; mrrglass@hotmail.com
Subject: Re: GPS-collared coyote update



Geez Pete and I thought I was starting my week off right! ;)

-----Original Message-----
From: Benjamin, Pete <pete_benjamin@fws.gov>
To: Rodney Glass <mrrglass@hotmail.com>; Jett Ferebee <jettferebee@aol.com>
Sent: Mon, May 23, 2016 9:35 am
Subject: GPS-collared coyote update

Hi Guys,

I missed last weeks update, but it looks like the GPS-collared coyote that the WRC has been tracking
made a trip up to your property Jett before returning to the area over by Rodney.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Shipley, Andrea J
To: Boynton, Allen; Benjamin, Pete; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.; Zimmer, Landon; Briggs, M. Kyle;
Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner); Nat Harris (ntharris@hclsm.com);
Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray (Personal); Clifton, Ray; Richard Edwards
(Richard.edwards@henryschein.com); Nordsven, Ryan; Sherrill, Brandon L; Spear, Timothy L; Berry, Tom;
Fonville, Tommy; Seegars, Wes

Cc: Phillips, Howard; Turner, James C; Wayne, Robert M; Cagle, Mark
Subject: GPS-Collared Coyote: Weekly Map Update
Date: Tuesday, June 21, 2016 10:03:05 AM
Attachments: image009.png

image010.png
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GPS_Collar18962_20160621085408.kml

Importance: High

Good Morning,
 
I’ve attached the weekly map update of the collared coyote on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth, along with a map of only the last months’
worth of locations.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20160621 100305_Email_GPS-Collared Coyote_ Weekly Map Update.kml (1184003 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Sherrill,
Brandon L; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Canids: Weekly Map Update
Date: Tuesday, July 5, 2016 9:35:00 AM
Attachments: image009.png

image010.png
image011.png
image012.png
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Importance: High

Good Morning,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20160705 093500_Email_GPS-collared Canids_ Weekly Map Update.kml (1267835 Bytes) cannot be converted to PDF format.



Attachment 20160705 093500_Email_GPS-collared Canids_ Weekly Map Update (1).kml (47456 Bytes) cannot be converted to PDF format.



Attachment 20160705 093500_Email_GPS-collared Canids_ Weekly Map Update (2).kml (45914 Bytes) cannot be converted to PDF format.



From: Benjamin, Pete
To: Shipley, Andrea J; Morse, Michael L
Subject: Re: GPS-collared Canids: Weekly Map Update
Date: Tuesday, July 5, 2016 10:59:19 AM
Attachments: image010.png

image012.png
image011.png
image009.png

Importance: High

Interesting.  Can one of you tell me which wolf is which?  Meaning which one came from Ventures and
which came from Bee tree?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Jul 5, 2016 at 9:35 AM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:

Good Morning,

 

I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve
also included a .KML file that can be opened in Google Earth.

 

Please let me know if you have any questions or concerns or if the attachments do not come
through.

 

Sincerely,

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

Andrea J. Shipley

Temporary Canid Biologist

 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

 

ncwildlife.org 

 



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 











From: Morse, Michael L
To: Benjamin, Pete
Cc: Shipley, Andrea J
Subject: Re: GPS-collared Canids: Weekly Map Update
Date: Tuesday, July 5, 2016 11:02:15 AM
Attachments: image009.png
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Importance: High

21862 is the Bee Tree female Pete.  The animal up on ARNWR @ Hwy. 64 x Hwy. 264.

On Tue, Jul 5, 2016 at 10:59 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Interesting.  Can one of you tell me which wolf is which?  Meaning which one came from Ventures
and which came from Bee tree?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Jul 5, 2016 at 9:35 AM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:

Good Morning,

 

I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula.
I’ve also included a .KML file that can be opened in Google Earth.

 

Please let me know if you have any questions or concerns or if the attachments do not
come through.

 

Sincerely,

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

Andrea J. Shipley

Temporary Canid Biologist

 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

 



ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











From: Shipley, Andrea J
To: Morse, Michael L; Harrison, Rebecca; Benjamin, Pete
Cc: Sherrill, Brandon L
Subject: RE: GPS-collared Canids: Weekly Map Update
Date: Thursday, July 7, 2016 8:43:31 PM
Attachments: image009.png
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Importance: High

Thanks for sending this info along, Michael.
 
I was thinking about that recently as well; since these two already have WRC numbers, I’m going to
keep them as is and will be using those numbers for future maps. Though I’ll note the collar ID as
well.
 
Luckily, with the Vectronics collars, as long as there isn’t any major damage to the VHF/GPS unit, the
batteries and drop offs can be replaced in field.
 
Cheers,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Thursday, July 07, 2016 11:14 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>; rebecca bartel <rebecca_harrison@fws.gov>;
Pete Benjamin <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Subject: Re: GPS-collared Canids: Weekly Map Update
 
Here are the measurement records you requested Andrea:
 



RW 12030F (CAN-15-006): Date: 2/4/15,  Age: 21 months; Weight: 53.2 lbs., Body length:
110.5 cm., Hind foot: 23.0 cm., Shoulder: 68.5 cm., Ear:10.5cm,Tail: 36.5 cm., Skull:
23.5x11.5cm
                                       Front Foot Pad: 7.35 cm l. x 4.72 cm w.;  Hind Foot Pad:  6.97 cm l. x
4.25 cm w.
 
RW 12042F (CAN-14-011): Date:10-27-14, Age 16 months; Weight:60 lbs., Body length:
106.0 cm., Hind foot: 23.0 cm., Shoulder: 68.0 cm., Ear: 11.5cm, Tail: 32.5 cm., Skull:
24.0x13.0cm
                                       Front Foot Pad: 7.39 cm. l. x  5.49 cm w.; Hind Foot Pad:  6.76 cm l.
x 5.07 cm w.
 
Note: You may want to use our RW studbook numbers or your CAN numbers for individual
ID rather than the radio-collar serial number, unless the collars have field-exchangeable
batteries.            I couldn't remember.  Either way, it's still possible that a wolf will (over its
lifetime) need a replacement collar with a different serial no.  Thanks Andrea.
 
regards,
 
Michael
 
 
On Wed, Jul 6, 2016 at 4:51 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:

Hey Michael,
 
The frequency for 21862 is 150.525; 21864 is 150.575.
 
When you get a chance, would you be able to send me the morphometric data for the two
wolves?
 
Thanks!
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 



From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, July 06, 2016 11:59 AM

To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: GPS-collared Canids: Weekly Map Update
 
Hi Andrea,
 
I forgot to ask - could you send the freq's for both the wolves so I can record them on the
data sheets.  Thanks,
 
Michael
 
On Tue, Jul 5, 2016 at 11:15 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:

cool, thanks!
 
On Tue, Jul 5, 2016 at 11:06 AM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Great! Let me know if you need any other information, I’m happy to help.
 
Thanks for sending that info along to Pete as well.
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, July 05, 2016 11:03 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Re: GPS-collared Canids: Weekly Map Update
 
I found the dates Andrea.  Nice work - thank you.
 
Michael
 
On Tue, Jul 5, 2016 at 10:48 AM, Morse, Michael <michael_l_morse@fws.gov>
wrote:

Thank you Andrea!  Can you tell me the dates of the last locations (red box)?  



 
regards,
Michael
 
On Tue, Jul 5, 2016 at 9:52 AM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hey Becky,
 
Collar 21862 is USFWS 12042F (WRC CAN-16-002F); Collar 21864 is USFWS 12030F
(WRC CAN-16-001F).
 
Please let me know if you need any other additional information.
 
Best,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.
 
From: Harrison, Rebecca [mailto:rebecca_harrison@fws.gov] 
Sent: Tuesday, July 05, 2016 9:47 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Michael Morse <michael_l_morse@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>
Subject: Re: GPS-collared Canids: Weekly Map Update
 
Hi Andrea,
 
Thanks for sharing.  Can you please tell me which animal (12042 and
12030) correspond with the new numbering system (21864 and 21862)?
 
Thanks,
Becky


Becky (Bartel) Harrison, Ph.d.



Supervisory Biologist
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov
 
 
 
On Tue, Jul 5, 2016 at 9:35 AM, Shipley, Andrea J
<andrea.shipley@ncwildlife.org> wrote:

Good Morning,
 
I’ve attached the weekly map update of the collared canids on the Albemarle
Peninsula. I’ve also included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments
do not come through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to
third parties.
 

 

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



















From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Sherrill,
Brandon L; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Canids: Weekly Map Update
Date: Monday, July 11, 2016 9:40:28 AM
Attachments: image002.png
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Importance: High

Good Morning,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20160711 094028_Email_GPS-collared Canids_ Weekly Map Update.kml (1325204 Bytes) cannot be converted to PDF format.



Attachment 20160711 094028_Email_GPS-collared Canids_ Weekly Map Update (1).kml (104749 Bytes) cannot be converted to PDF format.



Attachment 20160711 094028_Email_GPS-collared Canids_ Weekly Map Update (2).kml (97011 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Sherrill,
Brandon L; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Canids: Weekly Map Update
Date: Monday, July 18, 2016 9:06:29 AM
Attachments: image009.png
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Importance: High

Good Morning,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth. No new positional data is available for the
collared coyote, therefore a map update is not provided this week.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20160718 090629_Email_GPS-collared Canids_ Weekly Map Update.kml (149657 Bytes) cannot be converted to PDF format.



Attachment 20160718 090629_Email_GPS-collared Canids_ Weekly Map Update (1).kml (157422 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Sherrill,
Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Canids: Weekly Map Update
Date: Monday, July 25, 2016 2:54:43 PM
Attachments: image002.png

image004.png
image006.png
image008.png
GPS_CAN-15-009F_Collar18962_20160725.kml
GPS_CAN-15-006F_Collar21864_20160725.kml
GPS_CAN-14-011F_Collar21862_20160725.kml

Good Afternoon,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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Attachment 20160725 145443_Email_GPS-collared Canids_ Weekly Map Update (1).kml (199229 Bytes) cannot be converted to PDF format.
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From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Canids: Weekly Map Update
Date: Monday, August 1, 2016 12:36:15 PM
Attachments: image001.png

image002.png
image003.png
image009.png
image010.png
image011.png
image012.png
GPS_CAN-15-009F_Collar18962_20160801.kml
GPS_CAN-15-006F_Collar21864_20160801.kml
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Importance: High

Good Afternoon,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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Attachment 20160801 123615_Email_GPS-collared Canids_ Weekly Map Update (1).kml (250343 Bytes) cannot be converted to PDF format.
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From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: RE: GPS-collared Canids: Weekly Map Update
Date: Monday, August 1, 2016 1:23:42 PM
Attachments: image005.png

image006.png
image007.png
image008.png
image009.png
image010.png
image011.png
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Importance: High

Hello,
 
I understand that the map photos did not go through in the initial email. I have attached them here.
 
Please let me know if they do not come through again.
 
Best,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 

From: Shipley, Andrea J 
Sent: Monday, August 01, 2016 12:35 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Brian White (Brian@atmusa.com) <Brian@atmusa.com>; Christopher Serenari
(christopher.serenari@ncwildlife.org) <christopher.serenari@ncwildlife.org>; Colleen Olfenbuttel
(Colleen.Olfenbuttel@ncwildlife.org) <Colleen.Olfenbuttel@ncwildlife.org>; David T Sawyer
(David.Sawyer@ncwildlife.org) <David.Sawyer@ncwildlife.org>; David T. Cobb
(david.cobb@ncwildlife.org) <david.cobb@ncwildlife.org>; Dean Proctor



(dproctor@unitedbevnc.com) <dproctor@unitedbevnc.com>; Gary Spence
(spence.ncwrc@gmail.com) <spence.ncwrc@gmail.com>; Geriann Albers
(geriann.albers@ncwildlife.org) <geriann.albers@ncwildlife.org>; Gordon S. Myers
(gordon.myers@ncwildlife.org) <gordon.myers@ncwildlife.org>; Harrison, Rebecca
<rebecca_harrison@fws.gov>; howard_phillips@fws.gov; James C Turner
(chris.turner@ncwildlife.org) <chris.turner@ncwildlife.org>; Jim Cogdell (jcogdell@forkstables.com)
<jcogdell@forkstables.com>; Joe Budd (jbudd@buddgroup.com) <jbudd@buddgroup.com>; John
Clark (john.clark@sampsonbladen.com) <john.clark@sampsonbladen.com>; John Stone
(john.stone@ncwildlife.org) <john.stone@ncwildlife.org>; John T. Coley (coley@bpropnc.com)
<coley@bpropnc.com>; Landon Zimmer (landon.zimmer@ncwildlife.org)
<landon.zimmer@ncwildlife.org>; M. Kyle Briggs (kyle.briggs@ncwildlife.org)
<kyle.briggs@ncwildlife.org>; Maria Palamar (maria.palamar@ncwildlife.org)
<maria.palamar@ncwildlife.org>; Mark Craig (mcraig@rhbarringer.com)
<mcraig@rhbarringer.com>; Michael Morse <michael_l_morse@fws.gov>; Mike Johnson
(Commissioner) (mjohnson@hickorytoyota.com) <mjohnson@hickorytoyota.com>;
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com) <ntharris@hclsm.com>; Neal Hanks
(4ncwildlife@gmail.com) <4ncwildlife@gmail.com>; Obernuefemann, Kelsey P
<kelsey.obernuefemann@ncwildlife.org>; Ray Clifton (Personal) (rmdlclifton@gmail.com)
<rmdlclifton@gmail.com>; Ray Clifton (Ray.Clifton@ncwildlife.org) <Ray.Clifton@ncwildlife.org>;
Richard Edwards (Richard.edwards@henryschein.com) <Richard.edwards@henryschein.com>;
ryan_nordsven (ryan_nordsven@fws.gov) <ryan_nordsven@fws.gov>; Shaun Olson
(shaun_olson@fws.gov) <shaun_olson@fws.gov>; Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org>; Stanford, Evin <evin.stanford@ncwildlife.org>; Timothy L Spear
(timothy.spear@ncwildlife.org) <timothy.spear@ncwildlife.org>; Tom Berry
(tom.berry@berico.com) <tom.berry@berico.com>; Tommy Fonville (tfonville@fmrealty.com)
<tfonville@fmrealty.com>; Wes Seegars (wes@seegarsfence.com) <wes@seegarsfence.com>
Subject: GPS-collared Canids: Weekly Map Update
 
Good Afternoon,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 



 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 



















From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-Collared Canids: Weekly Map Update
Date: Wednesday, August 10, 2016 4:43:08 PM
Attachments: image002.png

image004.png
image006.png
image008.png
GPS_CAN-15-009F_Collar18962_20160808.kml
GPS_CAN-15-006F_Collar21864_20160808.kml
GPS_CAN-14-011F_Collar21862_20160808.kml

Importance: High

Good Afternoon,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20160810 164308_Email_GPS-Collared Canids_ Weekly Map Update.kml (1523938 Bytes) cannot be converted to PDF format.



Attachment 20160810 164308_Email_GPS-Collared Canids_ Weekly Map Update (1).kml (299894 Bytes) cannot be converted to PDF format.
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From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Canids: Weekly Map Update
Date: Monday, August 15, 2016 10:50:57 AM
Attachments: image002.png

image004.png
image006.png
image008.png
GPS_CAN-15-006F_Collar21864_20160815.kml
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Importance: High

Good morning,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared canids: Weekly map update
Date: Tuesday, August 23, 2016 3:06:51 PM
Attachments: image001.png

image002.png
image002.png
image004.png
image006.png
image008.png
GPS_CAN-15-009F_Collar18962_20160823.kml
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Importance: High

Good afternoon,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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Attachment 20160823 150651_Email_GPS-collared canids_ Weekly map update (1).kml (402117 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: RE: GPS-collared canids: Weekly map update
Date: Tuesday, August 23, 2016 3:19:19 PM
Attachments: image001.png
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Importance: High

I was alerted that the map photos did not go through the first time; I have attached again.
 
Thanks,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 

From: Shipley, Andrea J 
Sent: Tuesday, August 23, 2016 3:06 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Brian White (Brian@atmusa.com) <Brian@atmusa.com>; Christopher Serenari
(christopher.serenari@ncwildlife.org) <christopher.serenari@ncwildlife.org>; Colleen Olfenbuttel
(Colleen.Olfenbuttel@ncwildlife.org) <Colleen.Olfenbuttel@ncwildlife.org>; David T Sawyer
(David.Sawyer@ncwildlife.org) <David.Sawyer@ncwildlife.org>; David T. Cobb
(david.cobb@ncwildlife.org) <david.cobb@ncwildlife.org>; Dean Proctor
(dproctor@unitedbevnc.com) <dproctor@unitedbevnc.com>; Gary Spence
(spence.ncwrc@gmail.com) <spence.ncwrc@gmail.com>; Geriann Albers
(geriann.albers@ncwildlife.org) <geriann.albers@ncwildlife.org>; Gordon S. Myers
(gordon.myers@ncwildlife.org) <gordon.myers@ncwildlife.org>; Harrison, Rebecca
<rebecca_harrison@fws.gov>; howard_phillips@fws.gov; James C Turner
(chris.turner@ncwildlife.org) <chris.turner@ncwildlife.org>; Jim Cogdell (jcogdell@forkstables.com)
<jcogdell@forkstables.com>; Joe Budd (jbudd@buddgroup.com) <jbudd@buddgroup.com>; John



Clark (john.clark@sampsonbladen.com) <john.clark@sampsonbladen.com>; John Stone
(john.stone@ncwildlife.org) <john.stone@ncwildlife.org>; John T. Coley (coley@bpropnc.com)
<coley@bpropnc.com>; Landon Zimmer (landon.zimmer@ncwildlife.org)
<landon.zimmer@ncwildlife.org>; M. Kyle Briggs (kyle.briggs@ncwildlife.org)
<kyle.briggs@ncwildlife.org>; Maria Palamar (maria.palamar@ncwildlife.org)
<maria.palamar@ncwildlife.org>; Mark Craig (mcraig@rhbarringer.com)
<mcraig@rhbarringer.com>; Michael Morse <michael_l_morse@fws.gov>; Mike Johnson
(Commissioner) (mjohnson@hickorytoyota.com) <mjohnson@hickorytoyota.com>;
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com) <ntharris@hclsm.com>; Neal Hanks
(4ncwildlife@gmail.com) <4ncwildlife@gmail.com>; Obernuefemann, Kelsey P
<kelsey.obernuefemann@ncwildlife.org>; Ray Clifton (Personal) (rmdlclifton@gmail.com)
<rmdlclifton@gmail.com>; Ray Clifton (Ray.Clifton@ncwildlife.org) <Ray.Clifton@ncwildlife.org>;
Richard Edwards (Richard.edwards@henryschein.com) <Richard.edwards@henryschein.com>;
ryan_nordsven (ryan_nordsven@fws.gov) <ryan_nordsven@fws.gov>; Shaun Olson
(shaun_olson@fws.gov) <shaun_olson@fws.gov>; Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org>; Stanford, Evin <evin.stanford@ncwildlife.org>; Timothy L Spear
(timothy.spear@ncwildlife.org) <timothy.spear@ncwildlife.org>; Tom Berry
(tom.berry@berico.com) <tom.berry@berico.com>; Tommy Fonville (tfonville@fmrealty.com)
<tfonville@fmrealty.com>; Wes Seegars (wes@seegarsfence.com) <wes@seegarsfence.com>
Subject: GPS-collared canids: Weekly map update
 
Good afternoon,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 



















From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Canids: Weekly Map Update
Date: Monday, August 29, 2016 1:19:05 PM
Attachments: image002.png

image004.png
image006.png
image008.png
GPS_CAN-15-006F_Collar21864_20160829.kml
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Importance: High

Good Afternoon,
 
I’ve attached the weekly map update of the collared canids on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
 
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Sherrill, Brandon L
Subject: GPS-collared Canids on the AP: Weekly Map Update
Date: Monday, September 12, 2016 3:17:14 PM
Attachments: image001.png

image002.png
image003.png
image004.png
RW_CAN-15-006F_Map_12Sept2016.png
Coyo_CAN-15-009F_Map_12Sept2016.png
GPS_Collar21864_20160912133431.kml
GPS_Collar18962_20160912131407.kml

I apologize if this is the second time you’ve received this message. The first email was very large and
I received several “undelivered” responses. Therefore, I am resending with smaller attachments…..
 
Good afternoon,
I’ve attached updated maps of the collared canids on the Albemarle Peninsula. I’ve also included
.kml files that can be opened in Google Earth. Please let me know if you have any questions or
concerns.
 
Thank you,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 















Attachment 20160912 151714_Email_GPS-collared Canids on the AP_ Weekly Map .kml (556457 Bytes) cannot be converted to PDF format.



Attachment 20160912 151714_Email_GPS-collared Canids on the AP_ Weekly Map  (1).kml (2244868 Bytes) cannot be converted to PDF format.



From: Benjamin, Pete
To: Fleming, Jeffrey M; Peters, Kristen E; Miranda, Leopoldo; Eversen, Michelle
Subject: Fwd: GPS-collared Canids on the AP: Weekly Map Update
Date: Wednesday, September 14, 2016 5:51:16 PM
Attachments: ATT00001.htm

RW_CAN-15-006F_Map_12Sept2016.png
Coyo_CAN-15-009F_Map_12Sept2016.png
ATT00002.htm
GPS_Collar21864_20160912133431.kml
ATT00003.htm
GPS_Collar18962_20160912131407.kml
ATT00004.htm

Importance: High

Hi guys,

I spoke with Jeff and here are (I hope) the most recent maps for the gps collared canids (1
wolf, 1 coyote).   I can get older versions that include a third animal (now dead) when I get
into the office tomorrow morning.

Pete

Pete Benjamin, US FWS

Begin forwarded message:

From: "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>
Subject: GPS-collared Canids on the AP: Weekly Map Update

I apologize if this is the second time you’ve received this message. The first email was
very large and I received several “undelivered” responses. Therefore, I am resending
with smaller attachments…..
 
Good afternoon,
I’ve attached updated maps of the collared canids on the Albemarle Peninsula. I’ve also
included .kml files that can be opened in Google Earth. Please let me know if you have
any questions or concerns.
 
Thank you,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West



Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.
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From: Peters, Kristen E
To: Benjamin, Pete
Subject: RE: GPS-collared Canids on the AP: Weekly Map Update
Date: Wednesday, September 14, 2016 6:12:09 PM
Importance: High

Thank you, Pete! This is awesome.  I’m sending to HQ to prep Steve Guertin for the wolf hearing. 
You know about the oversight hearing, right?
 

From: Pete Benjamin [mailto:pete_benjamin@fws.gov] 
Sent: Wednesday, September 14, 2016 5:51 PM
To: jeffrey_m_fleming@fws.gov; kristen_peters@fws.gov; Leopoldo Miranda; Michelle Eversen
Subject: Fwd: GPS-collared Canids on the AP: Weekly Map Update
 
Hi guys,
 
I spoke with Jeff and here are (I hope) the most recent maps for the gps collared canids (1 wolf, 1
coyote).   I can get older versions that include a third animal (now dead) when I get into the office
tomorrow morning.
 
Pete

Pete Benjamin, US FWS

Begin forwarded message:

From: "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>
Subject: GPS-collared Canids on the AP: Weekly Map Update

I apologize if this is the second time you’ve received this message. The first email was
very large and I received several “undelivered” responses. Therefore, I am resending
with smaller attachments…..
 
Good afternoon,
I’ve attached updated maps of the collared canids on the Albemarle Peninsula. I’ve also
included .kml files that can be opened in Google Earth. Please let me know if you have
any questions or concerns.
 
Thank you,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 



NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.
 
 
 



From: Benjamin, Pete
To: Peters, Kristen E
Subject: Re: GPS-collared Canids on the AP: Weekly Map Update
Date: Wednesday, September 14, 2016 6:13:40 PM

Yep.  

Pete Benjamin, US FWS

On Sep 14, 2016, at 6:12 PM, Kristen Peters <kristen_peters@fws.gov> wrote:

Thank you, Pete! This is awesome.  I’m sending to HQ to prep Steve Guertin for the
wolf hearing.  You know about the oversight hearing, right?
 

From: Pete Benjamin [mailto:pete_benjamin@fws.gov] 
Sent: Wednesday, September 14, 2016 5:51 PM
To: jeffrey_m_fleming@fws.gov; kristen_peters@fws.gov; Leopoldo Miranda; Michelle
Eversen
Subject: Fwd: GPS-collared Canids on the AP: Weekly Map Update
 
Hi guys,
 
I spoke with Jeff and here are (I hope) the most recent maps for the gps collared canids
(1 wolf, 1 coyote).   I can get older versions that include a third animal (now dead)
when I get into the office tomorrow morning.
 
Pete

Pete Benjamin, US FWS

Begin forwarded message:

From: "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>
Subject: GPS-collared Canids on the AP: Weekly Map Update

I apologize if this is the second time you’ve received this message. The
first email was very large and I received several “undelivered” responses.
Therefore, I am resending with smaller attachments…..
 
Good afternoon,
I’ve attached updated maps of the collared canids on the Albemarle
Peninsula. I’ve also included .kml files that can be opened in Google Earth.
Please let me know if you have any questions or concerns.
 
Thank you,
Brandon
 



 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 



From: Sherrill, Brandon L
Subject: GPS-collared Canids on the AP: Weekly Map Update
Date: Monday, September 19, 2016 12:52:33 PM
Attachments: image001.png

image002.png
image003.png
image004.png
Coyo_CAN-15-009F_Map_19Sept2016.png
GPS_Collar18962_20160919122449.kml
RW_CAN-15-006F_Map_19Sept2016.png
GPS_Collar21864_20160919122328.kml

Importance: High

Good afternoon,
I’ve attached updated maps of the collared canids on the Albemarle Peninsula. I’ve also included
.kml files that can be opened in Google Earth. Please let me know if you have any questions or
concerns.
 
Thank you,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Benjamin, Pete
To: Sherrill, Brandon L
Subject: Re: GPS-collared Canids on the AP: Weekly Map Update
Date: Monday, September 19, 2016 1:04:54 PM
Attachments: image001.png

image002.png
image004.png
image003.png

Importance: High

Thanks Brandon.   What's new with the efforts to deal with the coyote.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Sep 19, 2016 at 12:52 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Good afternoon,

I’ve attached updated maps of the collared canids on the Albemarle Peninsula. I’ve also
included .kml files that can be opened in Google Earth. Please let me know if you have any
questions or concerns.

 

Thank you,

Brandon

 

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299



office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 











From: Sherrill, Brandon L
To: Benjamin, Pete
Subject: RE: GPS-collared Canids on the AP: Weekly Map Update
Date: Monday, September 19, 2016 1:14:18 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Hi Pete,
As of right now, the VHF beacon on the collar is still malfunctioning. I am waiting to hear back from
our representative at Vectronic to see if their engineers have any possible remote fixes that might
rectify the issue. David was at a conference last week, so I haven’t received any updates from the
Director’s Office on plans to deal with the coyote if the VHF can’t be fixed. I know they had
approached USDA-WS regarding trapping, but I don’t know if they’ve finalized anything. I’ll keep you
in the loop as I get more information.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Monday, September 19, 2016 1:05 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Subject: Re: GPS-collared Canids on the AP: Weekly Map Update
 
Thanks Brandon.   What's new with the efforts to deal with the coyote.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



 
On Mon, Sep 19, 2016 at 12:52 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Good afternoon,
I’ve attached updated maps of the collared canids on the Albemarle Peninsula. I’ve also
included .kml files that can be opened in Google Earth. Please let me know if you have any
questions or concerns.
 
Thank you,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

 











From: Sherrill, Brandon L
Subject: GPS-collared Canids on the AP: Weekly Map Update
Date: Monday, September 26, 2016 10:36:41 AM
Attachments: image001.png

image002.png
image003.png
image004.png
Coyo_CAN-15-009F_Map_26Sept2016.png
GPS_Collar18962_20160926101604.kml
RW_CAN-15-006F_Map_26Sept2016.png
GPS_Collar21864_20160926101711.kml

Good morning,
I’ve attached updated maps of the collared canids on the Albemarle Peninsula. I’ve also included
.kml files that can be opened in Google Earth. Please let me know if you have any questions or
concerns.
 
Thank you,
Brandon
 
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS Collared Coyote: Weekly Map Update
Date: Tuesday, October 11, 2016 8:32:35 AM
Attachments: image009.png

image010.png
image011.png
image012.png
GPS_CAN-15-009F_Collar18962_20161011.kml

Good Morning,
 
I’ve attached the weekly map update of the collared coyote on the Albemarle Peninsula. I’ve also
included a .KML file that can be opened in Google Earth.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Shipley, Andrea J
To: Benjamin, Pete; Boynton, Allen; White, Brian; Serenari, Christopher; Olfenbuttel, Colleen; Sawyer, David T;

Cobb, David T.; Proctor, Dean; Spence, Gary Commissioner; Albers, Geriann; Myers, Gordon S.; Harrison,
Rebecca; Phillips, Howard; Turner, James C; Cogdell, Jim; Budd, Joe; Clark, John; Stone, John; Coley, John T.;
Zimmer, Landon; Briggs, M. Kyle; Palamar, Maria; Craig, Mark; Morse, Michael L; Johnson, Mike (Commissioner);
mike_bryant@fws.gov; Nat Harris (ntharris@hclsm.com); Hanks, Neal; Obernuefemann, Kelsey P; Clifton, Ray
(Personal); Clifton, Ray; Richard Edwards (Richard.edwards@henryschein.com); Nordsven, Ryan; Olson, Shaun
E; Sherrill, Brandon L; Stanford, Evin; Spear, Timothy L; Berry, Tom; Fonville, Tommy; Seegars, Wes

Subject: GPS-collared Coyote: Weekly Map Update
Date: Monday, October 24, 2016 3:41:06 PM
Attachments: image009.png

image010.png
image011.png
image012.png
GPS_CAN-15-009F_Collar18962_20161024.kml

Good afternoon,
 
I’ve attached the weekly map update of the collared coyote on the Albemarle Peninsula. I’ve also

included a .KML file that can be opened in Google Earth. As of October 14th, the GPS transmission
schedule has been changed to once per day.
 
Please let me know if you have any questions or concerns or if the attachments do not come
through.
 
Sincerely,
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Benjamin, Pete
To: Weller, Emily; Madison, Joseph S
Subject: Albemarle Pamlico Cooperative Canid Conservation Team
Date: Thursday, March 30, 2017 10:28:33 AM
Attachments: 2013.11.20.WRC-FWS AP Canid Agreement.pdf
Importance: High

Guys,

Hopefully, you've heard of the subject team before.  If not, shame on me.  It was established in 2013
per the attached memorandum between the WRC and FWS.  It has not met in quite a while, and I'm am
about to send out an email suggesting a meeting sometime in April.  Among the purposes of the
meeting will be to update the WRC on our on-going activities (10(j), SSA, etc.), and seek their input.  

The reason I'm telling you guys all this is that it makes sense to me that you be on this team.  The way
it is structured currently is that Gordon and Leo are the executive committee; then there are three
WRC folks (David Cobb, Brandon Sherrill and Maria Palamar) and two FWS folks (me and Art Beyer) on
the Steering Committee.  It makes more sense to me to replace Art with Joe and add you Emily.  What
do you think?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.











From: Madison, Joseph S
To: Benjamin, Pete
Subject: Re: Albemarle Pamlico Cooperative Canid Conservation Team
Date: Thursday, March 30, 2017 10:49:59 AM
Importance: High

Pete,

The changes make sense to me, unless you want to retain Art on the team as well for the time
being as more of a red wolf and local FWS management expert.

Thanks,

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Thu, Mar 30, 2017 at 10:28 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Guys,

Hopefully, you've heard of the subject team before.  If not, shame on me.  It was established in 2013
per the attached memorandum between the WRC and FWS.  It has not met in quite a while, and I'm
am about to send out an email suggesting a meeting sometime in April.  Among the purposes of the
meeting will be to update the WRC on our on-going activities (10(j), SSA, etc.), and seek their input.
 

The reason I'm telling you guys all this is that it makes sense to me that you be on this team.  The
way it is structured currently is that Gordon and Leo are the executive committee; then there are
three WRC folks (David Cobb, Brandon Sherrill and Maria Palamar) and two FWS folks (me and Art
Beyer) on the Steering Committee.  It makes more sense to me to replace Art with Joe and add you
Emily.  What do you think?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Shipley, Andrea J
To: Benjamin, Pete; Madison, Joseph S; Morse, Michael L; Nordsven, Ryan
Cc: Cobb, David T.; Boynton, Allen; Sherrill, Brandon L
Subject: Collared Canid Map Update
Date: Monday, April 3, 2017 3:58:11 PM
Attachments: image002.png

image004.png
image006.png
image008.png
GPS_CAN-17-001F_Collar21863_20170403.dbf
GPS_CAN-17-001F_Collar21863_20170403.kml

Importance: High

Good afternoon,
Attached, you will find a map of the updated data from CAN-17-001F as well as .dbf and .kml
files. I’ve attached additional close up maps of this female’s last location data.
Please let me know if you have any comments, questions, or concerns.
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Benjamin, Pete
To: Madison, Joseph S; Nordsven, Ryan; Morse, Michael L; Olson, Shaun E
Subject: Fwd: Collared Canid Map Update
Date: Monday, April 3, 2017 4:35:03 PM
Attachments: image006.png

image002.png
image008.png
image004.png
GPS_CAN-17-001F_Collar21863_20170403.dbf
GPS_CAN-17-001F_Collar21863_20170403.kml

Importance: High

Interesting.  She seems to be spending a lot of time around the one parcel.  It is April and there are
probably several piles of stumps and slash on that site.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Date: Mon, Apr 3, 2017 at 3:58 PM
Subject: Collared Canid Map Update
To: "Benjamin, Pete" <pete_benjamin@fws.gov>, Joseph Madison
<joseph_madison@fws.gov>, Michael Morse <michael_l_morse@fws.gov>, "ryan_nordsven
(ryan_nordsven@fws.gov)" <ryan_nordsven@fws.gov>
Cc: "Cobb, David T." <david.cobb@ncwildlife.org>, "Boynton, Allen"
<allen.boynton@ncwildlife.org>, "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>

Good afternoon,

Attached, you will find a map of the updated data from CAN-17-001F as well as .dbf and .kml
files. I’ve attached additional close up maps of this female’s last location data.

Please let me know if you have any comments, questions, or concerns.

Best,

 

Andrea

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

Andrea J. Shipley



Temporary Canid Biologist

 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

office: 252-926-0266

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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From: Nordsven, Ryan
To: Benjamin, Pete
Cc: Madison, Joseph S; Morse, Michael L; Olson, Shaun E
Subject: Re: Collared Canid Map Update
Date: Tuesday, April 4, 2017 3:57:47 PM
Attachments: image004.png

image006.png
image002.png
image008.png

Importance: High

I downloaded the klm file and it doesn't appear that she is restricting herself to one location
enough to indicate denning just yet, but we'll have to keep an eye on her.  Tis the season.

On Mon, Apr 3, 2017 at 4:35 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Interesting.  She seems to be spending a lot of time around the one parcel.  It is April and there are
probably several piles of stumps and slash on that site.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Date: Mon, Apr 3, 2017 at 3:58 PM
Subject: Collared Canid Map Update
To: "Benjamin, Pete" <pete_benjamin@fws.gov>, Joseph Madison
<joseph_madison@fws.gov>, Michael Morse <michael_l_morse@fws.gov>,
"ryan_nordsven (ryan_nordsven@fws.gov)" <ryan_nordsven@fws.gov>
Cc: "Cobb, David T." <david.cobb@ncwildlife.org>, "Boynton, Allen"
<allen.boynton@ncwildlife.org>, "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>

Good afternoon,

Attached, you will find a map of the updated data from CAN-17-001F as well as .dbf and
.kml files. I’ve attached additional close up maps of this female’s last location data.

Please let me know if you have any comments, questions, or concerns.

Best,

 

Andrea



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

Andrea J. Shipley

Temporary Canid Biologist

 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

office: 252-926-0266

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353











From: Shipley, Andrea J
To: Madison, Joseph S; Morse, Michael L; Nordsven, Ryan; Benjamin, Pete
Cc: Cobb, David T.; Boynton, Allen; Sherrill, Brandon L
Subject: Collared Canid Map Update
Date: Monday, April 10, 2017 11:01:22 AM
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Importance: High

Good morning,
Attached, you will find a map of the updated data from CAN-17-001F as well as .dbf and .kml
files. I’ve attached additional close up maps of this female’s last location data.
Please let me know if you have any comments, questions, or concerns.
Best,
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20170410 110122_Email_Collared Canid Map Update.dbf (63278 Bytes) cannot be converted to PDF format.



Attachment 20170410 110122_Email_Collared Canid Map Update.kml (459226 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Nordsven, Ryan; Morse, Michael L; Benjamin, Pete; Madison, Joseph S
Cc: Sherrill, Brandon L; Boynton, Allen; Cobb, David T.
Subject: Collared Canid Map Update
Date: Monday, April 24, 2017 3:17:36 PM
Attachments: image009.png
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Good afternoon,
Attached, you will find a map of the updated data from CAN-17-001F as well as .dbf and .kml
files. I’ve attached additional close up maps of this female’s last location data.
Please let me know if you have any comments, questions, or concerns.
Best,
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20170424 151736_Email_Collared Canid Map Update.dbf (77058 Bytes) cannot be converted to PDF format.



Attachment 20170424 151736_Email_Collared Canid Map Update.kml (559922 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Madison, Joseph S; Morse, Michael L; Nordsven, Ryan; Benjamin, Pete
Cc: Sherrill, Brandon L; Boynton, Allen; Cobb, David T.; Briggs, M. Kyle; Myers, Gordon S.
Subject: Collared Canids: Map Update
Date: Friday, May 19, 2017 3:41:29 PM
Attachments: image009.png
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Good evening,
 
Attached, you will find a maps of the updated data from CAN-17-001F and CAN-17-002M as well as
.dbf and .kml files. I’ve attached additional close up maps for each canid.
 
Please let me know if you have any comments, questions, or concerns.
 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20170519 154129_Email_Collared Canids_ Map Update.kml (728679 Bytes) cannot be converted to PDF format.



Attachment 20170519 154129_Email_Collared Canids_ Map Update.dbf (100166 Bytes) cannot be converted to PDF format.



Attachment 20170519 154129_Email_Collared Canids_ Map Update (1).dbf (18546 Bytes) cannot be converted to PDF format.



Attachment 20170519 154129_Email_Collared Canids_ Map Update (1).kml (118638 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Madison, Joseph S; Benjamin, Pete; Morse, Michael L; Nordsven, Ryan
Cc: Cobb, David T.; Boynton, Allen; Sherrill, Brandon L; Briggs, M. Kyle; Zmuda, Tamara
Subject: Collared Canids: Map Update
Date: Monday, June 12, 2017 9:49:58 AM
Attachments: image002.png
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Good morning,
 
Attached, you will find a maps of the updated data from CAN-17-001F and CAN-17-002M as well as
.dbf and .kml files. I’ve attached additional close up maps for each canid.
 
Please let me know if you have any comments, questions, or concerns.
 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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Attachment 20170612 094958_Email_Collared Canids_ Map Update.dbf (40806 Bytes) cannot be converted to PDF format.



Attachment 20170612 094958_Email_Collared Canids_ Map Update (1).kml (298349 Bytes) cannot be converted to PDF format.



Attachment 20170612 094958_Email_Collared Canids_ Map Update (1).dbf (41230 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Madison, Joseph S; Benjamin, Pete; Morse, Michael L; Nordsven, Ryan
Cc: Cobb, David T.; Boynton, Allen; Sherrill, Brandon L; Zmuda, Tamara; Briggs, M. Kyle
Subject: Collared Canids Map Update
Date: Tuesday, June 27, 2017 2:27:50 PM
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Importance: High

Good Afternoon,
 
Attached, you will find maps of the updated data from CAN-17-001F and CAN-17-002M as well as
.dbf and .kml files.
 
Please let me know if you have any comments, questions, or concerns.
 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20170627 142750_Email_Collared Canids Map Update.kml (183619 Bytes) cannot be converted to PDF format.



Attachment 20170627 142750_Email_Collared Canids Map Update.dbf (25542 Bytes) cannot be converted to PDF format.
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From: Benjamin, Pete
Cc: Madison, Joseph S; Morse, Michael L; Nordsven, Ryan; Olson, Shaun E
Subject: Re: Collared Canids Map Update
Date: Tuesday, June 27, 2017 2:57:35 PM
Attachments: image010.png

image012.png
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Importance: High

Am I looking at this right?  It looks like the Ventures animal is back up at Milltail.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 2:27 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:

Good Afternoon,

 

Attached, you will find maps of the updated data from CAN-17-001F and CAN-17-002M as
well as .dbf and .kml files.

 

Please let me know if you have any comments, questions, or concerns.

 

Best,

 

Andrea

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

Andrea J. Shipley

Temporary Canid Biologist

 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885



mobile: 984-232-1542

office: 252-926-0266

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 











From: Madison, Joseph S
To: Benjamin, Pete
Subject: Re: Collared Canids Map Update
Date: Tuesday, June 27, 2017 3:01:58 PM
Importance: High

That's the way I interpret it as well. 

Sent from my iPhone

On Jun 27, 2017, at 2:57 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Am I looking at this right?  It looks like the Ventures animal is back up at Milltail.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 2:27 PM, Shipley, Andrea J
<andrea.shipley@ncwildlife.org> wrote:

Good Afternoon,

 

Attached, you will find maps of the updated data from CAN-17-001F and
CAN-17-002M as well as .dbf and .kml files.

 

Please let me know if you have any comments, questions, or concerns.

 

Best,

 

Andrea

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

Andrea J. Shipley

Temporary Canid Biologist



 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

office: 252-926-0266

 

ncwildlife.org 
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Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to
third parties.

 



From: Nordsven, Ryan
To: Benjamin, Pete
Cc: Madison, Joseph S; Morse, Michael L; Olson, Shaun E
Subject: Re: Collared Canids Map Update
Date: Tuesday, June 27, 2017 9:15:37 PM
Attachments: image009.png
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Importance: High

Yep.  I just saw this and it sure looks like it.  Looks like he's been bouncing around the refuge
and bombing range since 6/15 or so.  It will be interesting to see what he does.  Hopefully he
doesn't bring any lice/mange from Ventures with him to Milltail.

On Tue, Jun 27, 2017 at 2:57 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Am I looking at this right?  It looks like the Ventures animal is back up at Milltail.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 2:27 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Good Afternoon,

 

Attached, you will find maps of the updated data from CAN-17-001F and CAN-17-002M
as well as .dbf and .kml files.

 

Please let me know if you have any comments, questions, or concerns.

 

Best,

 

Andrea

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

Andrea J. Shipley



Temporary Canid Biologist

 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

office: 252-926-0266

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353











From: Morse, Michael L
To: Benjamin, Pete
Cc: Madison, Joseph S; Nordsven, Ryan; Olson, Shaun E
Subject: Re: Collared Canids Map Update
Date: Thursday, June 29, 2017 5:18:17 PM
Attachments: image011.png
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Importance: High

Now I really wish we had the ability to track this animal from the air... (or the ground).

On Tue, Jun 27, 2017 at 2:57 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Am I looking at this right?  It looks like the Ventures animal is back up at Milltail.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jun 27, 2017 at 2:27 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Good Afternoon,

 

Attached, you will find maps of the updated data from CAN-17-001F and CAN-17-002M
as well as .dbf and .kml files.

 

Please let me know if you have any comments, questions, or concerns.

 

Best,

 

Andrea

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

Andrea J. Shipley

Temporary Canid Biologist



 

NC Wildlife Resources Commission

PO Box 301, Swan Quarter, NC 27885

mobile: 984-232-1542

office: 252-926-0266

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











From: Shipley, Andrea J
To: Benjamin, Pete; Madison, Joseph S; Nordsven, Ryan; Morse, Michael L
Cc: Cobb, David T.; Boynton, Allen; Sherrill, Brandon L; Zmuda, Tamara; Briggs, M. Kyle
Subject: Collared Canids Map Update
Date: Thursday, July 6, 2017 12:44:16 PM
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Good Afternoon,
 
Attached, you will find maps of the updated data from CAN-17-001F and CAN-17-002M as well as
.dbf and .kml files.
 
Please let me know if you have any comments, questions, or concerns.
 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20170706 124416_Email_Collared Canids Map Update.kml (146492 Bytes) cannot be converted to PDF format.



Attachment 20170706 124416_Email_Collared Canids Map Update.dbf (20454 Bytes) cannot be converted to PDF format.



Attachment 20170706 124416_Email_Collared Canids Map Update (1).kml (157428 Bytes) cannot be converted to PDF format.



Attachment 20170706 124416_Email_Collared Canids Map Update (1).dbf (21938 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Benjamin, Pete; Madison, Joseph S; Nordsven, Ryan; Morse, Michael L
Cc: Cobb, David T.; Boynton, Allen; Sherrill, Brandon L; Zmuda, Tamara; Briggs, M. Kyle
Subject: Collared Canids GPS Map Update
Date: Friday, July 21, 2017 10:56:38 AM
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Good Morning,
 
Attached, you will find maps of the updated data from CAN-17-001F and CAN-17-002M as well as
.dbf and .kml files.
 
Please let me know if you have any comments, questions, or concerns.
 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











Attachment 20170721 105638_Email_Collared Canids GPS Map Update.kml (135735 Bytes) cannot be converted to PDF format.



Attachment 20170721 105638_Email_Collared Canids GPS Map Update.dbf (18970 Bytes) cannot be converted to PDF format.



Attachment 20170721 105638_Email_Collared Canids GPS Map Update (1).kml (143488 Bytes) cannot be converted to PDF format.



Attachment 20170721 105638_Email_Collared Canids GPS Map Update (1).dbf (20030 Bytes) cannot be converted to PDF format.



From: Shipley, Andrea J
To: Benjamin, Pete; Madison, Joseph S; Morse, Michael L; Nordsven, Ryan
Cc: Cobb, David T.; Boynton, Allen; Sherrill, Brandon L; Briggs, M. Kyle
Subject: Collared Canids Map Update
Date: Monday, August 14, 2017 4:35:05 PM
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Good afternoon,
 
Attached, you will find maps of the updated data from CAN-17-001F and CAN-17-002M as well as
.dbf and .kml files.
 
Please let me know if you have any comments, questions, or concerns.
 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
office: 252-926-0266
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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Attachment 20170814 163505_Email_Collared Canids Map Update.dbf (30206 Bytes) cannot be converted to PDF format.
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From: Benjamin, Pete
To: Madison, Joseph S
Subject: News from WRC
Date: Wednesday, October 11, 2017 10:56:35 AM
Importance: High

I just got off the phone with David Cobb.  He informs that Gordon has approved their plan to study
sympatric canids on the AP.  Andrea is moving forward with ordering more collars.  Brandon will be
reaching out to you shortly to set up a meeting to coordinate.  He is supposed to be sending me the
study plan.  I'll share as soon as I see it.  He had other news as well. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Cobb, David T.
To: Sherrill, Brandon L
Cc: Briggs, M. Kyle; Boynton, Allen; Shipley, Andrea J; Howard, Bradley W; Turner, James C; Benjamin, Pete;

Sawyer, David T
Subject: AP canid issues - ACTIONS REQUIRED
Date: Wednesday, October 11, 2017 10:58:18 AM
Attachments: image001.png
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Importance: High

Brandon,
 
I had very good conversations this morning with Kyle and Gordon, and then
with Pete Benjamin.  Please take the lead (and pull in other staff as needed) on
the following:
 

1. Send Pete the current version of the AP Sympatric Canid research
proposal.  I have indicated that we have the green light to proceed and
have ordered collars. 

2. Contact Joe Madison and set up a meeting of the FWS and WRC teams, in
Columbia, to discuss coordination of field activities over the next year.

3. Begin crafting a depredation permit for coyotes for MV.  Use the permit
issued to Jett Ferebee as a template (Daron should have it).  Coordinate
review of the draft with Pete relative to FWS conditions.  Stipulate that
any canid must be IDed by FWS relative to its being a red wolf, or not.  If
red wolf, release on site.  If coyote, disposition is a discretion of permitee.

 
I think that is it for now.  let me know if there are questions.
 
BTW, the breeding female rw on MV was killed last weekend by a muzzle-
loader hunter.
 
David
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722



919.707.0051
ncwildlife.org 
 
 

         
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.











From: Cobb, David T.
To: Sherrill, Brandon L
Cc: Briggs, M. Kyle; Boynton, Allen; Shipley, Andrea J; Howard, Bradley W; Turner, James C; Benjamin, Pete;

Sawyer, David T
Subject: AP canid issues - ACTIONS REQUIRED
Date: Wednesday, October 11, 2017 10:58:18 AM
Attachments: image001.png

image002.png
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Importance: High

Brandon,
 
I had very good conversations this morning with Kyle and Gordon, and then
with Pete Benjamin.  Please take the lead (and pull in other staff as needed) on
the following:
 

1. Send Pete the current version of the AP Sympatric Canid research
proposal.  I have indicated that we have the green light to proceed and
have ordered collars. 

2. Contact Joe Madison and set up a meeting of the FWS and WRC teams, in
Columbia, to discuss coordination of field activities over the next year.

3. Begin crafting a depredation permit for coyotes for MV.  Use the permit
issued to Jett Ferebee as a template (Daron should have it).  Coordinate
review of the draft with Pete relative to FWS conditions.  Stipulate that
any canid must be IDed by FWS relative to its being a red wolf, or not.  If
red wolf, release on site.  If coyote, disposition is a discretion of permitee.

 
I think that is it for now.  let me know if there are questions.
 
BTW, the breeding female rw on MV was killed last weekend by a muzzle-
loader hunter.
 
David
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722



919.707.0051
ncwildlife.org 
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From: Madison, Joseph S
To: Benjamin, Pete
Subject: Re: News from WRC
Date: Wednesday, October 11, 2017 12:05:25 PM
Importance: High

Pete,

That's very interesting, to say the least.  It also raises all sorts of questions, but I'm hoping at
least the majority of them are answered by the study plan.  Hopefully you receive that before
too long and well before Brandon reaches out to set up a meeting.  We had been wondering
what Andrea's status was and had kind of assumed Gordon hadn't approved the project, so it
will be interesting to see what he was will to approve.  

And of course I'm curious what the other news was. 

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Wed, Oct 11, 2017 at 10:56 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I just got off the phone with David Cobb.  He informs that Gordon has approved their plan to study
sympatric canids on the AP.  Andrea is moving forward with ordering more collars.  Brandon will be
reaching out to you shortly to set up a meeting to coordinate.  He is supposed to be sending me the
study plan.  I'll share as soon as I see it.  He had other news as well. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Sherrill, Brandon L
To: Benjamin, Pete; Madison, Joseph S; Nordsven, Ryan; Morse, Michael L; Olson, Shaun E; Cobb, David T.; Briggs,

M. Kyle; Boynton, Allen; Shipley, Andrea J
Subject: Meeting to coordinate canid field work
Date: Thursday, October 12, 2017 3:37:28 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Good afternoon,
I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the upcoming
weeks.
https://doodle.com/poll/f9xy7nd97xzqbxvs
The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please let me know
if you have any questions or concerns. Also, let me know if I have neglected to include someone on
this email that you feel should participate in the meeting.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Benjamin, Pete
To: Sherrill, Brandon L
Cc: Madison, Joseph S; Nordsven, Ryan; Morse, Michael L; Olson, Shaun E; Cobb, David T.; Briggs, M. Kyle;

Boynton, Allen; Shipley, Andrea J
Subject: Re: Meeting to coordinate canid field work
Date: Thursday, October 12, 2017 6:33:24 PM
Importance: High

Please share the plan so I know what we are talking about. 

Pete Benjamin, US FWS

On Oct 12, 2017, at 3:37 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,
I am trying to find a time that we can all meet to discuss canid field work on the
Albemarle Peninsula. Please follow the Doodle Poll link to indicate when you are
available in the upcoming weeks.
https://doodle.com/poll/f9xy7nd97xzqbxvs
The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please
let me know if you have any questions or concerns. Also, let me know if I have
neglected to include someone on this email that you feel should participate in the
meeting.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Martin, Rebekah
To: Benjamin, Pete; Madison, Joseph S
Cc: Lanier, Scott; Harrison, Rebecca
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 16, 2017 8:31:47 AM
Attachments: ATT00001.htm

Pilot Study - Using Fine Scale GPS Technology to Research Sympatric Canid Pop"n
Dynamics_Draft_13Oct2017.docx

Importance: High

Morning Pete and Joe,

We (refuges) haven't received a direct invitation to participate in this meeting, but given the proposal's
intent to conduct work on refuges, I think it would be better if we have folks involved from the beginning
in these discussions. Do either of you have additional background on this? Could one of you let Brandon
know that he needs to loop refuge folks in (Scott, Becky, Howard, Art, Kelley, maybe Pete C.)? Anybody
else? 

Rebekah

Rebekah P. Martin
North Carolina Coastal Plain NWR Complex
100 Conservation Way
P.O. Box 1969
Manteo, NC 27954
o: 252.473.1132 x222
c: 252.414.1877
https://www.wingsoverwater.org/

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Fri, Oct 13, 2017 at 9:11 AM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: Pete Benjamin <pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>,
"Shaun Olson (shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Cobb, David
T." <david.cobb@ncwildlife.org>, "Briggs, M. Kyle"
<kyle.briggs@ncwildlife.org>, "Boynton, Allen"
<allen.boynton@ncwildlife.org>, "Shipley, Andrea J"
<andrea.shipley@ncwildlife.org>

Hi all,

Please find the attached draft of our proposed sympatric canid research on the
Albemarle Peninsula. Feel free to let me know if you have any questions prior to
our meeting. Once everyone responds to the Doodle Poll that I sent out yesterday



I’ll schedule the meeting date (hopefully there’ll be at least one day that works
with everyone’s schedule).

I look forward to seeing everyone soon.

 

Thank you,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 
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From: Pete Benjamin [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 12, 2017 6:33 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Madison, Joseph <joseph_madison@fws.gov>; Nordsven, Ryan
<ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>;
Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open
attachments unless you verify that the attachment and content are safe. Send all suspicious email as
an attachment to report.spam@nc.gov.

 

Please share the plan so I know what we are talking about. 

Pete Benjamin, US FWS

On Oct 12, 2017, at 3:37 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.o
rg> wrote:

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field
work on the Albemarle Peninsula. Please follow the Doodle Poll link
to indicate when you are available in the upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in
Columbia, NC. Please let me know if you have any questions or
concerns. Also, let me know if I have neglected to include someone
on this email that you feel should participate in the meeting.

 

Thanks,
Brandon

 

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

 



Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 
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-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



file:///C/...der/4%20Unique%20Folder/20171016%20083147_Email_Fwd_%20[External]%20Re_%20Meeting%20to%20coordinate%20.htm[1/15/2021 3:27:50 PM]
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STATE:    North Carolina 1 
 2 
GRANT TITLE:    W79-Wildlife Management 3 
 4 
PROJECT TITLE:   Pilot Study – Using Fine Scale GPS Technology to Research  5 

Sympatric Canid Population Dynamics (Job 2.0?) 6 
 7 

A.  Problem and Need 8 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North 9 

Carolina (NC), and is managed as nongame with no closed season or bag limit (NC Wildlife 10 

Resources Commission 2016). Previously restricted to the West and Midwest regions of the 11 

United States, by the early 1990s coyotes had expanded their range into the Albemarle 12 

Peninsula (AP), which is situated in the northeast coastal plain region of NC (Hinton et al. 2012, 13 

Murray et al. 2014). In recent years as coyotes have increased their population, some have 14 

begun to make use of the Outer Banks region.  15 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 16 

experimental population of captive-bred red wolves (Canis rufus) on the Alligator River National 17 

Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population increased until 2008 and 18 

peaked at around 130 individuals (Group Solutions, Inc. 2016), short of the recovery goal of 220 19 

in the wild (USFWS Red Wolf Recovery Program 2013). The AP has an estimated carrying 20 

capacity of 140-150 wolves (Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery 21 

Program 2007). The exact number of red wolves is not known, but USFWS staff report a 22 

population estimate of 45-60 individuals with eight mortalities to date in 2016 23 

(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and 24 

inbreeding depression are suspected factors that have affected red wolf population growth and 25 

viability since the inception of the Red Wolf Recovery Program (RWRP), while vehicular and 26 

gunshot mortality are known factors (Hinton et al. 2013). Because of hybridization between red 27 

wolves and coyotes, the AP supports a continuum of sympatric canids, hereafter referred to as 28 

“sympatric canids.” 29 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 30 

2015 and discontinued the coyote sterilization program, potentially affecting the spatial 31 
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distribution and population dynamics of sympatric canids. Telemetry data from coyotes on the 32 

AP suggests that about 70% of coyotes are residents (i.e., those that defend set territories) 33 

while the other 30% are transients, with most being dispersing juveniles (Hinton et al. 2015). 34 

Transient coyotes do not defend set territories. Coyotes can travel long distances and become 35 

transient even as adults, especially when they lose their mate. Recently described as using 36 

“compensatory immigration,” coyotes opportunistically fill spatial resource gaps by periodic 37 

transiency; when spots come open, individuals that do not yet have permanent territories and 38 

have been roaming in the area, are able to inhabit the new openings (Hinton 2016). These 39 

periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 40 

especially when they are utilizing of anthropogenic resources.  41 

Though a rural area, human land uses occupy a significant portion of space on the AP. 42 

The AP is comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 43 

and 20% “other” land cover types on federal, state and private lands (Dellinger 2011). Concerns 44 

about fear of attacks on humans and domestic pets, the effects of sympatric canids on white-45 

tailed deer and other game populations, and homeowner property damage comprise many of 46 

the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming 47 

data). Wildlife managers in this region frequently receive requests for information on canid 48 

management (C. Turner, personal communication, 2016).  49 

The changes in state and federal canid management rules have resulted in confusion 50 

regarding residents’ rights and options for management of property damage by sympatric 51 

canids. As a result, some citizens are unsure of the legal and most effective methods for canid 52 

conflict management. Adding to management complexity is the need to manage canids for 53 

conservation purposes, such as reducing predation on at-risk ground nesting species or 54 

reducing hybridization of sympatric canids.  55 

In 2013, NCWRC and USFWS established a committee to oversee the collaborative 56 

management and conservation of sympatric canids on the AP. A USFWS and NCWRC joint 57 

memorandum documented detailed action items for the joint management of sympatric canids 58 

on the AP, including specific research objectives which this proposal seeks to address 59 

(Attachment 2). As sympatric canids on the AP increase in number, monitoring their 60 



 

-3- 

movements, particularly in relation to individuals of differing ancestry, could provide important 61 

data to NCWRC and USFWS staff for science-based local and landscape-level decisions about 62 

sympatric canid populations and conflict management. Collection of finer temporal scale 63 

location data would help to manage interactions of sympatric canids with humans, as well as to 64 

support development of dynamic stochastic population models.   65 

B.  Objectives (after December 1, 2016-November 30, 2018) 66 

Objective 1: Use GPS collar and proximity sensor technology to test performance under 67 

various conditions and evaluate the frequency and accuracy of the scheduled fix rates. 68 

Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 69 

spatial dynamics of sympatric canids: home range and core area sizes, amount of 70 

overlap in home range and core areas, movement pathways and daily activity patterns, 71 

and cover type selection and preference. 72 

Objective 3: Use fine scale GPS data collection for investigating the number and age 73 

structure of offspring for family groups of collared sympatric canids. 74 

Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 75 

sympatric canids. 76 

Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 77 

conflicts with landowners. 78 

Objective 6: Determine genetic profiles of sympatric canids through DNA identification 79 

of all captured individuals, parentage, and presence of hybridization. 80 

At the end of this two-year pilot study, we will deliver an observational summary detailing the 81 

use of the GPS and sensor technology for spatial and population dynamics research on 82 

sympatric canids on the AP. 83 

C.  Expected Results and Benefits 84 

As part of a pilot study, we will monitor the status of collared individuals by using a finer 85 

scale assessment of space and habitat use than previous studies. Earlier research focused on 86 

many of the same objectives we suggest investigating here, but during a time of intense, active 87 
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management. Specific management techniques are no longer being carried out and dynamics 88 

between sympatric canids are expected to have changed substantially. The uncertainty 89 

regarding current dynamics presents a need for additional research in order to inform actions 90 

for the management of sympatric canids. Information gained from research may impact 91 

management rules and landowner’s abilities to manage canids in some areas. Additionally, GPS 92 

technology has improved since earlier research was conducted allowing for more temporally 93 

detailed data collection and more nuanced analyses. Understanding how sympatric canids 94 

collectively use resources in areas of human-dominated landscapes will allow wildlife managers 95 

to tailor management options to local conditions. On the AP, row crop agriculture and hunting 96 

represent the primary and secondary land uses, respectively. Row crop agriculture is a 97 

significant nutrient resource on the landscape and, as opportunists, canids take advantage of 98 

such resources when they are available. Non-consumptive wildlife-driven tourism persists in all 99 

seasons and wildlife watching is a main draw for tourists in this area. For many tourists, the 100 

opportunity to see or hear large carnivores is the sole attraction for traveling to the AP. 101 

Information from this study will be provided to local constituents to establish a knowledge base 102 

regarding how sympatric canids use resources on private lands. Management and guidance 103 

could serve to prevent or minimize conflict while maximizing positive wildlife interaction 104 

opportunities for constituents. Development of a common understanding between wildlife 105 

managers and landowners based upon factual information is paramount for collaboratively 106 

achieving successful management of sympatric canids. The data collected in this pilot study is 107 

the foundation upon which this understanding and future management actions will be built.  108 

The current level of hybridization between sympatric canids on the AP will be 109 

characterized using DNA gathered during this study. Body size exists as a continuum between 110 

coyotes and red wolves and has been documented as the most important factor for successful 111 

interspecific breeding pairs of these canids (Hinton 2014). Though both species have been 112 

found to use resources in similar manners, red wolves generally have more expansive home 113 

ranges and therefore may not use local resources as intensively as coyotes, depending on body 114 

size. Obtaining individual identification of study animals will allow managers, armed with spatial 115 

information, to infer how and why individuals in the canid species continuum exploit 116 
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anthropogenic resources considering their life history traits.  117 

In conjunction with prior research, data collected will contribute to knowledge on 118 

sympatric canid population dynamics on the AP. Estimating population size will allow managers 119 

to monitor population trends of sympatric canids and to examine the long and short-term 120 

impacts of different management strategies on their populations. While it is unknown whether 121 

sample size will allow for population estimation, obtaining population estimates for coyotes 122 

would provide wildlife managers with baseline data, when paired with annual mortality 123 

estimates, for monitoring changes in population abundance over time. Information on changes 124 

in abundance, reproductive dynamics, and habitat use could impact management strategies to 125 

influence long-term conservation outcomes. Results of this pilot study will allow managers to 126 

determine if future work will be necessary, what amount of effort will be required to achieve 127 

each objective, and whether or not population estimates will be an attainable goal. 128 

D.  Approach 129 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square 130 

kilometers within Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife 131 

Management Institute 2014). However, the USFWS has proposed the RWRA be constricted to 132 

the ARNWR and the Dare County Bombing Range in Dare county by the end of 2017. Due to 133 

these proposed RWRA changes, this study proposes to capture and radio-collar 25 sympatric 134 

canids within Dare, Hyde, and Tyrrell counties (hereafter referred to as “study area”); those 135 

counties being within and directly adjacent to the proposed new RWRA. The thematic 136 

subheadings below provide detailed descriptions of the approaches required for achieving the 137 

pilot study objectives. 138 

Sampling Efforts 139 

Trained NCWRC personnel will conduct live trapping of sympatric canids, with assistance 140 

from the USFWS RWRP biologists, and trained, experienced local trappers. NCWRC and USFWS 141 

wildlife personnel will select local trappers based on their past performance in trapping 142 

sympatric canids, but may also select trappers from the NCWRC coyote trappers list. NCWRC 143 

staff will train contracted trappers on specific trapping procedures before every trapping 144 



 

-6- 

season. The project lead will supervise and coordinate all trapping activities including locations 145 

for installation and the operation of trap lines and handling of captured animals. Simultaneous 146 

personal trapping activities by contracted trappers will not be permitted while performing 147 

contracted trapping services, as specified in the draft service contract (Attachment 4). 148 

Trapping efforts will follow a spatial capture-recapture (SCR) framework with a 149 

systematic targeted sampling design, focusing on areas that contain resources previously found 150 

to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) (Harris et al. 151 

2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. This effort will 152 

allow us to increase the probability of detection of sympatric canids on the landscape (Tom 153 

2012). While it is important to sample a wide range of habitats, the most important 154 

requirement for SCR is the number of collared individuals; this requirement provides flexibility 155 

in the other requirements for field sampling as needed (K. Pacifici, personal communication, 156 

2016). We will initially focus trapping in areas of known red wolf packs, as advised by RWRP. 157 

Trapping will take place during the breeding season when the likelihood of capturing 158 

females in the later stages of gestation or whelping females will be low. Capture efforts will be 159 

conducted from soon after 1 December 2017 – February 2018 and December 2018 – February 160 

2019. Captured sympatric canids will be surrendered to NCWRC or the USFWS at capture sites. 161 

Trapping should occur on both public and private lands to obtain sampling coverage of the 162 

study area. Ideally, all federal and state lands would be accessible for trap and release 163 

(hereafter referred to as “capture”) of sympatric canids, but it is most important to be able to 164 

trap and release on Alligator River NWR and the Dare County Bombing Range as those 165 

encompass the newly proposed RWRP recovery area and comprise the majority of land area for 166 

Dare county. Unlike Dare county, there are ample private lands that surround Pocosin Lakes 167 

NWR and Lake Mattamuskeet NWR in both Tyrrell and Hyde counties that may be utilized to 168 

effectively sample individuals who may use those federal lands, should they be excluded from 169 

capture activities. Capture on federal lands may require USFWS take permits and proposed 170 

activities may be subject to a compatibility assessment (P. Benjamin, personal communication, 171 

2016). Scientific collection activities that take place on private lands will require agreements 172 

outlining conditions mutually decided by NCWRC and landowners (Attachment 3). 173 
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To increase probability of detection of sympatric canids, the accessible study area will 174 

be partitioned by a grid, the cell size of which will based on the average annual home range size 175 

of resident coyotes previously reported for the AP, approximately 23 km2 (Hinton et al. 2015). 176 

As a system of sampling, trap lines will be referred here as “traps,” and the number of trap sets 177 

(i.e. the actual trapping device) and number of each trap set size may vary between traps as 178 

necessary. Sampling will be standardized within each grid cell by use of equal number of traps 179 

per cell, on average 3 per cell, each at an approximate length of 10 km (Andelt and Gipson 180 

1979, Way et al. 2004).  181 

Target canids will be captured by using Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., 182 

P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, Schemnitz 1994), the EZ Grip #7 (Livestock 183 

Protection Company, P.O. Box 725, Alpine, Texas 79831, Frame and Meier 2007), or equivalent. 184 

Various lures and baits will be used to increase trapping efficiency (Frederick et al. 1989, Shipley 185 

2012). Traps will be laid on the Monday of each week and will be opened at the time of 186 

deployment. Traps will be checked once daily at dawn, to reduce potential stress to trapped 187 

individuals and will not be operated on days where the temperature is expected to reach or 188 

exceed 80o F (R. Nordsven, personal communication, 2016) or during times of predicted 189 

inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). To standardize effort and 190 

remain logistically realistic, traps should be open for three trap nights in a row before being 191 

removed. Trap sets that have been closed due to non-target bycatch or other circumstances 192 

may be reopened and all traps should be re-baited and lured as appropriate.  193 

Trap set locations will be marked by NCWRC or USFWS personnel using handheld GPS 194 

units (Garmin GPSMAP 64S, 1200 E. 151st St., Olathe, KS 66062-3426) and given a sequential 195 

identification number. Traps will also be given an identification number and trap set points will 196 

be documented in ArcMap 10.4. Trappers will keep detailed records on trap set operation, non-197 

target species trapped, and other relevant details. Non-target species will be released from 198 

traps after an in-field assessment of injuries, if any, and animals with life threatening injuries 199 

will be euthanized by the trap operator. Targeted recapture of collared canids will occur 200 

annually during the same months, to replace GPS collar batteries and drop-off collar release 201 

units in field. Trapping effort will be quantified (trap nights), the effective sample area will be 202 
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estimated, the encounter (detection) probability will be estimated using a Gaussian detection 203 

model (Amundson et al. 2014), and an estimate of density for coyotes will be calculated using a 204 

modified Huggins closed-capture estimator in program MARK, if sample size allows (Harris et al. 205 

2013, Ivan et al. 2013). 206 

Animal Handling 207 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines 208 

(Sikes et al. 2011) and will be performed at the capture site. Chemical immobilization agents 209 

may be used depending on the number of field staff during processing (i.e., three or more staff 210 

required during non-chemical immobilizations, Craft 2007, M. Morse, personal communication, 211 

2016).  212 

Chemical Immobilization 213 
Unless adequate numbers of personnel are available to safely employ mechanical 214 

restraint techniques, target animals will be anesthetized with the chemical immobilization 215 

agent BAM (Wildlife Pharmaceuticals, Inc., Windsor, CO 80550). BAM, a combination of 216 

Butorphanol tartrate, Azaperone tartrate and Medetomidine HCl., will be delivered by 217 

intramuscular injection by syringe pole to the hip. Dosage for canids is based on field trails 218 

performed by Wildlife Pharmaceuticals (Wildlife Pharmaceuticals, Inc. 2016) and the 219 

recommended dose for coyotes is 0.2CC and red wolves is 0.3CC, with adjunct doses of 0.1-220 

0.2CC delivered if initial dosages do not cause induction (S. Kirschner, personal communication, 221 

2017). Induction times for coyotes and wolves ranged from 5 to 10 minutes after initial and/or 222 

adjunct dosages (Wildlife Pharmaceuticals, Inc. 2016). After field handling is concluded the 223 

anesthesia will be reversed using two reversal agents, Atipamezole and Naltrexone, at double 224 

the CC of Atipamezole to BAM that was delivered (including adjunct doses, if given) and 0.5CC 225 

of Naltrexone. Recovery time from the reversal agents ranged from 10 to 25 minutes during 226 

field trails (Wildlife Pharmaceuticals, Inc. 2016). Field personnel will observe animals for signs of 227 

adverse effects for up to 30 minutes after reversal agents are delivered. 228 

Mechanical Immobilization 229 
Unlike other carnivore families, the submissive behavioral response of canids to 230 
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perceived dominance reduces the need to use immobilization agents. Appropriate mechanical 231 

restraint techniques can reduce handling time of animals, allowing animals to reintegrate into 232 

social groups more quickly, subsequently reducing overall stress to the individual (Powell and 233 

Proulx 2003). Target canids will be mechanically restrained with a restraint pole, until two 234 

muzzles can be placed around the snout. While pinned with the restraint pole by one person, a 235 

second person will restrain the set of legs not in the trap against the ground and a third person 236 

will release the foot from the trap. This set of legs will then be restrained by the 3rd person as 237 

the restraint pole is removed. Once the restraint pole is removed the person restraining the 238 

front legs will also then restrain the head. The first person will then move forward with 239 

processing the captured animal.  240 

Each animal will be placed on a towel or blanket to provide thermal protection from the 241 

ground, with eyes covered and lubricated with eye ointment; temperature will be monitored 242 

with a rectal thermometer. Overheating occurs at approximately 104-105°F for canids (AZA 243 

Canid TAG 2012) and the animal handling crew will monitor temperature at 5-minute intervals; 244 

if a temperature reading reaches 104°F, corrective actions will be taken and temperature will 245 

be monitored at 1-minute intervals. Should overheating occur, the individual will be removed 246 

from insulation to expedite the natural evaporative cooling process. During days that approach 247 

80°F in temperature, measures will be taken to reduce heat stress, such as: wetting the animal 248 

with water, application of a cold pack to the groin area between the back legs, application of 249 

rubbing alcohol to foot pads, or immediate release (AZA Canid TAG 2012). If the injured 250 

individual is suspected to be a red wolf, based on morphometrics, USFWS staff will be 251 

contacted for a decision. In the event that trap caused injuries are determined to be life 252 

threatening through use of a trap injury score assessment (Frame and Meier 2007) the 253 

individual will be euthanized. In the event that NCWRC personnel cannot be present, trained 254 

USFWS personnel may collar and measure captured target animals and will provide data sheets 255 

to NCWRC staff. Target animals will not be vaccinated or otherwise treated for diseases, 256 

regardless of the presence of disease symptoms. 257 

Non-target animals will be released on site. Captured domestic dogs will be immediately 258 

released from the trap set following an injury score assessment and only if no life-threatening 259 
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injuries are present. If a domestic dog has sustained life threatening injuries and owner 260 

identification information is present on the dog, then the animal will be held in either a 261 

transportable kennel, or at a dog pen on a state game land that is equipped with such facilities, 262 

until the owner can retrieve the dog. The costs associated with injuries sustained to the dog will 263 

be the responsibility of the animals’ owner. Law enforcement may be requested to help 264 

communicate with the animal’s owner. If the animal does not have an identifiable owner and 265 

has incurred substantial life threatening injuries (i.e. compound fracture), the dog will be 266 

euthanized on site. Target animals showing signs of disease symptoms such as circling behavior, 267 

head tilt, muscle twitches, convulsions with jaw chewing movements and salivation (“chewing 268 

gum fits”), disorientation, incoordination, staggering caused by paralysis of the hind legs, 269 

seizures, and partial or complete paralysis will be euthanized and tested according to protocol 270 

set forth by the agency veterinarian, in order to determine if there may be a public health issue 271 

(M. Palamar, personal communication, 2016). USFWS will be contacted in cases of suspected 272 

red wolves. Staff involved in animal handling duties will have the pre-exposure rabies 273 

vaccination series completed prior to field work inception and will maintain rabies titer records 274 

through properly licensed medical services providers.  275 

If staff is bitten and skin is broken by an animal while performing handling duties, they 276 

will be advised to immediately visit a local hospital or clinic for evaluation by healthcare 277 

professionals. The field coordinator will immediately notify supervisory staff and an injury 278 

report and workers’ compensation claim will be opened for the incident. The animal will be 279 

euthanized and the head will be sent to the state lab for rabies testing; the body may be sent to 280 

the Southeastern Cooperative Wildlife Disease Study (SCWDS) laboratory for additional disease 281 

investigation. 282 

Capture Processing and Marking 283 

During canid handling, NCWRC personnel will record age class, sex, weight, total body 284 

length, head width, ear length, and tail length, visually assess ectoparasite load, look for and 285 

disinfect with betadine or iodine as needed any minor trap caused injuries, and affix GPS collars 286 

(Knick 1990, Sikes et al. 2011). All captured canids will be fitted with appropriately-sized GPS 287 

collars in the field based on morphometrics previously indicated as reliable thresholds for 288 
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species categorization: hind foot length, weight, width of head, and tail length (Hinton 2014); 289 

analysis of DNA samples collected during trapping efforts will help to assign captured canids to 290 

position along the species continuum post release. Age of individuals will be estimated based 291 

on physical characteristics, including weight and tooth replacement (Knick 1990, Hinton 2014, 292 

Gier 1968), and captured canids will be aged into one of three classes: > 2 years old as adults, < 293 

2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 2014). 294 

Reproductive status will be determined based on estimated age class and presence of gonadal 295 

descent during the breeding season for males and the presence of nipple swelling or previous 296 

suckling for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). 297 

Captured individuals will be ear marked using a button tag (model 410, Ketchum Mfg. 298 

Co. [or equivalent], PO Box 10, 11 Town Shed Road, Lake Luzerne, NY 12846) placed along the 299 

middle of the ear where they are most protected from loss, with a pin-type applicator (485sa 300 

Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). The puncture site will be 301 

treated with an antiseptic to deter infections. Each sympatric canid will also be marked with an 302 

individually-numbered, glass-encapsulated, passive integrated transponder (PIT model HPT12, 303 

12.5 mm, 134.2 kHz, Biomark, Inc., 703 South Americana Blvd., Suite 150, Boise, ID; Gannon et 304 

al. 2007), using a syringe-type implanter and replaceable needle (model MK10 [implanter], 305 

model N125 [needle], Biomark, Inc.). Successful PIT placement will be verified with a mini 306 

portable reader (model GPR Plus, Biomark, Inc.). The implantation site will be prepared by 307 

swabbing with 70% alcohol (Mrozek et al. 1995) and a sterilized new needle will be used for 308 

each injection. The standard implantation site for transponders is subcutaneously on the dorsal 309 

midline of the back, cranial to the shoulder blades (Ingwersen 2000).  310 

A skin biopsy will be taken from all captured target canids by puncturing the pinna of 311 

the ear with a biopsy punch in the same location where the ear tag will be placed (Palamar 312 

2014). The biopsied area will be disinfected with alcohol after sampling. The skin biopsy will be 313 

placed in a labeled (ID, date, and sample type) cryogenic tube filled with 95% ethanol as buffer 314 

and then stored in a freezer until sent out to a lab for genetic analysis (Palamar 2014, Tom 315 

2012). A selection of hairs with the root bulla attached will be pulled from the belly and placed 316 

in paper envelopes (Janecka et al. 2007). Hair samples will serve as back up to tissue samples 317 
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for genetic testing. All samples will be sent to the Laboratory for Ecological, Evolutionary and 318 

Conservation Genetics, at University of Idaho (875 Perimeter Drive, MS 1136, Moscow, ID 319 

83844) for genotyping to determine species as well as individual identification, hybridization 320 

presence, and parentage analysis following previously developed protocols (Adams et al. 2007, 321 

Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that examine the coyote-322 

hybrid-wolf species continuum will be performed. 323 

Blood will be collected from all juvenile and adult target canids by venipuncture of the 324 

brachial or jugular veins using a 22-28-gauge needle (M. Palamar, NCWRC veterinarian, 325 

personal communication, 2016). As per NCWRC veterinarian recommendations, approximately 326 

12 ml of blood will be collected for each animal for possible future testing for diseases of 327 

importance to sympatric canid species as well as the humans and domestic animals that they 328 

may come into contact with. A minimum of two 6 ml lavender top tube (for whole blood with 329 

EDTA) will be filled. Samples should be refrigerated at all times; a cooler with ice will suffice 330 

while in the field. Samples should be sent to the NCWRC within 48 hours or frozen for later 331 

shipping. Skin scrapes will be collected from animals presenting signs compatible with sarcoptic 332 

mange (lesions) for possible future diagnostic purposes. Lesions will be scraped until blood is 333 

drawn; the scrapings will be placed onto a slide and covered with a piece of clear tape for later 334 

visual confirmation. 335 

Should overheating occur, processing will be performed in the following prioritization 336 

order and the first five items will need to be completed before releasing any individuals: 1) trap 337 

injury evaluation, 2) collaring, 3) DNA (skin biopsy) sample collection, 4) morphometrics, 5) 338 

aging, 6) PIT tagging, 7) weight, 8) ear tagging, 9) reproductive status, 10) ectoparasite 339 

evaluation, 11) blood collection, and 12) skin scrape collection. 340 

Collaring 341 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study 342 

area, 10 of which will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-343 

Scheele-Str. 12, 12489 Berlin, Germany). Project staff will pilot test proximity sensor technology 344 

for utility in analysis of spatial and temporal community dynamics. Proximity sensors trigger 345 

increased GPS location acquisition during those time intervals when two collared individuals 346 
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come within a set distance from each other (http://www.vectronic-aerospace.com/wildlife-347 

monitoring/sensors/uhf-id-tags, accessed August 2016).  348 

To avoid instances of collar induced strangulation, only adult (>2 years old) male and 349 

female individuals will receive collars (Hinton 2014). ASM guidelines recommends a collar 350 

weight of <5-10% of a canids bodyweight, we will observe these guidelines (Sikes et al. 2011). 351 

Sympatric canids not releasable at a capture site will not be collared and will not become study 352 

animals. 353 

GPS radio-collars will have both VHF and GPS Iridium locational systems as well as store-354 

on-board capabilities. Radio-collar units will be programmed to record GPS coordinates once 355 

every 1.75 hours producing approximately 13 locations per day while cycling through the 24-356 

hour time cycle. These settings will allow for a GPS battery life of 300 to 552 days, averaging 357 

431 days. The VHF beacon will be in operation from 0800 – 1600 hours daily. GPS locations will 358 

be sent via satellite once per day and each transmission with contain 12 locations. The use of an 359 

integrated drop off firing mechanism should allow the collars to drop off within a maximum of 360 

approximately 548 days after deployment. The drop off schedule once set cannot be changed. 361 

The drop off firing mechanism is wired to a battery unit independent of the collar battery, 362 

therefore should the collar battery become depleted, the drop off mechanism will not be 363 

affected (C. Akakpo, Vectronic Aerospace GmbH, personal communication, 2016). Unless a 364 

collared individual is recaptured before the collar battery dies, the drop off mechanism will fire 365 

at the scheduled time frame post collar deployment.  366 

Observation of sympatric canid habitat use and movements will occur through GPS data 367 

obtained with combination GPS/VHF radio-collars. VHF relies on triangulation, the process of 368 

estimating the location of a transmitter by using two or more compass bearings obtained by 369 

using directional antennas at known locations remote from the transmitter’s position (White 370 

and Garrott 1990), whereas GPS uses a satellite based system to obtain location coordinates. 371 

There have been many published studies where one or both of these methods were used, with 372 

mixed success for determining various aspects of carnivore ecology throughout the United 373 

States (Hinton et al. 2012, Schrecengost et al. 2009, Sparkman et al. 2012). While GPS 374 

technology has developed rapidly in recent history, the real time functional advantage of VHF 375 
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cannot be disregarded. When GPS technology falters or malfunctions, VHF can serve as 376 

replacement for data collection in addition to its use in real time monitoring of study animals. 377 

Canids will be minimally monitored for mortality approximately every 30 days by using VHF 378 

aerial telemetry techniques (Whitehouse and Steven 1977) as there may be a delay in satellite 379 

transmission of GPS location data due to weather, season, and animal behavior. Transient 380 

canids and individuals from breeding pairs that have lost a mate, have been found to use much 381 

larger areas versus paired residents, potentially increasing the opportunity for losing track of 382 

these individuals when GPS technology reaches its functional capacity or experiences 383 

malfunction. VHF data may also provide locations of canids in cover too dense for GPS units to 384 

function. Use of VHF telemetry techniques for data collection may be expanded as necessary 385 

for project needs.  386 

Spatial Data Analyses 387 
Both minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and 388 

core use areas (50% and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated 389 

from GPS data by using BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial 390 

Modelling Environment (Spatial Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems 391 

Research Institute, 2016) (Benson et al. 2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for 392 

comparison to older studies. These estimations can also be calculated using VHF data, provided 393 

data minimum requirements are met. Spatial distribution in relation to habitat will also be 394 

estimated by dynamic Brownian bridge movement models as described by Hinton (2014) with R 395 

statistical software (R Core Team 2016) using the moveud package with habitat covariates 396 

important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 397 

Proctor, personal communication, 2016). Additionally, recent research into how canids shift 398 

their ranges will also be investigated for populations on the AP (Morin and Kelly, in review). 399 

Spatial overlap and co-occurrence will be assessed using methods described by Shipley (2012). 400 

Habitat and cover types will be estimated from digitized maps created by the SEGAP (Hinton 401 

2014) or ortho files, as available (Shipley 2012). Percent composition of habitat and cover types 402 

within home ranges and core areas as well as edge density will be quantified (Shipley 2012). 403 

Habitat selection and cover type use effects on spatial distribution will be estimated at both the 404 

population (2nd order) and individual (3rd order) spatial scales using resource selection functions 405 
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(Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of seasonality and time of day 406 

activity will also be explored. The spatial and temporal patterns of space use by sympatric 407 

canids will be studied using data generated from the interaction GPS collar sensors, particularly 408 

distance between individuals and duration of proximity. 409 

Den Monitoring 410 

Project staff will attempt to locate den sites for sympatric canids to get pup counts, 411 

morphometric measurements, age estimates, and skin biopsies. Project staff will also attempt 412 

to monitor pup survival during the pup rearing season by using remote cameras placed around 413 

the den site (Harrison and Gilbert 1985, Parks 1979, Way et al. 2001). Pups will be weighed, 414 

measured, and PIT tagged during May and June of each year when they become active but are 415 

still den-obligated (Gier 1968). We will investigate the use of remote camera traps for 416 

monitoring den behavior with a two-camera array around the den (H. Garbe, personal 417 

communication, 2016, Kays and Slauson 2008). This method has been successfully used to 418 

monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 419 

sensitive to den site disturbance, there is a general lack of data in the literature regarding this 420 

approach for monitoring pup survival. Approaching an experimental methodology 421 

systematically will be important for determining which methods are effective and which are 422 

not. As a starting point for testing this methodology, remote cameras will be placed two to five 423 

meters from main den entrances and set to take photos using a passive infrared sensor trigger 424 

(a beam that when broken by movement through it, triggers the camera to take a series of 425 

photos) with a time restriction between photo intervals to limit the number of photos taken 426 

and maximize the space on the memory card for the time period between camera checks 427 

(Kluever et al. 2013). Cameras will be checked six days after deployment and will be redeployed 428 

(i.e. new batteries and memory card, if required); cameras will remain at each den site until 429 

radio-collar data indicates the den site has been moved (Kluever et al. 2013). Cameras will be 430 

not be redeployed to a new coyote den site during a season if that breeding pair has already 431 

moved the den once due to the disturbance of camera presence/deployment. 432 
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Mortalities 433 

If a collared animal dies during the project, the carcass will be sent to SCWDS for 434 

necropsy. Red wolves will be sent to the SCWDS laboratory for necropsy, unless it is determined 435 

to be a law enforcement case. In potential law enforcement cases, the NCWRC Division of 436 

Wildlife Management Chief and USFWS Ecological Services Raleigh Field Office Field Supervisor 437 

will be contacted and requested to contact the appropriate law enforcement personnel, 438 

immediately after determining the need for law enforcement involvement. The carcass and all 439 

relevant information will then be turned over to law enforcement; the GPS-collar will be 440 

removed and genetic samples will be taken from the individual prior to release to law 441 

enforcement.  442 

E.  Project Personnel 443 

Andrea Shipley has worked for the North Carolina Wildlife Resources Commission as a Canid 444 
Biologist since February 2016. Prior to that, she worked as a Wildlife Biologist for a non-profit 445 
located in northeastern Nevada as well as in several different field biologist oriented positions. 446 
Andrea has a background in carnivore and spatial ecology, having earned her MS in Biological 447 
Sciences from Eastern Kentucky University and BS in Biological Sciences from Rutgers 448 
University; Andrea will act as project lead and coordinator.  449 

Brandon Sherrill has worked for the North Carolina Wildlife Resources Commission as a 450 
Mammalogist since December 2013. Prior to that, he worked as an educator at the North 451 
Carolina Museum of Natural Sciences and as a regional wildlife biologist for the South Carolina 452 
Department of Natural Resources. Brandon earned a BS and MS in Fisheries, Wildlife, and 453 
Conservation Biology from North Carolina State University; Brandon will act as project 454 
supervisor. 455 

Krishna Pacifici, Research Assistant Professor at NCSU, will be the quantitative analysis 456 
collaborator on the project. Krishna’s background and experience in quantitative ecology makes 457 
him well suited to consult and assist with advanced statistical analyses of spatial data. 458 

Lisette Waits, Department Head and Distinguished Professor at the University of Idaho, will be 459 
the DNA analysis collaborator for the project, responsible for all DNA related sample processing 460 
and subsequent analyses.   461 
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F.  Schedule and Estimated Costs 462 

The project will run from soon after December 1, 2017 through June 30, 2020. The 463 

estimated timeline for major tasks is as follows: 464 

 465 

Year 1: Initiate field work soon after December 1, 2017 with assistance from 1-2 field 466 

technicians; 1 technician will be required for trapping and den monitoring efforts. Data 467 

collection will begin immediately after collar deployment and data will be managed by Andrea 468 

Shipley throughout the life of the project. Data analysis will be initiated after den monitoring 469 

season concludes, with guidance and assistance from Krishna Pacifici at North Carolina State 470 

University (NCSU). Report, manuscript and presentation production will be initiated 471 

concurrently with data analysis. 472 

Year 2: Continue field work and data collection with assistance from 1-2 field technicians. 473 

Continue data analysis with guidance and assistance from Krishna Pacifici at NCSU. Continue 474 

and finalize report and manuscript production, and presentation at professional working groups 475 

and/or meetings. 476 

GPS technology allows researchers to collect locational data at fine spatial and temporal 477 

scales through the deployment of collar units on wildlife study subjects. In this project, we 478 

propose to study a sample of sympatric canid populations with GPS radio-collars, in order to 479 

investigate the population parameters outlined in previous sections as well as species 480 

interactions. The purchase and use of this technology is critical to meeting the research 481 

objectives set forth in this document as well as in the document included in Attachment 1. 482 

While GPS technology has evolved over the past 20 years, the cost of technology has 483 

plateaued. Upfront cost per unit remains relatively high, however project savings occurs at the 484 

back end when compared to older telemetry technology such as very high frequency (VHF) 485 
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which require intensive labor to collect data at similar spatial and temporal scales. Pilot testing 486 

the proximity sensor enabled GPS-collars will allow investigation of the utility of this relatively 487 

new tool for community dynamics analysis by providing an increased locational data acquisition 488 

when individuals come within a set distance, or closer, from each other. Additionally, these 489 

sensors record the identities of the interacting individuals and the duration of their 490 

interactions. Using a trigger to temporarily switch GPS fix schedules will enable us to collect 491 

very fine scale data while conserving battery life, achieving project objectives in an efficient 492 

manner. Exploring the efficaciousness of this technology has the potential to positively impact 493 

future research projects requiring use of GPS-collars for data collection. 494 

Aerial tracking will provide regular study animal surveillance useful to investigate cases 495 

of mortality, collar malfunction, or satellite data transmission delays, which can vary seasonally. 496 

In some situations, ground tracking could prove less expensive than aerial tracking. However, 497 

ground telemetry techniques require more than one biologist working in tandem to acquire 498 

accurate location estimates. This often translates to increased labor to collect data, particularly 499 

in large study areas. Aerial tracking will provide a more efficient and cost-effective method for 500 

surveilling study subjects in this large study area, requiring only one biologist and a contracted 501 

pilot. NCWRC personnel will perform aerial tracking along with the NCWRC pilot at a minimum 502 

frequency of every 30 days. 503 

Use of local trappers to assist with sampling efforts provides several benefits. Local 504 

trappers have established, long-term relationships with private land owners, thereby providing 505 

access to private lands that might be otherwise difficult to secure. This will enable project 506 

biologists to obtain a representative sample of sympatric canids in the study area, as well as to 507 

operate more trap lines concurrently. This is particularly important when using a SCR sample 508 

design, as it will have direct implications on the resulting analyses and inferences. 509 

As part of collaboration efforts, the project will contract the services of Krishna Pacifici, 510 

Research Assistant Professor in the Applied Ecology department at NCSU. Krishna’s expertise is 511 

in quantitative ecology; consultation and assistance services provided will allow project 512 

biologists to make appropriate statistically relevant inferences from collected data.  513 
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DNA analysis will be contracted to Lisette Wait’s lab at the University of Idaho. Lisette’s 514 

team at The Laboratory for Ecological, Evolutionary and Conservation Genetics has previous 515 

experience in analyzing red wolf and coyote hybrid molecular samples and has the most 516 

comprehensive DNA methodology for this sympatric canid species continuum in the nation. 517 

This expertise will facilitate expedient species identification on collared study animals besides 518 

landscape level population dynamics analysis. 519 

 520 

 521 

Commission In-kind Total
a.       Personnel 7,200.00$      -$    7,200.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 30,000.00$    -$    30,000.00$    
d.      Equipment 54,000.00$    -$    54,000.00$    
e.       Supplies 61,500.00$    -$    61,500.00$    
f.        Contractual 315,590.00$ -$    315,590.00$ 
g.      Construction -$                -$    -$                
h.      Other 6,000.00$      -$    6,000.00$      
i.        Total Direct Charges (sum of 
a – h) 474,290.00$ -$    474,290.00$ 
j.        Indirect Charges 4,800.00$      -$    4,800.00$      
k.      Totals (sum of i and j) 479,090.00$ -$    479,090.00$ 

Federal (75%) 359,317.50$ 
State (25%) 119,772.50$ 
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G.  Geographic Location 522 

Three counties of the Albemarle Peninsula of North Carolina (Dare, Hyde, and Tyrrell counties). 523 

H.  Related Federal Projects 524 

NC-W-F15AF00726 (W-72) NC-Division of Wildlife Management Cooperative Projects 525 

  526 
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I.  Glossary 527 

Abundance: Species abundance is the number of individuals per species, and relative abundance refers 528 
to the evenness of distribution of individuals among species in a community. 529 

Adaptive kernel (AK): A probabilistic home range estimator based on the distribution and density of 530 
locations that has been collected over a period of time. 531 

Adverse reactions: In pharmacology, any unexpected or dangerous reaction to a drug. 532 

Aerial: Existing, happening, or operating in the air. 533 

Annually: Once a year; every year. 534 

Anthropogenic: Caused or influenced by humans. 535 

Apex: Having no natural predators in its ecosystem. 536 

Ataxia: The loss of full control of bodily movements. 537 

Beacon: A radio beacon whose purpose is the investigation of the propagation of radio signals. 538 

Biopsy: The removal for diagnostic study of a piece of tissue from a living body. 539 

Brachial vein: One of a pair of veins accompanying the brachial artery and uniting with each other and 540 
with the basilic vein to form the axillary vein. 541 

 542 

Breeding pair: A pair of animals which cooperate over time to produce offspring with some form of a 543 
bond between the individuals. 544 

Carrying capacity: The maximum population size of the species that the environment can sustain 545 
indefinitely, given the food, habitat, water, and other necessities available in the environment. 546 

Compensatory immigration: Individuals emigrating from areas with lower mortality to those with higher 547 
mortality; filling a deficiency of individuals in a population experiencing higher mortality. The increase in 548 
size or activity of one part of an organism or organ that makes up for the loss or dysfunction of another.  549 

Composition: The combining of distinct parts or elements to form a whole. 550 
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Co-occurrence: Refers to observation of the spatial overlap between two (or more) different individuals 551 
over a period of time. 552 

Coordinates: Any of the scales or magnitudes that serve to define the position of a point. 553 

Core use areas: An area within a home range exhibited by a dense concentration of location points; 554 
commonly estimated at 50% of the location data points. 555 

Covariates: A variable that is possibly predictive of the outcome under study. 556 

Cranial: Pertaining to the cranium or to the anterior (in animals) or superior (in humans) end of the 557 
body. 558 

Cryogenic: Very low temperatures, e.g. -80oC. 559 

Den-obligated: Restricted to a particular condition of life, in this case restricted to a den site. 560 

Density: A measure of the number of organisms that make up a population in a defined area. 561 

Deployment: To organize and send out (people or things) to be used for a particular purpose. 562 

Depredation: The act of preying upon. 563 

Depressed respiration: A decrease in the ability to exhale and inhale; respiration that has a rate below 564 
12 breaths per minute or that fails to provide full ventilation and perfusion of the lungs. 565 

Diagnostic: The process of determining by examination the nature and circumstances of a diseased 566 
condition. 567 

Disorientation: Loss of one's sense of direction, position, or relationship with one's surroundings. 568 

Distribution: The manner in which a biological taxon is spatially arranged. 569 

DNA: (deoxyribonucleic acid) is a type of macromolecule known as a nucleic acid. It is shaped like a 570 
twisted double helix and is composed of long strands of alternating sugars and phosphate groups, along 571 
with nitrogenous bases (adenine, thymine, guanine and cytosine). 572 

Dorsal: Situated on or toward the upper side of the body, equivalent to the back, or posterior, in 573 
humans; situated on or toward the posterior plane in humans or toward the upper plane in quadrupeds. 574 

Duration: A continuous period of time. 575 

Dynamic Brownian bridge movement models: Incorporates temporal and behavioral characteristics of 576 
movement paths into estimation of home range. 577 

Ectoparasite: a parasite that lives on the outside of its host rather than within the hosts body; e.g. fleas 578 
and lice. 579 

Effective trap area: Calculated by buffering each trap site by half the mean maximum distance traveled, 580 
each of these boundaries are dissolved, creating a measurable area. 581 

Efficacious: Producing or capable of producing a desired effect. 582 
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Efficient: Accomplishment of or ability to accomplish a job with a minimum expenditure of time and 583 
effort. 584 

Euthanize: The act of putting to death painlessly or allowing to die, as by withholding extreme medical 585 
measures, a person or animal suffering from an incurable, especially a painful, disease or condition. 586 

Expedient: Suitable for achieving a particular end in a given circumstance. 587 

Evaporative cooling: reduction in temperature resulting from the evaporation of a liquid, which removes 588 
latent heat from the surface from which evaporation takes place. 589 

Facilitate: Make an action or process easy or easier. 590 

Genotyping: Investigate the genetic constitution of (an individual organism). 591 

Gonadal descent: The act or process of descending from a higher to a lower location; testicular descent 592 
occurs during the breeding season annually. 593 

GPS: Global Positioning System, is a radio navigation system that allows land, sea, and airborne users to 594 
determine their exact location, velocity, and time 24 hours a day, in all weather conditions, anywhere in 595 
the world. 596 

Home range: an area over which an animal or group of animals regularly travels in search of food or 597 
mates, and that may overlap with those of neighboring animals or groups of the same species. 598 

Hybridization: The result of mixing, through sexual reproduction, two animals or plants of different 599 
breeds, varieties, species or genera. 600 

Immobilization agent: An active force or substance capable of producing an effect. 601 

Implantation: To put or fix firmly. 602 

Inbreeding depression: The reduced biological fitness in a given population as a result of inbreeding, or 603 
breeding of related individuals. 604 

Inception: The establishment or starting point of an institution or activity. 605 

Interspecific: Existing or occurring between different species. 606 

Iridium: A satellite constellation providing voice and data coverage to satellite phones, pagers and 607 
integrated transceivers over the Earth's entire surface. 608 

Jugular vein: Any of several large veins in the neck, carrying blood from the head and face. 609 

Lacerations: A deep cut or tear in skin or flesh. 610 

Locational: A position or site occupied or available for occupancy or marked by some distinguishing 611 
feature. 612 

Malfunction: Fail to operate in the normal or usual manner 613 

Methodology: A system of methods used in a particular area of study or activity. 614 

Midline: A median line or plane of bilateral symmetry, especially that of the body. 615 
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Minimum convex polygon (MCP): Completely enclose all data points by connecting the outer locations in 616 
such a way as to create a convex polygon. 617 

Molecular samples: Genetic samples that may be used for investigation of genetic constitution of an 618 
individual. 619 

Morphometrics: The process of measuring the external shape and dimensions of landforms, living 620 
organisms, or other objects. 621 

Mortality: The state of being subject to death. 622 

Non-target bycatch: Animals caught by accident that are not the target species being sought. 623 

Parameters: A numerical or other measurable factor forming one of a set that defines a system or sets 624 
the conditions of its operation. 625 

Parentage: The origin of something; the state or relation of a parent. 626 

Passive integrated transponder: A microchip implant is an identifying integrated circuit placed under the 627 
skin of an animal. 628 

Pinna: The external part of the ear in humans and other mammals; the auricle. 629 

Plateaued: A period or state of little or no growth or decline. 630 

Population dynamics: The branch of life sciences that studies the size and age composition of 631 
populations as dynamic systems, and the biological and environmental processes driving them (such as 632 
birth and death rates, and by immigration and emigration). 633 

Population growth: The increase in the number of individuals in a population. 634 

Population size: A group of organisms of the same species that live in the same area. 635 

Population status:  636 

Population trend: Changes over time and can include changes in ranging behavior and distribution, 637 
biogeography and life-history. 638 

Population viability: The process that determines the probability that a population will go extinct within 639 
a given number of years. 640 

Proximity: Nearness in space, time, or relationship. 641 

Quantified: Express or measure the quantity of. 642 

Quantitative: Relating to, measuring, or measured by the quantity of something rather than its quality. 643 

Radio-telemetry: The use of radio waves for transmitting information from a distant instrument to a 644 
device that indicates or records the measurements. 645 

Recumbency: The state of leaning, resting, or reclining. 646 

Reintegrate: Restore (elements regarded as disparate) to unity. 647 
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Remnant: A small remaining quantity of something. 648 

Reproductive status: Relating to or effecting reproduction. 649 

Spatial: Relating to, occupying, or having the character of space. 650 

Spatial capture-recapture: A method commonly used in ecology to estimate an animal population's size. 651 
A portion of the population is captured, marked, and released. Marked animals are either recaptured or 652 
are tracked, each tracking location being considered a recapture. 653 

Species Continuum: An aggregate of species capable of interbreeding, resulting in fertile hybrid offspring 654 
whose genetic composition may represent a varying array of phenotypes and genotypes from the 655 
parental species, at which the extreme ends of the spectrum are distinct. 656 

Standardize: Cause (something) to conform to a standard. 657 

Statistically relevant inferences: the process of deducing properties of an underlying distribution by 658 
analysis of data. Inferential statistical analysis infers properties about a population: this includes testing 659 
hypotheses and deriving estimates. 660 

Stochastic population models: Ecological population modeling is concerned with the changes in 661 
population size and age distribution within a population as a consequence of interactions of organisms 662 
with the physical environment, with individuals of their own species, and with organisms of other 663 
species; stochasticity possesses some inherent randomness. In stochastic population models, the same 664 
set of parameter values and initial conditions will lead to an ensemble of different out puts. 665 

Strangulation: The condition in which circulation of blood to a part of the body is cut off by constriction. 666 

Stratifying: Form or arrange into strata, one of a number of portions or divisions likened to layers or 667 
levels. 668 

Surveillance: Continuous observation of a place, person, group, or ongoing activity in order to gather 669 
information. 670 

Survival: A living or continuing longer than, or beyond the existence of, another person, thing, or event. 671 

Sympatric: Occurring within the same geographical area; overlapping in distribution. 672 

Tachycardia: A heart rate that exceeds the normal resting rate. In general, a resting heart rate over 100 673 
beats per minute is accepted as tachycardia in human adults. 674 

Telemetry: See radio-telemetry. 675 

Temporal: Of or relating to time. 676 

Tooth replacement: The process of development of two successive sets of teeth, initially the deciduous 677 
set and consecutively the permanent set. 678 

Transmitter: A set of equipment used to generate and transmit electromagnetic waves carrying 679 
messages or signals, especially those of radio or television. 680 

Transponder: A device for receiving a radio signal and automatically transmitting a different signal. 681 
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Vaccinate: Treat with a vaccine to produce immunity against a disease; inoculate. 682 

Venipuncture: The puncture of a vein as part of a medical procedure, typically to withdraw a blood 683 
sample or for an intravenous injection. 684 

VHF: Very high frequency is the ITU designation for the range of radio frequency electromagnetic waves 685 
(radio waves) from 30 MHz to 300 MHz, with corresponding wavelengths of ten to one meters. 686 

  687 
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STATE:    North Carolina 1 
 2 
GRANT TITLE:    W79-Wildlife Management 3 
 4 
PROJECT TITLE:   Pilot Study – Using Fine Scale GPS Technology to Research  5 

Sympatric Canid Population Dynamics (Job 2.0?) 6 
 7 

A.  Problem and Need 8 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North 9 

Carolina (NC), and is managed as nongame with no closed season or bag limit (NC Wildlife 10 

Resources Commission 2016). Previously restricted to the West and Midwest regions of the 11 

United States, by the early 1990s coyotes had expanded their range into the Albemarle 12 

Peninsula (AP), which is situated in the northeast coastal plain region of NC (Hinton et al. 2012, 13 

Murray et al. 2014). In recent years as coyotes have increased their population, some have 14 

begun to make use of the Outer Banks region.  15 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 16 

experimental population of captive-bred red wolves (Canis rufus) on the Alligator River National 17 

Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population increased until 2008 and 18 

peaked at around 130 individuals (Group Solutions, Inc. 2016), short of the recovery goal of 220 19 

in the wild (USFWS Red Wolf Recovery Program 2013). The AP has an estimated carrying 20 

capacity of 140-150 wolves (Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery 21 

Program 2007). The exact number of red wolves is not known, but USFWS staff report a 22 

population estimate of 45-60 individuals with eight mortalities to date in 2016 23 

(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and 24 

inbreeding depression are suspected factors that have affected red wolf population growth and 25 

viability since the inception of the Red Wolf Recovery Program (RWRP), while vehicular and 26 

gunshot mortality are known factors (Hinton et al. 2013). Because of hybridization between red 27 

wolves and coyotes, the AP supports a continuum of sympatric canids, hereafter referred to as 28 

“sympatric canids.” 29 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 30 

2015 and discontinued the coyote sterilization program, potentially affecting the spatial 31 
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distribution and population dynamics of sympatric canids. Telemetry data from coyotes on the 32 

AP suggests that about 70% of coyotes are residents (i.e., those that defend set territories) 33 

while the other 30% are transients, with most being dispersing juveniles (Hinton et al. 2015). 34 

Transient coyotes do not defend set territories. Coyotes can travel long distances and become 35 

transient even as adults, especially when they lose their mate. Recently described as using 36 

“compensatory immigration,” coyotes opportunistically fill spatial resource gaps by periodic 37 

transiency; when spots come open, individuals that do not yet have permanent territories and 38 

have been roaming in the area, are able to inhabit the new openings (Hinton 2016). These 39 

periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 40 

especially when they are utilizing of anthropogenic resources.  41 

Though a rural area, human land uses occupy a significant portion of space on the AP. 42 

The AP is comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 43 

and 20% “other” land cover types on federal, state and private lands (Dellinger 2011). Concerns 44 

about fear of attacks on humans and domestic pets, the effects of sympatric canids on white-45 

tailed deer and other game populations, and homeowner property damage comprise many of 46 

the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming 47 

data). Wildlife managers in this region frequently receive requests for information on canid 48 

management (C. Turner, personal communication, 2016).  49 

The changes in state and federal canid management rules have resulted in confusion 50 

regarding residents’ rights and options for management of property damage by sympatric 51 

canids. As a result, some citizens are unsure of the legal and most effective methods for canid 52 

conflict management. Adding to management complexity is the need to manage canids for 53 

conservation purposes, such as reducing predation on at-risk ground nesting species or 54 

reducing hybridization of sympatric canids.  55 

In 2013, NCWRC and USFWS established a committee to oversee the collaborative 56 

management and conservation of sympatric canids on the AP. A USFWS and NCWRC joint 57 

memorandum documented detailed action items for the joint management of sympatric canids 58 

on the AP, including specific research objectives which this proposal seeks to address 59 

(Attachment 2). As sympatric canids on the AP increase in number, monitoring their 60 
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movements, particularly in relation to individuals of differing ancestry, could provide important 61 

data to NCWRC and USFWS staff for science-based local and landscape-level decisions about 62 

sympatric canid populations and conflict management. Collection of finer temporal scale 63 

location data would help to manage interactions of sympatric canids with humans, as well as to 64 

support development of dynamic stochastic population models.   65 

B.  Objectives (after December 1, 2016-November 30, 2018) 66 

Objective 1: Use GPS collar and proximity sensor technology to test performance under 67 

various conditions and evaluate the frequency and accuracy of the scheduled fix rates. 68 

Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 69 

spatial dynamics of sympatric canids: home range and core area sizes, amount of 70 

overlap in home range and core areas, movement pathways and daily activity patterns, 71 

and cover type selection and preference. 72 

Objective 3: Use fine scale GPS data collection for investigating the number and age 73 

structure of offspring for family groups of collared sympatric canids. 74 

Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 75 

sympatric canids. 76 

Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 77 

conflicts with landowners. 78 

Objective 6: Determine genetic profiles of sympatric canids through DNA identification 79 

of all captured individuals, parentage, and presence of hybridization. 80 

At the end of this two-year pilot study, we will deliver an observational summary detailing the 81 

use of the GPS and sensor technology for spatial and population dynamics research on 82 

sympatric canids on the AP. 83 

C.  Expected Results and Benefits 84 

As part of a pilot study, we will monitor the status of collared individuals by using a finer 85 

scale assessment of space and habitat use than previous studies. Earlier research focused on 86 

many of the same objectives we suggest investigating here, but during a time of intense, active 87 



 

-4- 

management. Specific management techniques are no longer being carried out and dynamics 88 

between sympatric canids are expected to have changed substantially. The uncertainty 89 

regarding current dynamics presents a need for additional research in order to inform actions 90 

for the management of sympatric canids. Information gained from research may impact 91 

management rules and landowner’s abilities to manage canids in some areas. Additionally, GPS 92 

technology has improved since earlier research was conducted allowing for more temporally 93 

detailed data collection and more nuanced analyses. Understanding how sympatric canids 94 

collectively use resources in areas of human-dominated landscapes will allow wildlife managers 95 

to tailor management options to local conditions. On the AP, row crop agriculture and hunting 96 

represent the primary and secondary land uses, respectively. Row crop agriculture is a 97 

significant nutrient resource on the landscape and, as opportunists, canids take advantage of 98 

such resources when they are available. Non-consumptive wildlife-driven tourism persists in all 99 

seasons and wildlife watching is a main draw for tourists in this area. For many tourists, the 100 

opportunity to see or hear large carnivores is the sole attraction for traveling to the AP. 101 

Information from this study will be provided to local constituents to establish a knowledge base 102 

regarding how sympatric canids use resources on private lands. Management and guidance 103 

could serve to prevent or minimize conflict while maximizing positive wildlife interaction 104 

opportunities for constituents. Development of a common understanding between wildlife 105 

managers and landowners based upon factual information is paramount for collaboratively 106 

achieving successful management of sympatric canids. The data collected in this pilot study is 107 

the foundation upon which this understanding and future management actions will be built.  108 

The current level of hybridization between sympatric canids on the AP will be 109 

characterized using DNA gathered during this study. Body size exists as a continuum between 110 

coyotes and red wolves and has been documented as the most important factor for successful 111 

interspecific breeding pairs of these canids (Hinton 2014). Though both species have been 112 

found to use resources in similar manners, red wolves generally have more expansive home 113 

ranges and therefore may not use local resources as intensively as coyotes, depending on body 114 

size. Obtaining individual identification of study animals will allow managers, armed with spatial 115 

information, to infer how and why individuals in the canid species continuum exploit 116 
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anthropogenic resources considering their life history traits.  117 

In conjunction with prior research, data collected will contribute to knowledge on 118 

sympatric canid population dynamics on the AP. Estimating population size will allow managers 119 

to monitor population trends of sympatric canids and to examine the long and short-term 120 

impacts of different management strategies on their populations. While it is unknown whether 121 

sample size will allow for population estimation, obtaining population estimates for coyotes 122 

would provide wildlife managers with baseline data, when paired with annual mortality 123 

estimates, for monitoring changes in population abundance over time. Information on changes 124 

in abundance, reproductive dynamics, and habitat use could impact management strategies to 125 

influence long-term conservation outcomes. Results of this pilot study will allow managers to 126 

determine if future work will be necessary, what amount of effort will be required to achieve 127 

each objective, and whether or not population estimates will be an attainable goal. 128 

D.  Approach 129 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square 130 

kilometers within Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife 131 

Management Institute 2014). However, the USFWS has proposed the RWRA be constricted to 132 

the ARNWR and the Dare County Bombing Range in Dare county by the end of 2017. Due to 133 

these proposed RWRA changes, this study proposes to capture and radio-collar 25 sympatric 134 

canids within Dare, Hyde, and Tyrrell counties (hereafter referred to as “study area”); those 135 

counties being within and directly adjacent to the proposed new RWRA. The thematic 136 

subheadings below provide detailed descriptions of the approaches required for achieving the 137 

pilot study objectives. 138 

Sampling Efforts 139 

Trained NCWRC personnel will conduct live trapping of sympatric canids, with assistance 140 

from the USFWS RWRP biologists, and trained, experienced local trappers. NCWRC and USFWS 141 

wildlife personnel will select local trappers based on their past performance in trapping 142 

sympatric canids, but may also select trappers from the NCWRC coyote trappers list. NCWRC 143 

staff will train contracted trappers on specific trapping procedures before every trapping 144 
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season. The project lead will supervise and coordinate all trapping activities including locations 145 

for installation and the operation of trap lines and handling of captured animals. Simultaneous 146 

personal trapping activities by contracted trappers will not be permitted while performing 147 

contracted trapping services, as specified in the draft service contract (Attachment 4). 148 

Trapping efforts will follow a spatial capture-recapture (SCR) framework with a 149 

systematic targeted sampling design, focusing on areas that contain resources previously found 150 

to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) (Harris et al. 151 

2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. This effort will 152 

allow us to increase the probability of detection of sympatric canids on the landscape (Tom 153 

2012). While it is important to sample a wide range of habitats, the most important 154 

requirement for SCR is the number of collared individuals; this requirement provides flexibility 155 

in the other requirements for field sampling as needed (K. Pacifici, personal communication, 156 

2016). We will initially focus trapping in areas of known red wolf packs, as advised by RWRP. 157 

Trapping will take place during the breeding season when the likelihood of capturing 158 

females in the later stages of gestation or whelping females will be low. Capture efforts will be 159 

conducted from soon after 1 December 2017 – February 2018 and December 2018 – February 160 

2019. Captured sympatric canids will be surrendered to NCWRC or the USFWS at capture sites. 161 

Trapping should occur on both public and private lands to obtain sampling coverage of the 162 

study area. Ideally, all federal and state lands would be accessible for trap and release 163 

(hereafter referred to as “capture”) of sympatric canids, but it is most important to be able to 164 

trap and release on Alligator River NWR and the Dare County Bombing Range as those 165 

encompass the newly proposed RWRP recovery area and comprise the majority of land area for 166 

Dare county. Unlike Dare county, there are ample private lands that surround Pocosin Lakes 167 

NWR and Lake Mattamuskeet NWR in both Tyrrell and Hyde counties that may be utilized to 168 

effectively sample individuals who may use those federal lands, should they be excluded from 169 

capture activities. Capture on federal lands may require USFWS take permits and proposed 170 

activities may be subject to a compatibility assessment (P. Benjamin, personal communication, 171 

2016). Scientific collection activities that take place on private lands will require agreements 172 

outlining conditions mutually decided by NCWRC and landowners (Attachment 3). 173 
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To increase probability of detection of sympatric canids, the accessible study area will 174 

be partitioned by a grid, the cell size of which will based on the average annual home range size 175 

of resident coyotes previously reported for the AP, approximately 23 km2 (Hinton et al. 2015). 176 

As a system of sampling, trap lines will be referred here as “traps,” and the number of trap sets 177 

(i.e. the actual trapping device) and number of each trap set size may vary between traps as 178 

necessary. Sampling will be standardized within each grid cell by use of equal number of traps 179 

per cell, on average 3 per cell, each at an approximate length of 10 km (Andelt and Gipson 180 

1979, Way et al. 2004).  181 

Target canids will be captured by using Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., 182 

P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, Schemnitz 1994), the EZ Grip #7 (Livestock 183 

Protection Company, P.O. Box 725, Alpine, Texas 79831, Frame and Meier 2007), or equivalent. 184 

Various lures and baits will be used to increase trapping efficiency (Frederick et al. 1989, Shipley 185 

2012). Traps will be laid on the Monday of each week and will be opened at the time of 186 

deployment. Traps will be checked once daily at dawn, to reduce potential stress to trapped 187 

individuals and will not be operated on days where the temperature is expected to reach or 188 

exceed 80o F (R. Nordsven, personal communication, 2016) or during times of predicted 189 

inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). To standardize effort and 190 

remain logistically realistic, traps should be open for three trap nights in a row before being 191 

removed. Trap sets that have been closed due to non-target bycatch or other circumstances 192 

may be reopened and all traps should be re-baited and lured as appropriate.  193 

Trap set locations will be marked by NCWRC or USFWS personnel using handheld GPS 194 

units (Garmin GPSMAP 64S, 1200 E. 151st St., Olathe, KS 66062-3426) and given a sequential 195 

identification number. Traps will also be given an identification number and trap set points will 196 

be documented in ArcMap 10.4. Trappers will keep detailed records on trap set operation, non-197 

target species trapped, and other relevant details. Non-target species will be released from 198 

traps after an in-field assessment of injuries, if any, and animals with life threatening injuries 199 

will be euthanized by the trap operator. Targeted recapture of collared canids will occur 200 

annually during the same months, to replace GPS collar batteries and drop-off collar release 201 

units in field. Trapping effort will be quantified (trap nights), the effective sample area will be 202 
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estimated, the encounter (detection) probability will be estimated using a Gaussian detection 203 

model (Amundson et al. 2014), and an estimate of density for coyotes will be calculated using a 204 

modified Huggins closed-capture estimator in program MARK, if sample size allows (Harris et al. 205 

2013, Ivan et al. 2013). 206 

Animal Handling 207 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines 208 

(Sikes et al. 2011) and will be performed at the capture site. Chemical immobilization agents 209 

may be used depending on the number of field staff during processing (i.e., three or more staff 210 

required during non-chemical immobilizations, Craft 2007, M. Morse, personal communication, 211 

2016).  212 

Chemical Immobilization 213 
Unless adequate numbers of personnel are available to safely employ mechanical 214 

restraint techniques, target animals will be anesthetized with the chemical immobilization 215 

agent BAM (Wildlife Pharmaceuticals, Inc., Windsor, CO 80550). BAM, a combination of 216 

Butorphanol tartrate, Azaperone tartrate and Medetomidine HCl., will be delivered by 217 

intramuscular injection by syringe pole to the hip. Dosage for canids is based on field trails 218 

performed by Wildlife Pharmaceuticals (Wildlife Pharmaceuticals, Inc. 2016) and the 219 

recommended dose for coyotes is 0.2CC and red wolves is 0.3CC, with adjunct doses of 0.1-220 

0.2CC delivered if initial dosages do not cause induction (S. Kirschner, personal communication, 221 

2017). Induction times for coyotes and wolves ranged from 5 to 10 minutes after initial and/or 222 

adjunct dosages (Wildlife Pharmaceuticals, Inc. 2016). After field handling is concluded the 223 

anesthesia will be reversed using two reversal agents, Atipamezole and Naltrexone, at double 224 

the CC of Atipamezole to BAM that was delivered (including adjunct doses, if given) and 0.5CC 225 

of Naltrexone. Recovery time from the reversal agents ranged from 10 to 25 minutes during 226 

field trails (Wildlife Pharmaceuticals, Inc. 2016). Field personnel will observe animals for signs of 227 

adverse effects for up to 30 minutes after reversal agents are delivered. 228 

Mechanical Immobilization 229 
Unlike other carnivore families, the submissive behavioral response of canids to 230 
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perceived dominance reduces the need to use immobilization agents. Appropriate mechanical 231 

restraint techniques can reduce handling time of animals, allowing animals to reintegrate into 232 

social groups more quickly, subsequently reducing overall stress to the individual (Powell and 233 

Proulx 2003). Target canids will be mechanically restrained with a restraint pole, until two 234 

muzzles can be placed around the snout. While pinned with the restraint pole by one person, a 235 

second person will restrain the set of legs not in the trap against the ground and a third person 236 

will release the foot from the trap. This set of legs will then be restrained by the 3rd person as 237 

the restraint pole is removed. Once the restraint pole is removed the person restraining the 238 

front legs will also then restrain the head. The first person will then move forward with 239 

processing the captured animal.  240 

Each animal will be placed on a towel or blanket to provide thermal protection from the 241 

ground, with eyes covered and lubricated with eye ointment; temperature will be monitored 242 

with a rectal thermometer. Overheating occurs at approximately 104-105°F for canids (AZA 243 

Canid TAG 2012) and the animal handling crew will monitor temperature at 5-minute intervals; 244 

if a temperature reading reaches 104°F, corrective actions will be taken and temperature will 245 

be monitored at 1-minute intervals. Should overheating occur, the individual will be removed 246 

from insulation to expedite the natural evaporative cooling process. During days that approach 247 

80°F in temperature, measures will be taken to reduce heat stress, such as: wetting the animal 248 

with water, application of a cold pack to the groin area between the back legs, application of 249 

rubbing alcohol to foot pads, or immediate release (AZA Canid TAG 2012). If the injured 250 

individual is suspected to be a red wolf, based on morphometrics, USFWS staff will be 251 

contacted for a decision. In the event that trap caused injuries are determined to be life 252 

threatening through use of a trap injury score assessment (Frame and Meier 2007) the 253 

individual will be euthanized. In the event that NCWRC personnel cannot be present, trained 254 

USFWS personnel may collar and measure captured target animals and will provide data sheets 255 

to NCWRC staff. Target animals will not be vaccinated or otherwise treated for diseases, 256 

regardless of the presence of disease symptoms. 257 

Non-target animals will be released on site. Captured domestic dogs will be immediately 258 

released from the trap set following an injury score assessment and only if no life-threatening 259 
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injuries are present. If a domestic dog has sustained life threatening injuries and owner 260 

identification information is present on the dog, then the animal will be held in either a 261 

transportable kennel, or at a dog pen on a state game land that is equipped with such facilities, 262 

until the owner can retrieve the dog. The costs associated with injuries sustained to the dog will 263 

be the responsibility of the animals’ owner. Law enforcement may be requested to help 264 

communicate with the animal’s owner. If the animal does not have an identifiable owner and 265 

has incurred substantial life threatening injuries (i.e. compound fracture), the dog will be 266 

euthanized on site. Target animals showing signs of disease symptoms such as circling behavior, 267 

head tilt, muscle twitches, convulsions with jaw chewing movements and salivation (“chewing 268 

gum fits”), disorientation, incoordination, staggering caused by paralysis of the hind legs, 269 

seizures, and partial or complete paralysis will be euthanized and tested according to protocol 270 

set forth by the agency veterinarian, in order to determine if there may be a public health issue 271 

(M. Palamar, personal communication, 2016). USFWS will be contacted in cases of suspected 272 

red wolves. Staff involved in animal handling duties will have the pre-exposure rabies 273 

vaccination series completed prior to field work inception and will maintain rabies titer records 274 

through properly licensed medical services providers.  275 

If staff is bitten and skin is broken by an animal while performing handling duties, they 276 

will be advised to immediately visit a local hospital or clinic for evaluation by healthcare 277 

professionals. The field coordinator will immediately notify supervisory staff and an injury 278 

report and workers’ compensation claim will be opened for the incident. The animal will be 279 

euthanized and the head will be sent to the state lab for rabies testing; the body may be sent to 280 

the Southeastern Cooperative Wildlife Disease Study (SCWDS) laboratory for additional disease 281 

investigation. 282 

Capture Processing and Marking 283 

During canid handling, NCWRC personnel will record age class, sex, weight, total body 284 

length, head width, ear length, and tail length, visually assess ectoparasite load, look for and 285 

disinfect with betadine or iodine as needed any minor trap caused injuries, and affix GPS collars 286 

(Knick 1990, Sikes et al. 2011). All captured canids will be fitted with appropriately-sized GPS 287 

collars in the field based on morphometrics previously indicated as reliable thresholds for 288 
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species categorization: hind foot length, weight, width of head, and tail length (Hinton 2014); 289 

analysis of DNA samples collected during trapping efforts will help to assign captured canids to 290 

position along the species continuum post release. Age of individuals will be estimated based 291 

on physical characteristics, including weight and tooth replacement (Knick 1990, Hinton 2014, 292 

Gier 1968), and captured canids will be aged into one of three classes: > 2 years old as adults, < 293 

2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 2014). 294 

Reproductive status will be determined based on estimated age class and presence of gonadal 295 

descent during the breeding season for males and the presence of nipple swelling or previous 296 

suckling for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). 297 

Captured individuals will be ear marked using a button tag (model 410, Ketchum Mfg. 298 

Co. [or equivalent], PO Box 10, 11 Town Shed Road, Lake Luzerne, NY 12846) placed along the 299 

middle of the ear where they are most protected from loss, with a pin-type applicator (485sa 300 

Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). The puncture site will be 301 

treated with an antiseptic to deter infections. Each sympatric canid will also be marked with an 302 

individually-numbered, glass-encapsulated, passive integrated transponder (PIT model HPT12, 303 

12.5 mm, 134.2 kHz, Biomark, Inc., 703 South Americana Blvd., Suite 150, Boise, ID; Gannon et 304 

al. 2007), using a syringe-type implanter and replaceable needle (model MK10 [implanter], 305 

model N125 [needle], Biomark, Inc.). Successful PIT placement will be verified with a mini 306 

portable reader (model GPR Plus, Biomark, Inc.). The implantation site will be prepared by 307 

swabbing with 70% alcohol (Mrozek et al. 1995) and a sterilized new needle will be used for 308 

each injection. The standard implantation site for transponders is subcutaneously on the dorsal 309 

midline of the back, cranial to the shoulder blades (Ingwersen 2000).  310 

A skin biopsy will be taken from all captured target canids by puncturing the pinna of 311 

the ear with a biopsy punch in the same location where the ear tag will be placed (Palamar 312 

2014). The biopsied area will be disinfected with alcohol after sampling. The skin biopsy will be 313 

placed in a labeled (ID, date, and sample type) cryogenic tube filled with 95% ethanol as buffer 314 

and then stored in a freezer until sent out to a lab for genetic analysis (Palamar 2014, Tom 315 

2012). A selection of hairs with the root bulla attached will be pulled from the belly and placed 316 

in paper envelopes (Janecka et al. 2007). Hair samples will serve as back up to tissue samples 317 
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for genetic testing. All samples will be sent to the Laboratory for Ecological, Evolutionary and 318 

Conservation Genetics, at University of Idaho (875 Perimeter Drive, MS 1136, Moscow, ID 319 

83844) for genotyping to determine species as well as individual identification, hybridization 320 

presence, and parentage analysis following previously developed protocols (Adams et al. 2007, 321 

Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that examine the coyote-322 

hybrid-wolf species continuum will be performed. 323 

Blood will be collected from all juvenile and adult target canids by venipuncture of the 324 

brachial or jugular veins using a 22-28-gauge needle (M. Palamar, NCWRC veterinarian, 325 

personal communication, 2016). As per NCWRC veterinarian recommendations, approximately 326 

12 ml of blood will be collected for each animal for possible future testing for diseases of 327 

importance to sympatric canid species as well as the humans and domestic animals that they 328 

may come into contact with. A minimum of two 6 ml lavender top tube (for whole blood with 329 

EDTA) will be filled. Samples should be refrigerated at all times; a cooler with ice will suffice 330 

while in the field. Samples should be sent to the NCWRC within 48 hours or frozen for later 331 

shipping. Skin scrapes will be collected from animals presenting signs compatible with sarcoptic 332 

mange (lesions) for possible future diagnostic purposes. Lesions will be scraped until blood is 333 

drawn; the scrapings will be placed onto a slide and covered with a piece of clear tape for later 334 

visual confirmation. 335 

Should overheating occur, processing will be performed in the following prioritization 336 

order and the first five items will need to be completed before releasing any individuals: 1) trap 337 

injury evaluation, 2) collaring, 3) DNA (skin biopsy) sample collection, 4) morphometrics, 5) 338 

aging, 6) PIT tagging, 7) weight, 8) ear tagging, 9) reproductive status, 10) ectoparasite 339 

evaluation, 11) blood collection, and 12) skin scrape collection. 340 

Collaring 341 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study 342 

area, 10 of which will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-343 

Scheele-Str. 12, 12489 Berlin, Germany). Project staff will pilot test proximity sensor technology 344 

for utility in analysis of spatial and temporal community dynamics. Proximity sensors trigger 345 

increased GPS location acquisition during those time intervals when two collared individuals 346 
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come within a set distance from each other (http://www.vectronic-aerospace.com/wildlife-347 

monitoring/sensors/uhf-id-tags, accessed August 2016).  348 

To avoid instances of collar induced strangulation, only adult (>2 years old) male and 349 

female individuals will receive collars (Hinton 2014). ASM guidelines recommends a collar 350 

weight of <5-10% of a canids bodyweight, we will observe these guidelines (Sikes et al. 2011). 351 

Sympatric canids not releasable at a capture site will not be collared and will not become study 352 

animals. 353 

GPS radio-collars will have both VHF and GPS Iridium locational systems as well as store-354 

on-board capabilities. Radio-collar units will be programmed to record GPS coordinates once 355 

every 1.75 hours producing approximately 13 locations per day while cycling through the 24-356 

hour time cycle. These settings will allow for a GPS battery life of 300 to 552 days, averaging 357 

431 days. The VHF beacon will be in operation from 0800 – 1600 hours daily. GPS locations will 358 

be sent via satellite once per day and each transmission with contain 12 locations. The use of an 359 

integrated drop off firing mechanism should allow the collars to drop off within a maximum of 360 

approximately 548 days after deployment. The drop off schedule once set cannot be changed. 361 

The drop off firing mechanism is wired to a battery unit independent of the collar battery, 362 

therefore should the collar battery become depleted, the drop off mechanism will not be 363 

affected (C. Akakpo, Vectronic Aerospace GmbH, personal communication, 2016). Unless a 364 

collared individual is recaptured before the collar battery dies, the drop off mechanism will fire 365 

at the scheduled time frame post collar deployment.  366 

Observation of sympatric canid habitat use and movements will occur through GPS data 367 

obtained with combination GPS/VHF radio-collars. VHF relies on triangulation, the process of 368 

estimating the location of a transmitter by using two or more compass bearings obtained by 369 

using directional antennas at known locations remote from the transmitter’s position (White 370 

and Garrott 1990), whereas GPS uses a satellite based system to obtain location coordinates. 371 

There have been many published studies where one or both of these methods were used, with 372 

mixed success for determining various aspects of carnivore ecology throughout the United 373 

States (Hinton et al. 2012, Schrecengost et al. 2009, Sparkman et al. 2012). While GPS 374 

technology has developed rapidly in recent history, the real time functional advantage of VHF 375 
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cannot be disregarded. When GPS technology falters or malfunctions, VHF can serve as 376 

replacement for data collection in addition to its use in real time monitoring of study animals. 377 

Canids will be minimally monitored for mortality approximately every 30 days by using VHF 378 

aerial telemetry techniques (Whitehouse and Steven 1977) as there may be a delay in satellite 379 

transmission of GPS location data due to weather, season, and animal behavior. Transient 380 

canids and individuals from breeding pairs that have lost a mate, have been found to use much 381 

larger areas versus paired residents, potentially increasing the opportunity for losing track of 382 

these individuals when GPS technology reaches its functional capacity or experiences 383 

malfunction. VHF data may also provide locations of canids in cover too dense for GPS units to 384 

function. Use of VHF telemetry techniques for data collection may be expanded as necessary 385 

for project needs.  386 

Spatial Data Analyses 387 
Both minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and 388 

core use areas (50% and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated 389 

from GPS data by using BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial 390 

Modelling Environment (Spatial Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems 391 

Research Institute, 2016) (Benson et al. 2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for 392 

comparison to older studies. These estimations can also be calculated using VHF data, provided 393 

data minimum requirements are met. Spatial distribution in relation to habitat will also be 394 

estimated by dynamic Brownian bridge movement models as described by Hinton (2014) with R 395 

statistical software (R Core Team 2016) using the moveud package with habitat covariates 396 

important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 397 

Proctor, personal communication, 2016). Additionally, recent research into how canids shift 398 

their ranges will also be investigated for populations on the AP (Morin and Kelly, in review). 399 

Spatial overlap and co-occurrence will be assessed using methods described by Shipley (2012). 400 

Habitat and cover types will be estimated from digitized maps created by the SEGAP (Hinton 401 

2014) or ortho files, as available (Shipley 2012). Percent composition of habitat and cover types 402 

within home ranges and core areas as well as edge density will be quantified (Shipley 2012). 403 

Habitat selection and cover type use effects on spatial distribution will be estimated at both the 404 

population (2nd order) and individual (3rd order) spatial scales using resource selection functions 405 
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(Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of seasonality and time of day 406 

activity will also be explored. The spatial and temporal patterns of space use by sympatric 407 

canids will be studied using data generated from the interaction GPS collar sensors, particularly 408 

distance between individuals and duration of proximity. 409 

Den Monitoring 410 

Project staff will attempt to locate den sites for sympatric canids to get pup counts, 411 

morphometric measurements, age estimates, and skin biopsies. Project staff will also attempt 412 

to monitor pup survival during the pup rearing season by using remote cameras placed around 413 

the den site (Harrison and Gilbert 1985, Parks 1979, Way et al. 2001). Pups will be weighed, 414 

measured, and PIT tagged during May and June of each year when they become active but are 415 

still den-obligated (Gier 1968). We will investigate the use of remote camera traps for 416 

monitoring den behavior with a two-camera array around the den (H. Garbe, personal 417 

communication, 2016, Kays and Slauson 2008). This method has been successfully used to 418 

monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 419 

sensitive to den site disturbance, there is a general lack of data in the literature regarding this 420 

approach for monitoring pup survival. Approaching an experimental methodology 421 

systematically will be important for determining which methods are effective and which are 422 

not. As a starting point for testing this methodology, remote cameras will be placed two to five 423 

meters from main den entrances and set to take photos using a passive infrared sensor trigger 424 

(a beam that when broken by movement through it, triggers the camera to take a series of 425 

photos) with a time restriction between photo intervals to limit the number of photos taken 426 

and maximize the space on the memory card for the time period between camera checks 427 

(Kluever et al. 2013). Cameras will be checked six days after deployment and will be redeployed 428 

(i.e. new batteries and memory card, if required); cameras will remain at each den site until 429 

radio-collar data indicates the den site has been moved (Kluever et al. 2013). Cameras will be 430 

not be redeployed to a new coyote den site during a season if that breeding pair has already 431 

moved the den once due to the disturbance of camera presence/deployment. 432 
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Mortalities 433 

If a collared animal dies during the project, the carcass will be sent to SCWDS for 434 

necropsy. Red wolves will be sent to the SCWDS laboratory for necropsy, unless it is determined 435 

to be a law enforcement case. In potential law enforcement cases, the NCWRC Division of 436 

Wildlife Management Chief and USFWS Ecological Services Raleigh Field Office Field Supervisor 437 

will be contacted and requested to contact the appropriate law enforcement personnel, 438 

immediately after determining the need for law enforcement involvement. The carcass and all 439 

relevant information will then be turned over to law enforcement; the GPS-collar will be 440 

removed and genetic samples will be taken from the individual prior to release to law 441 

enforcement.  442 

E.  Project Personnel 443 

Andrea Shipley has worked for the North Carolina Wildlife Resources Commission as a Canid 444 
Biologist since February 2016. Prior to that, she worked as a Wildlife Biologist for a non-profit 445 
located in northeastern Nevada as well as in several different field biologist oriented positions. 446 
Andrea has a background in carnivore and spatial ecology, having earned her MS in Biological 447 
Sciences from Eastern Kentucky University and BS in Biological Sciences from Rutgers 448 
University; Andrea will act as project lead and coordinator.  449 

Brandon Sherrill has worked for the North Carolina Wildlife Resources Commission as a 450 
Mammalogist since December 2013. Prior to that, he worked as an educator at the North 451 
Carolina Museum of Natural Sciences and as a regional wildlife biologist for the South Carolina 452 
Department of Natural Resources. Brandon earned a BS and MS in Fisheries, Wildlife, and 453 
Conservation Biology from North Carolina State University; Brandon will act as project 454 
supervisor. 455 

Krishna Pacifici, Research Assistant Professor at NCSU, will be the quantitative analysis 456 
collaborator on the project. Krishna’s background and experience in quantitative ecology makes 457 
him well suited to consult and assist with advanced statistical analyses of spatial data. 458 

Lisette Waits, Department Head and Distinguished Professor at the University of Idaho, will be 459 
the DNA analysis collaborator for the project, responsible for all DNA related sample processing 460 
and subsequent analyses.   461 



 

-17- 

F.  Schedule and Estimated Costs 462 

The project will run from soon after December 1, 2017 through June 30, 2020. The 463 

estimated timeline for major tasks is as follows: 464 

 465 

Year 1: Initiate field work soon after December 1, 2017 with assistance from 1-2 field 466 

technicians; 1 technician will be required for trapping and den monitoring efforts. Data 467 

collection will begin immediately after collar deployment and data will be managed by Andrea 468 

Shipley throughout the life of the project. Data analysis will be initiated after den monitoring 469 

season concludes, with guidance and assistance from Krishna Pacifici at North Carolina State 470 

University (NCSU). Report, manuscript and presentation production will be initiated 471 

concurrently with data analysis. 472 

Year 2: Continue field work and data collection with assistance from 1-2 field technicians. 473 

Continue data analysis with guidance and assistance from Krishna Pacifici at NCSU. Continue 474 

and finalize report and manuscript production, and presentation at professional working groups 475 

and/or meetings. 476 

GPS technology allows researchers to collect locational data at fine spatial and temporal 477 

scales through the deployment of collar units on wildlife study subjects. In this project, we 478 

propose to study a sample of sympatric canid populations with GPS radio-collars, in order to 479 

investigate the population parameters outlined in previous sections as well as species 480 

interactions. The purchase and use of this technology is critical to meeting the research 481 

objectives set forth in this document as well as in the document included in Attachment 1. 482 

While GPS technology has evolved over the past 20 years, the cost of technology has 483 

plateaued. Upfront cost per unit remains relatively high, however project savings occurs at the 484 

back end when compared to older telemetry technology such as very high frequency (VHF) 485 
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which require intensive labor to collect data at similar spatial and temporal scales. Pilot testing 486 

the proximity sensor enabled GPS-collars will allow investigation of the utility of this relatively 487 

new tool for community dynamics analysis by providing an increased locational data acquisition 488 

when individuals come within a set distance, or closer, from each other. Additionally, these 489 

sensors record the identities of the interacting individuals and the duration of their 490 

interactions. Using a trigger to temporarily switch GPS fix schedules will enable us to collect 491 

very fine scale data while conserving battery life, achieving project objectives in an efficient 492 

manner. Exploring the efficaciousness of this technology has the potential to positively impact 493 

future research projects requiring use of GPS-collars for data collection. 494 

Aerial tracking will provide regular study animal surveillance useful to investigate cases 495 

of mortality, collar malfunction, or satellite data transmission delays, which can vary seasonally. 496 

In some situations, ground tracking could prove less expensive than aerial tracking. However, 497 

ground telemetry techniques require more than one biologist working in tandem to acquire 498 

accurate location estimates. This often translates to increased labor to collect data, particularly 499 

in large study areas. Aerial tracking will provide a more efficient and cost-effective method for 500 

surveilling study subjects in this large study area, requiring only one biologist and a contracted 501 

pilot. NCWRC personnel will perform aerial tracking along with the NCWRC pilot at a minimum 502 

frequency of every 30 days. 503 

Use of local trappers to assist with sampling efforts provides several benefits. Local 504 

trappers have established, long-term relationships with private land owners, thereby providing 505 

access to private lands that might be otherwise difficult to secure. This will enable project 506 

biologists to obtain a representative sample of sympatric canids in the study area, as well as to 507 

operate more trap lines concurrently. This is particularly important when using a SCR sample 508 

design, as it will have direct implications on the resulting analyses and inferences. 509 

As part of collaboration efforts, the project will contract the services of Krishna Pacifici, 510 

Research Assistant Professor in the Applied Ecology department at NCSU. Krishna’s expertise is 511 

in quantitative ecology; consultation and assistance services provided will allow project 512 

biologists to make appropriate statistically relevant inferences from collected data.  513 
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DNA analysis will be contracted to Lisette Wait’s lab at the University of Idaho. Lisette’s 514 

team at The Laboratory for Ecological, Evolutionary and Conservation Genetics has previous 515 

experience in analyzing red wolf and coyote hybrid molecular samples and has the most 516 

comprehensive DNA methodology for this sympatric canid species continuum in the nation. 517 

This expertise will facilitate expedient species identification on collared study animals besides 518 

landscape level population dynamics analysis. 519 

 520 

 521 

Commission In-kind Total
a.       Personnel 7,200.00$      -$    7,200.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 30,000.00$    -$    30,000.00$    
d.      Equipment 54,000.00$    -$    54,000.00$    
e.       Supplies 61,500.00$    -$    61,500.00$    
f.        Contractual 315,590.00$ -$    315,590.00$ 
g.      Construction -$                -$    -$                
h.      Other 6,000.00$      -$    6,000.00$      
i.        Total Direct Charges (sum of 
a – h) 474,290.00$ -$    474,290.00$ 
j.        Indirect Charges 4,800.00$      -$    4,800.00$      
k.      Totals (sum of i and j) 479,090.00$ -$    479,090.00$ 

Federal (75%) 359,317.50$ 
State (25%) 119,772.50$ 
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G.  Geographic Location 522 

Three counties of the Albemarle Peninsula of North Carolina (Dare, Hyde, and Tyrrell counties). 523 

H.  Related Federal Projects 524 

NC-W-F15AF00726 (W-72) NC-Division of Wildlife Management Cooperative Projects 525 

  526 
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I.  Glossary 527 

Abundance: Species abundance is the number of individuals per species, and relative abundance refers 528 
to the evenness of distribution of individuals among species in a community. 529 

Adaptive kernel (AK): A probabilistic home range estimator based on the distribution and density of 530 
locations that has been collected over a period of time. 531 

Adverse reactions: In pharmacology, any unexpected or dangerous reaction to a drug. 532 

Aerial: Existing, happening, or operating in the air. 533 

Annually: Once a year; every year. 534 

Anthropogenic: Caused or influenced by humans. 535 

Apex: Having no natural predators in its ecosystem. 536 

Ataxia: The loss of full control of bodily movements. 537 

Beacon: A radio beacon whose purpose is the investigation of the propagation of radio signals. 538 

Biopsy: The removal for diagnostic study of a piece of tissue from a living body. 539 

Brachial vein: One of a pair of veins accompanying the brachial artery and uniting with each other and 540 
with the basilic vein to form the axillary vein. 541 

 542 

Breeding pair: A pair of animals which cooperate over time to produce offspring with some form of a 543 
bond between the individuals. 544 

Carrying capacity: The maximum population size of the species that the environment can sustain 545 
indefinitely, given the food, habitat, water, and other necessities available in the environment. 546 

Compensatory immigration: Individuals emigrating from areas with lower mortality to those with higher 547 
mortality; filling a deficiency of individuals in a population experiencing higher mortality. The increase in 548 
size or activity of one part of an organism or organ that makes up for the loss or dysfunction of another.  549 

Composition: The combining of distinct parts or elements to form a whole. 550 
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Co-occurrence: Refers to observation of the spatial overlap between two (or more) different individuals 551 
over a period of time. 552 

Coordinates: Any of the scales or magnitudes that serve to define the position of a point. 553 

Core use areas: An area within a home range exhibited by a dense concentration of location points; 554 
commonly estimated at 50% of the location data points. 555 

Covariates: A variable that is possibly predictive of the outcome under study. 556 

Cranial: Pertaining to the cranium or to the anterior (in animals) or superior (in humans) end of the 557 
body. 558 

Cryogenic: Very low temperatures, e.g. -80oC. 559 

Den-obligated: Restricted to a particular condition of life, in this case restricted to a den site. 560 

Density: A measure of the number of organisms that make up a population in a defined area. 561 

Deployment: To organize and send out (people or things) to be used for a particular purpose. 562 

Depredation: The act of preying upon. 563 

Depressed respiration: A decrease in the ability to exhale and inhale; respiration that has a rate below 564 
12 breaths per minute or that fails to provide full ventilation and perfusion of the lungs. 565 

Diagnostic: The process of determining by examination the nature and circumstances of a diseased 566 
condition. 567 

Disorientation: Loss of one's sense of direction, position, or relationship with one's surroundings. 568 

Distribution: The manner in which a biological taxon is spatially arranged. 569 

DNA: (deoxyribonucleic acid) is a type of macromolecule known as a nucleic acid. It is shaped like a 570 
twisted double helix and is composed of long strands of alternating sugars and phosphate groups, along 571 
with nitrogenous bases (adenine, thymine, guanine and cytosine). 572 

Dorsal: Situated on or toward the upper side of the body, equivalent to the back, or posterior, in 573 
humans; situated on or toward the posterior plane in humans or toward the upper plane in quadrupeds. 574 

Duration: A continuous period of time. 575 

Dynamic Brownian bridge movement models: Incorporates temporal and behavioral characteristics of 576 
movement paths into estimation of home range. 577 

Ectoparasite: a parasite that lives on the outside of its host rather than within the hosts body; e.g. fleas 578 
and lice. 579 

Effective trap area: Calculated by buffering each trap site by half the mean maximum distance traveled, 580 
each of these boundaries are dissolved, creating a measurable area. 581 

Efficacious: Producing or capable of producing a desired effect. 582 



 

-23- 

Efficient: Accomplishment of or ability to accomplish a job with a minimum expenditure of time and 583 
effort. 584 

Euthanize: The act of putting to death painlessly or allowing to die, as by withholding extreme medical 585 
measures, a person or animal suffering from an incurable, especially a painful, disease or condition. 586 

Expedient: Suitable for achieving a particular end in a given circumstance. 587 

Evaporative cooling: reduction in temperature resulting from the evaporation of a liquid, which removes 588 
latent heat from the surface from which evaporation takes place. 589 

Facilitate: Make an action or process easy or easier. 590 

Genotyping: Investigate the genetic constitution of (an individual organism). 591 

Gonadal descent: The act or process of descending from a higher to a lower location; testicular descent 592 
occurs during the breeding season annually. 593 

GPS: Global Positioning System, is a radio navigation system that allows land, sea, and airborne users to 594 
determine their exact location, velocity, and time 24 hours a day, in all weather conditions, anywhere in 595 
the world. 596 

Home range: an area over which an animal or group of animals regularly travels in search of food or 597 
mates, and that may overlap with those of neighboring animals or groups of the same species. 598 

Hybridization: The result of mixing, through sexual reproduction, two animals or plants of different 599 
breeds, varieties, species or genera. 600 

Immobilization agent: An active force or substance capable of producing an effect. 601 

Implantation: To put or fix firmly. 602 

Inbreeding depression: The reduced biological fitness in a given population as a result of inbreeding, or 603 
breeding of related individuals. 604 

Inception: The establishment or starting point of an institution or activity. 605 

Interspecific: Existing or occurring between different species. 606 

Iridium: A satellite constellation providing voice and data coverage to satellite phones, pagers and 607 
integrated transceivers over the Earth's entire surface. 608 

Jugular vein: Any of several large veins in the neck, carrying blood from the head and face. 609 

Lacerations: A deep cut or tear in skin or flesh. 610 

Locational: A position or site occupied or available for occupancy or marked by some distinguishing 611 
feature. 612 

Malfunction: Fail to operate in the normal or usual manner 613 

Methodology: A system of methods used in a particular area of study or activity. 614 

Midline: A median line or plane of bilateral symmetry, especially that of the body. 615 
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Minimum convex polygon (MCP): Completely enclose all data points by connecting the outer locations in 616 
such a way as to create a convex polygon. 617 

Molecular samples: Genetic samples that may be used for investigation of genetic constitution of an 618 
individual. 619 

Morphometrics: The process of measuring the external shape and dimensions of landforms, living 620 
organisms, or other objects. 621 

Mortality: The state of being subject to death. 622 

Non-target bycatch: Animals caught by accident that are not the target species being sought. 623 

Parameters: A numerical or other measurable factor forming one of a set that defines a system or sets 624 
the conditions of its operation. 625 

Parentage: The origin of something; the state or relation of a parent. 626 

Passive integrated transponder: A microchip implant is an identifying integrated circuit placed under the 627 
skin of an animal. 628 

Pinna: The external part of the ear in humans and other mammals; the auricle. 629 

Plateaued: A period or state of little or no growth or decline. 630 

Population dynamics: The branch of life sciences that studies the size and age composition of 631 
populations as dynamic systems, and the biological and environmental processes driving them (such as 632 
birth and death rates, and by immigration and emigration). 633 

Population growth: The increase in the number of individuals in a population. 634 

Population size: A group of organisms of the same species that live in the same area. 635 

Population status:  636 

Population trend: Changes over time and can include changes in ranging behavior and distribution, 637 
biogeography and life-history. 638 

Population viability: The process that determines the probability that a population will go extinct within 639 
a given number of years. 640 

Proximity: Nearness in space, time, or relationship. 641 

Quantified: Express or measure the quantity of. 642 

Quantitative: Relating to, measuring, or measured by the quantity of something rather than its quality. 643 

Radio-telemetry: The use of radio waves for transmitting information from a distant instrument to a 644 
device that indicates or records the measurements. 645 

Recumbency: The state of leaning, resting, or reclining. 646 

Reintegrate: Restore (elements regarded as disparate) to unity. 647 
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Remnant: A small remaining quantity of something. 648 

Reproductive status: Relating to or effecting reproduction. 649 

Spatial: Relating to, occupying, or having the character of space. 650 

Spatial capture-recapture: A method commonly used in ecology to estimate an animal population's size. 651 
A portion of the population is captured, marked, and released. Marked animals are either recaptured or 652 
are tracked, each tracking location being considered a recapture. 653 

Species Continuum: An aggregate of species capable of interbreeding, resulting in fertile hybrid offspring 654 
whose genetic composition may represent a varying array of phenotypes and genotypes from the 655 
parental species, at which the extreme ends of the spectrum are distinct. 656 

Standardize: Cause (something) to conform to a standard. 657 

Statistically relevant inferences: the process of deducing properties of an underlying distribution by 658 
analysis of data. Inferential statistical analysis infers properties about a population: this includes testing 659 
hypotheses and deriving estimates. 660 

Stochastic population models: Ecological population modeling is concerned with the changes in 661 
population size and age distribution within a population as a consequence of interactions of organisms 662 
with the physical environment, with individuals of their own species, and with organisms of other 663 
species; stochasticity possesses some inherent randomness. In stochastic population models, the same 664 
set of parameter values and initial conditions will lead to an ensemble of different out puts. 665 

Strangulation: The condition in which circulation of blood to a part of the body is cut off by constriction. 666 

Stratifying: Form or arrange into strata, one of a number of portions or divisions likened to layers or 667 
levels. 668 

Surveillance: Continuous observation of a place, person, group, or ongoing activity in order to gather 669 
information. 670 

Survival: A living or continuing longer than, or beyond the existence of, another person, thing, or event. 671 

Sympatric: Occurring within the same geographical area; overlapping in distribution. 672 

Tachycardia: A heart rate that exceeds the normal resting rate. In general, a resting heart rate over 100 673 
beats per minute is accepted as tachycardia in human adults. 674 

Telemetry: See radio-telemetry. 675 

Temporal: Of or relating to time. 676 

Tooth replacement: The process of development of two successive sets of teeth, initially the deciduous 677 
set and consecutively the permanent set. 678 

Transmitter: A set of equipment used to generate and transmit electromagnetic waves carrying 679 
messages or signals, especially those of radio or television. 680 

Transponder: A device for receiving a radio signal and automatically transmitting a different signal. 681 
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Vaccinate: Treat with a vaccine to produce immunity against a disease; inoculate. 682 

Venipuncture: The puncture of a vein as part of a medical procedure, typically to withdraw a blood 683 
sample or for an intravenous injection. 684 

VHF: Very high frequency is the ITU designation for the range of radio frequency electromagnetic waves 685 
(radio waves) from 30 MHz to 300 MHz, with corresponding wavelengths of ten to one meters. 686 

  687 
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Attachment 4: Trapper Service Contract 887 
 888 

Contract in development. 889 



From: Madison, Joseph S
To: Martin, Rebekah; Benjamin, Pete
Subject: Re: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 16, 2017 8:36:59 AM
Importance: High

Rebekah,

I just wanted to let you know that we just received this proposal on
Friday and as soon as I started reading it I immediately started
drafting an email to Pete and Brandon and the first bullet in that
email was that refuges clearly needed to be involved in the meeting. I
expressed this to Becky on Friday. We have lots of concerns with the
proposal And these are just the very beginning steps.

Joe

Sent from my iPhone

> On Oct 16, 2017, at 8:31 AM, Martin, Rebekah <rebekah_p_martin@fws.gov> wrote:
>
> Morning Pete and Joe,
>
> We (refuges) haven't received a direct invitation to participate in this
> meeting, but given the proposal's intent to conduct work on refuges, I
> think it would be better if we have folks involved from the beginning in
> these discussions. Do either of you have additional background on this?
> Could one of you let Brandon know that he needs to loop refuge folks in
> (Scott, Becky, Howard, Art, Kelley, maybe Pete C.)? Anybody else?
>
> Rebekah
>
> Rebekah P. Martin
> North Carolina Coastal Plain NWR Complex
> 100 Conservation Way
> P.O. Box 1969
> Manteo, NC 27954
> o: 252.473.1132 x222
> c: 252.414.1877
> https://www.wingsoverwater.org/
>
>
>
>
> ---------- Forwarded message ----------
> From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
> Date: Fri, Oct 13, 2017 at 9:11 AM
> Subject: RE: [External] Re: Meeting to coordinate canid field work
> To: Pete Benjamin <pete_benjamin@fws.gov>
> Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan" <
> ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun
> Olson (shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Cobb, David T." <
> david.cobb@ncwildlife.org>, "Briggs, M. Kyle" <kyle.briggs@ncwildlife.org>,
> "Boynton, Allen" <allen.boynton@ncwildlife.org>, "Shipley, Andrea J" <
> andrea.shipley@ncwildlife.org>



>
>
> Hi all,
>
> Please find the attached draft of our proposed sympatric canid research on
> the Albemarle Peninsula. Feel free to let me know if you have any questions
> prior to our meeting. Once everyone responds to the Doodle Poll that I sent
> out yesterday I’ll schedule the meeting date (hopefully there’ll be at
> least one day that works with everyone’s schedule).
>
> I look forward to seeing everyone soon.
>
>
>
> Thank you,
> Brandon
>
>
>
> ---------------------------------------------------------------------
>
>
>
> *Brandon L. Sherrill*
>
> *Associate Wildlife Biologist ®*
>
> Mammalogist
>
>
>
> *NC Wildlife Resources Commission*
>
> 1718 NC Hwy 56 West
>
> Creedmoor, North Carolina 27522-8299
>
> office: 919-707-0338   //   mobile: 919-208-9200
>
>
>
> ncwildlife.org
>
>
>
>
>
> [image: cid:image001.png@01D07DA3.D531B410]   [image:
> cid:image002.png@01D07DA3.D531B410]   [image:
> cid:image003.png@01D07DA3.D531B410]   [image:
> cid:image004.png@01D07DA3.D531B410]
> ------------------------------
>
> Email correspondence to and from this sender is subject to the N.C. Public
> Records Law and may be disclosed to third parties.
>
>



>
>
>
>
>
> *From:* Pete Benjamin [mailto:pete_benjamin@fws.gov]
> *Sent:* Thursday, October 12, 2017 6:33 PM
> *To:* Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
> *Cc:* Madison, Joseph <joseph_madison@fws.gov>; Nordsven, Ryan <
> ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun
> Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T. <
> david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
> Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley, Andrea J <
> andrea.shipley@ncwildlife.org>
> *Subject:* [External] Re: Meeting to coordinate canid field work
>
>
>
> *CAUTION:* This email originated from outside of the organization. Do not
> click links or open attachments unless you verify that the attachment and
> content are safe. Send all suspicious email as an attachment to
> report.spam@nc.gov.
>
>
>
> Please share the plan so I know what we are talking about.
>
> Pete Benjamin, US FWS
>
>
> On Oct 12, 2017, at 3:37 PM, Sherrill, Brandon L <
> brandon.sherrill@ncwildlife.org> wrote:
>
> Good afternoon,
>
> I am trying to find a time that we can all meet to discuss canid field work
> on the Albemarle Peninsula. Please follow the Doodle Poll link to indicate
> when you are available in the upcoming weeks.
>
> https://doodle.com/poll/f9xy7nd97xzqbxvs
>
> The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia,
> NC. Please let me know if you have any questions or concerns. Also, let me
> know if I have neglected to include someone on this email that you feel
> should participate in the meeting.
>
>
>
> Thanks,
> Brandon
>
>
>
> ---------------------------------------------------------------------
>
>
>



> *Brandon L. Sherrill*
>
> *Associate Wildlife Biologist ®*
>
> Mammalogist
>
>
>
> *NC Wildlife Resources Commission*
>
> 1718 NC Hwy 56 West
>
> Creedmoor, North Carolina 27522-8299
>
> office: 919-707-0338   //   mobile: 919-208-9200
>
>
>
> ncwildlife.org
>
>
>
>
>
> <image001.png>   <image002.png>   <image003.png>   <image004.png>
> ------------------------------
>
> Email correspondence to and from this sender is subject to the N.C. Public
> Records Law and may be disclosed to third parties.
>
>
>
>
>
>
>
>
>
>
> --
> Ryan Nordsven
> Wildlife Biologist
> US Fish & Wildlife Service
> 100 Conservation Way
> Manteo, NC 27954
> Office: (252) 473-1132 x 244
> Cell: (252) 475-8353
> <noname.html>
> <Pilot Study - Using Fine Scale GPS Technology to Research Sympatric Canid Pop'n
Dynamics_Draft_13Oct2017.docx>



From: Martin, Rebekah
To: Madison, Joseph S
Cc: Benjamin, Pete
Subject: Re: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 16, 2017 8:46:17 AM
Importance: High

Thank you, and no worries! I knew y'all would loop us in; I'm also glad to hear that you have concerns
with the proposal because we do as well. Keep me posted.

Rebekah

Rebekah P. Martin
North Carolina Coastal Plain NWR Complex
100 Conservation Way
P.O. Box 1969
Manteo, NC 27954
o: 252.473.1132 x222
c: 252.414.1877
https://www.wingsoverwater.org/

On Mon, Oct 16, 2017 at 8:36 AM, Joseph Madison <joseph_madison@fws.gov> wrote:
Rebekah,

I just wanted to let you know that we just received this proposal on
Friday and as soon as I started reading it I immediately started
drafting an email to Pete and Brandon and the first bullet in that
email was that refuges clearly needed to be involved in the meeting. I
expressed this to Becky on Friday. We have lots of concerns with the
proposal And these are just the very beginning steps.

Joe

Sent from my iPhone

> On Oct 16, 2017, at 8:31 AM, Martin, Rebekah <rebekah_p_martin@fws.gov> wrote:
>
> Morning Pete and Joe,
>
> We (refuges) haven't received a direct invitation to participate in this
> meeting, but given the proposal's intent to conduct work on refuges, I
> think it would be better if we have folks involved from the beginning in
> these discussions. Do either of you have additional background on this?
> Could one of you let Brandon know that he needs to loop refuge folks in
> (Scott, Becky, Howard, Art, Kelley, maybe Pete C.)? Anybody else?
>
> Rebekah
>
> Rebekah P. Martin
> North Carolina Coastal Plain NWR Complex
> 100 Conservation Way



> P.O. Box 1969
> Manteo, NC 27954
> o: 252.473.1132 x222
> c: 252.414.1877
> https://www.wingsoverwater.org/
>
>
>
>
> ---------- Forwarded message ----------
> From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
> Date: Fri, Oct 13, 2017 at 9:11 AM
> Subject: RE: [External] Re: Meeting to coordinate canid field work
> To: Pete Benjamin <pete_benjamin@fws.gov>
> Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan" <
> ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun
> Olson (shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Cobb, David T." <
> david.cobb@ncwildlife.org>, "Briggs, M. Kyle" <kyle.briggs@ncwildlife.org>,
> "Boynton, Allen" <allen.boynton@ncwildlife.org>, "Shipley, Andrea J" <
> andrea.shipley@ncwildlife.org>
>
>
> Hi all,
>
> Please find the attached draft of our proposed sympatric canid research on
> the Albemarle Peninsula. Feel free to let me know if you have any questions
> prior to our meeting. Once everyone responds to the Doodle Poll that I sent
> out yesterday I’ll schedule the meeting date (hopefully there’ll be at
> least one day that works with everyone’s schedule).
>
> I look forward to seeing everyone soon.
>
>
>
> Thank you,
> Brandon
>
>
>
> ---------------------------------------------------------------------
>
>
>
> *Brandon L. Sherrill*
>
> *Associate Wildlife Biologist ®*
>
> Mammalogist
>
>



>
> *NC Wildlife Resources Commission*
>
> 1718 NC Hwy 56 West
>
> Creedmoor, North Carolina 27522-8299
>
> office: 919-707-0338   //   mobile: 919-208-9200
>
>
>
> ncwildlife.org
>
>
>
>
>
> [image: cid:image001.png@01D07DA3.D531B410]   [image:
> cid:image002.png@01D07DA3.D531B410]   [image:
> cid:image003.png@01D07DA3.D531B410]   [image:
> cid:image004.png@01D07DA3.D531B410]
> ------------------------------
>
> Email correspondence to and from this sender is subject to the N.C. Public
> Records Law and may be disclosed to third parties.
>
>
>
>
>
>
>
> *From:* Pete Benjamin [mailto:pete_benjamin@fws.gov]
> *Sent:* Thursday, October 12, 2017 6:33 PM
> *To:* Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
> *Cc:* Madison, Joseph <joseph_madison@fws.gov>; Nordsven, Ryan <
> ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun
> Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T. <
> david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
> Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley, Andrea J <
> andrea.shipley@ncwildlife.org>
> *Subject:* [External] Re: Meeting to coordinate canid field work
>
>
>
> *CAUTION:* This email originated from outside of the organization. Do not
> click links or open attachments unless you verify that the attachment and
> content are safe. Send all suspicious email as an attachment to
> report.spam@nc.gov.
>



>
>
> Please share the plan so I know what we are talking about.
>
> Pete Benjamin, US FWS
>
>
> On Oct 12, 2017, at 3:37 PM, Sherrill, Brandon L <
> brandon.sherrill@ncwildlife.org> wrote:
>
> Good afternoon,
>
> I am trying to find a time that we can all meet to discuss canid field work
> on the Albemarle Peninsula. Please follow the Doodle Poll link to indicate
> when you are available in the upcoming weeks.
>
> https://doodle.com/poll/f9xy7nd97xzqbxvs
>
> The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia,
> NC. Please let me know if you have any questions or concerns. Also, let me
> know if I have neglected to include someone on this email that you feel
> should participate in the meeting.
>
>
>
> Thanks,
> Brandon
>
>
>
> ---------------------------------------------------------------------
>
>
>
> *Brandon L. Sherrill*
>
> *Associate Wildlife Biologist ®*
>
> Mammalogist
>
>
>
> *NC Wildlife Resources Commission*
>
> 1718 NC Hwy 56 West
>
> Creedmoor, North Carolina 27522-8299
>
> office: 919-707-0338   //   mobile: 919-208-9200
>



>
>
> ncwildlife.org
>
>
>
>
>
> <image001.png>   <image002.png>   <image003.png>   <image004.png>
> ------------------------------
>
> Email correspondence to and from this sender is subject to the N.C. Public
> Records Law and may be disclosed to third parties.
>
>
>
>
>
>
>
>
>
>
> --
> Ryan Nordsven
> Wildlife Biologist
> US Fish & Wildlife Service
> 100 Conservation Way
> Manteo, NC 27954
> Office: (252) 473-1132 x 244
> Cell: (252) 475-8353
> <noname.html>
> <Pilot Study - Using Fine Scale GPS Technology to Research Sympatric Canid Pop'n
Dynamics_Draft_13Oct2017.docx>



From: Madison, Joseph S
To: Benjamin, Pete
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 16, 2017 9:55:43 AM
Importance: High

Pete,

The crew and I have quite a few concerns about the NCWRC project proposal.  I'm guessing
you'll have concerns when you have a chance to read it was well.  I was hoping to have a
consolidated list of our thoughts to you when you got in on Monday, but that didn't happen
because we're all still compiling them because they are so numerous.  

Here are a few general thoughts and concerns, but there are many more:  

- As far as the coordination meeting is concerned, reading through the proposal makes me
think someone or mulitple people from the refuge need to be there and the perhaps the
bombing range as well since it talks about the importance of trapping and releasing wolves on
those lands.

- In one place it says it is a proposal that all the red wolves are being pulled back to and
managed just on Federal lands, but in many ways the feel of the document implies it is a done
deal and that is how we are moving forward so the project is designed with that in mind.

- Issues with many of the specifics on their protocol for immobilizing and handling wolves.

- After the first page or so it lumps together coyote and red wolves as sympatric canids.  In
some of the statements, such as saying sympatric canids are increasing in numbers in the AP,
it's obviously misleading.

- Concerns about chain of custody for dead wolves.

The more I read through the proposal and the more we talk about it here in our office, the
more I think we need to have an internal discussion on this project before a meeting with
NCWRC  because it is raising all sorts of concerns and ire.  

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Fri, Oct 13, 2017 at 9:11 AM
Subject: RE: [External] Re: Meeting to coordinate canid field work



To: Pete Benjamin <pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun Olson
(shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Cobb, David T."
<david.cobb@ncwildlife.org>, "Briggs, M. Kyle" <kyle.briggs@ncwildlife.org>, "Boynton,
Allen" <allen.boynton@ncwildlife.org>, "Shipley, Andrea J" <andrea.shipley@ncwildlife.org
>

Hi all,

Please find the attached draft of our proposed sympatric canid research on the Albemarle
Peninsula. Feel free to let me know if you have any questions prior to our meeting. Once
everyone responds to the Doodle Poll that I sent out yesterday I’ll schedule the meeting date
(hopefully there’ll be at least one day that works with everyone’s schedule).

I look forward to seeing everyone soon.

 

Thank you,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 



         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Pete Benjamin [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 12, 2017 6:33 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Madison, Joseph <joseph_madison@fws.gov>; Nordsven, Ryan
<ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun Olson
(shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless
you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 

Please share the plan so I know what we are talking about. 

Pete Benjamin, US FWS

On Oct 12, 2017, at 3:37 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the
Albemarle Peninsula. Please follow the Doodle Poll link to indicate when you are
available in the upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia,
NC. Please let me know if you have any questions or concerns. Also, let me know
if I have neglected to include someone on this email that you feel should
participate in the meeting.



 

Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 
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Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.

 

 

 



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 16, 2017 11:26:26 AM
Importance: High

Agreed.  I've started to read through it, and see what you're saying.  We definitely need an internal
discussion before sitting down with WRC.  Also, agree that Refuges needs to be at our internal meeting
and the WRC meeting.  FYI, there is something on my calendar related to Wings Over Water for this
coming Friday.  I have absolutely no recollection of what it is, but it may require me to be on the outer
banks that day.  If so, it's an opportunity to piggy-back our internal meeting onto that.  I'll let you know
what I find out about Friday. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Oct 16, 2017 at 9:55 AM, Madison, Joseph <joseph_madison@fws.gov> wrote:
Pete,

The crew and I have quite a few concerns about the NCWRC project proposal.  I'm guessing
you'll have concerns when you have a chance to read it was well.  I was hoping to have a
consolidated list of our thoughts to you when you got in on Monday, but that didn't happen
because we're all still compiling them because they are so numerous.  

Here are a few general thoughts and concerns, but there are many more:  

- As far as the coordination meeting is concerned, reading through the proposal makes me
think someone or mulitple people from the refuge need to be there and the perhaps the
bombing range as well since it talks about the importance of trapping and releasing wolves
on those lands.

- In one place it says it is a proposal that all the red wolves are being pulled back to and
managed just on Federal lands, but in many ways the feel of the document implies it is a
done deal and that is how we are moving forward so the project is designed with that in
mind.

- Issues with many of the specifics on their protocol for immobilizing and handling wolves.

- After the first page or so it lumps together coyote and red wolves as sympatric canids.  In
some of the statements, such as saying sympatric canids are increasing in numbers in the
AP, it's obviously misleading.

- Concerns about chain of custody for dead wolves.



The more I read through the proposal and the more we talk about it here in our office, the
more I think we need to have an internal discussion on this project before a meeting with
NCWRC  because it is raising all sorts of concerns and ire.  

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Fri, Oct 13, 2017 at 9:11 AM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: Pete Benjamin <pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun
Olson (shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Cobb, David T."
<david.cobb@ncwildlife.org>, "Briggs, M. Kyle" <kyle.briggs@ncwildlife.org>, "Boynton,
Allen" <allen.boynton@ncwildlife.org>, "Shipley, Andrea J"
<andrea.shipley@ncwildlife.org>

Hi all,

Please find the attached draft of our proposed sympatric canid research on the Albemarle
Peninsula. Feel free to let me know if you have any questions prior to our meeting. Once
everyone responds to the Doodle Poll that I sent out yesterday I’ll schedule the meeting date
(hopefully there’ll be at least one day that works with everyone’s schedule).

I look forward to seeing everyone soon.

 

Thank you,
Brandon

 

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

 

Brandon L. Sherrill

®



Associate Wildlife Biologist 

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Pete Benjamin [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 12, 2017 6:33 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Madison, Joseph <joseph_madison@fws.gov>; Nordsven, Ryan
<ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun Olson
(shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments
unless you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 



Please share the plan so I know what we are talking about. 

Pete Benjamin, US FWS

On Oct 12, 2017, at 3:37 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the
Albemarle Peninsula. Please follow the Doodle Poll link to indicate when you
are available in the upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia,
NC. Please let me know if you have any questions or concerns. Also, let me
know if I have neglected to include someone on this email that you feel should
participate in the meeting.

 

Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 
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From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 16, 2017 11:26:26 AM
Importance: High

Agreed.  I've started to read through it, and see what you're saying.  We definitely need an internal
discussion before sitting down with WRC.  Also, agree that Refuges needs to be at our internal meeting
and the WRC meeting.  FYI, there is something on my calendar related to Wings Over Water for this
coming Friday.  I have absolutely no recollection of what it is, but it may require me to be on the outer
banks that day.  If so, it's an opportunity to piggy-back our internal meeting onto that.  I'll let you know
what I find out about Friday. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Oct 16, 2017 at 9:55 AM, Madison, Joseph <joseph_madison@fws.gov> wrote:
Pete,

The crew and I have quite a few concerns about the NCWRC project proposal.  I'm guessing
you'll have concerns when you have a chance to read it was well.  I was hoping to have a
consolidated list of our thoughts to you when you got in on Monday, but that didn't happen
because we're all still compiling them because they are so numerous.  

Here are a few general thoughts and concerns, but there are many more:  

- As far as the coordination meeting is concerned, reading through the proposal makes me
think someone or mulitple people from the refuge need to be there and the perhaps the
bombing range as well since it talks about the importance of trapping and releasing wolves
on those lands.

- In one place it says it is a proposal that all the red wolves are being pulled back to and
managed just on Federal lands, but in many ways the feel of the document implies it is a
done deal and that is how we are moving forward so the project is designed with that in
mind.

- Issues with many of the specifics on their protocol for immobilizing and handling wolves.

- After the first page or so it lumps together coyote and red wolves as sympatric canids.  In
some of the statements, such as saying sympatric canids are increasing in numbers in the
AP, it's obviously misleading.

- Concerns about chain of custody for dead wolves.



The more I read through the proposal and the more we talk about it here in our office, the
more I think we need to have an internal discussion on this project before a meeting with
NCWRC  because it is raising all sorts of concerns and ire.  

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Fri, Oct 13, 2017 at 9:11 AM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: Pete Benjamin <pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun
Olson (shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Cobb, David T."
<david.cobb@ncwildlife.org>, "Briggs, M. Kyle" <kyle.briggs@ncwildlife.org>, "Boynton,
Allen" <allen.boynton@ncwildlife.org>, "Shipley, Andrea J"
<andrea.shipley@ncwildlife.org>

Hi all,

Please find the attached draft of our proposed sympatric canid research on the Albemarle
Peninsula. Feel free to let me know if you have any questions prior to our meeting. Once
everyone responds to the Doodle Poll that I sent out yesterday I’ll schedule the meeting date
(hopefully there’ll be at least one day that works with everyone’s schedule).

I look forward to seeing everyone soon.

 

Thank you,
Brandon

 

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

 

Brandon L. Sherrill

®



Associate Wildlife Biologist 

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Pete Benjamin [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 12, 2017 6:33 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Madison, Joseph <joseph_madison@fws.gov>; Nordsven, Ryan
<ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun Olson
(shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments
unless you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 



Please share the plan so I know what we are talking about. 

Pete Benjamin, US FWS

On Oct 12, 2017, at 3:37 PM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org> wrote:

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the
Albemarle Peninsula. Please follow the Doodle Poll link to indicate when you
are available in the upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia,
NC. Please let me know if you have any questions or concerns. Also, let me
know if I have neglected to include someone on this email that you feel should
participate in the meeting.

 

Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 
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Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to
third parties.

 

 

 



From: Cobb, David T.
To: Sherrill, Brandon L; Benjamin, Pete; Madison, Joseph S; Nordsven, Ryan; Morse, Michael L; Olson, Shaun E;

Briggs, M. Kyle; Boynton, Allen; Shipley, Andrea J
Subject: RE: Meeting to coordinate canid field work
Date: Thursday, October 19, 2017 10:28:42 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Works for me.
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 
From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph <joseph_madison@fws.gov>;
Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun
Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate everyone’s

schedule, but it looks like Wednesday, November 8th is going to be the best choice (sorry Michael
and Ryan). Please reserve this date on your calendar. I’m going to suggest that we meet at 10:00 at
the Pocosin Lakes NWR office in Columbia. I know that some of us are coming from the Raleigh area,
so if you’d prefer a later start time just let me know.
I’ll follow up with any other necessary details between now and then if they arise.
 
Thanks,
Brandon



 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>; 'Shaun
Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so I’d like to
nail down a date soon. Let me know if you have any questions.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 



 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>; 'Shaun
Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work
 
Good afternoon,
I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the upcoming
weeks.
https://doodle.com/poll/f9xy7nd97xzqbxvs
The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please let me know
if you have any questions or concerns. Also, let me know if I have neglected to include someone on
this email that you feel should participate in the meeting.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 













From: Benjamin, Pete
To: Cobb, David T.
Cc: Sherrill, Brandon L; Madison, Joseph S; Nordsven, Ryan; Morse, Michael L; Olson, Shaun E; Briggs, M. Kyle;

Boynton, Allen; Shipley, Andrea J
Subject: Re: Meeting to coordinate canid field work
Date: Thursday, October 19, 2017 10:41:19 AM
Attachments: image003.png
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Importance: High

Hey guys, 

I'm going to need to have at least one or the other of Michael or Ryan there.  They know the most
about these wolves and will be doing most of the work associated with this effort.  We'll need to find
another date.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center



Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate
everyone’s schedule, but it looks like Wednesday, November 8th is going to be the best
choice (sorry Michael and Ryan). Please reserve this date on your calendar. I’m going to
suggest that we meet at 10:00 at the Pocosin Lakes NWR office in Columbia. I know that
some of us are coming from the Raleigh area, so if you’d prefer a later start time just let me
know.

I’ll follow up with any other necessary details between now and then if they arise.

 

Thanks,

Brandon

 

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

 



Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so
I’d like to nail down a date soon. Let me know if you have any questions.

 



Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle



<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work

 

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the
upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please let
me know if you have any questions or concerns. Also, let me know if I have neglected to
include someone on this email that you feel should participate in the meeting.

 

Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 



         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 











From: Cobb, David T.
To: Benjamin, Pete
Cc: Sherrill, Brandon L; Madison, Joseph S; Nordsven, Ryan; Morse, Michael L; Olson, Shaun E; Briggs, M. Kyle;

Boynton, Allen; Shipley, Andrea J
Subject: RE: [External] Re: Meeting to coordinate canid field work
Date: Thursday, October 19, 2017 10:46:10 AM
Attachments: image001.png
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Importance: High

Brandon, option #2 ????
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>;
Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 
Hey guys, 
 
I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated



with this effort.  We'll need to find another date.  
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 
From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph <joseph_madison@fws.gov>;
Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun
Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate everyone’s

schedule, but it looks like Wednesday, November 8th is going to be the best choice (sorry Michael



and Ryan). Please reserve this date on your calendar. I’m going to suggest that we meet at 10:00
at the Pocosin Lakes NWR office in Columbia. I know that some of us are coming from the Raleigh
area, so if you’d prefer a later start time just let me know.
I’ll follow up with any other necessary details between now and then if they arise.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so I’d like
to nail down a date soon. Let me know if you have any questions.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®



Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work
 
Good afternoon,
I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the upcoming
weeks.
https://doodle.com/poll/f9xy7nd97xzqbxvs
The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please let me
know if you have any questions or concerns. Also, let me know if I have neglected to include
someone on this email that you feel should participate in the meeting.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
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From: Cobb, David T.
To: Benjamin, Pete
Cc: Sherrill, Brandon L; Madison, Joseph S; Nordsven, Ryan; Morse, Michael L; Olson, Shaun E; Briggs, M. Kyle;

Boynton, Allen; Shipley, Andrea J
Subject: RE: [External] Re: Meeting to coordinate canid field work
Date: Thursday, October 19, 2017 10:56:54 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Pete,
 
Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.

David
 
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael



<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>;
Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 
Hey guys, 
 
I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 



From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph <joseph_madison@fws.gov>;
Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun
Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate everyone’s

schedule, but it looks like Wednesday, November 8th is going to be the best choice (sorry Michael
and Ryan). Please reserve this date on your calendar. I’m going to suggest that we meet at 10:00
at the Pocosin Lakes NWR office in Columbia. I know that some of us are coming from the Raleigh
area, so if you’d prefer a later start time just let me know.
I’ll follow up with any other necessary details between now and then if they arise.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>



Subject: RE: Meeting to coordinate canid field work
 
Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so I’d like
to nail down a date soon. Let me know if you have any questions.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work
 
Good afternoon,
I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the upcoming
weeks.
https://doodle.com/poll/f9xy7nd97xzqbxvs
The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please let me
know if you have any questions or concerns. Also, let me know if I have neglected to include
someone on this email that you feel should participate in the meeting.
 
Thanks,



Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

           

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

 











From: Benjamin, Pete
To: Eversen, Michelle
Subject: NCWRC"s Proposed Canid Study
Date: Thursday, October 19, 2017 12:18:19 PM
Attachments: NCWRC Sympatric Canid Pilot Study.drafft_13Oct2017.PMB Comments.docx

NCWRC Sympatric Canid Pilot Study.drafft_13Oct2017.PMB Comments.docx

Hi Michelle,

Attached is the subject study plan along with my comments.  Naturally, the guys have MANY concerns
beyond those I've articulated.  We are in the process of scheduling a meeting with WRC staff and
management to discuss the plan.  The date previously selected by WRC excluded Ryan and Michael, so I
requested we search for another date.  

Prior to meeting with the WRC, we obviously need to have an internal meeting.  I told the guys that I
can probably get out to the coast the week after the PL meeting - though we haven't set a date. 
Refuges should also be involved - obviously.  It would be good if you could also attend the internal
meeting.  Hopefully, we'll have some time to discuss this next week.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
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STATE:    North Carolina 1 
 2 
GRANT TITLE:    W79-Wildlife Management 3 
 4 
PROJECT TITLE:   Pilot Study – Using Fine Scale GPS Technology to Research  5 

Sympatric Canid Population Dynamics (Job 2.0?) 6 
 7 

A.  Problem and Need 8 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North 9 

Carolina (NC), and is managed as nongame with no closed season or bag limit (NC Wildlife 10 

Resources Commission 2016). Previously restricted to the West and Midwest regions of the 11 

United States, by the early 1990s coyotes had expanded their range into the Albemarle 12 

Peninsula (AP), which is situated in the northeast coastal plain region of NC (Hinton et al. 2012, 13 

Murray et al. 2014). In recent years as coyotes have increased their population, some have 14 

begun to make use of the Outer Banks region.  15 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 16 

experimental population of captive-bred red wolves (Canis rufus) on the Alligator River National 17 

Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population increased until 2008 and 18 

peaked at around 130 individuals (Group Solutions, Inc. 2016), short of the recovery goal of 220 19 

in the wild (USFWS Red Wolf Recovery Program 2013). The AP has an estimated carrying 20 

capacity of 140-150 wolves (Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery 21 

Program 2007). The exact number of red wolves is not known, but USFWS staff report a 22 

population estimate of 45-60 individuals with eight mortalities to date in 2016 23 

(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and 24 

inbreeding depression are suspected factors that have affected red wolf population growth and 25 

viability since the inception of the Red Wolf Recovery Program (RWRP), while vehicular and 26 

gunshot mortality are known factors (Hinton et al. 2013). Because of hybridization between red 27 

wolves and coyotes, the AP supports a continuum of sympatric canids, hereafter referred to as 28 

“sympatric canids.” 29 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 30 

2015 and discontinued the coyote sterilization program, potentially affecting the spatial 31 
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distribution and population dynamics of sympatric canids. Telemetry data from coyotes on the 32 

AP suggests that about 70% of coyotes are residents (i.e., those that defend set territories) 33 

while the other 30% are transients, with most being dispersing juveniles (Hinton et al. 2015). 34 

Transient coyotes do not defend set territories. Coyotes can travel long distances and become 35 

transient even as adults, especially when they lose their mate. Recently described as using 36 

“compensatory immigration,” coyotes opportunistically fill spatial resource gaps by periodic 37 

transiency; when spots come open, individuals that do not yet have permanent territories and 38 

have been roaming in the area, are able to inhabit the new openings (Hinton 2016). These 39 

periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 40 

especially when they are utilizing of anthropogenic resources.  41 

Though a rural area, human land uses occupy a significant portion of space on the AP. 42 

The AP is comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 43 

and 20% “other” land cover types on federal, state and private lands (Dellinger 2011). Concerns 44 

about fear of attacks on humans and domestic pets, the effects of sympatric canids on white-45 

tailed deer and other game populations, and homeowner property damage comprise many of 46 

the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming 47 

data). Wildlife managers in this region frequently receive requests for information on canid 48 

management (C. Turner, personal communication, 2016).  49 

The changes in state and federal canid management rules have resulted in confusion 50 

regarding residents’ rights and options for management of property damage by sympatric 51 

canids. As a result, some citizens are unsure of the legal and most effective methods for canid 52 

conflict management. Adding to management complexity is the need to manage canids for 53 

conservation purposes, such as reducing predation on at-risk ground nesting species or 54 

reducing hybridization of sympatric canids.  55 

In 2013, NCWRC and USFWS established a committee to oversee the collaborative 56 

management and conservation of sympatric canids on the AP. A USFWS and NCWRC joint 57 

memorandum documented detailed action items for the joint management of sympatric canids 58 

on the AP, including specific research objectives which this proposal seeks to address 59 

(Attachment 2). As sympatric canids on the AP increase in number, monitoring their 60 
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movements, particularly in relation to individuals of differing ancestry, could provide important 61 

data to NCWRC and USFWS staff for science-based local and landscape-level decisions about 62 

sympatric canid populations and conflict management. Collection of finer temporal scale 63 

location data would help to manage interactions of sympatric canids with humans, as well as to 64 

support development of dynamic stochastic population models.   65 

B.  Objectives (after December 1, 2016-November 30, 2018) 66 

Objective 1: Use GPS collar and proximity sensor technology to test performance under 67 

various conditions and evaluate the frequency and accuracy of the scheduled fix rates. 68 

Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 69 

spatial dynamics of sympatric canids: home range and core area sizes, amount of 70 

overlap in home range and core areas, movement pathways and daily activity patterns, 71 

and cover type selection and preference. 72 

Objective 3: Use fine scale GPS data collection for investigating the number and age 73 

structure of offspring for family groups of collared sympatric canids. 74 

Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 75 

sympatric canids. 76 

Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 77 

conflicts with landowners. 78 

Objective 6: Determine genetic profiles of sympatric canids through DNA identification 79 

of all captured individuals, parentage, and presence of hybridization. 80 

At the end of this two-year pilot study, we will deliver an observational summary detailing the 81 

use of the GPS and sensor technology for spatial and population dynamics research on 82 

sympatric canids on the AP. 83 

C.  Expected Results and Benefits 84 

As part of a pilot study, we will monitor the status of collared individuals by using a finer 85 

scale assessment of space and habitat use than previous studies. Earlier research focused on 86 

many of the same objectives we suggest investigating here, but during a time of intense, active 87 
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management. Specific management techniques are no longer being carried out and dynamics 88 

between sympatric canids are expected to have changed substantially. The uncertainty 89 

regarding current dynamics presents a need for additional research in order to inform actions 90 

for the management of sympatric canids. Information gained from research may impact 91 

management rules and landowner’s abilities to manage canids in some areas. Additionally, GPS 92 

technology has improved since earlier research was conducted allowing for more temporally 93 

detailed data collection and more nuanced analyses. Understanding how sympatric canids 94 

collectively use resources in areas of human-dominated landscapes will allow wildlife managers 95 

to tailor management options to local conditions. On the AP, row crop agriculture and hunting 96 

represent the primary and secondary land uses, respectively. Row crop agriculture is a 97 

significant nutrient resource on the landscape and, as opportunists, canids take advantage of 98 

such resources when they are available. Non-consumptive wildlife-driven tourism persists in all 99 

seasons and wildlife watching is a main draw for tourists in this area. For many tourists, the 100 

opportunity to see or hear large carnivores is the sole attraction for traveling to the AP. 101 

Information from this study will be provided to local constituents to establish a knowledge base 102 

regarding how sympatric canids use resources on private lands. Management and guidance 103 

could serve to prevent or minimize conflict while maximizing positive wildlife interaction 104 

opportunities for constituents. Development of a common understanding between wildlife 105 

managers and landowners based upon factual information is paramount for collaboratively 106 

achieving successful management of sympatric canids. The data collected in this pilot study is 107 

the foundation upon which this understanding and future management actions will be built.  108 

The current level of hybridization between sympatric canids on the AP will be 109 

characterized using DNA gathered during this study. Body size exists as a continuum between 110 

coyotes and red wolves and has been documented as the most important factor for successful 111 

interspecific breeding pairs of these canids (Hinton 2014). Though both species have been 112 

found to use resources in similar manners, red wolves generally have more expansive home 113 

ranges and therefore may not use local resources as intensively as coyotes, depending on body 114 

size. Obtaining individual identification of study animals will allow managers, armed with spatial 115 

information, to infer how and why individuals in the canid species continuum exploit 116 
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anthropogenic resources considering their life history traits.  117 

In conjunction with prior research, data collected will contribute to knowledge on 118 

sympatric canid population dynamics on the AP. Estimating population size will allow managers 119 

to monitor population trends of sympatric canids and to examine the long and short-term 120 

impacts of different management strategies on their populations. While it is unknown whether 121 

sample size will allow for population estimation, obtaining population estimates for coyotes 122 

would provide wildlife managers with baseline data, when paired with annual mortality 123 

estimates, for monitoring changes in population abundance over time. Information on changes 124 

in abundance, reproductive dynamics, and habitat use could impact management strategies to 125 

influence long-term conservation outcomes. Results of this pilot study will allow managers to 126 

determine if future work will be necessary, what amount of effort will be required to achieve 127 

each objective, and whether or not population estimates will be an attainable goal. 128 

D.  Approach 129 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square 130 

kilometers within Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife 131 

Management Institute 2014). However, the USFWS has proposed the RWRA be constricted to 132 

the ARNWR and the Dare County Bombing Range in Dare county by the end of 2017. Due to 133 

these proposed RWRA changes, this study proposes to capture and radio-collar 25 sympatric 134 

canids within Dare, Hyde, and Tyrrell counties (hereafter referred to as “study area”); those 135 

counties being within and directly adjacent to the proposed new RWRA. The thematic 136 

subheadings below provide detailed descriptions of the approaches required for achieving the 137 

pilot study objectives. 138 

Sampling Efforts 139 

Trained NCWRC personnel will conduct live trapping of sympatric canids, with assistance 140 

from the USFWS RWRP biologists, and trained, experienced local trappers. NCWRC and USFWS 141 

wildlife personnel will select local trappers based on their past performance in trapping 142 

sympatric canids, but may also select trappers from the NCWRC coyote trappers list. NCWRC 143 

staff will train contracted trappers on specific trapping procedures before every trapping 144 
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season. The project lead will supervise and coordinate all trapping activities including locations 145 

for installation and the operation of trap lines and handling of captured animals. Simultaneous 146 

personal trapping activities by contracted trappers will not be permitted while performing 147 

contracted trapping services, as specified in the draft service contract (Attachment 4). 148 

Trapping efforts will follow a spatial capture-recapture (SCR) framework with a 149 

systematic targeted sampling design, focusing on areas that contain resources previously found 150 

to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) (Harris et al. 151 

2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. This effort will 152 

allow us to increase the probability of detection of sympatric canids on the landscape (Tom 153 

2012). While it is important to sample a wide range of habitats, the most important 154 

requirement for SCR is the number of collared individuals; this requirement provides flexibility 155 

in the other requirements for field sampling as needed (K. Pacifici, personal communication, 156 

2016). We will initially focus trapping in areas of known red wolf packs, as advised by RWRP. 157 

Trapping will take place during the breeding season when the likelihood of capturing 158 

females in the later stages of gestation or whelping females will be low. Capture efforts will be 159 

conducted from soon after 1 December 2017 – February 2018 and December 2018 – February 160 

2019. Captured sympatric canids will be surrendered to NCWRC or the USFWS at capture sites. 161 

Trapping should occur on both public and private lands to obtain sampling coverage of the 162 

study area. Ideally, all federal and state lands would be accessible for trap and release 163 

(hereafter referred to as “capture”) of sympatric canids, but it is most important to be able to 164 

trap and release on Alligator River NWR and the Dare County Bombing Range as those 165 

encompass the newly proposed RWRP recovery area and comprise the majority of land area for 166 

Dare county. Unlike Dare county, there are ample private lands that surround Pocosin Lakes 167 

NWR and Lake Mattamuskeet NWR in both Tyrrell and Hyde counties that may be utilized to 168 

effectively sample individuals who may use those federal lands, should they be excluded from 169 

capture activities. Capture on federal lands may require USFWS take permits and proposed 170 

activities may be subject to a compatibility assessment (P. Benjamin, personal communication, 171 

2016). Scientific collection activities that take place on private lands will require agreements 172 

outlining conditions mutually decided by NCWRC and landowners (Attachment 3). 173 
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To increase probability of detection of sympatric canids, the accessible study area will 174 

be partitioned by a grid, the cell size of which will based on the average annual home range size 175 

of resident coyotes previously reported for the AP, approximately 23 km2 (Hinton et al. 2015). 176 

As a system of sampling, trap lines will be referred here as “traps,” and the number of trap sets 177 

(i.e. the actual trapping device) and number of each trap set size may vary between traps as 178 

necessary. Sampling will be standardized within each grid cell by use of equal number of traps 179 

per cell, on average 3 per cell, each at an approximate length of 10 km (Andelt and Gipson 180 

1979, Way et al. 2004).  181 

Target canids will be captured by using Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., 182 

P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, Schemnitz 1994), the EZ Grip #7 (Livestock 183 

Protection Company, P.O. Box 725, Alpine, Texas 79831, Frame and Meier 2007), or equivalent. 184 

Various lures and baits will be used to increase trapping efficiency (Frederick et al. 1989, Shipley 185 

2012). Traps will be laid on the Monday of each week and will be opened at the time of 186 

deployment. Traps will be checked once daily at dawn, to reduce potential stress to trapped 187 

individuals and will not be operated on days where the temperature is expected to reach or 188 

exceed 80o F (R. Nordsven, personal communication, 2016) or during times of predicted 189 

inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). To standardize effort and 190 

remain logistically realistic, traps should be open for three trap nights in a row before being 191 

removed. Trap sets that have been closed due to non-target bycatch or other circumstances 192 

may be reopened and all traps should be re-baited and lured as appropriate.  193 

Trap set locations will be marked by NCWRC or USFWS personnel using handheld GPS 194 

units (Garmin GPSMAP 64S, 1200 E. 151st St., Olathe, KS 66062-3426) and given a sequential 195 

identification number. Traps will also be given an identification number and trap set points will 196 

be documented in ArcMap 10.4. Trappers will keep detailed records on trap set operation, non-197 

target species trapped, and other relevant details. Non-target species will be released from 198 

traps after an in-field assessment of injuries, if any, and animals with life threatening injuries 199 

will be euthanized by the trap operator. Targeted recapture of collared canids will occur 200 

annually during the same months, to replace GPS collar batteries and drop-off collar release 201 

units in field. Trapping effort will be quantified (trap nights), the effective sample area will be 202 
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estimated, the encounter (detection) probability will be estimated using a Gaussian detection 203 

model (Amundson et al. 2014), and an estimate of density for coyotes will be calculated using a 204 

modified Huggins closed-capture estimator in program MARK, if sample size allows (Harris et al. 205 

2013, Ivan et al. 2013). 206 

Animal Handling 207 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines 208 

(Sikes et al. 2011) and will be performed at the capture site. Chemical immobilization agents 209 

may be used depending on the number of field staff during processing (i.e., three or more staff 210 

required during non-chemical immobilizations, Craft 2007, M. Morse, personal communication, 211 

2016).  212 

Chemical Immobilization 213 
Unless adequate numbers of personnel are available to safely employ mechanical 214 

restraint techniques, target animals will be anesthetized with the chemical immobilization 215 

agent BAM (Wildlife Pharmaceuticals, Inc., Windsor, CO 80550). BAM, a combination of 216 

Butorphanol tartrate, Azaperone tartrate and Medetomidine HCl., will be delivered by 217 

intramuscular injection by syringe pole to the hip. Dosage for canids is based on field trails 218 

performed by Wildlife Pharmaceuticals (Wildlife Pharmaceuticals, Inc. 2016) and the 219 

recommended dose for coyotes is 0.2CC and red wolves is 0.3CC, with adjunct doses of 0.1-220 

0.2CC delivered if initial dosages do not cause induction (S. Kirschner, personal communication, 221 

2017). Induction times for coyotes and wolves ranged from 5 to 10 minutes after initial and/or 222 

adjunct dosages (Wildlife Pharmaceuticals, Inc. 2016). After field handling is concluded the 223 

anesthesia will be reversed using two reversal agents, Atipamezole and Naltrexone, at double 224 

the CC of Atipamezole to BAM that was delivered (including adjunct doses, if given) and 0.5CC 225 

of Naltrexone. Recovery time from the reversal agents ranged from 10 to 25 minutes during 226 

field trails (Wildlife Pharmaceuticals, Inc. 2016). Field personnel will observe animals for signs of 227 

adverse effects for up to 30 minutes after reversal agents are delivered. 228 

Mechanical Immobilization 229 
Unlike other carnivore families, the submissive behavioral response of canids to 230 
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perceived dominance reduces the need to use immobilization agents. Appropriate mechanical 231 

restraint techniques can reduce handling time of animals, allowing animals to reintegrate into 232 

social groups more quickly, subsequently reducing overall stress to the individual (Powell and 233 

Proulx 2003). Target canids will be mechanically restrained with a restraint pole, until two 234 

muzzles can be placed around the snout. While pinned with the restraint pole by one person, a 235 

second person will restrain the set of legs not in the trap against the ground and a third person 236 

will release the foot from the trap. This set of legs will then be restrained by the 3rd person as 237 

the restraint pole is removed. Once the restraint pole is removed the person restraining the 238 

front legs will also then restrain the head. The first person will then move forward with 239 

processing the captured animal.  240 

Each animal will be placed on a towel or blanket to provide thermal protection from the 241 

ground, with eyes covered and lubricated with eye ointment; temperature will be monitored 242 

with a rectal thermometer. Overheating occurs at approximately 104-105°F for canids (AZA 243 

Canid TAG 2012) and the animal handling crew will monitor temperature at 5-minute intervals; 244 

if a temperature reading reaches 104°F, corrective actions will be taken and temperature will 245 

be monitored at 1-minute intervals. Should overheating occur, the individual will be removed 246 

from insulation to expedite the natural evaporative cooling process. During days that approach 247 

80°F in temperature, measures will be taken to reduce heat stress, such as: wetting the animal 248 

with water, application of a cold pack to the groin area between the back legs, application of 249 

rubbing alcohol to foot pads, or immediate release (AZA Canid TAG 2012). If the injured 250 

individual is suspected to be a red wolf, based on morphometrics, USFWS staff will be 251 

contacted for a decision. In the event that trap caused injuries are determined to be life 252 

threatening through use of a trap injury score assessment (Frame and Meier 2007) the 253 

individual will be euthanized. In the event that NCWRC personnel cannot be present, trained 254 

USFWS personnel may collar and measure captured target animals and will provide data sheets 255 

to NCWRC staff. Target animals will not be vaccinated or otherwise treated for diseases, 256 

regardless of the presence of disease symptoms. 257 

Non-target animals will be released on site. Captured domestic dogs will be immediately 258 

released from the trap set following an injury score assessment and only if no life-threatening 259 
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injuries are present. If a domestic dog has sustained life threatening injuries and owner 260 

identification information is present on the dog, then the animal will be held in either a 261 

transportable kennel, or at a dog pen on a state game land that is equipped with such facilities, 262 

until the owner can retrieve the dog. The costs associated with injuries sustained to the dog will 263 

be the responsibility of the animals’ owner. Law enforcement may be requested to help 264 

communicate with the animal’s owner. If the animal does not have an identifiable owner and 265 

has incurred substantial life threatening injuries (i.e. compound fracture), the dog will be 266 

euthanized on site. Target animals showing signs of disease symptoms such as circling behavior, 267 

head tilt, muscle twitches, convulsions with jaw chewing movements and salivation (“chewing 268 

gum fits”), disorientation, incoordination, staggering caused by paralysis of the hind legs, 269 

seizures, and partial or complete paralysis will be euthanized and tested according to protocol 270 

set forth by the agency veterinarian, in order to determine if there may be a public health issue 271 

(M. Palamar, personal communication, 2016). USFWS will be contacted in cases of suspected 272 

red wolves. Staff involved in animal handling duties will have the pre-exposure rabies 273 

vaccination series completed prior to field work inception and will maintain rabies titer records 274 

through properly licensed medical services providers.  275 

If staff is bitten and skin is broken by an animal while performing handling duties, they 276 

will be advised to immediately visit a local hospital or clinic for evaluation by healthcare 277 

professionals. The field coordinator will immediately notify supervisory staff and an injury 278 

report and workers’ compensation claim will be opened for the incident. The animal will be 279 

euthanized and the head will be sent to the state lab for rabies testing; the body may be sent to 280 

the Southeastern Cooperative Wildlife Disease Study (SCWDS) laboratory for additional disease 281 

investigation. 282 

Capture Processing and Marking 283 

During canid handling, NCWRC personnel will record age class, sex, weight, total body 284 

length, head width, ear length, and tail length, visually assess ectoparasite load, look for and 285 

disinfect with betadine or iodine as needed any minor trap caused injuries, and affix GPS collars 286 

(Knick 1990, Sikes et al. 2011). All captured canids will be fitted with appropriately-sized GPS 287 

collars in the field based on morphometrics previously indicated as reliable thresholds for 288 
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species categorization: hind foot length, weight, width of head, and tail length (Hinton 2014); 289 

analysis of DNA samples collected during trapping efforts will help to assign captured canids to 290 

position along the species continuum post release. Age of individuals will be estimated based 291 

on physical characteristics, including weight and tooth replacement (Knick 1990, Hinton 2014, 292 

Gier 1968), and captured canids will be aged into one of three classes: > 2 years old as adults, < 293 

2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 2014). 294 

Reproductive status will be determined based on estimated age class and presence of gonadal 295 

descent during the breeding season for males and the presence of nipple swelling or previous 296 

suckling for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). 297 

Captured individuals will be ear marked using a button tag (model 410, Ketchum Mfg. 298 

Co. [or equivalent], PO Box 10, 11 Town Shed Road, Lake Luzerne, NY 12846) placed along the 299 

middle of the ear where they are most protected from loss, with a pin-type applicator (485sa 300 

Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). The puncture site will be 301 

treated with an antiseptic to deter infections. Each sympatric canid will also be marked with an 302 

individually-numbered, glass-encapsulated, passive integrated transponder (PIT model HPT12, 303 

12.5 mm, 134.2 kHz, Biomark, Inc., 703 South Americana Blvd., Suite 150, Boise, ID; Gannon et 304 

al. 2007), using a syringe-type implanter and replaceable needle (model MK10 [implanter], 305 

model N125 [needle], Biomark, Inc.). Successful PIT placement will be verified with a mini 306 

portable reader (model GPR Plus, Biomark, Inc.). The implantation site will be prepared by 307 

swabbing with 70% alcohol (Mrozek et al. 1995) and a sterilized new needle will be used for 308 

each injection. The standard implantation site for transponders is subcutaneously on the dorsal 309 

midline of the back, cranial to the shoulder blades (Ingwersen 2000).  310 

A skin biopsy will be taken from all captured target canids by puncturing the pinna of 311 

the ear with a biopsy punch in the same location where the ear tag will be placed (Palamar 312 

2014). The biopsied area will be disinfected with alcohol after sampling. The skin biopsy will be 313 

placed in a labeled (ID, date, and sample type) cryogenic tube filled with 95% ethanol as buffer 314 

and then stored in a freezer until sent out to a lab for genetic analysis (Palamar 2014, Tom 315 

2012). A selection of hairs with the root bulla attached will be pulled from the belly and placed 316 

in paper envelopes (Janecka et al. 2007). Hair samples will serve as back up to tissue samples 317 
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for genetic testing. All samples will be sent to the Laboratory for Ecological, Evolutionary and 318 

Conservation Genetics, at University of Idaho (875 Perimeter Drive, MS 1136, Moscow, ID 319 

83844) for genotyping to determine species as well as individual identification, hybridization 320 

presence, and parentage analysis following previously developed protocols (Adams et al. 2007, 321 

Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that examine the coyote-322 

hybrid-wolf species continuum will be performed. 323 

Blood will be collected from all juvenile and adult target canids by venipuncture of the 324 

brachial or jugular veins using a 22-28-gauge needle (M. Palamar, NCWRC veterinarian, 325 

personal communication, 2016). As per NCWRC veterinarian recommendations, approximately 326 

12 ml of blood will be collected for each animal for possible future testing for diseases of 327 

importance to sympatric canid species as well as the humans and domestic animals that they 328 

may come into contact with. A minimum of two 6 ml lavender top tube (for whole blood with 329 

EDTA) will be filled. Samples should be refrigerated at all times; a cooler with ice will suffice 330 

while in the field. Samples should be sent to the NCWRC within 48 hours or frozen for later 331 

shipping. Skin scrapes will be collected from animals presenting signs compatible with sarcoptic 332 

mange (lesions) for possible future diagnostic purposes. Lesions will be scraped until blood is 333 

drawn; the scrapings will be placed onto a slide and covered with a piece of clear tape for later 334 

visual confirmation. 335 

Should overheating occur, processing will be performed in the following prioritization 336 

order and the first five items will need to be completed before releasing any individuals: 1) trap 337 

injury evaluation, 2) collaring, 3) DNA (skin biopsy) sample collection, 4) morphometrics, 5) 338 

aging, 6) PIT tagging, 7) weight, 8) ear tagging, 9) reproductive status, 10) ectoparasite 339 

evaluation, 11) blood collection, and 12) skin scrape collection. 340 

Collaring 341 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study 342 

area, 10 of which will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-343 

Scheele-Str. 12, 12489 Berlin, Germany). Project staff will pilot test proximity sensor technology 344 

for utility in analysis of spatial and temporal community dynamics. Proximity sensors trigger 345 

increased GPS location acquisition during those time intervals when two collared individuals 346 
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come within a set distance from each other (http://www.vectronic-aerospace.com/wildlife-347 

monitoring/sensors/uhf-id-tags, accessed August 2016).  348 

To avoid instances of collar induced strangulation, only adult (>2 years old) male and 349 

female individuals will receive collars (Hinton 2014). ASM guidelines recommends a collar 350 

weight of <5-10% of a canids bodyweight, we will observe these guidelines (Sikes et al. 2011). 351 

Sympatric canids not releasable at a capture site will not be collared and will not become study 352 

animals. 353 

GPS radio-collars will have both VHF and GPS Iridium locational systems as well as store-354 

on-board capabilities. Radio-collar units will be programmed to record GPS coordinates once 355 

every 1.75 hours producing approximately 13 locations per day while cycling through the 24-356 

hour time cycle. These settings will allow for a GPS battery life of 300 to 552 days, averaging 357 

431 days. The VHF beacon will be in operation from 0800 – 1600 hours daily. GPS locations will 358 

be sent via satellite once per day and each transmission with contain 12 locations. The use of an 359 

integrated drop off firing mechanism should allow the collars to drop off within a maximum of 360 

approximately 548 days after deployment. The drop off schedule once set cannot be changed. 361 

The drop off firing mechanism is wired to a battery unit independent of the collar battery, 362 

therefore should the collar battery become depleted, the drop off mechanism will not be 363 

affected (C. Akakpo, Vectronic Aerospace GmbH, personal communication, 2016). Unless a 364 

collared individual is recaptured before the collar battery dies, the drop off mechanism will fire 365 

at the scheduled time frame post collar deployment.  366 

Observation of sympatric canid habitat use and movements will occur through GPS data 367 

obtained with combination GPS/VHF radio-collars. VHF relies on triangulation, the process of 368 

estimating the location of a transmitter by using two or more compass bearings obtained by 369 

using directional antennas at known locations remote from the transmitter’s position (White 370 

and Garrott 1990), whereas GPS uses a satellite based system to obtain location coordinates. 371 

There have been many published studies where one or both of these methods were used, with 372 

mixed success for determining various aspects of carnivore ecology throughout the United 373 

States (Hinton et al. 2012, Schrecengost et al. 2009, Sparkman et al. 2012). While GPS 374 

technology has developed rapidly in recent history, the real time functional advantage of VHF 375 
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cannot be disregarded. When GPS technology falters or malfunctions, VHF can serve as 376 

replacement for data collection in addition to its use in real time monitoring of study animals. 377 

Canids will be minimally monitored for mortality approximately every 30 days by using VHF 378 

aerial telemetry techniques (Whitehouse and Steven 1977) as there may be a delay in satellite 379 

transmission of GPS location data due to weather, season, and animal behavior. Transient 380 

canids and individuals from breeding pairs that have lost a mate, have been found to use much 381 

larger areas versus paired residents, potentially increasing the opportunity for losing track of 382 

these individuals when GPS technology reaches its functional capacity or experiences 383 

malfunction. VHF data may also provide locations of canids in cover too dense for GPS units to 384 

function. Use of VHF telemetry techniques for data collection may be expanded as necessary 385 

for project needs.  386 

Spatial Data Analyses 387 
Both minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and 388 

core use areas (50% and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated 389 

from GPS data by using BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial 390 

Modelling Environment (Spatial Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems 391 

Research Institute, 2016) (Benson et al. 2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for 392 

comparison to older studies. These estimations can also be calculated using VHF data, provided 393 

data minimum requirements are met. Spatial distribution in relation to habitat will also be 394 

estimated by dynamic Brownian bridge movement models as described by Hinton (2014) with R 395 

statistical software (R Core Team 2016) using the moveud package with habitat covariates 396 

important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 397 

Proctor, personal communication, 2016). Additionally, recent research into how canids shift 398 

their ranges will also be investigated for populations on the AP (Morin and Kelly, in review). 399 

Spatial overlap and co-occurrence will be assessed using methods described by Shipley (2012). 400 

Habitat and cover types will be estimated from digitized maps created by the SEGAP (Hinton 401 

2014) or ortho files, as available (Shipley 2012). Percent composition of habitat and cover types 402 

within home ranges and core areas as well as edge density will be quantified (Shipley 2012). 403 

Habitat selection and cover type use effects on spatial distribution will be estimated at both the 404 

population (2nd order) and individual (3rd order) spatial scales using resource selection functions 405 
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(Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of seasonality and time of day 406 

activity will also be explored. The spatial and temporal patterns of space use by sympatric 407 

canids will be studied using data generated from the interaction GPS collar sensors, particularly 408 

distance between individuals and duration of proximity. 409 

Den Monitoring 410 

Project staff will attempt to locate den sites for sympatric canids to get pup counts, 411 

morphometric measurements, age estimates, and skin biopsies. Project staff will also attempt 412 

to monitor pup survival during the pup rearing season by using remote cameras placed around 413 

the den site (Harrison and Gilbert 1985, Parks 1979, Way et al. 2001). Pups will be weighed, 414 

measured, and PIT tagged during May and June of each year when they become active but are 415 

still den-obligated (Gier 1968). We will investigate the use of remote camera traps for 416 

monitoring den behavior with a two-camera array around the den (H. Garbe, personal 417 

communication, 2016, Kays and Slauson 2008). This method has been successfully used to 418 

monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 419 

sensitive to den site disturbance, there is a general lack of data in the literature regarding this 420 

approach for monitoring pup survival. Approaching an experimental methodology 421 

systematically will be important for determining which methods are effective and which are 422 

not. As a starting point for testing this methodology, remote cameras will be placed two to five 423 

meters from main den entrances and set to take photos using a passive infrared sensor trigger 424 

(a beam that when broken by movement through it, triggers the camera to take a series of 425 

photos) with a time restriction between photo intervals to limit the number of photos taken 426 

and maximize the space on the memory card for the time period between camera checks 427 

(Kluever et al. 2013). Cameras will be checked six days after deployment and will be redeployed 428 

(i.e. new batteries and memory card, if required); cameras will remain at each den site until 429 

radio-collar data indicates the den site has been moved (Kluever et al. 2013). Cameras will be 430 

not be redeployed to a new coyote den site during a season if that breeding pair has already 431 

moved the den once due to the disturbance of camera presence/deployment. 432 
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Mortalities 433 

If a collared animal dies during the project, the carcass will be sent to SCWDS for 434 

necropsy. Red wolves will be sent to the SCWDS laboratory for necropsy, unless it is determined 435 

to be a law enforcement case. In potential law enforcement cases, the NCWRC Division of 436 

Wildlife Management Chief and USFWS Ecological Services Raleigh Field Office Field Supervisor 437 

will be contacted and requested to contact the appropriate law enforcement personnel, 438 

immediately after determining the need for law enforcement involvement. The carcass and all 439 

relevant information will then be turned over to law enforcement; the GPS-collar will be 440 

removed and genetic samples will be taken from the individual prior to release to law 441 

enforcement.  442 

E.  Project Personnel 443 

Andrea Shipley has worked for the North Carolina Wildlife Resources Commission as a Canid 444 
Biologist since February 2016. Prior to that, she worked as a Wildlife Biologist for a non-profit 445 
located in northeastern Nevada as well as in several different field biologist oriented positions. 446 
Andrea has a background in carnivore and spatial ecology, having earned her MS in Biological 447 
Sciences from Eastern Kentucky University and BS in Biological Sciences from Rutgers 448 
University; Andrea will act as project lead and coordinator.  449 

Brandon Sherrill has worked for the North Carolina Wildlife Resources Commission as a 450 
Mammalogist since December 2013. Prior to that, he worked as an educator at the North 451 
Carolina Museum of Natural Sciences and as a regional wildlife biologist for the South Carolina 452 
Department of Natural Resources. Brandon earned a BS and MS in Fisheries, Wildlife, and 453 
Conservation Biology from North Carolina State University; Brandon will act as project 454 
supervisor. 455 

Krishna Pacifici, Research Assistant Professor at NCSU, will be the quantitative analysis 456 
collaborator on the project. Krishna’s background and experience in quantitative ecology makes 457 
him well suited to consult and assist with advanced statistical analyses of spatial data. 458 

Lisette Waits, Department Head and Distinguished Professor at the University of Idaho, will be 459 
the DNA analysis collaborator for the project, responsible for all DNA related sample processing 460 
and subsequent analyses.   461 

Commented [PMB17]: Leave me out of it.  Call Jason 
Keith.  



 

-17- 

F.  Schedule and Estimated Costs 462 

The project will run from soon after December 1, 2017 through June 30, 2020. The 463 

estimated timeline for major tasks is as follows: 464 

 465 

Year 1: Initiate field work soon after December 1, 2017 with assistance from 1-2 field 466 

technicians; 1 technician will be required for trapping and den monitoring efforts. Data 467 

collection will begin immediately after collar deployment and data will be managed by Andrea 468 

Shipley throughout the life of the project. Data analysis will be initiated after den monitoring 469 

season concludes, with guidance and assistance from Krishna Pacifici at North Carolina State 470 

University (NCSU). Report, manuscript and presentation production will be initiated 471 

concurrently with data analysis. 472 

Year 2: Continue field work and data collection with assistance from 1-2 field technicians. 473 

Continue data analysis with guidance and assistance from Krishna Pacifici at NCSU. Continue 474 

and finalize report and manuscript production, and presentation at professional working groups 475 

and/or meetings. 476 

GPS technology allows researchers to collect locational data at fine spatial and temporal 477 

scales through the deployment of collar units on wildlife study subjects. In this project, we 478 

propose to study a sample of sympatric canid populations with GPS radio-collars, in order to 479 

investigate the population parameters outlined in previous sections as well as species 480 

interactions. The purchase and use of this technology is critical to meeting the research 481 

objectives set forth in this document as well as in the document included in Attachment 1. 482 

While GPS technology has evolved over the past 20 years, the cost of technology has 483 

plateaued. Upfront cost per unit remains relatively high, however project savings occurs at the 484 

back end when compared to older telemetry technology such as very high frequency (VHF) 485 
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which require intensive labor to collect data at similar spatial and temporal scales. Pilot testing 486 

the proximity sensor enabled GPS-collars will allow investigation of the utility of this relatively 487 

new tool for community dynamics analysis by providing an increased locational data acquisition 488 

when individuals come within a set distance, or closer, from each other. Additionally, these 489 

sensors record the identities of the interacting individuals and the duration of their 490 

interactions. Using a trigger to temporarily switch GPS fix schedules will enable us to collect 491 

very fine scale data while conserving battery life, achieving project objectives in an efficient 492 

manner. Exploring the efficaciousness of this technology has the potential to positively impact 493 

future research projects requiring use of GPS-collars for data collection. 494 

Aerial tracking will provide regular study animal surveillance useful to investigate cases 495 

of mortality, collar malfunction, or satellite data transmission delays, which can vary seasonally. 496 

In some situations, ground tracking could prove less expensive than aerial tracking. However, 497 

ground telemetry techniques require more than one biologist working in tandem to acquire 498 

accurate location estimates. This often translates to increased labor to collect data, particularly 499 

in large study areas. Aerial tracking will provide a more efficient and cost-effective method for 500 

surveilling study subjects in this large study area, requiring only one biologist and a contracted 501 

pilot. NCWRC personnel will perform aerial tracking along with the NCWRC pilot at a minimum 502 

frequency of every 30 days. 503 

Use of local trappers to assist with sampling efforts provides several benefits. Local 504 

trappers have established, long-term relationships with private land owners, thereby providing 505 

access to private lands that might be otherwise difficult to secure. This will enable project 506 

biologists to obtain a representative sample of sympatric canids in the study area, as well as to 507 

operate more trap lines concurrently. This is particularly important when using a SCR sample 508 

design, as it will have direct implications on the resulting analyses and inferences. 509 

As part of collaboration efforts, the project will contract the services of Krishna Pacifici, 510 

Research Assistant Professor in the Applied Ecology department at NCSU. Krishna’s expertise is 511 

in quantitative ecology; consultation and assistance services provided will allow project 512 

biologists to make appropriate statistically relevant inferences from collected data.  513 
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DNA analysis will be contracted to Lisette Wait’s lab at the University of Idaho. Lisette’s 514 

team at The Laboratory for Ecological, Evolutionary and Conservation Genetics has previous 515 

experience in analyzing red wolf and coyote hybrid molecular samples and has the most 516 

comprehensive DNA methodology for this sympatric canid species continuum in the nation. 517 

This expertise will facilitate expedient species identification on collared study animals besides 518 

landscape level population dynamics analysis. 519 

 520 

 521 

522 

Commission In-kind Total
a.       Personnel 7,200.00$      -$    7,200.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 30,000.00$    -$    30,000.00$    
d.      Equipment 54,000.00$    -$    54,000.00$    
e.       Supplies 61,500.00$    -$    61,500.00$    
f.        Contractual 315,590.00$ -$    315,590.00$ 
g.      Construction -$                -$    -$                
h.      Other 6,000.00$      -$    6,000.00$      
i.        Total Direct Charges (sum of 
a – h) 474,290.00$ -$    474,290.00$ 
j.        Indirect Charges 4,800.00$      -$    4,800.00$      
k.      Totals (sum of i and j) 479,090.00$ -$    479,090.00$ 

Federal (75%) 359,317.50$ 
State (25%) 119,772.50$ 
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G.  Geographic Location 523 

Three counties of the Albemarle Peninsula of North Carolina (Dare, Hyde, and Tyrrell counties). 524 

H.  Related Federal Projects 525 

NC-W-F15AF00726 (W-72) NC-Division of Wildlife Management Cooperative Projects 526 

  527 
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I.  Glossary 528 

Abundance: Species abundance is the number of individuals per species, and relative abundance refers 529 
to the evenness of distribution of individuals among species in a community. 530 

Adaptive kernel (AK): A probabilistic home range estimator based on the distribution and density of 531 
locations that has been collected over a period of time. 532 

Adverse reactions: In pharmacology, any unexpected or dangerous reaction to a drug. 533 

Aerial: Existing, happening, or operating in the air. 534 

Annually: Once a year; every year. 535 

Anthropogenic: Caused or influenced by humans. 536 

Apex: Having no natural predators in its ecosystem. 537 

Ataxia: The loss of full control of bodily movements. 538 

Beacon: A radio beacon whose purpose is the investigation of the propagation of radio signals. 539 

Biopsy: The removal for diagnostic study of a piece of tissue from a living body. 540 

Brachial vein: One of a pair of veins accompanying the brachial artery and uniting with each other and 541 
with the basilic vein to form the axillary vein. 542 

 543 

Breeding pair: A pair of animals which cooperate over time to produce offspring with some form of a 544 
bond between the individuals. 545 

Carrying capacity: The maximum population size of the species that the environment can sustain 546 
indefinitely, given the food, habitat, water, and other necessities available in the environment. 547 

Compensatory immigration: Individuals emigrating from areas with lower mortality to those with higher 548 
mortality; filling a deficiency of individuals in a population experiencing higher mortality. The increase in 549 
size or activity of one part of an organism or organ that makes up for the loss or dysfunction of another.  550 

Composition: The combining of distinct parts or elements to form a whole. 551 
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Co-occurrence: Refers to observation of the spatial overlap between two (or more) different individuals 552 
over a period of time. 553 

Coordinates: Any of the scales or magnitudes that serve to define the position of a point. 554 

Core use areas: An area within a home range exhibited by a dense concentration of location points; 555 
commonly estimated at 50% of the location data points. 556 

Covariates: A variable that is possibly predictive of the outcome under study. 557 

Cranial: Pertaining to the cranium or to the anterior (in animals) or superior (in humans) end of the 558 
body. 559 

Cryogenic: Very low temperatures, e.g. -80oC. 560 

Den-obligated: Restricted to a particular condition of life, in this case restricted to a den site. 561 

Density: A measure of the number of organisms that make up a population in a defined area. 562 

Deployment: To organize and send out (people or things) to be used for a particular purpose. 563 

Depredation: The act of preying upon. 564 

Depressed respiration: A decrease in the ability to exhale and inhale; respiration that has a rate below 565 
12 breaths per minute or that fails to provide full ventilation and perfusion of the lungs. 566 

Diagnostic: The process of determining by examination the nature and circumstances of a diseased 567 
condition. 568 

Disorientation: Loss of one's sense of direction, position, or relationship with one's surroundings. 569 

Distribution: The manner in which a biological taxon is spatially arranged. 570 

DNA: (deoxyribonucleic acid) is a type of macromolecule known as a nucleic acid. It is shaped like a 571 
twisted double helix and is composed of long strands of alternating sugars and phosphate groups, along 572 
with nitrogenous bases (adenine, thymine, guanine and cytosine). 573 

Dorsal: Situated on or toward the upper side of the body, equivalent to the back, or posterior, in 574 
humans; situated on or toward the posterior plane in humans or toward the upper plane in quadrupeds. 575 

Duration: A continuous period of time. 576 

Dynamic Brownian bridge movement models: Incorporates temporal and behavioral characteristics of 577 
movement paths into estimation of home range. 578 

Ectoparasite: a parasite that lives on the outside of its host rather than within the hosts body; e.g. fleas 579 
and lice. 580 

Effective trap area: Calculated by buffering each trap site by half the mean maximum distance traveled, 581 
each of these boundaries are dissolved, creating a measurable area. 582 

Efficacious: Producing or capable of producing a desired effect. 583 
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Efficient: Accomplishment of or ability to accomplish a job with a minimum expenditure of time and 584 
effort. 585 

Euthanize: The act of putting to death painlessly or allowing to die, as by withholding extreme medical 586 
measures, a person or animal suffering from an incurable, especially a painful, disease or condition. 587 

Expedient: Suitable for achieving a particular end in a given circumstance. 588 

Evaporative cooling: reduction in temperature resulting from the evaporation of a liquid, which removes 589 
latent heat from the surface from which evaporation takes place. 590 

Facilitate: Make an action or process easy or easier. 591 

Genotyping: Investigate the genetic constitution of (an individual organism). 592 

Gonadal descent: The act or process of descending from a higher to a lower location; testicular descent 593 
occurs during the breeding season annually. 594 

GPS: Global Positioning System, is a radio navigation system that allows land, sea, and airborne users to 595 
determine their exact location, velocity, and time 24 hours a day, in all weather conditions, anywhere in 596 
the world. 597 

Home range: an area over which an animal or group of animals regularly travels in search of food or 598 
mates, and that may overlap with those of neighboring animals or groups of the same species. 599 

Hybridization: The result of mixing, through sexual reproduction, two animals or plants of different 600 
breeds, varieties, species or genera. 601 

Immobilization agent: An active force or substance capable of producing an effect. 602 

Implantation: To put or fix firmly. 603 

Inbreeding depression: The reduced biological fitness in a given population as a result of inbreeding, or 604 
breeding of related individuals. 605 

Inception: The establishment or starting point of an institution or activity. 606 

Interspecific: Existing or occurring between different species. 607 

Iridium: A satellite constellation providing voice and data coverage to satellite phones, pagers and 608 
integrated transceivers over the Earth's entire surface. 609 

Jugular vein: Any of several large veins in the neck, carrying blood from the head and face. 610 

Lacerations: A deep cut or tear in skin or flesh. 611 

Locational: A position or site occupied or available for occupancy or marked by some distinguishing 612 
feature. 613 

Malfunction: Fail to operate in the normal or usual manner 614 

Methodology: A system of methods used in a particular area of study or activity. 615 

Midline: A median line or plane of bilateral symmetry, especially that of the body. 616 
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Minimum convex polygon (MCP): Completely enclose all data points by connecting the outer locations in 617 
such a way as to create a convex polygon. 618 

Molecular samples: Genetic samples that may be used for investigation of genetic constitution of an 619 
individual. 620 

Morphometrics: The process of measuring the external shape and dimensions of landforms, living 621 
organisms, or other objects. 622 

Mortality: The state of being subject to death. 623 

Non-target bycatch: Animals caught by accident that are not the target species being sought. 624 

Parameters: A numerical or other measurable factor forming one of a set that defines a system or sets 625 
the conditions of its operation. 626 

Parentage: The origin of something; the state or relation of a parent. 627 

Passive integrated transponder: A microchip implant is an identifying integrated circuit placed under the 628 
skin of an animal. 629 

Pinna: The external part of the ear in humans and other mammals; the auricle. 630 

Plateaued: A period or state of little or no growth or decline. 631 

Population dynamics: The branch of life sciences that studies the size and age composition of 632 
populations as dynamic systems, and the biological and environmental processes driving them (such as 633 
birth and death rates, and by immigration and emigration). 634 

Population growth: The increase in the number of individuals in a population. 635 

Population size: A group of organisms of the same species that live in the same area. 636 

Population status:  637 

Population trend: Changes over time and can include changes in ranging behavior and distribution, 638 
biogeography and life-history. 639 

Population viability: The process that determines the probability that a population will go extinct within 640 
a given number of years. 641 

Proximity: Nearness in space, time, or relationship. 642 

Quantified: Express or measure the quantity of. 643 

Quantitative: Relating to, measuring, or measured by the quantity of something rather than its quality. 644 

Radio-telemetry: The use of radio waves for transmitting information from a distant instrument to a 645 
device that indicates or records the measurements. 646 

Recumbency: The state of leaning, resting, or reclining. 647 

Reintegrate: Restore (elements regarded as disparate) to unity. 648 
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Remnant: A small remaining quantity of something. 649 

Reproductive status: Relating to or effecting reproduction. 650 

Spatial: Relating to, occupying, or having the character of space. 651 

Spatial capture-recapture: A method commonly used in ecology to estimate an animal population's size. 652 
A portion of the population is captured, marked, and released. Marked animals are either recaptured or 653 
are tracked, each tracking location being considered a recapture. 654 

Species Continuum: An aggregate of species capable of interbreeding, resulting in fertile hybrid offspring 655 
whose genetic composition may represent a varying array of phenotypes and genotypes from the 656 
parental species, at which the extreme ends of the spectrum are distinct. 657 

Standardize: Cause (something) to conform to a standard. 658 

Statistically relevant inferences: the process of deducing properties of an underlying distribution by 659 
analysis of data. Inferential statistical analysis infers properties about a population: this includes testing 660 
hypotheses and deriving estimates. 661 

Stochastic population models: Ecological population modeling is concerned with the changes in 662 
population size and age distribution within a population as a consequence of interactions of organisms 663 
with the physical environment, with individuals of their own species, and with organisms of other 664 
species; stochasticity possesses some inherent randomness. In stochastic population models, the same 665 
set of parameter values and initial conditions will lead to an ensemble of different out puts. 666 

Strangulation: The condition in which circulation of blood to a part of the body is cut off by constriction. 667 

Stratifying: Form or arrange into strata, one of a number of portions or divisions likened to layers or 668 
levels. 669 

Surveillance: Continuous observation of a place, person, group, or ongoing activity in order to gather 670 
information. 671 

Survival: A living or continuing longer than, or beyond the existence of, another person, thing, or event. 672 

Sympatric: Occurring within the same geographical area; overlapping in distribution. 673 

Tachycardia: A heart rate that exceeds the normal resting rate. In general, a resting heart rate over 100 674 
beats per minute is accepted as tachycardia in human adults. 675 

Telemetry: See radio-telemetry. 676 

Temporal: Of or relating to time. 677 

Tooth replacement: The process of development of two successive sets of teeth, initially the deciduous 678 
set and consecutively the permanent set. 679 

Transmitter: A set of equipment used to generate and transmit electromagnetic waves carrying 680 
messages or signals, especially those of radio or television. 681 

Transponder: A device for receiving a radio signal and automatically transmitting a different signal. 682 
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Vaccinate: Treat with a vaccine to produce immunity against a disease; inoculate. 683 

Venipuncture: The puncture of a vein as part of a medical procedure, typically to withdraw a blood 684 
sample or for an intravenous injection. 685 

VHF: Very high frequency is the ITU designation for the range of radio frequency electromagnetic waves 686 
(radio waves) from 30 MHz to 300 MHz, with corresponding wavelengths of ten to one meters. 687 

  688 
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STATE:    North Carolina 1 
 2 
GRANT TITLE:    W79-Wildlife Management 3 
 4 
PROJECT TITLE:   Pilot Study – Using Fine Scale GPS Technology to Research  5 

Sympatric Canid Population Dynamics (Job 2.0?) 6 
 7 

A.  Problem and Need 8 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North 9 

Carolina (NC), and is managed as nongame with no closed season or bag limit (NC Wildlife 10 

Resources Commission 2016). Previously restricted to the West and Midwest regions of the 11 

United States, by the early 1990s coyotes had expanded their range into the Albemarle 12 

Peninsula (AP), which is situated in the northeast coastal plain region of NC (Hinton et al. 2012, 13 

Murray et al. 2014). In recent years as coyotes have increased their population, some have 14 

begun to make use of the Outer Banks region.  15 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 16 

experimental population of captive-bred red wolves (Canis rufus) on the Alligator River National 17 

Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population increased until 2008 and 18 

peaked at around 130 individuals (Group Solutions, Inc. 2016), short of the recovery goal of 220 19 

in the wild (USFWS Red Wolf Recovery Program 2013). The AP has an estimated carrying 20 

capacity of 140-150 wolves (Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery 21 

Program 2007). The exact number of red wolves is not known, but USFWS staff report a 22 

population estimate of 45-60 individuals with eight mortalities to date in 2016 23 

(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and 24 

inbreeding depression are suspected factors that have affected red wolf population growth and 25 

viability since the inception of the Red Wolf Recovery Program (RWRP), while vehicular and 26 

gunshot mortality are known factors (Hinton et al. 2013). Because of hybridization between red 27 

wolves and coyotes, the AP supports a continuum of sympatric canids, hereafter referred to as 28 

“sympatric canids.” 29 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 30 

2015 and discontinued the coyote sterilization program, potentially affecting the spatial 31 
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distribution and population dynamics of sympatric canids. Telemetry data from coyotes on the 32 

AP suggests that about 70% of coyotes are residents (i.e., those that defend set territories) 33 

while the other 30% are transients, with most being dispersing juveniles (Hinton et al. 2015). 34 

Transient coyotes do not defend set territories. Coyotes can travel long distances and become 35 

transient even as adults, especially when they lose their mate. Recently described as using 36 

“compensatory immigration,” coyotes opportunistically fill spatial resource gaps by periodic 37 

transiency; when spots come open, individuals that do not yet have permanent territories and 38 

have been roaming in the area, are able to inhabit the new openings (Hinton 2016). These 39 

periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 40 

especially when they are utilizing of anthropogenic resources.  41 

Though a rural area, human land uses occupy a significant portion of space on the AP. 42 

The AP is comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 43 

and 20% “other” land cover types on federal, state and private lands (Dellinger 2011). Concerns 44 

about fear of attacks on humans and domestic pets, the effects of sympatric canids on white-45 

tailed deer and other game populations, and homeowner property damage comprise many of 46 

the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming 47 

data). Wildlife managers in this region frequently receive requests for information on canid 48 

management (C. Turner, personal communication, 2016).  49 

The changes in state and federal canid management rules have resulted in confusion 50 

regarding residents’ rights and options for management of property damage by sympatric 51 

canids. As a result, some citizens are unsure of the legal and most effective methods for canid 52 

conflict management. Adding to management complexity is the need to manage canids for 53 

conservation purposes, such as reducing predation on at-risk ground nesting species or 54 

reducing hybridization of sympatric canids.  55 

In 2013, NCWRC and USFWS established a committee to oversee the collaborative 56 

management and conservation of sympatric canids on the AP. A USFWS and NCWRC joint 57 

memorandum documented detailed action items for the joint management of sympatric canids 58 

on the AP, including specific research objectives which this proposal seeks to address 59 

(Attachment 2). As sympatric canids on the AP increase in number, monitoring their 60 
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movements, particularly in relation to individuals of differing ancestry, could provide important 61 

data to NCWRC and USFWS staff for science-based local and landscape-level decisions about 62 

sympatric canid populations and conflict management. Collection of finer temporal scale 63 

location data would help to manage interactions of sympatric canids with humans, as well as to 64 

support development of dynamic stochastic population models.   65 

B.  Objectives (after December 1, 2016-November 30, 2018) 66 

Objective 1: Use GPS collar and proximity sensor technology to test performance under 67 

various conditions and evaluate the frequency and accuracy of the scheduled fix rates. 68 

Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 69 

spatial dynamics of sympatric canids: home range and core area sizes, amount of 70 

overlap in home range and core areas, movement pathways and daily activity patterns, 71 

and cover type selection and preference. 72 

Objective 3: Use fine scale GPS data collection for investigating the number and age 73 

structure of offspring for family groups of collared sympatric canids. 74 

Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 75 

sympatric canids. 76 

Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 77 

conflicts with landowners. 78 

Objective 6: Determine genetic profiles of sympatric canids through DNA identification 79 

of all captured individuals, parentage, and presence of hybridization. 80 

At the end of this two-year pilot study, we will deliver an observational summary detailing the 81 

use of the GPS and sensor technology for spatial and population dynamics research on 82 

sympatric canids on the AP. 83 

C.  Expected Results and Benefits 84 

As part of a pilot study, we will monitor the status of collared individuals by using a finer 85 

scale assessment of space and habitat use than previous studies. Earlier research focused on 86 

many of the same objectives we suggest investigating here, but during a time of intense, active 87 

Commented [PMB4]: Odd that the objectives are the use 
of a specific tool.  

Commented [PMB5]: I would hope to see a review of 
what has already been published regarding home range, 
movements and cover type selection.   

Commented [PMB6]: I have no idea how you can do this 
with GPS data.  

Commented [PMB7]: Again, how? 

Commented [PMB8]: GPS data probably are not the right 
tool to meet most of these objectives.  If your only tool is a 
hammer, every problem looks like a nail.   

Commented [PMB9]: Citations would be helpful here. 



 

-4- 

management. Specific management techniques are no longer being carried out and dynamics 88 

between sympatric canids are expected to have changed substantially. The uncertainty 89 

regarding current dynamics presents a need for additional research in order to inform actions 90 

for the management of sympatric canids. Information gained from research may impact 91 

management rules and landowner’s abilities to manage canids in some areas. Additionally, GPS 92 

technology has improved since earlier research was conducted allowing for more temporally 93 

detailed data collection and more nuanced analyses. Understanding how sympatric canids 94 

collectively use resources in areas of human-dominated landscapes will allow wildlife managers 95 

to tailor management options to local conditions. On the AP, row crop agriculture and hunting 96 

represent the primary and secondary land uses, respectively. Row crop agriculture is a 97 

significant nutrient resource on the landscape and, as opportunists, canids take advantage of 98 

such resources when they are available. Non-consumptive wildlife-driven tourism persists in all 99 

seasons and wildlife watching is a main draw for tourists in this area. For many tourists, the 100 

opportunity to see or hear large carnivores is the sole attraction for traveling to the AP. 101 

Information from this study will be provided to local constituents to establish a knowledge base 102 

regarding how sympatric canids use resources on private lands. Management and guidance 103 

could serve to prevent or minimize conflict while maximizing positive wildlife interaction 104 

opportunities for constituents. Development of a common understanding between wildlife 105 

managers and landowners based upon factual information is paramount for collaboratively 106 

achieving successful management of sympatric canids. The data collected in this pilot study is 107 

the foundation upon which this understanding and future management actions will be built.  108 

The current level of hybridization between sympatric canids on the AP will be 109 

characterized using DNA gathered during this study. Body size exists as a continuum between 110 

coyotes and red wolves and has been documented as the most important factor for successful 111 

interspecific breeding pairs of these canids (Hinton 2014). Though both species have been 112 

found to use resources in similar manners, red wolves generally have more expansive home 113 

ranges and therefore may not use local resources as intensively as coyotes, depending on body 114 

size. Obtaining individual identification of study animals will allow managers, armed with spatial 115 

information, to infer how and why individuals in the canid species continuum exploit 116 
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anthropogenic resources considering their life history traits.  117 

In conjunction with prior research, data collected will contribute to knowledge on 118 

sympatric canid population dynamics on the AP. Estimating population size will allow managers 119 

to monitor population trends of sympatric canids and to examine the long and short-term 120 

impacts of different management strategies on their populations. While it is unknown whether 121 

sample size will allow for population estimation, obtaining population estimates for coyotes 122 

would provide wildlife managers with baseline data, when paired with annual mortality 123 

estimates, for monitoring changes in population abundance over time. Information on changes 124 

in abundance, reproductive dynamics, and habitat use could impact management strategies to 125 

influence long-term conservation outcomes. Results of this pilot study will allow managers to 126 

determine if future work will be necessary, what amount of effort will be required to achieve 127 

each objective, and whether or not population estimates will be an attainable goal. 128 

D.  Approach 129 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square 130 

kilometers within Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife 131 

Management Institute 2014). However, the USFWS has proposed the RWRA be constricted to 132 

the ARNWR and the Dare County Bombing Range in Dare county by the end of 2017. Due to 133 

these proposed RWRA changes, this study proposes to capture and radio-collar 25 sympatric 134 

canids within Dare, Hyde, and Tyrrell counties (hereafter referred to as “study area”); those 135 

counties being within and directly adjacent to the proposed new RWRA. The thematic 136 

subheadings below provide detailed descriptions of the approaches required for achieving the 137 

pilot study objectives. 138 

Sampling Efforts 139 

Trained NCWRC personnel will conduct live trapping of sympatric canids, with assistance 140 

from the USFWS RWRP biologists, and trained, experienced local trappers. NCWRC and USFWS 141 

wildlife personnel will select local trappers based on their past performance in trapping 142 

sympatric canids, but may also select trappers from the NCWRC coyote trappers list. NCWRC 143 

staff will train contracted trappers on specific trapping procedures before every trapping 144 
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season. The project lead will supervise and coordinate all trapping activities including locations 145 

for installation and the operation of trap lines and handling of captured animals. Simultaneous 146 

personal trapping activities by contracted trappers will not be permitted while performing 147 

contracted trapping services, as specified in the draft service contract (Attachment 4). 148 

Trapping efforts will follow a spatial capture-recapture (SCR) framework with a 149 

systematic targeted sampling design, focusing on areas that contain resources previously found 150 

to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) (Harris et al. 151 

2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. This effort will 152 

allow us to increase the probability of detection of sympatric canids on the landscape (Tom 153 

2012). While it is important to sample a wide range of habitats, the most important 154 

requirement for SCR is the number of collared individuals; this requirement provides flexibility 155 

in the other requirements for field sampling as needed (K. Pacifici, personal communication, 156 

2016). We will initially focus trapping in areas of known red wolf packs, as advised by RWRP. 157 

Trapping will take place during the breeding season when the likelihood of capturing 158 

females in the later stages of gestation or whelping females will be low. Capture efforts will be 159 

conducted from soon after 1 December 2017 – February 2018 and December 2018 – February 160 

2019. Captured sympatric canids will be surrendered to NCWRC or the USFWS at capture sites. 161 

Trapping should occur on both public and private lands to obtain sampling coverage of the 162 

study area. Ideally, all federal and state lands would be accessible for trap and release 163 

(hereafter referred to as “capture”) of sympatric canids, but it is most important to be able to 164 

trap and release on Alligator River NWR and the Dare County Bombing Range as those 165 

encompass the newly proposed RWRP recovery area and comprise the majority of land area for 166 

Dare county. Unlike Dare county, there are ample private lands that surround Pocosin Lakes 167 

NWR and Lake Mattamuskeet NWR in both Tyrrell and Hyde counties that may be utilized to 168 

effectively sample individuals who may use those federal lands, should they be excluded from 169 

capture activities. Capture on federal lands may require USFWS take permits and proposed 170 

activities may be subject to a compatibility assessment (P. Benjamin, personal communication, 171 

2016). Scientific collection activities that take place on private lands will require agreements 172 

outlining conditions mutually decided by NCWRC and landowners (Attachment 3). 173 
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To increase probability of detection of sympatric canids, the accessible study area will 174 

be partitioned by a grid, the cell size of which will based on the average annual home range size 175 

of resident coyotes previously reported for the AP, approximately 23 km2 (Hinton et al. 2015). 176 

As a system of sampling, trap lines will be referred here as “traps,” and the number of trap sets 177 

(i.e. the actual trapping device) and number of each trap set size may vary between traps as 178 

necessary. Sampling will be standardized within each grid cell by use of equal number of traps 179 

per cell, on average 3 per cell, each at an approximate length of 10 km (Andelt and Gipson 180 

1979, Way et al. 2004).  181 

Target canids will be captured by using Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., 182 

P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, Schemnitz 1994), the EZ Grip #7 (Livestock 183 

Protection Company, P.O. Box 725, Alpine, Texas 79831, Frame and Meier 2007), or equivalent. 184 

Various lures and baits will be used to increase trapping efficiency (Frederick et al. 1989, Shipley 185 

2012). Traps will be laid on the Monday of each week and will be opened at the time of 186 

deployment. Traps will be checked once daily at dawn, to reduce potential stress to trapped 187 

individuals and will not be operated on days where the temperature is expected to reach or 188 

exceed 80o F (R. Nordsven, personal communication, 2016) or during times of predicted 189 

inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). To standardize effort and 190 

remain logistically realistic, traps should be open for three trap nights in a row before being 191 

removed. Trap sets that have been closed due to non-target bycatch or other circumstances 192 

may be reopened and all traps should be re-baited and lured as appropriate.  193 

Trap set locations will be marked by NCWRC or USFWS personnel using handheld GPS 194 

units (Garmin GPSMAP 64S, 1200 E. 151st St., Olathe, KS 66062-3426) and given a sequential 195 

identification number. Traps will also be given an identification number and trap set points will 196 

be documented in ArcMap 10.4. Trappers will keep detailed records on trap set operation, non-197 

target species trapped, and other relevant details. Non-target species will be released from 198 

traps after an in-field assessment of injuries, if any, and animals with life threatening injuries 199 

will be euthanized by the trap operator. Targeted recapture of collared canids will occur 200 

annually during the same months, to replace GPS collar batteries and drop-off collar release 201 

units in field. Trapping effort will be quantified (trap nights), the effective sample area will be 202 
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estimated, the encounter (detection) probability will be estimated using a Gaussian detection 203 

model (Amundson et al. 2014), and an estimate of density for coyotes will be calculated using a 204 

modified Huggins closed-capture estimator in program MARK, if sample size allows (Harris et al. 205 

2013, Ivan et al. 2013). 206 

Animal Handling 207 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines 208 

(Sikes et al. 2011) and will be performed at the capture site. Chemical immobilization agents 209 

may be used depending on the number of field staff during processing (i.e., three or more staff 210 

required during non-chemical immobilizations, Craft 2007, M. Morse, personal communication, 211 

2016).  212 

Chemical Immobilization 213 
Unless adequate numbers of personnel are available to safely employ mechanical 214 

restraint techniques, target animals will be anesthetized with the chemical immobilization 215 

agent BAM (Wildlife Pharmaceuticals, Inc., Windsor, CO 80550). BAM, a combination of 216 

Butorphanol tartrate, Azaperone tartrate and Medetomidine HCl., will be delivered by 217 

intramuscular injection by syringe pole to the hip. Dosage for canids is based on field trails 218 

performed by Wildlife Pharmaceuticals (Wildlife Pharmaceuticals, Inc. 2016) and the 219 

recommended dose for coyotes is 0.2CC and red wolves is 0.3CC, with adjunct doses of 0.1-220 

0.2CC delivered if initial dosages do not cause induction (S. Kirschner, personal communication, 221 

2017). Induction times for coyotes and wolves ranged from 5 to 10 minutes after initial and/or 222 

adjunct dosages (Wildlife Pharmaceuticals, Inc. 2016). After field handling is concluded the 223 

anesthesia will be reversed using two reversal agents, Atipamezole and Naltrexone, at double 224 

the CC of Atipamezole to BAM that was delivered (including adjunct doses, if given) and 0.5CC 225 

of Naltrexone. Recovery time from the reversal agents ranged from 10 to 25 minutes during 226 

field trails (Wildlife Pharmaceuticals, Inc. 2016). Field personnel will observe animals for signs of 227 

adverse effects for up to 30 minutes after reversal agents are delivered. 228 

Mechanical Immobilization 229 
Unlike other carnivore families, the submissive behavioral response of canids to 230 
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perceived dominance reduces the need to use immobilization agents. Appropriate mechanical 231 

restraint techniques can reduce handling time of animals, allowing animals to reintegrate into 232 

social groups more quickly, subsequently reducing overall stress to the individual (Powell and 233 

Proulx 2003). Target canids will be mechanically restrained with a restraint pole, until two 234 

muzzles can be placed around the snout. While pinned with the restraint pole by one person, a 235 

second person will restrain the set of legs not in the trap against the ground and a third person 236 

will release the foot from the trap. This set of legs will then be restrained by the 3rd person as 237 

the restraint pole is removed. Once the restraint pole is removed the person restraining the 238 

front legs will also then restrain the head. The first person will then move forward with 239 

processing the captured animal.  240 

Each animal will be placed on a towel or blanket to provide thermal protection from the 241 

ground, with eyes covered and lubricated with eye ointment; temperature will be monitored 242 

with a rectal thermometer. Overheating occurs at approximately 104-105°F for canids (AZA 243 

Canid TAG 2012) and the animal handling crew will monitor temperature at 5-minute intervals; 244 

if a temperature reading reaches 104°F, corrective actions will be taken and temperature will 245 

be monitored at 1-minute intervals. Should overheating occur, the individual will be removed 246 

from insulation to expedite the natural evaporative cooling process. During days that approach 247 

80°F in temperature, measures will be taken to reduce heat stress, such as: wetting the animal 248 

with water, application of a cold pack to the groin area between the back legs, application of 249 

rubbing alcohol to foot pads, or immediate release (AZA Canid TAG 2012). If the injured 250 

individual is suspected to be a red wolf, based on morphometrics, USFWS staff will be 251 

contacted for a decision. In the event that trap caused injuries are determined to be life 252 

threatening through use of a trap injury score assessment (Frame and Meier 2007) the 253 

individual will be euthanized. In the event that NCWRC personnel cannot be present, trained 254 

USFWS personnel may collar and measure captured target animals and will provide data sheets 255 

to NCWRC staff. Target animals will not be vaccinated or otherwise treated for diseases, 256 

regardless of the presence of disease symptoms. 257 

Non-target animals will be released on site. Captured domestic dogs will be immediately 258 

released from the trap set following an injury score assessment and only if no life-threatening 259 
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injuries are present. If a domestic dog has sustained life threatening injuries and owner 260 

identification information is present on the dog, then the animal will be held in either a 261 

transportable kennel, or at a dog pen on a state game land that is equipped with such facilities, 262 

until the owner can retrieve the dog. The costs associated with injuries sustained to the dog will 263 

be the responsibility of the animals’ owner. Law enforcement may be requested to help 264 

communicate with the animal’s owner. If the animal does not have an identifiable owner and 265 

has incurred substantial life threatening injuries (i.e. compound fracture), the dog will be 266 

euthanized on site. Target animals showing signs of disease symptoms such as circling behavior, 267 

head tilt, muscle twitches, convulsions with jaw chewing movements and salivation (“chewing 268 

gum fits”), disorientation, incoordination, staggering caused by paralysis of the hind legs, 269 

seizures, and partial or complete paralysis will be euthanized and tested according to protocol 270 

set forth by the agency veterinarian, in order to determine if there may be a public health issue 271 

(M. Palamar, personal communication, 2016). USFWS will be contacted in cases of suspected 272 

red wolves. Staff involved in animal handling duties will have the pre-exposure rabies 273 

vaccination series completed prior to field work inception and will maintain rabies titer records 274 

through properly licensed medical services providers.  275 

If staff is bitten and skin is broken by an animal while performing handling duties, they 276 

will be advised to immediately visit a local hospital or clinic for evaluation by healthcare 277 

professionals. The field coordinator will immediately notify supervisory staff and an injury 278 

report and workers’ compensation claim will be opened for the incident. The animal will be 279 

euthanized and the head will be sent to the state lab for rabies testing; the body may be sent to 280 

the Southeastern Cooperative Wildlife Disease Study (SCWDS) laboratory for additional disease 281 

investigation. 282 

Capture Processing and Marking 283 

During canid handling, NCWRC personnel will record age class, sex, weight, total body 284 

length, head width, ear length, and tail length, visually assess ectoparasite load, look for and 285 

disinfect with betadine or iodine as needed any minor trap caused injuries, and affix GPS collars 286 

(Knick 1990, Sikes et al. 2011). All captured canids will be fitted with appropriately-sized GPS 287 

collars in the field based on morphometrics previously indicated as reliable thresholds for 288 
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species categorization: hind foot length, weight, width of head, and tail length (Hinton 2014); 289 

analysis of DNA samples collected during trapping efforts will help to assign captured canids to 290 

position along the species continuum post release. Age of individuals will be estimated based 291 

on physical characteristics, including weight and tooth replacement (Knick 1990, Hinton 2014, 292 

Gier 1968), and captured canids will be aged into one of three classes: > 2 years old as adults, < 293 

2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 2014). 294 

Reproductive status will be determined based on estimated age class and presence of gonadal 295 

descent during the breeding season for males and the presence of nipple swelling or previous 296 

suckling for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). 297 

Captured individuals will be ear marked using a button tag (model 410, Ketchum Mfg. 298 

Co. [or equivalent], PO Box 10, 11 Town Shed Road, Lake Luzerne, NY 12846) placed along the 299 

middle of the ear where they are most protected from loss, with a pin-type applicator (485sa 300 

Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). The puncture site will be 301 

treated with an antiseptic to deter infections. Each sympatric canid will also be marked with an 302 

individually-numbered, glass-encapsulated, passive integrated transponder (PIT model HPT12, 303 

12.5 mm, 134.2 kHz, Biomark, Inc., 703 South Americana Blvd., Suite 150, Boise, ID; Gannon et 304 

al. 2007), using a syringe-type implanter and replaceable needle (model MK10 [implanter], 305 

model N125 [needle], Biomark, Inc.). Successful PIT placement will be verified with a mini 306 

portable reader (model GPR Plus, Biomark, Inc.). The implantation site will be prepared by 307 

swabbing with 70% alcohol (Mrozek et al. 1995) and a sterilized new needle will be used for 308 

each injection. The standard implantation site for transponders is subcutaneously on the dorsal 309 

midline of the back, cranial to the shoulder blades (Ingwersen 2000).  310 

A skin biopsy will be taken from all captured target canids by puncturing the pinna of 311 

the ear with a biopsy punch in the same location where the ear tag will be placed (Palamar 312 

2014). The biopsied area will be disinfected with alcohol after sampling. The skin biopsy will be 313 

placed in a labeled (ID, date, and sample type) cryogenic tube filled with 95% ethanol as buffer 314 

and then stored in a freezer until sent out to a lab for genetic analysis (Palamar 2014, Tom 315 

2012). A selection of hairs with the root bulla attached will be pulled from the belly and placed 316 

in paper envelopes (Janecka et al. 2007). Hair samples will serve as back up to tissue samples 317 
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for genetic testing. All samples will be sent to the Laboratory for Ecological, Evolutionary and 318 

Conservation Genetics, at University of Idaho (875 Perimeter Drive, MS 1136, Moscow, ID 319 

83844) for genotyping to determine species as well as individual identification, hybridization 320 

presence, and parentage analysis following previously developed protocols (Adams et al. 2007, 321 

Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that examine the coyote-322 

hybrid-wolf species continuum will be performed. 323 

Blood will be collected from all juvenile and adult target canids by venipuncture of the 324 

brachial or jugular veins using a 22-28-gauge needle (M. Palamar, NCWRC veterinarian, 325 

personal communication, 2016). As per NCWRC veterinarian recommendations, approximately 326 

12 ml of blood will be collected for each animal for possible future testing for diseases of 327 

importance to sympatric canid species as well as the humans and domestic animals that they 328 

may come into contact with. A minimum of two 6 ml lavender top tube (for whole blood with 329 

EDTA) will be filled. Samples should be refrigerated at all times; a cooler with ice will suffice 330 

while in the field. Samples should be sent to the NCWRC within 48 hours or frozen for later 331 

shipping. Skin scrapes will be collected from animals presenting signs compatible with sarcoptic 332 

mange (lesions) for possible future diagnostic purposes. Lesions will be scraped until blood is 333 

drawn; the scrapings will be placed onto a slide and covered with a piece of clear tape for later 334 

visual confirmation. 335 

Should overheating occur, processing will be performed in the following prioritization 336 

order and the first five items will need to be completed before releasing any individuals: 1) trap 337 

injury evaluation, 2) collaring, 3) DNA (skin biopsy) sample collection, 4) morphometrics, 5) 338 

aging, 6) PIT tagging, 7) weight, 8) ear tagging, 9) reproductive status, 10) ectoparasite 339 

evaluation, 11) blood collection, and 12) skin scrape collection. 340 

Collaring 341 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study 342 

area, 10 of which will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-343 

Scheele-Str. 12, 12489 Berlin, Germany). Project staff will pilot test proximity sensor technology 344 

for utility in analysis of spatial and temporal community dynamics. Proximity sensors trigger 345 

increased GPS location acquisition during those time intervals when two collared individuals 346 
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come within a set distance from each other (http://www.vectronic-aerospace.com/wildlife-347 

monitoring/sensors/uhf-id-tags, accessed August 2016).  348 

To avoid instances of collar induced strangulation, only adult (>2 years old) male and 349 

female individuals will receive collars (Hinton 2014). ASM guidelines recommends a collar 350 

weight of <5-10% of a canids bodyweight, we will observe these guidelines (Sikes et al. 2011). 351 

Sympatric canids not releasable at a capture site will not be collared and will not become study 352 

animals. 353 

GPS radio-collars will have both VHF and GPS Iridium locational systems as well as store-354 

on-board capabilities. Radio-collar units will be programmed to record GPS coordinates once 355 

every 1.75 hours producing approximately 13 locations per day while cycling through the 24-356 

hour time cycle. These settings will allow for a GPS battery life of 300 to 552 days, averaging 357 

431 days. The VHF beacon will be in operation from 0800 – 1600 hours daily. GPS locations will 358 

be sent via satellite once per day and each transmission with contain 12 locations. The use of an 359 

integrated drop off firing mechanism should allow the collars to drop off within a maximum of 360 

approximately 548 days after deployment. The drop off schedule once set cannot be changed. 361 

The drop off firing mechanism is wired to a battery unit independent of the collar battery, 362 

therefore should the collar battery become depleted, the drop off mechanism will not be 363 

affected (C. Akakpo, Vectronic Aerospace GmbH, personal communication, 2016). Unless a 364 

collared individual is recaptured before the collar battery dies, the drop off mechanism will fire 365 

at the scheduled time frame post collar deployment.  366 

Observation of sympatric canid habitat use and movements will occur through GPS data 367 

obtained with combination GPS/VHF radio-collars. VHF relies on triangulation, the process of 368 

estimating the location of a transmitter by using two or more compass bearings obtained by 369 

using directional antennas at known locations remote from the transmitter’s position (White 370 

and Garrott 1990), whereas GPS uses a satellite based system to obtain location coordinates. 371 

There have been many published studies where one or both of these methods were used, with 372 

mixed success for determining various aspects of carnivore ecology throughout the United 373 

States (Hinton et al. 2012, Schrecengost et al. 2009, Sparkman et al. 2012). While GPS 374 

technology has developed rapidly in recent history, the real time functional advantage of VHF 375 
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cannot be disregarded. When GPS technology falters or malfunctions, VHF can serve as 376 

replacement for data collection in addition to its use in real time monitoring of study animals. 377 

Canids will be minimally monitored for mortality approximately every 30 days by using VHF 378 

aerial telemetry techniques (Whitehouse and Steven 1977) as there may be a delay in satellite 379 

transmission of GPS location data due to weather, season, and animal behavior. Transient 380 

canids and individuals from breeding pairs that have lost a mate, have been found to use much 381 

larger areas versus paired residents, potentially increasing the opportunity for losing track of 382 

these individuals when GPS technology reaches its functional capacity or experiences 383 

malfunction. VHF data may also provide locations of canids in cover too dense for GPS units to 384 

function. Use of VHF telemetry techniques for data collection may be expanded as necessary 385 

for project needs.  386 

Spatial Data Analyses 387 
Both minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and 388 

core use areas (50% and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated 389 

from GPS data by using BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial 390 

Modelling Environment (Spatial Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems 391 

Research Institute, 2016) (Benson et al. 2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for 392 

comparison to older studies. These estimations can also be calculated using VHF data, provided 393 

data minimum requirements are met. Spatial distribution in relation to habitat will also be 394 

estimated by dynamic Brownian bridge movement models as described by Hinton (2014) with R 395 

statistical software (R Core Team 2016) using the moveud package with habitat covariates 396 

important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 397 

Proctor, personal communication, 2016). Additionally, recent research into how canids shift 398 

their ranges will also be investigated for populations on the AP (Morin and Kelly, in review). 399 

Spatial overlap and co-occurrence will be assessed using methods described by Shipley (2012). 400 

Habitat and cover types will be estimated from digitized maps created by the SEGAP (Hinton 401 

2014) or ortho files, as available (Shipley 2012). Percent composition of habitat and cover types 402 

within home ranges and core areas as well as edge density will be quantified (Shipley 2012). 403 

Habitat selection and cover type use effects on spatial distribution will be estimated at both the 404 

population (2nd order) and individual (3rd order) spatial scales using resource selection functions 405 
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(Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of seasonality and time of day 406 

activity will also be explored. The spatial and temporal patterns of space use by sympatric 407 

canids will be studied using data generated from the interaction GPS collar sensors, particularly 408 

distance between individuals and duration of proximity. 409 

Den Monitoring 410 

Project staff will attempt to locate den sites for sympatric canids to get pup counts, 411 

morphometric measurements, age estimates, and skin biopsies. Project staff will also attempt 412 

to monitor pup survival during the pup rearing season by using remote cameras placed around 413 

the den site (Harrison and Gilbert 1985, Parks 1979, Way et al. 2001). Pups will be weighed, 414 

measured, and PIT tagged during May and June of each year when they become active but are 415 

still den-obligated (Gier 1968). We will investigate the use of remote camera traps for 416 

monitoring den behavior with a two-camera array around the den (H. Garbe, personal 417 

communication, 2016, Kays and Slauson 2008). This method has been successfully used to 418 

monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 419 

sensitive to den site disturbance, there is a general lack of data in the literature regarding this 420 

approach for monitoring pup survival. Approaching an experimental methodology 421 

systematically will be important for determining which methods are effective and which are 422 

not. As a starting point for testing this methodology, remote cameras will be placed two to five 423 

meters from main den entrances and set to take photos using a passive infrared sensor trigger 424 

(a beam that when broken by movement through it, triggers the camera to take a series of 425 

photos) with a time restriction between photo intervals to limit the number of photos taken 426 

and maximize the space on the memory card for the time period between camera checks 427 

(Kluever et al. 2013). Cameras will be checked six days after deployment and will be redeployed 428 

(i.e. new batteries and memory card, if required); cameras will remain at each den site until 429 

radio-collar data indicates the den site has been moved (Kluever et al. 2013). Cameras will be 430 

not be redeployed to a new coyote den site during a season if that breeding pair has already 431 

moved the den once due to the disturbance of camera presence/deployment. 432 
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Mortalities 433 

If a collared animal dies during the project, the carcass will be sent to SCWDS for 434 

necropsy. Red wolves will be sent to the SCWDS laboratory for necropsy, unless it is determined 435 

to be a law enforcement case. In potential law enforcement cases, the NCWRC Division of 436 

Wildlife Management Chief and USFWS Ecological Services Raleigh Field Office Field Supervisor 437 

will be contacted and requested to contact the appropriate law enforcement personnel, 438 

immediately after determining the need for law enforcement involvement. The carcass and all 439 

relevant information will then be turned over to law enforcement; the GPS-collar will be 440 

removed and genetic samples will be taken from the individual prior to release to law 441 

enforcement.  442 

E.  Project Personnel 443 

Andrea Shipley has worked for the North Carolina Wildlife Resources Commission as a Canid 444 
Biologist since February 2016. Prior to that, she worked as a Wildlife Biologist for a non-profit 445 
located in northeastern Nevada as well as in several different field biologist oriented positions. 446 
Andrea has a background in carnivore and spatial ecology, having earned her MS in Biological 447 
Sciences from Eastern Kentucky University and BS in Biological Sciences from Rutgers 448 
University; Andrea will act as project lead and coordinator.  449 

Brandon Sherrill has worked for the North Carolina Wildlife Resources Commission as a 450 
Mammalogist since December 2013. Prior to that, he worked as an educator at the North 451 
Carolina Museum of Natural Sciences and as a regional wildlife biologist for the South Carolina 452 
Department of Natural Resources. Brandon earned a BS and MS in Fisheries, Wildlife, and 453 
Conservation Biology from North Carolina State University; Brandon will act as project 454 
supervisor. 455 

Krishna Pacifici, Research Assistant Professor at NCSU, will be the quantitative analysis 456 
collaborator on the project. Krishna’s background and experience in quantitative ecology makes 457 
him well suited to consult and assist with advanced statistical analyses of spatial data. 458 

Lisette Waits, Department Head and Distinguished Professor at the University of Idaho, will be 459 
the DNA analysis collaborator for the project, responsible for all DNA related sample processing 460 
and subsequent analyses.   461 
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F.  Schedule and Estimated Costs 462 

The project will run from soon after December 1, 2017 through June 30, 2020. The 463 

estimated timeline for major tasks is as follows: 464 

 465 

Year 1: Initiate field work soon after December 1, 2017 with assistance from 1-2 field 466 

technicians; 1 technician will be required for trapping and den monitoring efforts. Data 467 

collection will begin immediately after collar deployment and data will be managed by Andrea 468 

Shipley throughout the life of the project. Data analysis will be initiated after den monitoring 469 

season concludes, with guidance and assistance from Krishna Pacifici at North Carolina State 470 

University (NCSU). Report, manuscript and presentation production will be initiated 471 

concurrently with data analysis. 472 

Year 2: Continue field work and data collection with assistance from 1-2 field technicians. 473 

Continue data analysis with guidance and assistance from Krishna Pacifici at NCSU. Continue 474 

and finalize report and manuscript production, and presentation at professional working groups 475 

and/or meetings. 476 

GPS technology allows researchers to collect locational data at fine spatial and temporal 477 

scales through the deployment of collar units on wildlife study subjects. In this project, we 478 

propose to study a sample of sympatric canid populations with GPS radio-collars, in order to 479 

investigate the population parameters outlined in previous sections as well as species 480 

interactions. The purchase and use of this technology is critical to meeting the research 481 

objectives set forth in this document as well as in the document included in Attachment 1. 482 

While GPS technology has evolved over the past 20 years, the cost of technology has 483 

plateaued. Upfront cost per unit remains relatively high, however project savings occurs at the 484 

back end when compared to older telemetry technology such as very high frequency (VHF) 485 
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which require intensive labor to collect data at similar spatial and temporal scales. Pilot testing 486 

the proximity sensor enabled GPS-collars will allow investigation of the utility of this relatively 487 

new tool for community dynamics analysis by providing an increased locational data acquisition 488 

when individuals come within a set distance, or closer, from each other. Additionally, these 489 

sensors record the identities of the interacting individuals and the duration of their 490 

interactions. Using a trigger to temporarily switch GPS fix schedules will enable us to collect 491 

very fine scale data while conserving battery life, achieving project objectives in an efficient 492 

manner. Exploring the efficaciousness of this technology has the potential to positively impact 493 

future research projects requiring use of GPS-collars for data collection. 494 

Aerial tracking will provide regular study animal surveillance useful to investigate cases 495 

of mortality, collar malfunction, or satellite data transmission delays, which can vary seasonally. 496 

In some situations, ground tracking could prove less expensive than aerial tracking. However, 497 

ground telemetry techniques require more than one biologist working in tandem to acquire 498 

accurate location estimates. This often translates to increased labor to collect data, particularly 499 

in large study areas. Aerial tracking will provide a more efficient and cost-effective method for 500 

surveilling study subjects in this large study area, requiring only one biologist and a contracted 501 

pilot. NCWRC personnel will perform aerial tracking along with the NCWRC pilot at a minimum 502 

frequency of every 30 days. 503 

Use of local trappers to assist with sampling efforts provides several benefits. Local 504 

trappers have established, long-term relationships with private land owners, thereby providing 505 

access to private lands that might be otherwise difficult to secure. This will enable project 506 

biologists to obtain a representative sample of sympatric canids in the study area, as well as to 507 

operate more trap lines concurrently. This is particularly important when using a SCR sample 508 

design, as it will have direct implications on the resulting analyses and inferences. 509 

As part of collaboration efforts, the project will contract the services of Krishna Pacifici, 510 

Research Assistant Professor in the Applied Ecology department at NCSU. Krishna’s expertise is 511 

in quantitative ecology; consultation and assistance services provided will allow project 512 

biologists to make appropriate statistically relevant inferences from collected data.  513 
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DNA analysis will be contracted to Lisette Wait’s lab at the University of Idaho. Lisette’s 514 

team at The Laboratory for Ecological, Evolutionary and Conservation Genetics has previous 515 

experience in analyzing red wolf and coyote hybrid molecular samples and has the most 516 

comprehensive DNA methodology for this sympatric canid species continuum in the nation. 517 

This expertise will facilitate expedient species identification on collared study animals besides 518 

landscape level population dynamics analysis. 519 

 520 

 521 

522 

Commission In-kind Total
a.       Personnel 7,200.00$      -$    7,200.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 30,000.00$    -$    30,000.00$    
d.      Equipment 54,000.00$    -$    54,000.00$    
e.       Supplies 61,500.00$    -$    61,500.00$    
f.        Contractual 315,590.00$ -$    315,590.00$ 
g.      Construction -$                -$    -$                
h.      Other 6,000.00$      -$    6,000.00$      
i.        Total Direct Charges (sum of 
a – h) 474,290.00$ -$    474,290.00$ 
j.        Indirect Charges 4,800.00$      -$    4,800.00$      
k.      Totals (sum of i and j) 479,090.00$ -$    479,090.00$ 

Federal (75%) 359,317.50$ 
State (25%) 119,772.50$ 
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G.  Geographic Location 523 

Three counties of the Albemarle Peninsula of North Carolina (Dare, Hyde, and Tyrrell counties). 524 

H.  Related Federal Projects 525 

NC-W-F15AF00726 (W-72) NC-Division of Wildlife Management Cooperative Projects 526 

  527 
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I.  Glossary 528 

Abundance: Species abundance is the number of individuals per species, and relative abundance refers 529 
to the evenness of distribution of individuals among species in a community. 530 

Adaptive kernel (AK): A probabilistic home range estimator based on the distribution and density of 531 
locations that has been collected over a period of time. 532 

Adverse reactions: In pharmacology, any unexpected or dangerous reaction to a drug. 533 

Aerial: Existing, happening, or operating in the air. 534 

Annually: Once a year; every year. 535 

Anthropogenic: Caused or influenced by humans. 536 

Apex: Having no natural predators in its ecosystem. 537 

Ataxia: The loss of full control of bodily movements. 538 

Beacon: A radio beacon whose purpose is the investigation of the propagation of radio signals. 539 

Biopsy: The removal for diagnostic study of a piece of tissue from a living body. 540 

Brachial vein: One of a pair of veins accompanying the brachial artery and uniting with each other and 541 
with the basilic vein to form the axillary vein. 542 

 543 

Breeding pair: A pair of animals which cooperate over time to produce offspring with some form of a 544 
bond between the individuals. 545 

Carrying capacity: The maximum population size of the species that the environment can sustain 546 
indefinitely, given the food, habitat, water, and other necessities available in the environment. 547 

Compensatory immigration: Individuals emigrating from areas with lower mortality to those with higher 548 
mortality; filling a deficiency of individuals in a population experiencing higher mortality. The increase in 549 
size or activity of one part of an organism or organ that makes up for the loss or dysfunction of another.  550 

Composition: The combining of distinct parts or elements to form a whole. 551 
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Co-occurrence: Refers to observation of the spatial overlap between two (or more) different individuals 552 
over a period of time. 553 

Coordinates: Any of the scales or magnitudes that serve to define the position of a point. 554 

Core use areas: An area within a home range exhibited by a dense concentration of location points; 555 
commonly estimated at 50% of the location data points. 556 

Covariates: A variable that is possibly predictive of the outcome under study. 557 

Cranial: Pertaining to the cranium or to the anterior (in animals) or superior (in humans) end of the 558 
body. 559 

Cryogenic: Very low temperatures, e.g. -80oC. 560 

Den-obligated: Restricted to a particular condition of life, in this case restricted to a den site. 561 

Density: A measure of the number of organisms that make up a population in a defined area. 562 

Deployment: To organize and send out (people or things) to be used for a particular purpose. 563 

Depredation: The act of preying upon. 564 

Depressed respiration: A decrease in the ability to exhale and inhale; respiration that has a rate below 565 
12 breaths per minute or that fails to provide full ventilation and perfusion of the lungs. 566 

Diagnostic: The process of determining by examination the nature and circumstances of a diseased 567 
condition. 568 

Disorientation: Loss of one's sense of direction, position, or relationship with one's surroundings. 569 

Distribution: The manner in which a biological taxon is spatially arranged. 570 

DNA: (deoxyribonucleic acid) is a type of macromolecule known as a nucleic acid. It is shaped like a 571 
twisted double helix and is composed of long strands of alternating sugars and phosphate groups, along 572 
with nitrogenous bases (adenine, thymine, guanine and cytosine). 573 

Dorsal: Situated on or toward the upper side of the body, equivalent to the back, or posterior, in 574 
humans; situated on or toward the posterior plane in humans or toward the upper plane in quadrupeds. 575 

Duration: A continuous period of time. 576 

Dynamic Brownian bridge movement models: Incorporates temporal and behavioral characteristics of 577 
movement paths into estimation of home range. 578 

Ectoparasite: a parasite that lives on the outside of its host rather than within the hosts body; e.g. fleas 579 
and lice. 580 

Effective trap area: Calculated by buffering each trap site by half the mean maximum distance traveled, 581 
each of these boundaries are dissolved, creating a measurable area. 582 

Efficacious: Producing or capable of producing a desired effect. 583 
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Efficient: Accomplishment of or ability to accomplish a job with a minimum expenditure of time and 584 
effort. 585 

Euthanize: The act of putting to death painlessly or allowing to die, as by withholding extreme medical 586 
measures, a person or animal suffering from an incurable, especially a painful, disease or condition. 587 

Expedient: Suitable for achieving a particular end in a given circumstance. 588 

Evaporative cooling: reduction in temperature resulting from the evaporation of a liquid, which removes 589 
latent heat from the surface from which evaporation takes place. 590 

Facilitate: Make an action or process easy or easier. 591 

Genotyping: Investigate the genetic constitution of (an individual organism). 592 

Gonadal descent: The act or process of descending from a higher to a lower location; testicular descent 593 
occurs during the breeding season annually. 594 

GPS: Global Positioning System, is a radio navigation system that allows land, sea, and airborne users to 595 
determine their exact location, velocity, and time 24 hours a day, in all weather conditions, anywhere in 596 
the world. 597 

Home range: an area over which an animal or group of animals regularly travels in search of food or 598 
mates, and that may overlap with those of neighboring animals or groups of the same species. 599 

Hybridization: The result of mixing, through sexual reproduction, two animals or plants of different 600 
breeds, varieties, species or genera. 601 

Immobilization agent: An active force or substance capable of producing an effect. 602 

Implantation: To put or fix firmly. 603 

Inbreeding depression: The reduced biological fitness in a given population as a result of inbreeding, or 604 
breeding of related individuals. 605 

Inception: The establishment or starting point of an institution or activity. 606 

Interspecific: Existing or occurring between different species. 607 

Iridium: A satellite constellation providing voice and data coverage to satellite phones, pagers and 608 
integrated transceivers over the Earth's entire surface. 609 

Jugular vein: Any of several large veins in the neck, carrying blood from the head and face. 610 

Lacerations: A deep cut or tear in skin or flesh. 611 

Locational: A position or site occupied or available for occupancy or marked by some distinguishing 612 
feature. 613 

Malfunction: Fail to operate in the normal or usual manner 614 

Methodology: A system of methods used in a particular area of study or activity. 615 

Midline: A median line or plane of bilateral symmetry, especially that of the body. 616 



 

-24- 

Minimum convex polygon (MCP): Completely enclose all data points by connecting the outer locations in 617 
such a way as to create a convex polygon. 618 

Molecular samples: Genetic samples that may be used for investigation of genetic constitution of an 619 
individual. 620 

Morphometrics: The process of measuring the external shape and dimensions of landforms, living 621 
organisms, or other objects. 622 

Mortality: The state of being subject to death. 623 

Non-target bycatch: Animals caught by accident that are not the target species being sought. 624 

Parameters: A numerical or other measurable factor forming one of a set that defines a system or sets 625 
the conditions of its operation. 626 

Parentage: The origin of something; the state or relation of a parent. 627 

Passive integrated transponder: A microchip implant is an identifying integrated circuit placed under the 628 
skin of an animal. 629 

Pinna: The external part of the ear in humans and other mammals; the auricle. 630 

Plateaued: A period or state of little or no growth or decline. 631 

Population dynamics: The branch of life sciences that studies the size and age composition of 632 
populations as dynamic systems, and the biological and environmental processes driving them (such as 633 
birth and death rates, and by immigration and emigration). 634 

Population growth: The increase in the number of individuals in a population. 635 

Population size: A group of organisms of the same species that live in the same area. 636 

Population status:  637 

Population trend: Changes over time and can include changes in ranging behavior and distribution, 638 
biogeography and life-history. 639 

Population viability: The process that determines the probability that a population will go extinct within 640 
a given number of years. 641 

Proximity: Nearness in space, time, or relationship. 642 

Quantified: Express or measure the quantity of. 643 

Quantitative: Relating to, measuring, or measured by the quantity of something rather than its quality. 644 

Radio-telemetry: The use of radio waves for transmitting information from a distant instrument to a 645 
device that indicates or records the measurements. 646 

Recumbency: The state of leaning, resting, or reclining. 647 

Reintegrate: Restore (elements regarded as disparate) to unity. 648 



 

-25- 

Remnant: A small remaining quantity of something. 649 

Reproductive status: Relating to or effecting reproduction. 650 

Spatial: Relating to, occupying, or having the character of space. 651 

Spatial capture-recapture: A method commonly used in ecology to estimate an animal population's size. 652 
A portion of the population is captured, marked, and released. Marked animals are either recaptured or 653 
are tracked, each tracking location being considered a recapture. 654 

Species Continuum: An aggregate of species capable of interbreeding, resulting in fertile hybrid offspring 655 
whose genetic composition may represent a varying array of phenotypes and genotypes from the 656 
parental species, at which the extreme ends of the spectrum are distinct. 657 

Standardize: Cause (something) to conform to a standard. 658 

Statistically relevant inferences: the process of deducing properties of an underlying distribution by 659 
analysis of data. Inferential statistical analysis infers properties about a population: this includes testing 660 
hypotheses and deriving estimates. 661 

Stochastic population models: Ecological population modeling is concerned with the changes in 662 
population size and age distribution within a population as a consequence of interactions of organisms 663 
with the physical environment, with individuals of their own species, and with organisms of other 664 
species; stochasticity possesses some inherent randomness. In stochastic population models, the same 665 
set of parameter values and initial conditions will lead to an ensemble of different out puts. 666 

Strangulation: The condition in which circulation of blood to a part of the body is cut off by constriction. 667 

Stratifying: Form or arrange into strata, one of a number of portions or divisions likened to layers or 668 
levels. 669 

Surveillance: Continuous observation of a place, person, group, or ongoing activity in order to gather 670 
information. 671 

Survival: A living or continuing longer than, or beyond the existence of, another person, thing, or event. 672 

Sympatric: Occurring within the same geographical area; overlapping in distribution. 673 

Tachycardia: A heart rate that exceeds the normal resting rate. In general, a resting heart rate over 100 674 
beats per minute is accepted as tachycardia in human adults. 675 

Telemetry: See radio-telemetry. 676 

Temporal: Of or relating to time. 677 

Tooth replacement: The process of development of two successive sets of teeth, initially the deciduous 678 
set and consecutively the permanent set. 679 

Transmitter: A set of equipment used to generate and transmit electromagnetic waves carrying 680 
messages or signals, especially those of radio or television. 681 

Transponder: A device for receiving a radio signal and automatically transmitting a different signal. 682 
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Vaccinate: Treat with a vaccine to produce immunity against a disease; inoculate. 683 

Venipuncture: The puncture of a vein as part of a medical procedure, typically to withdraw a blood 684 
sample or for an intravenous injection. 685 

VHF: Very high frequency is the ITU designation for the range of radio frequency electromagnetic waves 686 
(radio waves) from 30 MHz to 300 MHz, with corresponding wavelengths of ten to one meters. 687 

  688 
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From: Benjamin, Pete
To: Martin, Rebekah
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
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Importance: High

Hi Rebekah,

I'm forwarding this dooble poll to you, as it seems to me that someone from Refuges needs to be in
attendance.  We are also trying to schedule an FWS pre-meeting that might be sometime during the
week of October 30. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Thu, Oct 19, 2017 at 12:17 PM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: "Cobb, David T." <david.cobb@ncwildlife.org>, "Benjamin, Pete"
<pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun Olson
(shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Briggs, M. Kyle"
<kyle.briggs@ncwildlife.org>, "Boynton, Allen" <allen.boynton@ncwildlife.org>, "Shipley,
Andrea J" <andrea.shipley@ncwildlife.org>

Alright….I’ve prepared another poll with some dates that extend further into November to try
to find a suitable time when both Pete and David can attend, but also the majority of field
staff: https://doodle.com/poll/pznxn7iggk8qnhd8.

The earliest date that could work would be Nov. 15th, beyond that I’ve included the week of
Thanksgiving or the week after that.

Let me know if you have any questions.

 

Brandon



 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Cobb, David T. 
Sent: Thursday, October 19, 2017 10:57 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work

 



Pete,

 

Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.

David

 

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 



         

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless
you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 

Hey guys, 

 

I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408



 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM



To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse,
Michael <michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate
everyone’s schedule, but it looks like Wednesday, November 8th is going to be the best
choice (sorry Michael and Ryan). Please reserve this date on your calendar. I’m going to
suggest that we meet at 10:00 at the Pocosin Lakes NWR office in Columbia. I know that
some of us are coming from the Raleigh area, so if you’d prefer a later start time just let me
know.

I’ll follow up with any other necessary details between now and then if they arise.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 



 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so
I’d like to nail down a date soon. Let me know if you have any questions.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission



1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work

 

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the
upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please
let me know if you have any questions or concerns. Also, let me know if I have neglected to
include someone on this email that you feel should participate in the meeting.

 



Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 











From: Benjamin, Pete
To: Martin, Rebekah
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
Date: Thursday, October 19, 2017 12:22:27 PM
Attachments: image002.png
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Importance: High

Hi Rebekah,

I'm forwarding this dooble poll to you, as it seems to me that someone from Refuges needs to be in
attendance.  We are also trying to schedule an FWS pre-meeting that might be sometime during the
week of October 30. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Thu, Oct 19, 2017 at 12:17 PM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: "Cobb, David T." <david.cobb@ncwildlife.org>, "Benjamin, Pete"
<pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun Olson
(shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Briggs, M. Kyle"
<kyle.briggs@ncwildlife.org>, "Boynton, Allen" <allen.boynton@ncwildlife.org>, "Shipley,
Andrea J" <andrea.shipley@ncwildlife.org>

Alright….I’ve prepared another poll with some dates that extend further into November to try
to find a suitable time when both Pete and David can attend, but also the majority of field
staff: https://doodle.com/poll/pznxn7iggk8qnhd8.

The earliest date that could work would be Nov. 15th, beyond that I’ve included the week of
Thanksgiving or the week after that.

Let me know if you have any questions.

 

Brandon



 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Cobb, David T. 
Sent: Thursday, October 19, 2017 10:57 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work

 



Pete,

 

Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.

David

 

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 



         

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless
you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 

Hey guys, 

 

I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408



 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM



To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse,
Michael <michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate
everyone’s schedule, but it looks like Wednesday, November 8th is going to be the best
choice (sorry Michael and Ryan). Please reserve this date on your calendar. I’m going to
suggest that we meet at 10:00 at the Pocosin Lakes NWR office in Columbia. I know that
some of us are coming from the Raleigh area, so if you’d prefer a later start time just let me
know.

I’ll follow up with any other necessary details between now and then if they arise.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 



 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so
I’d like to nail down a date soon. Let me know if you have any questions.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission



1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work

 

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the
upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please
let me know if you have any questions or concerns. Also, let me know if I have neglected to
include someone on this email that you feel should participate in the meeting.

 



Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 











From: Martin, Rebekah
To: brandon.sherrill@ncwildlife.org
Cc: Benjamin, Pete; Madison, Joseph S; David T.; M. Kyle; andrea.shipley@ncwildlife.org; Allen
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
Date: Thursday, October 19, 2017 5:18:56 PM
Attachments: image001.png

image004.png
image002.png
image003.png

Importance: High

Brandon,

Pete and Joe have been coordinating with me on this research proposal given that some of the work is
proposed to take place on refuge. With that, I think it would be helpful if you have refuge staff
representation at this initial discussion. We have to consider research that will take place on refuge
through our research special use permit process, and being involved in the conversation from the
beginning would aid us in that process. I have forwarded the Doodle poll to some of our key staff and am
hopeful that at least a few of us will be able to make the meeting once it's scheduled.

Thank you,
Rebekah

Rebekah P. Martin
North Carolina Coastal Plain NWR Complex
100 Conservation Way
P.O. Box 1969
Manteo, NC 27954
o: 252.473.1132 x222
c: 252.414.1877
https://www.wingsoverwater.org/

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Thu, Oct 19, 2017 at 12:22 PM
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
To: Rebekah Martin <rebekah_p_martin@fws.gov>

Hi Rebekah,

I'm forwarding this dooble poll to you, as it seems to me that someone from Refuges needs to be in
attendance.  We are also trying to schedule an FWS pre-meeting that might be sometime during the
week of October 30. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of



Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Thu, Oct 19, 2017 at 12:17 PM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: "Cobb, David T." <david.cobb@ncwildlife.org>, "Benjamin, Pete"
<pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun Olson
(shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Briggs, M. Kyle"
<kyle.briggs@ncwildlife.org>, "Boynton, Allen" <allen.boynton@ncwildlife.org>, "Shipley,
Andrea J" <andrea.shipley@ncwildlife.org>

Alright….I’ve prepared another poll with some dates that extend further into November to try
to find a suitable time when both Pete and David can attend, but also the majority of field
staff: https://doodle.com/poll/pznxn7iggk8qnhd8.

The earliest date that could work would be Nov. 15th, beyond that I’ve included the week of
Thanksgiving or the week after that.

Let me know if you have any questions.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 



ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Cobb, David T. 
Sent: Thursday, October 19, 2017 10:57 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work

 

Pete,

 

Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.

David

 

 



 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless
you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.



 

Hey guys, 

 

I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist



National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse,
Michael <michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate
everyone’s schedule, but it looks like Wednesday, November 8th is going to be the best
choice (sorry Michael and Ryan). Please reserve this date on your calendar. I’m going to
suggest that we meet at 10:00 at the Pocosin Lakes NWR office in Columbia. I know that
some of us are coming from the Raleigh area, so if you’d prefer a later start time just let me
know.

I’ll follow up with any other necessary details between now and then if they arise.

 



Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,



Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so
I’d like to nail down a date soon. Let me know if you have any questions.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 



 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work

 

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the
upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please
let me know if you have any questions or concerns. Also, let me know if I have neglected to
include someone on this email that you feel should participate in the meeting.

 

Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200



 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 











From: Martin, Rebekah
To: Benjamin, Pete; Madison, Joseph S
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
Date: Thursday, October 19, 2017 5:21:36 PM
Attachments: image002.png

image003.png
image004.png
image001.png

Importance: High

Pete - I apologize for forwarding your email without deleting, I meant to do that. Hopefully it won't cause
issues that we're planning an internal pre-meeting, but I intended to delete it. I caught it as soon as I hit
send. I owe you a beer.

Rebekah P. Martin
North Carolina Coastal Plain NWR Complex
100 Conservation Way
P.O. Box 1969
Manteo, NC 27954
o: 252.473.1132 x222
c: 252.414.1877
https://www.wingsoverwater.org/

---------- Forwarded message ----------
From: Martin, Rebekah <rebekah_p_martin@fws.gov>
Date: Thu, Oct 19, 2017 at 5:18 PM
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
To: brandon.sherrill@ncwildlife.org
Cc: Pete Benjamin <pete_benjamin@fws.gov>, Joseph Madison
<joseph_madison@fws.gov>, "David T." <david.cobb@ncwildlife.org>, "M. Kyle"
<kyle.briggs@ncwildlife.org>, andrea.shipley@ncwildlife.org, Allen
<allen.boynton@ncwildlife.org>

Brandon,

Pete and Joe have been coordinating with me on this research proposal given that some of the work is
proposed to take place on refuge. With that, I think it would be helpful if you have refuge staff
representation at this initial discussion. We have to consider research that will take place on refuge
through our research special use permit process, and being involved in the conversation from the
beginning would aid us in that process. I have forwarded the Doodle poll to some of our key staff and am
hopeful that at least a few of us will be able to make the meeting once it's scheduled.

Thank you,
Rebekah

Rebekah P. Martin
North Carolina Coastal Plain NWR Complex
100 Conservation Way
P.O. Box 1969
Manteo, NC 27954
o: 252.473.1132 x222



c: 252.414.1877
https://www.wingsoverwater.org/

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Thu, Oct 19, 2017 at 12:22 PM
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
To: Rebekah Martin <rebekah_p_martin@fws.gov>

Hi Rebekah,

I'm forwarding this dooble poll to you, as it seems to me that someone from Refuges needs to be in
attendance.  We are also trying to schedule an FWS pre-meeting that might be sometime during the
week of October 30. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Thu, Oct 19, 2017 at 12:17 PM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: "Cobb, David T." <david.cobb@ncwildlife.org>, "Benjamin, Pete"
<pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun Olson
(shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Briggs, M. Kyle"
<kyle.briggs@ncwildlife.org>, "Boynton, Allen" <allen.boynton@ncwildlife.org>, "Shipley,
Andrea J" <andrea.shipley@ncwildlife.org>

Alright….I’ve prepared another poll with some dates that extend further into November to try
to find a suitable time when both Pete and David can attend, but also the majority of field
staff: https://doodle.com/poll/pznxn7iggk8qnhd8.

The earliest date that could work would be Nov. 15th, beyond that I’ve included the week of
Thanksgiving or the week after that.

Let me know if you have any questions.

 



Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Cobb, David T. 
Sent: Thursday, October 19, 2017 10:57 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work



 

Pete,

 

Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.

David

 

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 



         

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless
you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 

Hey guys, 

 

I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11



Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Sherrill, Brandon L 



Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse,
Michael <michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate
everyone’s schedule, but it looks like Wednesday, November 8th is going to be the best
choice (sorry Michael and Ryan). Please reserve this date on your calendar. I’m going to
suggest that we meet at 10:00 at the Pocosin Lakes NWR office in Columbia. I know that
some of us are coming from the Raleigh area, so if you’d prefer a later start time just let me
know.

I’ll follow up with any other necessary details between now and then if they arise.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 



 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so
I’d like to nail down a date soon. Let me know if you have any questions.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 



NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work

 

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the
upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please
let me know if you have any questions or concerns. Also, let me know if I have neglected to
include someone on this email that you feel should participate in the meeting.



 

Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 











From: Madison, Joseph S
To: Benjamin, Pete
Cc: Nordsven, Ryan; Olson, Shaun E; Morse, Michael L
Subject: Comments on NCWRC Proposal
Date: Friday, October 20, 2017 3:23:14 PM
Attachments: NCWRC Proposal_Consolidated.docx

NCWRC Consolidated Comments.docx
NCWRC Proposal - Art.docx

Importance: High

Pete,

I'm not even sure where to start with the issues regarding this proposal and the concerns raised
by every individual that has reviewed it.  

Although we fully recognize there can be value in working collaboratively with the state on
the management of canids on the AP and the 2013 FWS memo says as much, this proposal
raises a myriad of concerns in several areas, including what the real intent is of what they are
proposing.  There doesn't appear to be any benefit to the conservation of the species by this
proposal. 

The proposal as submitted has us worried from a red wolf management standpoint if it gets
implemented in any way that resembles what is currently written.  David Cobb's comments
regarding our involvement and less of a need to have Michael and Ryan at the meeting as the
#1 agenda item raised that concern even more.  We are not trying to be overly worried about
working together or territorial, but this reads as a step towards NCWRC taking over
management of the red wolves, including on Federal lands, which is causing consternation and
angst for us and refuges.  Particularly given the states official stance on eliminating red wolves
from the state and declaring them extinct. 

One logistical concern that needs to be addressed sooner than later, if it is not too late from an
ordering standpoint, is that the current GPS collars the state has and that we have put on two
wolves have VHF in the 150-151 MHz range, while all of our collars are in the 164-165 MHz. 
So currently we are not able to track the two GPS collared wolves from the air during our
flights, which is not ideal.  If they continue to use GPS collars on a much larger number of red
wolves with a different VHF frequency range, it will become much more problematic to
monitor them from the air, in particular, but also in the field since it would require two
different sets of receivers and antennas.

Attached is a consolidation of comments from the Manteo ES office.  The document is a bit
busy because of the extensive comments, which in and of itself is telling, so if you want to see
the individual comments, just let me know.  There is a separate word document that contains
some of the more narrative or general comments.  I also just received Art's comments so I
attached those separately since he obviously has valuable insight as well.

I am of course interested to see what of this information is shared with NCWRC, either in the
form of a written response before the meeting, if that is what you are planning, or in at the
meeting itself. 

Thanks,

Joe Madison



Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov
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STATE:    North Carolina 1 
 2 
GRANT TITLE:    W79-Wildlife Management 3 
 4 
PROJECT TITLE:   Pilot Study – Using Fine Scale GPS Technology to Research  5 

Sympatric Canid Population Dynamics (Job 2.0?) 6 
 7 

A.  Problem and Need 8 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North 9 

Carolina (NC), and is managed as nongame with no closed season or bag limit (NC Wildlife 10 

Resources Commission 2016). Previously restricted to the West and Midwest regions of the 11 

United States, by the early 1990s coyotes had expanded their range into the Albemarle 12 

Peninsula (AP), which is situated in the northeast coastal plain region of NC (Hinton et al. 2012, 13 

Murray et al. 2014). In recent years as coyotes have increased their population, some have 14 

begun to make use of the Outer Banks region.  15 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 16 

experimental population of captive-bred red wolves (Canis rufus) on the Alligator River National 17 

Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population increased until 2008 and 18 

peaked at around 130 individuals (Group Solutions, Inc. 2016), short of the recovery goal of 220 19 

in the wild (USFWS Red Wolf Recovery Program 2013). The AP has an estimated carrying 20 

capacity of 140-150 wolves (Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery 21 

Program 2007). The exact number of red wolves is not known, but USFWS staff report a 22 

population estimate of 45-60 individuals with eight mortalities to date in 2016 23 

(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and 24 

inbreeding depression are suspected factors that have affected red wolf population growth and 25 

viability since the inception of the Red Wolf Recovery Program (RWRP), while vehicular and 26 

gunshot mortality are known factors (Hinton et al. 2013). Because of hybridization between red 27 

wolves and coyotes, the AP supports a continuum of sympatric canids, hereafter referred to as 28 

“sympatric canids.” 29 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 30 

2015 and discontinued the coyote sterilization program, potentially affecting the spatial 31 
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distribution and population dynamics of sympatric canids. Telemetry data from coyotes on the 32 

AP suggests that about 70% of coyotes are residents (i.e., those that defend set territories) 33 

while the other 30% are transients, with most being dispersing juveniles (Hinton et al. 2015). 34 

Transient coyotes do not defend set territories. Coyotes can travel long distances and become 35 

transient even as adults, especially when they lose their mate. Recently described as using 36 

“compensatory immigration,” coyotes opportunistically fill spatial resource gaps by periodic 37 

transiency; when spots come open, individuals that do not yet have permanent territories and 38 

have been roaming in the area, are able to inhabit the new openings (Hinton 2016). These 39 

periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 40 

especially when they are utilizing of anthropogenic resources.  41 

Though a rural area, human land uses occupy a significant portion of space on the AP. 42 

The AP is comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 43 

and 20% “other” land cover types on federal, state and private lands (Dellinger 2011). Concerns 44 

about fear of attacks on humans and domestic pets, the effects of sympatric canids on white-45 

tailed deer and other game populations, and homeowner property damage comprise many of 46 

the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming 47 

data). Wildlife managers in this region frequently receive requests for information on canid 48 

management (C. Turner, personal communication, 2016).  49 

The changes in state and federal canid management rules have resulted in confusion 50 

regarding residents’ rights and options for management of property damage by sympatric 51 

canids. As a result, some citizens are unsure of the legal and most effective methods for canid 52 

conflict management. Adding to management complexity is the need to manage canids for 53 

conservation purposes, such as reducing predation on at-risk ground nesting species or 54 

reducing hybridization of sympatric canids.  55 

In 2013, NCWRC and USFWS established a committee to oversee the collaborative 56 

management and conservation of sympatric canids on the AP. A USFWS and NCWRC joint 57 

memorandum documented detailed action items for the joint management of sympatric canids 58 

on the AP, including specific research objectives which this proposal seeks to address 59 

(Attachment 2). As sympatric canids on the AP increase in number, monitoring their 60 
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movements, particularly in relation to individuals of differing ancestry, could provide important 61 

data to NCWRC and USFWS staff for science-based local and landscape-level decisions about 62 

sympatric canid populations and conflict management. Collection of finer temporal scale 63 

location data would help to manage interactions of sympatric canids with humans, as well as to 64 

support development of dynamic stochastic population models.   65 

B.  Objectives (after December 1, 2016-November 30, 2018) 66 

Objective 1: Use GPS collar and proximity sensor technology to test performance under 67 

various conditions and evaluate the frequency and accuracy of the scheduled fix rates. 68 

Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 69 

spatial dynamics of sympatric canids: home range and core area sizes, amount of 70 

overlap in home range and core areas, movement pathways and daily activity patterns, 71 

and cover type selection and preference. 72 

Objective 3: Use fine scale GPS data collection for investigating the number and age 73 

structure of offspring for family groups of collared sympatric canids. 74 

Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 75 

sympatric canids. 76 

Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 77 

conflicts with landowners. 78 

Objective 6: Determine genetic profiles of sympatric canids through DNA identification 79 

of all captured individuals, parentage, and presence of hybridization. 80 

At the end of this two-year pilot study, we will deliver an observational summary detailing the 81 

use of the GPS and sensor technology for spatial and population dynamics research on 82 

sympatric canids on the AP. 83 

C.  Expected Results and Benefits 84 

As part of a pilot study, we will monitor the status of collared individuals by using a finer 85 

scale assessment of space and habitat use than previous studies. Earlier research focused on 86 

many of the same objectives we suggest investigating here, but during a time of intense, active 87 
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management. Specific management techniques are no longer being carried out and dynamics 88 

between sympatric canids are expected to have changed substantially. The uncertainty 89 

regarding current dynamics presents a need for additional research in order to inform actions 90 

for the management of sympatric canids. Information gained from research may impact 91 

management rules and landowner’s abilities to manage canids in some areas. Additionally, GPS 92 

technology has improved since earlier research was conducted allowing for more temporally 93 

detailed data collection and more nuanced analyses. Understanding how sympatric canids 94 

collectively use resources in areas of human-dominated landscapes will allow wildlife managers 95 

to tailor management options to local conditions. On the AP, row crop agriculture and hunting 96 

represent the primary and secondary land uses, respectively. Row crop agriculture is a 97 

significant nutrient resource on the landscape and, as opportunists, canids take advantage of 98 

such resources when they are available. Non-consumptive wildlife-driven tourism persists in all 99 

seasons and wildlife watching is a main draw for tourists in this area. For many tourists, the 100 

opportunity to see or hear large carnivores is the sole attraction for traveling to the AP. 101 

Information from this study will be provided to local constituents to establish a knowledge base 102 

regarding how sympatric canids use resources on private lands. Management and guidance 103 

could serve to prevent or minimize conflict while maximizing positive wildlife interaction 104 

opportunities for constituents. Development of a common understanding between wildlife 105 

managers and landowners based upon factual information is paramount for collaboratively 106 

achieving successful management of sympatric canids. The data collected in this pilot study is 107 

the foundation upon which this understanding and future management actions will be built.  108 

The current level of hybridization between sympatric canids on the AP will be 109 

characterized using DNA gathered during this study. Body size exists as a continuum between 110 

coyotes and red wolves and has been documented as the most important factor for successful 111 

interspecific breeding pairs of these canids (Hinton 2014). Though both species have been 112 

found to use resources in similar manners, red wolves generally have more expansive home 113 

ranges and therefore may not use local resources as intensively as coyotes, depending on body 114 

size. Obtaining individual identification of study animals will allow managers, armed with spatial 115 

information, to infer how and why individuals in the canid species continuum exploit 116 
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anthropogenic resources considering their life history traits.  117 

In conjunction with prior research, data collected will contribute to knowledge on 118 

sympatric canid population dynamics on the AP. Estimating population size will allow managers 119 

to monitor population trends of sympatric canids and to examine the long and short-term 120 

impacts of different management strategies on their populations. While it is unknown whether 121 

sample size will allow for population estimation, obtaining population estimates for coyotes 122 

would provide wildlife managers with baseline data, when paired with annual mortality 123 

estimates, for monitoring changes in population abundance over time. Information on changes 124 

in abundance, reproductive dynamics, and habitat use could impact management strategies to 125 

influence long-term conservation outcomes. Results of this pilot study will allow managers to 126 

determine if future work will be necessary, what amount of effort will be required to achieve 127 

each objective, and whether or not population estimates will be an attainable goal. 128 

D.  Approach 129 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square 130 

kilometers within Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife 131 

Management Institute 2014). However, the USFWS has proposed the RWRA be constricted to 132 

the ARNWR and the Dare County Bombing Range in Dare county by the end of 2017. Due to 133 

these proposed RWRA changes, this study proposes to capture and radio-collar 25 sympatric 134 

canids within Dare, Hyde, and Tyrrell counties (hereafter referred to as “study area”); those 135 

counties being within and directly adjacent to the proposed new RWRA. The thematic 136 

subheadings below provide detailed descriptions of the approaches required for achieving the 137 

pilot study objectives. 138 

Sampling Efforts 139 

Trained NCWRC personnel will conduct live trapping of sympatric canids, with assistance 140 

from the USFWS RWRP biologists, and trained, experienced local trappers. NCWRC and USFWS 141 

wildlife personnel will select local trappers based on their past performance in trapping 142 

sympatric canids, but may also select trappers from the NCWRC coyote trappers list. NCWRC 143 

staff will train contracted trappers on specific trapping procedures before every trapping 144 
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season. The project lead will supervise and coordinate all trapping activities including locations 145 

for installation and the operation of trap lines and handling of captured animals. Simultaneous 146 

personal trapping activities by contracted trappers will not be permitted while performing 147 

contracted trapping services, as specified in the draft service contract (Attachment 4). 148 

Trapping efforts will follow a spatial capture-recapture (SCR) framework with a 149 

systematic targeted sampling design, focusing on areas that contain resources previously found 150 

to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) (Harris et al. 151 

2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. This effort will 152 

allow us to increase the probability of detection of sympatric canids on the landscape (Tom 153 

2012). While it is important to sample a wide range of habitats, the most important 154 

requirement for SCR is the number of collared individuals; this requirement provides flexibility 155 

in the other requirements for field sampling as needed (K. Pacifici, personal communication, 156 

2016). We will initially focus trapping in areas of known red wolf packs, as advised by RWRP. 157 

Trapping will take place during the breeding season when the likelihood of capturing 158 

females in the later stages of gestation or whelping females will be low. Capture efforts will be 159 

conducted from soon after 1 December 2017 – February 2018 and December 2018 – February 160 

2019. Captured sympatric canids will be surrendered to NCWRC or the USFWS at capture sites. 161 

Trapping should occur on both public and private lands to obtain sampling coverage of the 162 

study area. Ideally, all federal and state lands would be accessible for trap and release 163 

(hereafter referred to as “capture”) of sympatric canids, but it is most important to be able to 164 

trap and release on Alligator River NWR and the Dare County Bombing Range as those 165 

encompass the newly proposed RWRP recovery area and comprise the majority of land area for 166 

Dare county. Unlike Dare county, there are ample private lands that surround Pocosin Lakes 167 

NWR and Lake Mattamuskeet NWR in both Tyrrell and Hyde counties that may be utilized to 168 

effectively sample individuals who may use those federal lands, should they be excluded from 169 

capture activities. Capture on federal lands may require USFWS take permits and proposed 170 

activities may be subject to a compatibility assessment (P. Benjamin, personal communication, 171 

2016). Scientific collection activities that take place on private lands will require agreements 172 

outlining conditions mutually decided by NCWRC and landowners (Attachment 3). 173 
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To increase probability of detection of sympatric canids, the accessible study area will 174 

be partitioned by a grid, the cell size of which will based on the average annual home range size 175 

of resident coyotes previously reported for the AP, approximately 23 km2 (Hinton et al. 2015). 176 

As a system of sampling, trap lines will be referred here as “traps,” and the number of trap sets 177 

(i.e. the actual trapping device) and number of each trap set size may vary between traps as 178 

necessary. Sampling will be standardized within each grid cell by use of equal number of traps 179 

per cell, on average 3 per cell, each at an approximate length of 10 km (Andelt and Gipson 180 

1979, Way et al. 2004).  181 

Target canids will be captured by using Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., 182 

P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, Schemnitz 1994), the EZ Grip #7 (Livestock 183 

Protection Company, P.O. Box 725, Alpine, Texas 79831, Frame and Meier 2007), or equivalent. 184 

Various lures and baits will be used to increase trapping efficiency (Frederick et al. 1989, Shipley 185 

2012). Traps will be laid on the Monday of each week and will be opened at the time of 186 

deployment. Traps will be checked once daily at dawn, to reduce potential stress to trapped 187 

individuals and will not be operated on days where the temperature is expected to reach or 188 

exceed 80o F (R. Nordsven, personal communication, 2016) or during times of predicted 189 

inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). To standardize effort and 190 

remain logistically realistic, traps should be open for three trap nights in a row before being 191 

removed. Trap sets that have been closed due to non-target bycatch or other circumstances 192 

may be reopened and all traps should be re-baited and lured as appropriate.  193 

Trap set locations will be marked by NCWRC or USFWS personnel using handheld GPS 194 

units (Garmin GPSMAP 64S, 1200 E. 151st St., Olathe, KS 66062-3426) and given a sequential 195 

identification number. Traps will also be given an identification number and trap set points will 196 

be documented in ArcMap 10.4. Trappers will keep detailed records on trap set operation, non-197 

target species trapped, and other relevant details. Non-target species will be released from 198 

traps after an in-field assessment of injuries, if any, and animals with life threatening injuries 199 

will be euthanized by the trap operator. Targeted recapture of collared canids will occur 200 

annually during the same months, to replace GPS collar batteries and drop-off collar release 201 

units in field. Trapping effort will be quantified (trap nights), the effective sample area will be 202 
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estimated, the encounter (detection) probability will be estimated using a Gaussian detection 203 

model (Amundson et al. 2014), and an estimate of density for coyotes will be calculated using a 204 

modified Huggins closed-capture estimator in program MARK, if sample size allows (Harris et al. 205 

2013, Ivan et al. 2013). 206 

Animal Handling 207 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines 208 

(Sikes et al. 2011) and will be performed at the capture site. Chemical immobilization agents 209 

may be used depending on the number of field staff during processing (i.e., three or more staff 210 

required during non-chemical immobilizations, Craft 2007, M. Morse, personal communication, 211 

2016).  212 

Chemical Immobilization 213 
Unless adequate numbers of personnel are available to safely employ mechanical 214 

restraint techniques, target animals will be anesthetized with the chemical immobilization 215 

agent BAM (Wildlife Pharmaceuticals, Inc., Windsor, CO 80550). BAM, a combination of 216 

Butorphanol tartrate, Azaperone tartrate and Medetomidine HCl., will be delivered by 217 

intramuscular injection by syringe pole to the hip. Dosage for canids is based on field trails 218 

performed by Wildlife Pharmaceuticals (Wildlife Pharmaceuticals, Inc. 2016) and the 219 

recommended dose for coyotes is 0.2CC and red wolves is 0.3CC, with adjunct doses of 0.1-220 

0.2CC delivered if initial dosages do not cause induction (S. Kirschner, personal communication, 221 

2017). Induction times for coyotes and wolves ranged from 5 to 10 minutes after initial and/or 222 

adjunct dosages (Wildlife Pharmaceuticals, Inc. 2016). After field handling is concluded the 223 

anesthesia will be reversed using two reversal agents, Atipamezole and Naltrexone, at double 224 

the CC of Atipamezole to BAM that was delivered (including adjunct doses, if given) and 0.5CC 225 

of Naltrexone. Recovery time from the reversal agents ranged from 10 to 25 minutes during 226 

field trails (Wildlife Pharmaceuticals, Inc. 2016). Field personnel will observe animals for signs of 227 

adverse effects for up to 30 minutes after reversal agents are delivered. 228 

Mechanical Immobilization 229 
Unlike other carnivore families, the submissive behavioral response of canids to 230 
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perceived dominance reduces the need to use immobilization agents. Appropriate mechanical 231 

restraint techniques can reduce handling time of animals, allowing animals to reintegrate into 232 

social groups more quickly, subsequently reducing overall stress to the individual (Powell and 233 

Proulx 2003). Target canids will be mechanically restrained with a restraint pole, until two 234 

muzzles can be placed around the snout. While pinned with the restraint pole by one person, a 235 

second person will restrain the set of legs not in the trap against the ground and a third person 236 

will release the foot from the trap. This set of legs will then be restrained by the 3rd person as 237 

the restraint pole is removed. Once the restraint pole is removed the person restraining the 238 

front legs will also then restrain the head. The first person will then move forward with 239 

processing the captured animal.  240 

Each animal will be placed on a towel or blanket to provide thermal protection from the 241 

ground, with eyes covered and lubricated with eye ointment; temperature will be monitored 242 

with a rectal thermometer. Overheating occurs at approximately 104-105°F for canids (AZA 243 

Canid TAG 2012) and the animal handling crew will monitor temperature at 5-minute intervals; 244 

if a temperature reading reaches 104°F, corrective actions will be taken and temperature will 245 

be monitored at 1-minute intervals. Should overheating occur, the individual will be removed 246 

from insulation to expedite the natural evaporative cooling process. During days that approach 247 

80°F in temperature, measures will be taken to reduce heat stress, such as: wetting the animal 248 

with water, application of a cold pack to the groin area between the back legs, application of 249 

rubbing alcohol to foot pads, or immediate release (AZA Canid TAG 2012). If the injured 250 

individual is suspected to be a red wolf, based on morphometrics, USFWS staff will be 251 

contacted for a decision. In the event that trap caused injuries are determined to be life 252 

threatening through use of a trap injury score assessment (Frame and Meier 2007) the 253 

individual will be euthanized. In the event that NCWRC personnel cannot be present, trained 254 

USFWS personnel may collar and measure captured target animals and will provide data sheets 255 

to NCWRC staff. Target animals will not be vaccinated or otherwise treated for diseases, 256 

regardless of the presence of disease symptoms. 257 

Non-target animals will be released on site. Captured domestic dogs will be immediately 258 

released from the trap set following an injury score assessment and only if no life-threatening 259 
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injuries are present. If a domestic dog has sustained life threatening injuries and owner 260 

identification information is present on the dog, then the animal will be held in either a 261 

transportable kennel, or at a dog pen on a state game land that is equipped with such facilities, 262 

until the owner can retrieve the dog. The costs associated with injuries sustained to the dog will 263 

be the responsibility of the animals’ owner. Law enforcement may be requested to help 264 

communicate with the animal’s owner. If the animal does not have an identifiable owner and 265 

has incurred substantial life threatening injuries (i.e. compound fracture), the dog will be 266 

euthanized on site. Target animals showing signs of disease symptoms such as circling behavior, 267 

head tilt, muscle twitches, convulsions with jaw chewing movements and salivation (“chewing 268 

gum fits”), disorientation, incoordination, staggering caused by paralysis of the hind legs, 269 

seizures, and partial or complete paralysis will be euthanized and tested according to protocol 270 

set forth by the agency veterinarian, in order to determine if there may be a public health issue 271 

(M. Palamar, personal communication, 2016). USFWS will be contacted in cases of suspected 272 

red wolves. Staff involved in animal handling duties will have the pre-exposure rabies 273 

vaccination series completed prior to field work inception and will maintain rabies titer records 274 

through properly licensed medical services providers.  275 

If staff is bitten and skin is broken by an animal while performing handling duties, they 276 

will be advised to immediately visit a local hospital or clinic for evaluation by healthcare 277 

professionals. The field coordinator will immediately notify supervisory staff and an injury 278 

report and workers’ compensation claim will be opened for the incident. The animal will be 279 

euthanized and the head will be sent to the state lab for rabies testing; the body may be sent to 280 

the Southeastern Cooperative Wildlife Disease Study (SCWDS) laboratory for additional disease 281 

investigation. 282 

Capture Processing and Marking 283 

During canid handling, NCWRC personnel will record age class, sex, weight, total body 284 

length, head width, ear length, and tail length, visually assess ectoparasite load, look for and 285 

disinfect with betadine or iodine as needed any minor trap caused injuries, and affix GPS collars 286 

(Knick 1990, Sikes et al. 2011). All captured canids will be fitted with appropriately-sized GPS 287 

collars in the field based on morphometrics previously indicated as reliable thresholds for 288 

Commented [OSE76]: Loss of control 6. Implied. 

Commented [OSE77]: Do they not have facilities to hold 
the animal for observation? They are going to unilaterally 
euthanize a wolf?? 

Commented [JM78]: I disagree that staff being bitten 
during a capture should result in a red wolf being euthanized, 
particularly if that animal is displaying no signs of disease.  
We can’t afford to lose any more individuals in such a low 
population.  And no euthanasia of a red wolf should occur 
without FWS involvement in the decision  making process. 

Commented [JM79]: See Ryan’s comment. 

Commented [OSE80]: This whole section gives state 
complete control of the program. Additionally are they going 
to remove our collars and put their own on? 

Commented [OSE81]: Loss of control 7. Implied. 



 

-11- 

species categorization: hind foot length, weight, width of head, and tail length (Hinton 2014); 289 

analysis of DNA samples collected during trapping efforts will help to assign captured canids to 290 

position along the species continuum post release. Age of individuals will be estimated based 291 

on physical characteristics, including weight and tooth replacement (Knick 1990, Hinton 2014, 292 

Gier 1968), and captured canids will be aged into one of three classes: > 2 years old as adults, < 293 

2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 2014). 294 

Reproductive status will be determined based on estimated age class and presence of gonadal 295 

descent during the breeding season for males and the presence of nipple swelling or previous 296 

suckling for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). 297 

Captured individuals will be ear marked using a button tag (model 410, Ketchum Mfg. 298 

Co. [or equivalent], PO Box 10, 11 Town Shed Road, Lake Luzerne, NY 12846) placed along the 299 

middle of the ear where they are most protected from loss, with a pin-type applicator (485sa 300 

Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). The puncture site will be 301 

treated with an antiseptic to deter infections. Each sympatric canid will also be marked with an 302 

individually-numbered, glass-encapsulated, passive integrated transponder (PIT model HPT12, 303 

12.5 mm, 134.2 kHz, Biomark, Inc., 703 South Americana Blvd., Suite 150, Boise, ID; Gannon et 304 

al. 2007), using a syringe-type implanter and replaceable needle (model MK10 [implanter], 305 

model N125 [needle], Biomark, Inc.). Successful PIT placement will be verified with a mini 306 

portable reader (model GPR Plus, Biomark, Inc.). The implantation site will be prepared by 307 

swabbing with 70% alcohol (Mrozek et al. 1995) and a sterilized new needle will be used for 308 

each injection. The standard implantation site for transponders is subcutaneously on the dorsal 309 

midline of the back, cranial to the shoulder blades (Ingwersen 2000).  310 

A skin biopsy will be taken from all captured target canids by puncturing the pinna of 311 

the ear with a biopsy punch in the same location where the ear tag will be placed (Palamar 312 

2014). The biopsied area will be disinfected with alcohol after sampling. The skin biopsy will be 313 

placed in a labeled (ID, date, and sample type) cryogenic tube filled with 95% ethanol as buffer 314 

and then stored in a freezer until sent out to a lab for genetic analysis (Palamar 2014, Tom 315 

2012). A selection of hairs with the root bulla attached will be pulled from the belly and placed 316 

in paper envelopes (Janecka et al. 2007). Hair samples will serve as back up to tissue samples 317 
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for genetic testing. All samples will be sent to the Laboratory for Ecological, Evolutionary and 318 

Conservation Genetics, at University of Idaho (875 Perimeter Drive, MS 1136, Moscow, ID 319 

83844) for genotyping to determine species as well as individual identification, hybridization 320 

presence, and parentage analysis following previously developed protocols (Adams et al. 2007, 321 

Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that examine the coyote-322 

hybrid-wolf species continuum will be performed. 323 

Blood will be collected from all juvenile and adult target canids by venipuncture of the 324 

brachial or jugular veins using a 22-28-gauge needle (M. Palamar, NCWRC veterinarian, 325 

personal communication, 2016). As per NCWRC veterinarian recommendations, approximately 326 

12 ml of blood will be collected for each animal for possible future testing for diseases of 327 

importance to sympatric canid species as well as the humans and domestic animals that they 328 

may come into contact with. A minimum of two 6 ml lavender top tube (for whole blood with 329 

EDTA) will be filled. Samples should be refrigerated at all times; a cooler with ice will suffice 330 

while in the field. Samples should be sent to the NCWRC within 48 hours or frozen for later 331 

shipping. Skin scrapes will be collected from animals presenting signs compatible with sarcoptic 332 

mange (lesions) for possible future diagnostic purposes. Lesions will be scraped until blood is 333 

drawn; the scrapings will be placed onto a slide and covered with a piece of clear tape for later 334 

visual confirmation. 335 

Should overheating occur, processing will be performed in the following prioritization 336 

order and the first five items will need to be completed before releasing any individuals: 1) trap 337 

injury evaluation, 2) collaring, 3) DNA (skin biopsy) sample collection, 4) morphometrics, 5) 338 

aging, 6) PIT tagging, 7) weight, 8) ear tagging, 9) reproductive status, 10) ectoparasite 339 

evaluation, 11) blood collection, and 12) skin scrape collection. 340 

Collaring 341 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study 342 

area, 10 of which will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-343 

Scheele-Str. 12, 12489 Berlin, Germany). Project staff will pilot test proximity sensor technology 344 

for utility in analysis of spatial and temporal community dynamics. Proximity sensors trigger 345 

increased GPS location acquisition during those time intervals when two collared individuals 346 
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come within a set distance from each other (http://www.vectronic-aerospace.com/wildlife-347 

monitoring/sensors/uhf-id-tags, accessed August 2016).  348 

To avoid instances of collar induced strangulation, only adult (>2 years old) male and 349 

female individuals will receive collars (Hinton 2014). ASM guidelines recommends a collar 350 

weight of <5-10% of a canids bodyweight, we will observe these guidelines (Sikes et al. 2011). 351 

Sympatric canids not releasable at a capture site will not be collared and will not become study 352 

animals. 353 

GPS radio-collars will have both VHF and GPS Iridium locational systems as well as store-354 

on-board capabilities. Radio-collar units will be programmed to record GPS coordinates once 355 

every 1.75 hours producing approximately 13 locations per day while cycling through the 24-356 

hour time cycle. These settings will allow for a GPS battery life of 300 to 552 days, averaging 357 

431 days. The VHF beacon will be in operation from 0800 – 1600 hours daily. GPS locations will 358 

be sent via satellite once per day and each transmission with contain 12 locations. The use of an 359 

integrated drop off firing mechanism should allow the collars to drop off within a maximum of 360 

approximately 548 days after deployment. The drop off schedule once set cannot be changed. 361 

The drop off firing mechanism is wired to a battery unit independent of the collar battery, 362 

therefore should the collar battery become depleted, the drop off mechanism will not be 363 

affected (C. Akakpo, Vectronic Aerospace GmbH, personal communication, 2016). Unless a 364 

collared individual is recaptured before the collar battery dies, the drop off mechanism will fire 365 

at the scheduled time frame post collar deployment.  366 

Observation of sympatric canid habitat use and movements will occur through GPS data 367 

obtained with combination GPS/VHF radio-collars. VHF relies on triangulation, the process of 368 

estimating the location of a transmitter by using two or more compass bearings obtained by 369 

using directional antennas at known locations remote from the transmitter’s position (White 370 

and Garrott 1990), whereas GPS uses a satellite based system to obtain location coordinates. 371 

There have been many published studies where one or both of these methods were used, with 372 

mixed success for determining various aspects of carnivore ecology throughout the United 373 

States (Hinton et al. 2012, Schrecengost et al. 2009, Sparkman et al. 2012). While GPS 374 

technology has developed rapidly in recent history, the real time functional advantage of VHF 375 
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cannot be disregarded. When GPS technology falters or malfunctions, VHF can serve as 376 

replacement for data collection in addition to its use in real time monitoring of study animals. 377 

Canids will be minimally monitored for mortality approximately every 30 days by using VHF 378 

aerial telemetry techniques (Whitehouse and Steven 1977) as there may be a delay in satellite 379 

transmission of GPS location data due to weather, season, and animal behavior. Transient 380 

canids and individuals from breeding pairs that have lost a mate, have been found to use much 381 

larger areas versus paired residents, potentially increasing the opportunity for losing track of 382 

these individuals when GPS technology reaches its functional capacity or experiences 383 

malfunction. VHF data may also provide locations of canids in cover too dense for GPS units to 384 

function. Use of VHF telemetry techniques for data collection may be expanded as necessary 385 

for project needs.  386 

Spatial Data Analyses 387 
Both minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and 388 

core use areas (50% and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated 389 

from GPS data by using BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial 390 

Modelling Environment (Spatial Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems 391 

Research Institute, 2016) (Benson et al. 2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for 392 

comparison to older studies. These estimations can also be calculated using VHF data, provided 393 

data minimum requirements are met. Spatial distribution in relation to habitat will also be 394 

estimated by dynamic Brownian bridge movement models as described by Hinton (2014) with R 395 

statistical software (R Core Team 2016) using the moveud package with habitat covariates 396 

important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 397 

Proctor, personal communication, 2016). Additionally, recent research into how canids shift 398 

their ranges will also be investigated for populations on the AP (Morin and Kelly, in review). 399 

Spatial overlap and co-occurrence will be assessed using methods described by Shipley (2012). 400 

Habitat and cover types will be estimated from digitized maps created by the SEGAP (Hinton 401 

2014) or ortho files, as available (Shipley 2012). Percent composition of habitat and cover types 402 

within home ranges and core areas as well as edge density will be quantified (Shipley 2012). 403 

Habitat selection and cover type use effects on spatial distribution will be estimated at both the 404 

population (2nd order) and individual (3rd order) spatial scales using resource selection functions 405 
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(Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of seasonality and time of day 406 

activity will also be explored. The spatial and temporal patterns of space use by sympatric 407 

canids will be studied using data generated from the interaction GPS collar sensors, particularly 408 

distance between individuals and duration of proximity. 409 

Den Monitoring 410 

Project staff will attempt to locate den sites for sympatric canids to get pup counts, 411 

morphometric measurements, age estimates, and skin biopsies. Project staff will also attempt 412 

to monitor pup survival during the pup rearing season by using remote cameras placed around 413 

the den site (Harrison and Gilbert 1985, Parks 1979, Way et al. 2001). Pups will be weighed, 414 

measured, and PIT tagged during May and June of each year when they become active but are 415 

still den-obligated (Gier 1968). We will investigate the use of remote camera traps for 416 

monitoring den behavior with a two-camera array around the den (H. Garbe, personal 417 

communication, 2016, Kays and Slauson 2008). This method has been successfully used to 418 

monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 419 

sensitive to den site disturbance, there is a general lack of data in the literature regarding this 420 

approach for monitoring pup survival. Approaching an experimental methodology 421 

systematically will be important for determining which methods are effective and which are 422 

not. As a starting point for testing this methodology, remote cameras will be placed two to five 423 

meters from main den entrances and set to take photos using a passive infrared sensor trigger 424 

(a beam that when broken by movement through it, triggers the camera to take a series of 425 

photos) with a time restriction between photo intervals to limit the number of photos taken 426 

and maximize the space on the memory card for the time period between camera checks 427 

(Kluever et al. 2013). Cameras will be checked six days after deployment and will be redeployed 428 

(i.e. new batteries and memory card, if required); cameras will remain at each den site until 429 

radio-collar data indicates the den site has been moved (Kluever et al. 2013). Cameras will be 430 

not be redeployed to a new coyote den site during a season if that breeding pair has already 431 

moved the den once due to the disturbance of camera presence/deployment. 432 

Commented [OSE107]: No mention USFWS personnel in 
conjunction with this phrase. 
 
Loss of control 8. Implied in conjunction with Project 
Personnel section. 

Commented [JM108]: Morse – A minimum number of 
biologists will attend a den (2-3). 

Commented [JM109]: See Ryan’s comment. 

Commented [OSE110]: No need for biopsies. Again, why 
do they need this? We already draw blood. 

Commented [JM111]: Morse – No skin biopsies on pups. 

Commented [JM112]: Morse – No.  Best if not at all.  
Cameras set no closer than 7 m. to den entrance 

Commented [OSE113]: Getting this close to dens in order 
to set up the cameras will cause high enough disturbance that 
the mother will move the pups or will abandon the pups all 
together. Even if by some miracle they were not moved or 
abandoned after first deployment, good luck with that not 
occurring after your first 6 day revisit. Looking at the 
Kluever paper I noticed 2 major differences between the 
Kluever study and this one.  
 
The first is terrain. The Kluever study was conducted in the 
Great Basin in NE Utah. The area as described in the paper is 
very open and lacks dense vegetation. Lines of site were not 
an issue. Often times canid dens in SE will be located in 
dense vegetation. Not to say that this issue cannot be 
overcome, but it may be impractical to deploy cameras 
effectively, or site modification, i.e. clearing out veg, could 
be enough to cause den abandonment or den relocation. 
 
The second issue is animal behavior is quite different. 
Kluever et al. were observing kit foxes. Camera deployment 
was done in the afternoons when the foxes were underground 
in their dens. The foxes most likely had no clue that the 
researchers were ever there. In fact the authors attributed the 
lack of den abandonment to this probable factor. There 
would never be a time where a pack would not be aware of, 
or disturbed by camera deployment here in NC. 

Commented [JM114]: Morse - 6 days is too often to 
disturb a den  

Commented [JM115]: See Ryan’s comment. 



 

-16- 

Mortalities 433 

If a collared animal dies during the project, the carcass will be sent to SCWDS for 434 

necropsy. Red wolves will be sent to the SCWDS laboratory for necropsy, unless it is determined 435 

to be a law enforcement case. In potential law enforcement cases, the NCWRC Division of 436 

Wildlife Management Chief and USFWS Ecological Services Raleigh Field Office Field Supervisor 437 

will be contacted and requested to contact the appropriate law enforcement personnel, 438 

immediately after determining the need for law enforcement involvement. The carcass and all 439 

relevant information will then be turned over to law enforcement; the GPS-collar will be 440 

removed and genetic samples will be taken from the individual prior to release to law 441 

enforcement.  442 

E.  Project Personnel 443 

Andrea Shipley has worked for the North Carolina Wildlife Resources Commission as a Canid 444 
Biologist since February 2016. Prior to that, she worked as a Wildlife Biologist for a non-profit 445 
located in northeastern Nevada as well as in several different field biologist oriented positions. 446 
Andrea has a background in carnivore and spatial ecology, having earned her MS in Biological 447 
Sciences from Eastern Kentucky University and BS in Biological Sciences from Rutgers 448 
University; Andrea will act as project lead and coordinator.  449 

Brandon Sherrill has worked for the North Carolina Wildlife Resources Commission as a 450 
Mammalogist since December 2013. Prior to that, he worked as an educator at the North 451 
Carolina Museum of Natural Sciences and as a regional wildlife biologist for the South Carolina 452 
Department of Natural Resources. Brandon earned a BS and MS in Fisheries, Wildlife, and 453 
Conservation Biology from North Carolina State University; Brandon will act as project 454 
supervisor. 455 

Krishna Pacifici, Research Assistant Professor at NCSU, will be the quantitative analysis 456 
collaborator on the project. Krishna’s background and experience in quantitative ecology makes 457 
him well suited to consult and assist with advanced statistical analyses of spatial data. 458 

Lisette Waits, Department Head and Distinguished Professor at the University of Idaho, will be 459 
the DNA analysis collaborator for the project, responsible for all DNA related sample processing 460 
and subsequent analyses.   461 
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F.  Schedule and Estimated Costs 462 

The project will run from soon after December 1, 2017 through June 30, 2020. The 463 

estimated timeline for major tasks is as follows: 464 

 465 

Year 1: Initiate field work soon after December 1, 2017 with assistance from 1-2 field 466 

technicians; 1 technician will be required for trapping and den monitoring efforts. Data 467 

collection will begin immediately after collar deployment and data will be managed by Andrea 468 

Shipley throughout the life of the project. Data analysis will be initiated after den monitoring 469 

season concludes, with guidance and assistance from Krishna Pacifici at North Carolina State 470 

University (NCSU). Report, manuscript and presentation production will be initiated 471 

concurrently with data analysis. 472 

Year 2: Continue field work and data collection with assistance from 1-2 field technicians. 473 

Continue data analysis with guidance and assistance from Krishna Pacifici at NCSU. Continue 474 

and finalize report and manuscript production, and presentation at professional working groups 475 

and/or meetings. 476 

GPS technology allows researchers to collect locational data at fine spatial and temporal 477 

scales through the deployment of collar units on wildlife study subjects. In this project, we 478 

propose to study a sample of sympatric canid populations with GPS radio-collars, in order to 479 

investigate the population parameters outlined in previous sections as well as species 480 

interactions. The purchase and use of this technology is critical to meeting the research 481 

objectives set forth in this document as well as in the document included in Attachment 1. 482 

While GPS technology has evolved over the past 20 years, the cost of technology has 483 

plateaued. Upfront cost per unit remains relatively high, however project savings occurs at the 484 

back end when compared to older telemetry technology such as very high frequency (VHF) 485 
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which require intensive labor to collect data at similar spatial and temporal scales. Pilot testing 486 

the proximity sensor enabled GPS-collars will allow investigation of the utility of this relatively 487 

new tool for community dynamics analysis by providing an increased locational data acquisition 488 

when individuals come within a set distance, or closer, from each other. Additionally, these 489 

sensors record the identities of the interacting individuals and the duration of their 490 

interactions. Using a trigger to temporarily switch GPS fix schedules will enable us to collect 491 

very fine scale data while conserving battery life, achieving project objectives in an efficient 492 

manner. Exploring the efficaciousness of this technology has the potential to positively impact 493 

future research projects requiring use of GPS-collars for data collection. 494 

Aerial tracking will provide regular study animal surveillance useful to investigate cases 495 

of mortality, collar malfunction, or satellite data transmission delays, which can vary seasonally. 496 

In some situations, ground tracking could prove less expensive than aerial tracking. However, 497 

ground telemetry techniques require more than one biologist working in tandem to acquire 498 

accurate location estimates. This often translates to increased labor to collect data, particularly 499 

in large study areas. Aerial tracking will provide a more efficient and cost-effective method for 500 

surveilling study subjects in this large study area, requiring only one biologist and a contracted 501 

pilot. NCWRC personnel will perform aerial tracking along with the NCWRC pilot at a minimum 502 

frequency of every 30 days. 503 

Use of local trappers to assist with sampling efforts provides several benefits. Local 504 

trappers have established, long-term relationships with private land owners, thereby providing 505 

access to private lands that might be otherwise difficult to secure. This will enable project 506 

biologists to obtain a representative sample of sympatric canids in the study area, as well as to 507 

operate more trap lines concurrently. This is particularly important when using a SCR sample 508 

design, as it will have direct implications on the resulting analyses and inferences. 509 

As part of collaboration efforts, the project will contract the services of Krishna Pacifici, 510 

Research Assistant Professor in the Applied Ecology department at NCSU. Krishna’s expertise is 511 

in quantitative ecology; consultation and assistance services provided will allow project 512 

biologists to make appropriate statistically relevant inferences from collected data.  513 
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DNA analysis will be contracted to Lisette Wait’s lab at the University of Idaho. Lisette’s 514 

team at The Laboratory for Ecological, Evolutionary and Conservation Genetics has previous 515 

experience in analyzing red wolf and coyote hybrid molecular samples and has the most 516 

comprehensive DNA methodology for this sympatric canid species continuum in the nation. 517 

This expertise will facilitate expedient species identification on collared study animals besides 518 

landscape level population dynamics analysis. 519 

 520 

 521 

Commission In-kind Total
a.       Personnel 7,200.00$      -$    7,200.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 30,000.00$    -$    30,000.00$    
d.      Equipment 54,000.00$    -$    54,000.00$    
e.       Supplies 61,500.00$    -$    61,500.00$    
f.        Contractual 315,590.00$ -$    315,590.00$ 
g.      Construction -$                -$    -$                
h.      Other 6,000.00$      -$    6,000.00$      
i.        Total Direct Charges (sum of 
a – h) 474,290.00$ -$    474,290.00$ 
j.        Indirect Charges 4,800.00$      -$    4,800.00$      
k.      Totals (sum of i and j) 479,090.00$ -$    479,090.00$ 

Federal (75%) 359,317.50$ 
State (25%) 119,772.50$ 
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G.  Geographic Location 522 

Three counties of the Albemarle Peninsula of North Carolina (Dare, Hyde, and Tyrrell counties). 523 

H.  Related Federal Projects 524 

NC-W-F15AF00726 (W-72) NC-Division of Wildlife Management Cooperative Projects 525 

  526 
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I.  Glossary 527 

Abundance: Species abundance is the number of individuals per species, and relative abundance refers 528 
to the evenness of distribution of individuals among species in a community. 529 

Adaptive kernel (AK): A probabilistic home range estimator based on the distribution and density of 530 
locations that has been collected over a period of time. 531 

Adverse reactions: In pharmacology, any unexpected or dangerous reaction to a drug. 532 

Aerial: Existing, happening, or operating in the air. 533 

Annually: Once a year; every year. 534 

Anthropogenic: Caused or influenced by humans. 535 

Apex: Having no natural predators in its ecosystem. 536 

Ataxia: The loss of full control of bodily movements. 537 

Beacon: A radio beacon whose purpose is the investigation of the propagation of radio signals. 538 

Biopsy: The removal for diagnostic study of a piece of tissue from a living body. 539 

Brachial vein: One of a pair of veins accompanying the brachial artery and uniting with each other and 540 
with the basilic vein to form the axillary vein. 541 

 542 

Breeding pair: A pair of animals which cooperate over time to produce offspring with some form of a 543 
bond between the individuals. 544 

Carrying capacity: The maximum population size of the species that the environment can sustain 545 
indefinitely, given the food, habitat, water, and other necessities available in the environment. 546 

Compensatory immigration: Individuals emigrating from areas with lower mortality to those with higher 547 
mortality; filling a deficiency of individuals in a population experiencing higher mortality. The increase in 548 
size or activity of one part of an organism or organ that makes up for the loss or dysfunction of another.  549 

Composition: The combining of distinct parts or elements to form a whole. 550 
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Co-occurrence: Refers to observation of the spatial overlap between two (or more) different individuals 551 
over a period of time. 552 

Coordinates: Any of the scales or magnitudes that serve to define the position of a point. 553 

Core use areas: An area within a home range exhibited by a dense concentration of location points; 554 
commonly estimated at 50% of the location data points. 555 

Covariates: A variable that is possibly predictive of the outcome under study. 556 

Cranial: Pertaining to the cranium or to the anterior (in animals) or superior (in humans) end of the 557 
body. 558 

Cryogenic: Very low temperatures, e.g. -80oC. 559 

Den-obligated: Restricted to a particular condition of life, in this case restricted to a den site. 560 

Density: A measure of the number of organisms that make up a population in a defined area. 561 

Deployment: To organize and send out (people or things) to be used for a particular purpose. 562 

Depredation: The act of preying upon. 563 

Depressed respiration: A decrease in the ability to exhale and inhale; respiration that has a rate below 564 
12 breaths per minute or that fails to provide full ventilation and perfusion of the lungs. 565 

Diagnostic: The process of determining by examination the nature and circumstances of a diseased 566 
condition. 567 

Disorientation: Loss of one's sense of direction, position, or relationship with one's surroundings. 568 

Distribution: The manner in which a biological taxon is spatially arranged. 569 

DNA: (deoxyribonucleic acid) is a type of macromolecule known as a nucleic acid. It is shaped like a 570 
twisted double helix and is composed of long strands of alternating sugars and phosphate groups, along 571 
with nitrogenous bases (adenine, thymine, guanine and cytosine). 572 

Dorsal: Situated on or toward the upper side of the body, equivalent to the back, or posterior, in 573 
humans; situated on or toward the posterior plane in humans or toward the upper plane in quadrupeds. 574 

Duration: A continuous period of time. 575 

Dynamic Brownian bridge movement models: Incorporates temporal and behavioral characteristics of 576 
movement paths into estimation of home range. 577 

Ectoparasite: a parasite that lives on the outside of its host rather than within the hosts body; e.g. fleas 578 
and lice. 579 

Effective trap area: Calculated by buffering each trap site by half the mean maximum distance traveled, 580 
each of these boundaries are dissolved, creating a measurable area. 581 

Efficacious: Producing or capable of producing a desired effect. 582 
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Efficient: Accomplishment of or ability to accomplish a job with a minimum expenditure of time and 583 
effort. 584 

Euthanize: The act of putting to death painlessly or allowing to die, as by withholding extreme medical 585 
measures, a person or animal suffering from an incurable, especially a painful, disease or condition. 586 

Expedient: Suitable for achieving a particular end in a given circumstance. 587 

Evaporative cooling: reduction in temperature resulting from the evaporation of a liquid, which removes 588 
latent heat from the surface from which evaporation takes place. 589 

Facilitate: Make an action or process easy or easier. 590 

Genotyping: Investigate the genetic constitution of (an individual organism). 591 

Gonadal descent: The act or process of descending from a higher to a lower location; testicular descent 592 
occurs during the breeding season annually. 593 

GPS: Global Positioning System, is a radio navigation system that allows land, sea, and airborne users to 594 
determine their exact location, velocity, and time 24 hours a day, in all weather conditions, anywhere in 595 
the world. 596 

Home range: an area over which an animal or group of animals regularly travels in search of food or 597 
mates, and that may overlap with those of neighboring animals or groups of the same species. 598 

Hybridization: The result of mixing, through sexual reproduction, two animals or plants of different 599 
breeds, varieties, species or genera. 600 

Immobilization agent: An active force or substance capable of producing an effect. 601 

Implantation: To put or fix firmly. 602 

Inbreeding depression: The reduced biological fitness in a given population as a result of inbreeding, or 603 
breeding of related individuals. 604 

Inception: The establishment or starting point of an institution or activity. 605 

Interspecific: Existing or occurring between different species. 606 

Iridium: A satellite constellation providing voice and data coverage to satellite phones, pagers and 607 
integrated transceivers over the Earth's entire surface. 608 

Jugular vein: Any of several large veins in the neck, carrying blood from the head and face. 609 

Lacerations: A deep cut or tear in skin or flesh. 610 

Locational: A position or site occupied or available for occupancy or marked by some distinguishing 611 
feature. 612 

Malfunction: Fail to operate in the normal or usual manner 613 

Methodology: A system of methods used in a particular area of study or activity. 614 

Midline: A median line or plane of bilateral symmetry, especially that of the body. 615 
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Minimum convex polygon (MCP): Completely enclose all data points by connecting the outer locations in 616 
such a way as to create a convex polygon. 617 

Molecular samples: Genetic samples that may be used for investigation of genetic constitution of an 618 
individual. 619 

Morphometrics: The process of measuring the external shape and dimensions of landforms, living 620 
organisms, or other objects. 621 

Mortality: The state of being subject to death. 622 

Non-target bycatch: Animals caught by accident that are not the target species being sought. 623 

Parameters: A numerical or other measurable factor forming one of a set that defines a system or sets 624 
the conditions of its operation. 625 

Parentage: The origin of something; the state or relation of a parent. 626 

Passive integrated transponder: A microchip implant is an identifying integrated circuit placed under the 627 
skin of an animal. 628 

Pinna: The external part of the ear in humans and other mammals; the auricle. 629 

Plateaued: A period or state of little or no growth or decline. 630 

Population dynamics: The branch of life sciences that studies the size and age composition of 631 
populations as dynamic systems, and the biological and environmental processes driving them (such as 632 
birth and death rates, and by immigration and emigration). 633 

Population growth: The increase in the number of individuals in a population. 634 

Population size: A group of organisms of the same species that live in the same area. 635 

Population status:  636 

Population trend: Changes over time and can include changes in ranging behavior and distribution, 637 
biogeography and life-history. 638 

Population viability: The process that determines the probability that a population will go extinct within 639 
a given number of years. 640 

Proximity: Nearness in space, time, or relationship. 641 

Quantified: Express or measure the quantity of. 642 

Quantitative: Relating to, measuring, or measured by the quantity of something rather than its quality. 643 

Radio-telemetry: The use of radio waves for transmitting information from a distant instrument to a 644 
device that indicates or records the measurements. 645 

Recumbency: The state of leaning, resting, or reclining. 646 

Reintegrate: Restore (elements regarded as disparate) to unity. 647 
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Remnant: A small remaining quantity of something. 648 

Reproductive status: Relating to or effecting reproduction. 649 

Spatial: Relating to, occupying, or having the character of space. 650 

Spatial capture-recapture: A method commonly used in ecology to estimate an animal population's size. 651 
A portion of the population is captured, marked, and released. Marked animals are either recaptured or 652 
are tracked, each tracking location being considered a recapture. 653 

Species Continuum: An aggregate of species capable of interbreeding, resulting in fertile hybrid offspring 654 
whose genetic composition may represent a varying array of phenotypes and genotypes from the 655 
parental species, at which the extreme ends of the spectrum are distinct. 656 

Standardize: Cause (something) to conform to a standard. 657 

Statistically relevant inferences: the process of deducing properties of an underlying distribution by 658 
analysis of data. Inferential statistical analysis infers properties about a population: this includes testing 659 
hypotheses and deriving estimates. 660 

Stochastic population models: Ecological population modeling is concerned with the changes in 661 
population size and age distribution within a population as a consequence of interactions of organisms 662 
with the physical environment, with individuals of their own species, and with organisms of other 663 
species; stochasticity possesses some inherent randomness. In stochastic population models, the same 664 
set of parameter values and initial conditions will lead to an ensemble of different out puts. 665 

Strangulation: The condition in which circulation of blood to a part of the body is cut off by constriction. 666 

Stratifying: Form or arrange into strata, one of a number of portions or divisions likened to layers or 667 
levels. 668 

Surveillance: Continuous observation of a place, person, group, or ongoing activity in order to gather 669 
information. 670 

Survival: A living or continuing longer than, or beyond the existence of, another person, thing, or event. 671 

Sympatric: Occurring within the same geographical area; overlapping in distribution. 672 

Tachycardia: A heart rate that exceeds the normal resting rate. In general, a resting heart rate over 100 673 
beats per minute is accepted as tachycardia in human adults. 674 

Telemetry: See radio-telemetry. 675 

Temporal: Of or relating to time. 676 

Tooth replacement: The process of development of two successive sets of teeth, initially the deciduous 677 
set and consecutively the permanent set. 678 

Transmitter: A set of equipment used to generate and transmit electromagnetic waves carrying 679 
messages or signals, especially those of radio or television. 680 

Transponder: A device for receiving a radio signal and automatically transmitting a different signal. 681 
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Vaccinate: Treat with a vaccine to produce immunity against a disease; inoculate. 682 

Venipuncture: The puncture of a vein as part of a medical procedure, typically to withdraw a blood 683 
sample or for an intravenous injection. 684 

VHF: Very high frequency is the ITU designation for the range of radio frequency electromagnetic waves 685 
(radio waves) from 30 MHz to 300 MHz, with corresponding wavelengths of ten to one meters. 686 

  687 
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Attachment 4: Trapper Service Contract 887 
 888 

Contract in development. 889 



Joe’s General Comments (others in the email to Pete and in the document) 

-  What is their plan if they catch a red wolf that already has a collar? 

- What is the actual authority of NCWRC currently to capture, process and “harass” red wolves?  Are 
they already legally permitted to do that? 

- The document contains too many assumptions of our management, particularly going into the future 
when that has not been determined yet. 

- No euthanasia decisions should be made without FWS staff involvement. 

- Concerns over active monitoring red wolf dens with cameras and repeated visits to dens. 

- Concerns that it proposes that red wolf carcasses would not be sent to USFWS labs. 

- Project personnel summaries do not indicate any trapping experience. 

- Significant Federal funding – All Section 6?  

- Why limited to just 3 of the 5 NEP counties? 

- David’s subsequent email concerns me regarding them not seeing Ryan or Michael involved much and 
believing this proposal actually “dovetails” with our work. 

 

Ryan’s Comments (notated in document) 

Page 2; 51:  Maybe a short discussion on specifically what types of property damage is being referred to 
here?  There are very few livestock operations on the AP, so depredation rates on livestock is relatively 
low.  Wolves have been involved in very few depredation incidents over the years, and I’m not sure 
what other types of property damage sympatric canids would potentially cause?  Most of the complaints 
we receive tend to be simple presence of canids on private property or a perceived reduction in 
observed game populations, which of course are not property. 

Page 2; 54-55:  Has there been any research done to analyze direct predation of canids on at risk ground 
nesting species as compared to potential benefits of canids through the control of other known nest 
predators? 

Page 2; 57-59:  In addition to collaborative research, the joint memorandum also instructs NCWRC to 
“review and evaluate statutory requirements for listing red wolves as state threatened in the five AP 
counties”, to “evaluate, and if appropriate implement, adaptive approaches to regulate the take of 
coyotes that may result in incidental take of red wolves”, and to “evaluate the status, management, and 
regulation of Controlled Fox Hunting Preserves”.  Just out of curiosity, what is the current status of these 
regulatory directives? 

Page 3; 86-89:  As part of the justification for this research the proposal states “Earlier research focused 
on many of the same objectives we suggest investigating here, but during a time of intense, active 



management.  Specific management techniques are no longer being carried out and dynamics between 
sympatric canids are expected to have changed substantially.” 

Should specify what dynamics are expected to have changed.  I would contend that management and 
the resulting dynamics on ARNWR, and Milltail particularly, have not changed significantly at all.  This 
pack recently had similar GPS-collar based data gathered by DOT a few years ago, and I don’t feel much 
if anything would be gained by replicating this research.  We should continue to use our own VHF radio 
collars on the Milltail pack as the battery life lasts much longer and we can continue to monitor them as 
we always have, and not have to subject them to the frequent trapping for recapture and subsequent 
handling and processing outlined by this proposal.  The joint memorandum from 2013 states that any 
research conducted should “promote the conservation and recovery of the red wolf and other canids on 
the AP.”  In the case of the Milltail pack especially, I think the potential risks far outweigh any potential 
benefits gained. 

Page 4; 102-103:  What information will be passed to whom specifically?  I’m not sure it would be in the 
best interest of red wolf recovery if location information were to fall into the wrong hands. 

Page 5; 132-136:  This may be based on a false assumption as it is my understanding that the “federal 
lands only” alternative was not supposed to be our proposed alternative without first going through the 
NEPA process, which we are doing now.  We don’t yet know what the proposed alternative is going to 
be. 

Page 6; 157:  If “the most important requirement for SCR is the number of collared individuals” as 
stated, there is no need to initially focus trapping efforts in areas of known red wolf packs.  Coyotes tend 
to utilize smaller home ranges than do wolves, and therefore would likely populate a particular area in 
higher numbers than wolves.  In that sense, a greater number of collared animals may well be achieved 
outside of areas of known red wolf packs as long as trapping was conducted in productive habitat.  Also, 
the premise of this proposed research is to target sympatric canids and not specifically target either 
species.  It therefore seems contradictory and biased to initially target known red wolf packs through 
trapping efforts.  I would suggest instead focusing on areas that known wolf packs have occupied in the 
past but now, due to mortality and lack of management over the last few years, the pack no longer 
exists, leaving an area of unknown species composition (Mattamuskeet Ventures and Texas Plantation 
Gamelands are good examples).  This would assist not only with the proposed research, but would 
provide an additional programmatic benefit of learning the species composition in current zones of 
ignorance.  Targeting areas with known red wolf packs does not provide the additional benefit of 
learning species composition of an area (it is already known), and replicates data collection that has 
already been done.  As stated above, I have concerns about targeting areas of known wolf packs, and 
feel the risks outweigh the potential benefits, especially since there are so few (only 3 known breeding 
pairs) left on the A.P.  We don’t need to further jeopardize them. 

Page 6; 159-161:  We typically wait until January to trap areas with potential red wolf puppies present in 
order to allow them to grow, minimizing risk of trap injury.  Also, February is breeding season for 
wolves, and it is not a good idea to disrupt known red wolf pairs at this time, especially with the ever-
present risk of injury that trapping inherently presents. 

Page 6; 162-173:  Releases should occur as close as possible to where the animal is trapped to avoid 
altering behavior and to avoid unnecessary risk to the animal attempting to get back home.  This has 



been a recurring issue the last two or three years as the WRC has insisted that captured animals be 
released on ARNWR regardless of where they were captured.  These releases need to happen at or near 
the capture site, even if that land is state owned or private property (with landowner permission), in 
addition to federal lands.  Refuge compatibility could obviously be another issue.  Also, the statement “it 
is most important to be able to trap and release on Alligator River NWR and the Dare County Bombing 
Range as those encompass the newly proposed RWRP recovery area” is based on an inaccurate premise 
as we have not selected a preferred alternative yet so we have no official proposed recovery area. 

Page 7; 182:  Are traps staked or are drags used?  Both can work but appropriate equipment must be 
used to avoid stakes being pulled out of the ground, which often leads to the death of the captured 
animal.  Make sure appropriate shock springs and swivels are used as well to minimize injury potential.  
An additional thought – make sure all trappers have secure kennels to place animals in while waiting for 
processing to occur.  It is best to remove a captured animal from a trap as soon as possible to minimize 
potential injury, overheating, and escape, so have the trappers place the animals in a secure kennel right 
away.  You’d be surprised at some of the flimsy wire cages some of them carry for this purpose.  Others 
have used duct tape on the legs and muzzle – obviously not a good idea.  Have a protocol in place for 
this. 

Page 7; 187-190:  Traps should also be covered or rendered inoperable during a hard freeze.  A leg-hold 
trap cuts off blood circulation to the foot and can lead to frozen tissue during a hard freeze.  This can 
lead to amputated toes and even feet. 

Page 8; 215-219:  We already have a protocol in place for chemical immobilization of red wolves 
developed by NCSU Vet school.  We have used it for decades now on wolves and coyotes and there is no 
need to change it.  Also, a syringe pole is not necessary.  Simply restrain the head with a noose pole and 
inject with a regular syringe. 

Page 9; 250-254:  USFWS needs to be notified any time a red wolf is captured, injured or not, and should 
make the decision as to whether injuries are sufficient to euthanize the animal. 

Page 9; 256-257:  Red wolves absolutely should be vaccinated upon capture and treated for any diseases 
or illnesses present.  I would recommend vaccinating coyotes before release as well.  Remember the 
stipulation for collaborative research in the 2013 joint memorandum, that research identified should 
“promote the conservation and recovery of the red wolf and other canids on the AP.”  The wild red wolf 
population is far too small to be taking any unnecessary risks. 

Page 10; 276-282:  These animals do not automatically need to be euthanized, especially red wolves.  
The proposed research protocol already requires that any potential handler be vaccinated for rabies.  
Also, any previously captured wolf or coyote on the A.P. has already been vaccinated for rabies and 
other canid diseases.  Animals can be quarantined for a period of time but euthanasia is not necessary. 

Page 11; 298-310:  Why are ear tags necessary?  I would think a GPS collar that emits a VHF signal plus a 
PIT tag would be sufficient for identification.  Also, we should use Trovan PIT tags to remain consistent 
with the ones already deployed on the A.P.  Speaking of which, it would make more sense to use a radio-
collar frequency range consistent with what is already deployed on the A.P.  Not having the right set of 
gear when needed, or having to constantly switch between two separate sets of gear will prove to be 
problematic . 



Page 11; 311-315:  Skin biopsies are also not necessary.  Genetic information can be collected from 
blood samples and sent to Lisette as proposed, and as we have always done.  There is a protocol already 
in place for this.  

Page 12; 332-335:  Animals showing signs of mange should be held and treated for mange before 
release to avoid spreading it to surrounding canid population, particularly red wolves.  Again, 
conservation of the species needs to be priority number one. 

Page 12; 336-340:  In the event of overheating, priority must be cooling/ensuring survival of the animal.  
After that assess any injuries, radio-collar, draw blood.  Then weights, measurements, etc. 

Page 13; 354-355:  In regards to the VHF signal, we really need to continue using the 164-165 mHz 
frequency range already being used for canids on the A.P.  While regular GPS locations may be sufficient 
for research purposes, there is often a need for RWRP personnel to be able to track canids in real time 
(depredations and other complaints, reports of injuries, den locations, telemetry flights, etc.)  It is not 
practical to carry two separate sets of telemetry gear at all times (especially when thick vegetation or 
when walking long distances), or to gear aircraft with two sets of antennas, or to constantly have to 
switch between two sets of gear when time is a factor.  There are many field-based scenarios where 
utilizing two sets of gear would be problematic at best.  Previous researchers (including the ones cited in 
this proposal) utilizing VHF or GPS collars on canids for data collection within the red wolf recovery area 
have always used frequencies consistent with ours to help alleviate these problems. 

Page 13; 358:  I would set the VHF beacon to operate beyond 1600 hours daily.  You occasionally run 
into situations (depredations or complaints for example) that require the need to track animals in real 
time beyond 1600 hours.  Ours are set on 12 hour rotations – 0700 to 1900 (0800 to 2000 during 
daylight savings). 

Page 14; 378:  A flight every 30 days is not going to be enough to determine cause of mortality should 
the GPS function fail.  We already fly between 50 and 100 times a year to monitor red wolves, I’m not 
sure an additional 12 is going to benefit anything. 

Page 15; 411-412:  We already do den work on red wolves.  The dens should not be disturbed more than 
once so any data collected must be in conjunction with USFWS.  With fewer than 25 red wolves 
currently known to exist in the wild, the survival of each and every pup is vital, so no unnecessary risks 
will be taken.  Time spent at the den must be minimal to minimize the disturbance.  Skin biopsies are not 
necessary.  We collect a blood sample for genetics and that should suffice.  I’m not sure if morphometric 
measurements are necessary but if done it must be completed quickly.  PIT tags are implanted for future 
identification.  We use Trovan and would prefer to keep this consistent with the canids already on the 
A.P. 

Page 15; 413-432:  Cameras at a red wolf den site are a bad idea.  We have attempted the use of them a 
couple of times in the past.  One time it caused a visible disturbance when the adults returned, and the 
other time it resulted in puppy deaths when the female would not re-enter the den.  Again, each and 
every red wolf pup is vital.  If attempts want to be made to experiment with cameras at den sites, use 
them at coyote dens but not wolf dens, at least until more is known about potential disturbance (2 to 5 
meters is likely too close).  Another issue with these cameras is that wolves, and likely coyotes as well, 
will typically move the pups to a new den site very soon after a disturbance.  In the type of habitat found 



on the A.P., den sites are usually located in vegetation so thick cameras may be ineffective, and any 
human visit to the site is going to cause an unavoidable disturbance. 

Page 16; 435:  Red wolf carcasses go to the lab in Madison, WI as they always have.  LE cases go to 
Asheland, OR.  Coyotes can go to SCWDS. 

Page 16; 436-442:  We notify LE after every red wolf mortality.  They decide if it will become an LE case 
and if they need to take possession of the animal.  LE also probably won’t allow genetic samples to be 
taken from animals they need to take possession of for evidence. 

 

Aside from the specific concerns addressed above, I am also concerned by the overall scope of this 
proposal.  I would prefer to see a research proposal more limited in scope with a clearer objective (for 
example, an analysis or quantification of predator/prey relationships on the A.P. would be beneficial), 
and to use equipment and protocols consistent with equipment and protocols already in place on the 
A.P.  Sympatric canids should be targeted in current zones of ignorance (which is now the majority of 
the A.P.) instead of targeting known wolf packs. 

If this proposal were carried out as written, it would effectively hand control and management of the 
red wolf program at the field level to the WRC.  WRC plans to collar 25 “sympatric canids”, and initially 
target known red wolf packs with their trapping efforts.  There are only 23 known red wolves currently 
on the A.P.  If they were to successfully radio-collar the majority of those wolves with collars emitting 
their own frequency range, it would severely limit our ability to monitor and manage this population.  
They also propose doing their own den work, using their own labs for necropsies, using separate 
protocols for data collection, etc.  All this is concerning on two fronts.  First, it is our (USFWS) legal 
mandate to manage and recover this federally listed species on the landscape.  We do not turn over 
management to a state agency until the species is recovered to the point where federal protections are 
no longer needed.  Second, the WRC has made it clear that their objective is to eradicate this species 
from the state of North Carolina.  Turning monitoring and field management over to the WRC likely 
would not bode well for the recovery of this species. 

While I think it is preferable in theory for the two agencies to collaboratively conserve and manage red 
wolves and other canids on the A.P., it is problematic when their respective objectives are polar 
opposites of one another.  It is quite clear now, after exhaustive and repetitive reviews on the taxonomy 
and historical range of the red wolf, that the best available science indicates that this is indeed a valid 
listable species native to northeast NC.  If the two agencies are to realistically work towards the 
conservation and management of canids on the A.P., the WRC needs to, at minimum, rescind their 
resolution requesting that red wolves be removed from the state of NC and declared extinct in the wild, 
and move towards listing the red wolf as a state listed threatened species.  Then, in addition to 
collaborative research, we can explore joint regulatory efforts to reduce anthropogenic causes of red 
wolf mortality, take steps to minimize hybridization and control the coyote population as necessary, and 
collaboratively manage and recover red wolves on the A.P.  Until then I am not comfortable handing 
over this level of monitoring and management of red wolves on the A.P. to WRC. 
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STATE:    North Carolina 1 
 2 
GRANT TITLE:    W79-Wildlife Management 3 
 4 
PROJECT TITLE:   Pilot Study – Using Fine Scale GPS Technology to Research  5 

Sympatric Canid Population Dynamics (Job 2.0?) 6 
 7 

A.  Problem and Need 8 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North 9 

Carolina (NC), and is managed as nongame with no closed season or bag limit (NC Wildlife 10 

Resources Commission 2016). Previously restricted to the West and Midwest regions of the 11 

United States, by the early 1990s coyotes had expanded their range into the Albemarle 12 

Peninsula (AP), which is situated in the northeast coastal plain region of NC (Hinton et al. 2012, 13 

Murray et al. 2014). In recent years as coyotes have increased their population, some have 14 

begun to make use of the Outer Banks region.  15 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 16 

experimental population of captive-bred red wolves (Canis rufus) on the Alligator River National 17 

Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population increased until 2008 and 18 

peaked at around 130 individuals (Group Solutions, Inc. 2016), short of the recovery goal of 220 19 

in the wild (USFWS Red Wolf Recovery Program 2013). The AP has an estimated carrying 20 

capacity of 140-150 wolves (Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery 21 

Program 2007). The exact number of red wolves is not known, but USFWS staff report a 22 

population estimate of 45-60 individuals with eight mortalities to date in 2016 23 

(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and 24 

inbreeding depression are suspected factors that have affected red wolf population growth and 25 

viability since the inception of the Red Wolf Recovery Program (RWRP), while vehicular and 26 

gunshot mortality are known factors (Hinton et al. 2013). Because of hybridization between red 27 

wolves and coyotes, the AP supports a continuum of sympatric canids, hereafter referred to as 28 

“sympatric canids.” 29 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 30 

2015 and discontinued the coyote sterilization program, potentially affecting the spatial 31 
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distribution and population dynamics of sympatric canids. Telemetry data from coyotes on the 32 

AP suggests that about 70% of coyotes are residents (i.e., those that defend set territories) 33 

while the other 30% are transients, with most being dispersing juveniles (Hinton et al. 2015). 34 

Transient coyotes do not defend set territories. Coyotes can travel long distances and become 35 

transient even as adults, especially when they lose their mate. Recently described as using 36 

“compensatory immigration,” coyotes opportunistically fill spatial resource gaps by periodic 37 

transiency; when spots come open, individuals that do not yet have permanent territories and 38 

have been roaming in the area, are able to inhabit the new openings (Hinton 2016). These 39 

periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 40 

especially when they are utilizing of anthropogenic resources.  41 

Though a rural area, human land uses occupy a significant portion of space on the AP. 42 

The AP is comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 43 

and 20% “other” land cover types on federal, state and private lands (Dellinger 2011). Concerns 44 

about fear of attacks on humans and domestic pets, the effects of sympatric canids on white-45 

tailed deer and other game populations, and homeowner property damage comprise many of 46 

the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming 47 

data). Wildlife managers in this region frequently receive requests for information on canid 48 

management (C. Turner, personal communication, 2016).  49 

The changes in state and federal canid management rules have resulted in confusion 50 

regarding residents’ rights and options for management of property damage by sympatric 51 

canids. As a result, some citizens are unsure of the legal and most effective methods for canid 52 

conflict management. Adding to management complexity is the need to manage canids for 53 

conservation purposes, such as reducing predation on at-risk ground nesting species or 54 

reducing hybridization of sympatric canids.  55 

In 2013, NCWRC and USFWS established a committee to oversee the collaborative 56 

management and conservation of sympatric canids on the AP. A USFWS and NCWRC joint 57 

memorandum documented detailed action items for the joint management of sympatric canids 58 

on the AP, including specific research objectives which this proposal seeks to address 59 

(Attachment 2). As sympatric canids on the AP increase in number, monitoring their 60 
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movements, particularly in relation to individuals of differing ancestry, could provide important 61 

data to NCWRC and USFWS staff for science-based local and landscape-level decisions about 62 

sympatric canid populations and conflict management. Collection of finer temporal scale 63 

location data would help to manage interactions of sympatric canids with humans, as well as to 64 

support development of dynamic stochastic population models.   65 

B.  Objectives (after December 1, 2016-November 30, 2018) 66 

Objective 1: Use GPS collar and proximity sensor technology to test performance under 67 

various conditions and evaluate the frequency and accuracy of the scheduled fix rates. 68 

Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 69 

spatial dynamics of sympatric canids: home range and core area sizes, amount of 70 

overlap in home range and core areas, movement pathways and daily activity patterns, 71 

and cover type selection and preference. 72 

Objective 3: Use fine scale GPS data collection for investigating the number and age 73 

structure of offspring for family groups of collared sympatric canids. 74 

Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 75 

sympatric canids. 76 

Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 77 

conflicts with landowners. 78 

Objective 6: Determine genetic profiles of sympatric canids through DNA identification 79 

of all captured individuals, parentage, and presence of hybridization. 80 

At the end of this two-year pilot study, we will deliver an observational summary detailing the 81 

use of the GPS and sensor technology for spatial and population dynamics research on 82 

sympatric canids on the AP. 83 

C.  Expected Results and Benefits 84 

As part of a pilot study, we will monitor the status of collared individuals by using a finer 85 

scale assessment of space and habitat use than previous studies. Earlier research focused on 86 

many of the same objectives we suggest investigating here, but during a time of intense, active 87 
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management. Specific management techniques are no longer being carried out and dynamics 88 

between sympatric canids are expected to have changed substantially. The uncertainty 89 

regarding current dynamics presents a need for additional research in order to inform actions 90 

for the management of sympatric canids. Information gained from research may impact 91 

management rules and landowner’s abilities to manage canids in some areas. Additionally, GPS 92 

technology has improved since earlier research was conducted allowing for more temporally 93 

detailed data collection and more nuanced analyses. Understanding how sympatric canids 94 

collectively use resources in areas of human-dominated landscapes will allow wildlife managers 95 

to tailor management options to local conditions. On the AP, row crop agriculture and hunting 96 

represent the primary and secondary land uses, respectively. Row crop agriculture is a 97 

significant nutrient resource on the landscape and, as opportunists, canids take advantage of 98 

such resources when they are available. Non-consumptive wildlife-driven tourism persists in all 99 

seasons and wildlife watching is a main draw for tourists in this area. For many tourists, the 100 

opportunity to see or hear large carnivores is the sole attraction for traveling to the AP. 101 

Information from this study will be provided to local constituents to establish a knowledge base 102 

regarding how sympatric canids use resources on private lands. Management and guidance 103 

could serve to prevent or minimize conflict while maximizing positive wildlife interaction 104 

opportunities for constituents. Development of a common understanding between wildlife 105 

managers and landowners based upon factual information is paramount for collaboratively 106 

achieving successful management of sympatric canids. The data collected in this pilot study is 107 

the foundation upon which this understanding and future management actions will be built.  108 

The current level of hybridization between sympatric canids on the AP will be 109 

characterized using DNA gathered during this study. Body size exists as a continuum between 110 

coyotes and red wolves and has been documented as the most important factor for successful 111 

interspecific breeding pairs of these canids (Hinton 2014). Though both species have been 112 

found to use resources in similar manners, red wolves generally have more expansive home 113 

ranges and therefore may not use local resources as intensively as coyotes, depending on body 114 

size. Obtaining individual identification of study animals will allow managers, armed with spatial 115 

information, to infer how and why individuals in the canid species continuum exploit 116 
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anthropogenic resources considering their life history traits.  117 

In conjunction with prior research, data collected will contribute to knowledge on 118 

sympatric canid population dynamics on the AP. Estimating population size will allow managers 119 

to monitor population trends of sympatric canids and to examine the long and short-term 120 

impacts of different management strategies on their populations. While it is unknown whether 121 

sample size will allow for population estimation, obtaining population estimates for coyotes 122 

would provide wildlife managers with baseline data, when paired with annual mortality 123 

estimates, for monitoring changes in population abundance over time. Information on changes 124 

in abundance, reproductive dynamics, and habitat use could impact management strategies to 125 

influence long-term conservation outcomes. Results of this pilot study will allow managers to 126 

determine if future work will be necessary, what amount of effort will be required to achieve 127 

each objective, and whether or not population estimates will be an attainable goal. 128 

D.  Approach 129 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square 130 

kilometers within Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife 131 

Management Institute 2014). However, the USFWS has proposed the RWRA be constricted to 132 

the ARNWR and the Dare County Bombing Range in Dare county by the end of 2017. Due to 133 

these proposed RWRA changes, this study proposes to capture and radio-collar 25 sympatric 134 

canids within Dare, Hyde, and Tyrrell counties (hereafter referred to as “study area”); those 135 

counties being within and directly adjacent to the proposed new RWRA. The thematic 136 

subheadings below provide detailed descriptions of the approaches required for achieving the 137 

pilot study objectives. 138 

Sampling Efforts 139 

Trained NCWRC personnel will conduct live trapping of sympatric canids, with assistance 140 

from the USFWS RWRP biologists, and trained, experienced local trappers. NCWRC and USFWS 141 

wildlife personnel will select local trappers based on their past performance in trapping 142 

sympatric canids, but may also select trappers from the NCWRC coyote trappers list. NCWRC 143 

staff will train contracted trappers on specific trapping procedures before every trapping 144 
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season. The project lead will supervise and coordinate all trapping activities including locations 145 

for installation and the operation of trap lines and handling of captured animals. Simultaneous 146 

personal trapping activities by contracted trappers will not be permitted while performing 147 

contracted trapping services, as specified in the draft service contract (Attachment 4). 148 

Trapping efforts will follow a spatial capture-recapture (SCR) framework with a 149 

systematic targeted sampling design, focusing on areas that contain resources previously found 150 

to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) (Harris et al. 151 

2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. This effort will 152 

allow us to increase the probability of detection of sympatric canids on the landscape (Tom 153 

2012). While it is important to sample a wide range of habitats, the most important 154 

requirement for SCR is the number of collared individuals; this requirement provides flexibility 155 

in the other requirements for field sampling as needed (K. Pacifici, personal communication, 156 

2016). We will initially focus trapping in areas of known red wolf packs, as advised by RWRP. 157 

Trapping will take place during the breeding season when the likelihood of capturing 158 

females in the later stages of gestation or whelping females will be low. Capture efforts will be 159 

conducted from soon after 1 December 2017 – February 2018 and December 2018 – February 160 

2019. Captured sympatric canids will be surrendered to NCWRC or the USFWS at capture sites. 161 

Trapping should occur on both public and private lands to obtain sampling coverage of the 162 

study area. Ideally, all federal and state lands would be accessible for trap and release 163 

(hereafter referred to as “capture”) of sympatric canids, but it is most important to be able to 164 

trap and release on Alligator River NWR and the Dare County Bombing Range as those 165 

encompass the newly proposed RWRP recovery area and comprise the majority of land area for 166 

Dare county. Unlike Dare county, there are ample private lands that surround Pocosin Lakes 167 

NWR and Lake Mattamuskeet NWR in both Tyrrell and Hyde counties that may be utilized to 168 

effectively sample individuals who may use those federal lands, should they be excluded from 169 

capture activities. Capture on federal lands may require USFWS take permits and proposed 170 

activities may be subject to a compatibility assessment (P. Benjamin, personal communication, 171 

2016). Scientific collection activities that take place on private lands will require agreements 172 

outlining conditions mutually decided by NCWRC and landowners (Attachment 3). 173 
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To increase probability of detection of sympatric canids, the accessible study area will 174 

be partitioned by a grid, the cell size of which will based on the average annual home range size 175 

of resident coyotes previously reported for the AP, approximately 23 km2 (Hinton et al. 2015). 176 

As a system of sampling, trap lines will be referred here as “traps,” and the number of trap sets 177 

(i.e. the actual trapping device) and number of each trap set size may vary between traps as 178 

necessary. Sampling will be standardized within each grid cell by use of equal number of traps 179 

per cell, on average 3 per cell, each at an approximate length of 10 km (Andelt and Gipson 180 

1979, Way et al. 2004).  181 

Target canids will be captured by using Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., 182 

P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, Schemnitz 1994), the EZ Grip #7 (Livestock 183 

Protection Company, P.O. Box 725, Alpine, Texas 79831, Frame and Meier 2007), or equivalent. 184 

Various lures and baits will be used to increase trapping efficiency (Frederick et al. 1989, Shipley 185 

2012). Traps will be laid on the Monday of each week and will be opened at the time of 186 

deployment. Traps will be checked once daily at dawn, to reduce potential stress to trapped 187 

individuals and will not be operated on days where the temperature is expected to reach or 188 

exceed 80o F (R. Nordsven, personal communication, 2016) or during times of predicted 189 

inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). To standardize effort and 190 

remain logistically realistic, traps should be open for three trap nights in a row before being 191 

removed. Trap sets that have been closed due to non-target bycatch or other circumstances 192 

may be reopened and all traps should be re-baited and lured as appropriate.  193 

Trap set locations will be marked by NCWRC or USFWS personnel using handheld GPS 194 

units (Garmin GPSMAP 64S, 1200 E. 151st St., Olathe, KS 66062-3426) and given a sequential 195 

identification number. Traps will also be given an identification number and trap set points will 196 

be documented in ArcMap 10.4. Trappers will keep detailed records on trap set operation, non-197 

target species trapped, and other relevant details. Non-target species will be released from 198 

traps after an in-field assessment of injuries, if any, and animals with life threatening injuries 199 

will be euthanized by the trap operator. Targeted recapture of collared canids will occur 200 

annually during the same months, to replace GPS collar batteries and drop-off collar release 201 

units in field. Trapping effort will be quantified (trap nights), the effective sample area will be 202 
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estimated, the encounter (detection) probability will be estimated using a Gaussian detection 203 

model (Amundson et al. 2014), and an estimate of density for coyotes will be calculated using a 204 

modified Huggins closed-capture estimator in program MARK, if sample size allows (Harris et al. 205 

2013, Ivan et al. 2013). 206 

Animal Handling 207 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines 208 

(Sikes et al. 2011) and will be performed at the capture site. Chemical immobilization agents 209 

may be used depending on the number of field staff during processing (i.e., three or more staff 210 

required during non-chemical immobilizations, Craft 2007, M. Morse, personal communication, 211 

2016).  212 

Chemical Immobilization 213 
Unless adequate numbers of personnel are available to safely employ mechanical 214 

restraint techniques, target animals will be anesthetized with the chemical immobilization 215 

agent BAM (Wildlife Pharmaceuticals, Inc., Windsor, CO 80550). BAM, a combination of 216 

Butorphanol tartrate, Azaperone tartrate and Medetomidine HCl., will be delivered by 217 

intramuscular injection by syringe pole to the hip. Dosage for canids is based on field trails 218 

performed by Wildlife Pharmaceuticals (Wildlife Pharmaceuticals, Inc. 2016) and the 219 

recommended dose for coyotes is 0.2CC and red wolves is 0.3CC, with adjunct doses of 0.1-220 

0.2CC delivered if initial dosages do not cause induction (S. Kirschner, personal communication, 221 

2017). Induction times for coyotes and wolves ranged from 5 to 10 minutes after initial and/or 222 

adjunct dosages (Wildlife Pharmaceuticals, Inc. 2016). After field handling is concluded the 223 

anesthesia will be reversed using two reversal agents, Atipamezole and Naltrexone, at double 224 

the CC of Atipamezole to BAM that was delivered (including adjunct doses, if given) and 0.5CC 225 

of Naltrexone. Recovery time from the reversal agents ranged from 10 to 25 minutes during 226 

field trails (Wildlife Pharmaceuticals, Inc. 2016). Field personnel will observe animals for signs of 227 

adverse effects for up to 30 minutes after reversal agents are delivered. 228 

Mechanical Immobilization 229 
Unlike other carnivore families, the submissive behavioral response of canids to 230 
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perceived dominance reduces the need to use immobilization agents. Appropriate mechanical 231 

restraint techniques can reduce handling time of animals, allowing animals to reintegrate into 232 

social groups more quickly, subsequently reducing overall stress to the individual (Powell and 233 

Proulx 2003). Target canids will be mechanically restrained with a restraint pole, until two 234 

muzzles can be placed around the snout. While pinned with the restraint pole by one person, a 235 

second person will restrain the set of legs not in the trap against the ground and a third person 236 

will release the foot from the trap. This set of legs will then be restrained by the 3rd person as 237 

the restraint pole is removed. Once the restraint pole is removed the person restraining the 238 

front legs will also then restrain the head. The first person will then move forward with 239 

processing the captured animal.  240 

Each animal will be placed on a towel or blanket to provide thermal protection from the 241 

ground, with eyes covered and lubricated with eye ointment; temperature will be monitored 242 

with a rectal thermometer. Overheating occurs at approximately 104-105°F for canids (AZA 243 

Canid TAG 2012) and the animal handling crew will monitor temperature at 5-minute intervals; 244 

if a temperature reading reaches 104°F, corrective actions will be taken and temperature will 245 

be monitored at 1-minute intervals. Should overheating occur, the individual will be removed 246 

from insulation to expedite the natural evaporative cooling process. During days that approach 247 

80°F in temperature, measures will be taken to reduce heat stress, such as: wetting the animal 248 

with water, application of a cold pack to the groin area between the back legs, application of 249 

rubbing alcohol to foot pads, or immediate release (AZA Canid TAG 2012). If the injured 250 

individual is suspected to be a red wolf, based on morphometrics, USFWS staff will be 251 

contacted for a decision. In the event that trap caused injuries are determined to be life 252 

threatening through use of a trap injury score assessment (Frame and Meier 2007) the 253 

individual will be euthanized. In the event that NCWRC personnel cannot be present, trained 254 

USFWS personnel may collar and measure captured target animals and will provide data sheets 255 

to NCWRC staff. Target animals will not be vaccinated or otherwise treated for diseases, 256 

regardless of the presence of disease symptoms. 257 

Non-target animals will be released on site. Captured domestic dogs will be immediately 258 

released from the trap set following an injury score assessment and only if no life-threatening 259 
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injuries are present. If a domestic dog has sustained life threatening injuries and owner 260 

identification information is present on the dog, then the animal will be held in either a 261 

transportable kennel, or at a dog pen on a state game land that is equipped with such facilities, 262 

until the owner can retrieve the dog. The costs associated with injuries sustained to the dog will 263 

be the responsibility of the animals’ owner. Law enforcement may be requested to help 264 

communicate with the animal’s owner. If the animal does not have an identifiable owner and 265 

has incurred substantial life threatening injuries (i.e. compound fracture), the dog will be 266 

euthanized on site. Target animals showing signs of disease symptoms such as circling behavior, 267 

head tilt, muscle twitches, convulsions with jaw chewing movements and salivation (“chewing 268 

gum fits”), disorientation, incoordination, staggering caused by paralysis of the hind legs, 269 

seizures, and partial or complete paralysis will be euthanized and tested according to protocol 270 

set forth by the agency veterinarian, in order to determine if there may be a public health issue 271 

(M. Palamar, personal communication, 2016). USFWS will be contacted in cases of suspected 272 

red wolves. Staff involved in animal handling duties will have the pre-exposure rabies 273 

vaccination series completed prior to field work inception and will maintain rabies titer records 274 

through properly licensed medical services providers.  275 

If staff is bitten and skin is broken by an animal while performing handling duties, they 276 

will be advised to immediately visit a local hospital or clinic for evaluation by healthcare 277 

professionals. The field coordinator will immediately notify supervisory staff and an injury 278 

report and workers’ compensation claim will be opened for the incident. The animal will be 279 

euthanized and the head will be sent to the state lab for rabies testing; the body may be sent to 280 

the Southeastern Cooperative Wildlife Disease Study (SCWDS) laboratory for additional disease 281 

investigation. 282 

Capture Processing and Marking 283 

During canid handling, NCWRC personnel will record age class, sex, weight, total body 284 

length, head width, ear length, and tail length, visually assess ectoparasite load, look for and 285 

disinfect with betadine or iodine as needed any minor trap caused injuries, and affix GPS collars 286 

(Knick 1990, Sikes et al. 2011). All captured canids will be fitted with appropriately-sized GPS 287 

collars in the field based on morphometrics previously indicated as reliable thresholds for 288 
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species categorization: hind foot length, weight, width of head, and tail length (Hinton 2014); 289 

analysis of DNA samples collected during trapping efforts will help to assign captured canids to 290 

position along the species continuum post release. Age of individuals will be estimated based 291 

on physical characteristics, including weight and tooth replacement (Knick 1990, Hinton 2014, 292 

Gier 1968), and captured canids will be aged into one of three classes: > 2 years old as adults, < 293 

2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 2014). 294 

Reproductive status will be determined based on estimated age class and presence of gonadal 295 

descent during the breeding season for males and the presence of nipple swelling or previous 296 

suckling for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). 297 

Captured individuals will be ear marked using a button tag (model 410, Ketchum Mfg. 298 

Co. [or equivalent], PO Box 10, 11 Town Shed Road, Lake Luzerne, NY 12846) placed along the 299 

middle of the ear where they are most protected from loss, with a pin-type applicator (485sa 300 

Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). The puncture site will be 301 

treated with an antiseptic to deter infections. Each sympatric canid will also be marked with an 302 

individually-numbered, glass-encapsulated, passive integrated transponder (PIT model HPT12, 303 

12.5 mm, 134.2 kHz, Biomark, Inc., 703 South Americana Blvd., Suite 150, Boise, ID; Gannon et 304 

al. 2007), using a syringe-type implanter and replaceable needle (model MK10 [implanter], 305 

model N125 [needle], Biomark, Inc.). Successful PIT placement will be verified with a mini 306 

portable reader (model GPR Plus, Biomark, Inc.). The implantation site will be prepared by 307 

swabbing with 70% alcohol (Mrozek et al. 1995) and a sterilized new needle will be used for 308 

each injection. The standard implantation site for transponders is subcutaneously on the dorsal 309 

midline of the back, cranial to the shoulder blades (Ingwersen 2000).  310 

A skin biopsy will be taken from all captured target canids by puncturing the pinna of 311 

the ear with a biopsy punch in the same location where the ear tag will be placed (Palamar 312 

2014). The biopsied area will be disinfected with alcohol after sampling. The skin biopsy will be 313 

placed in a labeled (ID, date, and sample type) cryogenic tube filled with 95% ethanol as buffer 314 

and then stored in a freezer until sent out to a lab for genetic analysis (Palamar 2014, Tom 315 

2012). A selection of hairs with the root bulla attached will be pulled from the belly and placed 316 

in paper envelopes (Janecka et al. 2007). Hair samples will serve as back up to tissue samples 317 

Commented [BA28]: Why?  How does this fit into the 
study proposal?  If not, no need to do it. 



 

-12- 

for genetic testing. All samples will be sent to the Laboratory for Ecological, Evolutionary and 318 

Conservation Genetics, at University of Idaho (875 Perimeter Drive, MS 1136, Moscow, ID 319 

83844) for genotyping to determine species as well as individual identification, hybridization 320 

presence, and parentage analysis following previously developed protocols (Adams et al. 2007, 321 

Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that examine the coyote-322 

hybrid-wolf species continuum will be performed. 323 

Blood will be collected from all juvenile and adult target canids by venipuncture of the 324 

brachial or jugular veins using a 22-28-gauge needle (M. Palamar, NCWRC veterinarian, 325 

personal communication, 2016). As per NCWRC veterinarian recommendations, approximately 326 

12 ml of blood will be collected for each animal for possible future testing for diseases of 327 

importance to sympatric canid species as well as the humans and domestic animals that they 328 

may come into contact with. A minimum of two 6 ml lavender top tube (for whole blood with 329 

EDTA) will be filled. Samples should be refrigerated at all times; a cooler with ice will suffice 330 

while in the field. Samples should be sent to the NCWRC within 48 hours or frozen for later 331 

shipping. Skin scrapes will be collected from animals presenting signs compatible with sarcoptic 332 

mange (lesions) for possible future diagnostic purposes. Lesions will be scraped until blood is 333 

drawn; the scrapings will be placed onto a slide and covered with a piece of clear tape for later 334 

visual confirmation. 335 

Should overheating occur, processing will be performed in the following prioritization 336 

order and the first five items will need to be completed before releasing any individuals: 1) trap 337 

injury evaluation, 2) collaring, 3) DNA (skin biopsy) sample collection, 4) morphometrics, 5) 338 

aging, 6) PIT tagging, 7) weight, 8) ear tagging, 9) reproductive status, 10) ectoparasite 339 

evaluation, 11) blood collection, and 12) skin scrape collection. 340 

Collaring 341 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study 342 

area, 10 of which will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-343 

Scheele-Str. 12, 12489 Berlin, Germany). Project staff will pilot test proximity sensor technology 344 

for utility in analysis of spatial and temporal community dynamics. Proximity sensors trigger 345 

increased GPS location acquisition during those time intervals when two collared individuals 346 
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come within a set distance from each other (http://www.vectronic-aerospace.com/wildlife-347 

monitoring/sensors/uhf-id-tags, accessed August 2016).  348 

To avoid instances of collar induced strangulation, only adult (>2 years old) male and 349 

female individuals will receive collars (Hinton 2014). ASM guidelines recommends a collar 350 

weight of <5-10% of a canids bodyweight, we will observe these guidelines (Sikes et al. 2011). 351 

Sympatric canids not releasable at a capture site will not be collared and will not become study 352 

animals. 353 

GPS radio-collars will have both VHF and GPS Iridium locational systems as well as store-354 

on-board capabilities. Radio-collar units will be programmed to record GPS coordinates once 355 

every 1.75 hours producing approximately 13 locations per day while cycling through the 24-356 

hour time cycle. These settings will allow for a GPS battery life of 300 to 552 days, averaging 357 

431 days. The VHF beacon will be in operation from 0800 – 1600 hours daily. GPS locations will 358 

be sent via satellite once per day and each transmission with contain 12 locations. The use of an 359 

integrated drop off firing mechanism should allow the collars to drop off within a maximum of 360 

approximately 548 days after deployment. The drop off schedule once set cannot be changed. 361 

The drop off firing mechanism is wired to a battery unit independent of the collar battery, 362 

therefore should the collar battery become depleted, the drop off mechanism will not be 363 

affected (C. Akakpo, Vectronic Aerospace GmbH, personal communication, 2016). Unless a 364 

collared individual is recaptured before the collar battery dies, the drop off mechanism will fire 365 

at the scheduled time frame post collar deployment.  366 

Observation of sympatric canid habitat use and movements will occur through GPS data 367 

obtained with combination GPS/VHF radio-collars. VHF relies on triangulation, the process of 368 

estimating the location of a transmitter by using two or more compass bearings obtained by 369 

using directional antennas at known locations remote from the transmitter’s position (White 370 

and Garrott 1990), whereas GPS uses a satellite based system to obtain location coordinates. 371 

There have been many published studies where one or both of these methods were used, with 372 

mixed success for determining various aspects of carnivore ecology throughout the United 373 

States (Hinton et al. 2012, Schrecengost et al. 2009, Sparkman et al. 2012). While GPS 374 

technology has developed rapidly in recent history, the real time functional advantage of VHF 375 
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cannot be disregarded. When GPS technology falters or malfunctions, VHF can serve as 376 

replacement for data collection in addition to its use in real time monitoring of study animals. 377 

Canids will be minimally monitored for mortality approximately every 30 days by using VHF 378 

aerial telemetry techniques (Whitehouse and Steven 1977) as there may be a delay in satellite 379 

transmission of GPS location data due to weather, season, and animal behavior. Transient 380 

canids and individuals from breeding pairs that have lost a mate, have been found to use much 381 

larger areas versus paired residents, potentially increasing the opportunity for losing track of 382 

these individuals when GPS technology reaches its functional capacity or experiences 383 

malfunction. VHF data may also provide locations of canids in cover too dense for GPS units to 384 

function. Use of VHF telemetry techniques for data collection may be expanded as necessary 385 

for project needs.  386 

Spatial Data Analyses 387 
Both minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and 388 

core use areas (50% and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated 389 

from GPS data by using BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial 390 

Modelling Environment (Spatial Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems 391 

Research Institute, 2016) (Benson et al. 2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for 392 

comparison to older studies. These estimations can also be calculated using VHF data, provided 393 

data minimum requirements are met. Spatial distribution in relation to habitat will also be 394 

estimated by dynamic Brownian bridge movement models as described by Hinton (2014) with R 395 

statistical software (R Core Team 2016) using the moveud package with habitat covariates 396 

important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 397 

Proctor, personal communication, 2016). Additionally, recent research into how canids shift 398 

their ranges will also be investigated for populations on the AP (Morin and Kelly, in review). 399 

Spatial overlap and co-occurrence will be assessed using methods described by Shipley (2012). 400 

Habitat and cover types will be estimated from digitized maps created by the SEGAP (Hinton 401 

2014) or ortho files, as available (Shipley 2012). Percent composition of habitat and cover types 402 

within home ranges and core areas as well as edge density will be quantified (Shipley 2012). 403 

Habitat selection and cover type use effects on spatial distribution will be estimated at both the 404 

population (2nd order) and individual (3rd order) spatial scales using resource selection functions 405 
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(Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of seasonality and time of day 406 

activity will also be explored. The spatial and temporal patterns of space use by sympatric 407 

canids will be studied using data generated from the interaction GPS collar sensors, particularly 408 

distance between individuals and duration of proximity. 409 

Den Monitoring 410 

Project staff will attempt to locate den sites for sympatric canids to get pup counts, 411 

morphometric measurements, age estimates, and skin biopsies. Project staff will also attempt 412 

to monitor pup survival during the pup rearing season by using remote cameras placed around 413 

the den site (Harrison and Gilbert 1985, Parks 1979, Way et al. 2001). Pups will be weighed, 414 

measured, and PIT tagged during May and June of each year when they become active but are 415 

still den-obligated (Gier 1968). We will investigate the use of remote camera traps for 416 

monitoring den behavior with a two-camera array around the den (H. Garbe, personal 417 

communication, 2016, Kays and Slauson 2008). This method has been successfully used to 418 

monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 419 

sensitive to den site disturbance, there is a general lack of data in the literature regarding this 420 

approach for monitoring pup survival. Approaching an experimental methodology 421 

systematically will be important for determining which methods are effective and which are 422 

not. As a starting point for testing this methodology, remote cameras will be placed two to five 423 

meters from main den entrances and set to take photos using a passive infrared sensor trigger 424 

(a beam that when broken by movement through it, triggers the camera to take a series of 425 

photos) with a time restriction between photo intervals to limit the number of photos taken 426 

and maximize the space on the memory card for the time period between camera checks 427 

(Kluever et al. 2013). Cameras will be checked six days after deployment and will be redeployed 428 

(i.e. new batteries and memory card, if required); cameras will remain at each den site until 429 

radio-collar data indicates the den site has been moved (Kluever et al. 2013). Cameras will be 430 

not be redeployed to a new coyote den site during a season if that breeding pair has already 431 

moved the den once due to the disturbance of camera presence/deployment. 432 
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Mortalities 433 

If a collared animal dies during the project, the carcass will be sent to SCWDS for 434 

necropsy. Red wolves will be sent to the SCWDS laboratory for necropsy, unless it is determined 435 

to be a law enforcement case. In potential law enforcement cases, the NCWRC Division of 436 

Wildlife Management Chief and USFWS Ecological Services Raleigh Field Office Field Supervisor 437 

will be contacted and requested to contact the appropriate law enforcement personnel, 438 

immediately after determining the need for law enforcement involvement. The carcass and all 439 

relevant information will then be turned over to law enforcement; the GPS-collar will be 440 

removed and genetic samples will be taken from the individual prior to release to law 441 

enforcement.  442 

E.  Project Personnel 443 

Andrea Shipley has worked for the North Carolina Wildlife Resources Commission as a Canid 444 
Biologist since February 2016. Prior to that, she worked as a Wildlife Biologist for a non-profit 445 
located in northeastern Nevada as well as in several different field biologist oriented positions. 446 
Andrea has a background in carnivore and spatial ecology, having earned her MS in Biological 447 
Sciences from Eastern Kentucky University and BS in Biological Sciences from Rutgers 448 
University; Andrea will act as project lead and coordinator.  449 

Brandon Sherrill has worked for the North Carolina Wildlife Resources Commission as a 450 
Mammalogist since December 2013. Prior to that, he worked as an educator at the North 451 
Carolina Museum of Natural Sciences and as a regional wildlife biologist for the South Carolina 452 
Department of Natural Resources. Brandon earned a BS and MS in Fisheries, Wildlife, and 453 
Conservation Biology from North Carolina State University; Brandon will act as project 454 
supervisor. 455 

Krishna Pacifici, Research Assistant Professor at NCSU, will be the quantitative analysis 456 
collaborator on the project. Krishna’s background and experience in quantitative ecology makes 457 
him well suited to consult and assist with advanced statistical analyses of spatial data. 458 

Lisette Waits, Department Head and Distinguished Professor at the University of Idaho, will be 459 
the DNA analysis collaborator for the project, responsible for all DNA related sample processing 460 
and subsequent analyses.   461 
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F.  Schedule and Estimated Costs 462 

The project will run from soon after December 1, 2017 through June 30, 2020. The 463 

estimated timeline for major tasks is as follows: 464 

 465 

Year 1: Initiate field work soon after December 1, 2017 with assistance from 1-2 field 466 

technicians; 1 technician will be required for trapping and den monitoring efforts. Data 467 

collection will begin immediately after collar deployment and data will be managed by Andrea 468 

Shipley throughout the life of the project. Data analysis will be initiated after den monitoring 469 

season concludes, with guidance and assistance from Krishna Pacifici at North Carolina State 470 

University (NCSU). Report, manuscript and presentation production will be initiated 471 

concurrently with data analysis. 472 

Year 2: Continue field work and data collection with assistance from 1-2 field technicians. 473 

Continue data analysis with guidance and assistance from Krishna Pacifici at NCSU. Continue 474 

and finalize report and manuscript production, and presentation at professional working groups 475 

and/or meetings. 476 

GPS technology allows researchers to collect locational data at fine spatial and temporal 477 

scales through the deployment of collar units on wildlife study subjects. In this project, we 478 

propose to study a sample of sympatric canid populations with GPS radio-collars, in order to 479 

investigate the population parameters outlined in previous sections as well as species 480 

interactions. The purchase and use of this technology is critical to meeting the research 481 

objectives set forth in this document as well as in the document included in Attachment 1. 482 

While GPS technology has evolved over the past 20 years, the cost of technology has 483 

plateaued. Upfront cost per unit remains relatively high, however project savings occurs at the 484 

back end when compared to older telemetry technology such as very high frequency (VHF) 485 
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which require intensive labor to collect data at similar spatial and temporal scales. Pilot testing 486 

the proximity sensor enabled GPS-collars will allow investigation of the utility of this relatively 487 

new tool for community dynamics analysis by providing an increased locational data acquisition 488 

when individuals come within a set distance, or closer, from each other. Additionally, these 489 

sensors record the identities of the interacting individuals and the duration of their 490 

interactions. Using a trigger to temporarily switch GPS fix schedules will enable us to collect 491 

very fine scale data while conserving battery life, achieving project objectives in an efficient 492 

manner. Exploring the efficaciousness of this technology has the potential to positively impact 493 

future research projects requiring use of GPS-collars for data collection. 494 

Aerial tracking will provide regular study animal surveillance useful to investigate cases 495 

of mortality, collar malfunction, or satellite data transmission delays, which can vary seasonally. 496 

In some situations, ground tracking could prove less expensive than aerial tracking. However, 497 

ground telemetry techniques require more than one biologist working in tandem to acquire 498 

accurate location estimates. This often translates to increased labor to collect data, particularly 499 

in large study areas. Aerial tracking will provide a more efficient and cost-effective method for 500 

surveilling study subjects in this large study area, requiring only one biologist and a contracted 501 

pilot. NCWRC personnel will perform aerial tracking along with the NCWRC pilot at a minimum 502 

frequency of every 30 days. 503 

Use of local trappers to assist with sampling efforts provides several benefits. Local 504 

trappers have established, long-term relationships with private land owners, thereby providing 505 

access to private lands that might be otherwise difficult to secure. This will enable project 506 

biologists to obtain a representative sample of sympatric canids in the study area, as well as to 507 

operate more trap lines concurrently. This is particularly important when using a SCR sample 508 

design, as it will have direct implications on the resulting analyses and inferences. 509 

As part of collaboration efforts, the project will contract the services of Krishna Pacifici, 510 

Research Assistant Professor in the Applied Ecology department at NCSU. Krishna’s expertise is 511 

in quantitative ecology; consultation and assistance services provided will allow project 512 

biologists to make appropriate statistically relevant inferences from collected data.  513 
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DNA analysis will be contracted to Lisette Wait’s lab at the University of Idaho. Lisette’s 514 

team at The Laboratory for Ecological, Evolutionary and Conservation Genetics has previous 515 

experience in analyzing red wolf and coyote hybrid molecular samples and has the most 516 

comprehensive DNA methodology for this sympatric canid species continuum in the nation. 517 

This expertise will facilitate expedient species identification on collared study animals besides 518 

landscape level population dynamics analysis. 519 

 520 

 521 

Commission In-kind Total
a.       Personnel 7,200.00$      -$    7,200.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 30,000.00$    -$    30,000.00$    
d.      Equipment 54,000.00$    -$    54,000.00$    
e.       Supplies 61,500.00$    -$    61,500.00$    
f.        Contractual 315,590.00$ -$    315,590.00$ 
g.      Construction -$                -$    -$                
h.      Other 6,000.00$      -$    6,000.00$      
i.        Total Direct Charges (sum of 
a – h) 474,290.00$ -$    474,290.00$ 
j.        Indirect Charges 4,800.00$      -$    4,800.00$      
k.      Totals (sum of i and j) 479,090.00$ -$    479,090.00$ 

Federal (75%) 359,317.50$ 
State (25%) 119,772.50$ 

Commented [BA39]: Really?  This amount for what 
exactly? 
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G.  Geographic Location 522 

Three counties of the Albemarle Peninsula of North Carolina (Dare, Hyde, and Tyrrell counties). 523 

H.  Related Federal Projects 524 

NC-W-F15AF00726 (W-72) NC-Division of Wildlife Management Cooperative Projects 525 

  526 
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I.  Glossary 527 

Abundance: Species abundance is the number of individuals per species, and relative abundance refers 528 
to the evenness of distribution of individuals among species in a community. 529 

Adaptive kernel (AK): A probabilistic home range estimator based on the distribution and density of 530 
locations that has been collected over a period of time. 531 

Adverse reactions: In pharmacology, any unexpected or dangerous reaction to a drug. 532 

Aerial: Existing, happening, or operating in the air. 533 

Annually: Once a year; every year. 534 

Anthropogenic: Caused or influenced by humans. 535 

Apex: Having no natural predators in its ecosystem. 536 

Ataxia: The loss of full control of bodily movements. 537 

Beacon: A radio beacon whose purpose is the investigation of the propagation of radio signals. 538 

Biopsy: The removal for diagnostic study of a piece of tissue from a living body. 539 

Brachial vein: One of a pair of veins accompanying the brachial artery and uniting with each other and 540 
with the basilic vein to form the axillary vein. 541 

 542 

Breeding pair: A pair of animals which cooperate over time to produce offspring with some form of a 543 
bond between the individuals. 544 

Carrying capacity: The maximum population size of the species that the environment can sustain 545 
indefinitely, given the food, habitat, water, and other necessities available in the environment. 546 

Compensatory immigration: Individuals emigrating from areas with lower mortality to those with higher 547 
mortality; filling a deficiency of individuals in a population experiencing higher mortality. The increase in 548 
size or activity of one part of an organism or organ that makes up for the loss or dysfunction of another.  549 

Composition: The combining of distinct parts or elements to form a whole. 550 
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Co-occurrence: Refers to observation of the spatial overlap between two (or more) different individuals 551 
over a period of time. 552 

Coordinates: Any of the scales or magnitudes that serve to define the position of a point. 553 

Core use areas: An area within a home range exhibited by a dense concentration of location points; 554 
commonly estimated at 50% of the location data points. 555 

Covariates: A variable that is possibly predictive of the outcome under study. 556 

Cranial: Pertaining to the cranium or to the anterior (in animals) or superior (in humans) end of the 557 
body. 558 

Cryogenic: Very low temperatures, e.g. -80oC. 559 

Den-obligated: Restricted to a particular condition of life, in this case restricted to a den site. 560 

Density: A measure of the number of organisms that make up a population in a defined area. 561 

Deployment: To organize and send out (people or things) to be used for a particular purpose. 562 

Depredation: The act of preying upon. 563 

Depressed respiration: A decrease in the ability to exhale and inhale; respiration that has a rate below 564 
12 breaths per minute or that fails to provide full ventilation and perfusion of the lungs. 565 

Diagnostic: The process of determining by examination the nature and circumstances of a diseased 566 
condition. 567 

Disorientation: Loss of one's sense of direction, position, or relationship with one's surroundings. 568 

Distribution: The manner in which a biological taxon is spatially arranged. 569 

DNA: (deoxyribonucleic acid) is a type of macromolecule known as a nucleic acid. It is shaped like a 570 
twisted double helix and is composed of long strands of alternating sugars and phosphate groups, along 571 
with nitrogenous bases (adenine, thymine, guanine and cytosine). 572 

Dorsal: Situated on or toward the upper side of the body, equivalent to the back, or posterior, in 573 
humans; situated on or toward the posterior plane in humans or toward the upper plane in quadrupeds. 574 

Duration: A continuous period of time. 575 

Dynamic Brownian bridge movement models: Incorporates temporal and behavioral characteristics of 576 
movement paths into estimation of home range. 577 

Ectoparasite: a parasite that lives on the outside of its host rather than within the hosts body; e.g. fleas 578 
and lice. 579 

Effective trap area: Calculated by buffering each trap site by half the mean maximum distance traveled, 580 
each of these boundaries are dissolved, creating a measurable area. 581 

Efficacious: Producing or capable of producing a desired effect. 582 
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Efficient: Accomplishment of or ability to accomplish a job with a minimum expenditure of time and 583 
effort. 584 

Euthanize: The act of putting to death painlessly or allowing to die, as by withholding extreme medical 585 
measures, a person or animal suffering from an incurable, especially a painful, disease or condition. 586 

Expedient: Suitable for achieving a particular end in a given circumstance. 587 

Evaporative cooling: reduction in temperature resulting from the evaporation of a liquid, which removes 588 
latent heat from the surface from which evaporation takes place. 589 

Facilitate: Make an action or process easy or easier. 590 

Genotyping: Investigate the genetic constitution of (an individual organism). 591 

Gonadal descent: The act or process of descending from a higher to a lower location; testicular descent 592 
occurs during the breeding season annually. 593 

GPS: Global Positioning System, is a radio navigation system that allows land, sea, and airborne users to 594 
determine their exact location, velocity, and time 24 hours a day, in all weather conditions, anywhere in 595 
the world. 596 

Home range: an area over which an animal or group of animals regularly travels in search of food or 597 
mates, and that may overlap with those of neighboring animals or groups of the same species. 598 

Hybridization: The result of mixing, through sexual reproduction, two animals or plants of different 599 
breeds, varieties, species or genera. 600 

Immobilization agent: An active force or substance capable of producing an effect. 601 

Implantation: To put or fix firmly. 602 

Inbreeding depression: The reduced biological fitness in a given population as a result of inbreeding, or 603 
breeding of related individuals. 604 

Inception: The establishment or starting point of an institution or activity. 605 

Interspecific: Existing or occurring between different species. 606 

Iridium: A satellite constellation providing voice and data coverage to satellite phones, pagers and 607 
integrated transceivers over the Earth's entire surface. 608 

Jugular vein: Any of several large veins in the neck, carrying blood from the head and face. 609 

Lacerations: A deep cut or tear in skin or flesh. 610 

Locational: A position or site occupied or available for occupancy or marked by some distinguishing 611 
feature. 612 

Malfunction: Fail to operate in the normal or usual manner 613 

Methodology: A system of methods used in a particular area of study or activity. 614 

Midline: A median line or plane of bilateral symmetry, especially that of the body. 615 
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Minimum convex polygon (MCP): Completely enclose all data points by connecting the outer locations in 616 
such a way as to create a convex polygon. 617 

Molecular samples: Genetic samples that may be used for investigation of genetic constitution of an 618 
individual. 619 

Morphometrics: The process of measuring the external shape and dimensions of landforms, living 620 
organisms, or other objects. 621 

Mortality: The state of being subject to death. 622 

Non-target bycatch: Animals caught by accident that are not the target species being sought. 623 

Parameters: A numerical or other measurable factor forming one of a set that defines a system or sets 624 
the conditions of its operation. 625 

Parentage: The origin of something; the state or relation of a parent. 626 

Passive integrated transponder: A microchip implant is an identifying integrated circuit placed under the 627 
skin of an animal. 628 

Pinna: The external part of the ear in humans and other mammals; the auricle. 629 

Plateaued: A period or state of little or no growth or decline. 630 

Population dynamics: The branch of life sciences that studies the size and age composition of 631 
populations as dynamic systems, and the biological and environmental processes driving them (such as 632 
birth and death rates, and by immigration and emigration). 633 

Population growth: The increase in the number of individuals in a population. 634 

Population size: A group of organisms of the same species that live in the same area. 635 

Population status:  636 

Population trend: Changes over time and can include changes in ranging behavior and distribution, 637 
biogeography and life-history. 638 

Population viability: The process that determines the probability that a population will go extinct within 639 
a given number of years. 640 

Proximity: Nearness in space, time, or relationship. 641 

Quantified: Express or measure the quantity of. 642 

Quantitative: Relating to, measuring, or measured by the quantity of something rather than its quality. 643 

Radio-telemetry: The use of radio waves for transmitting information from a distant instrument to a 644 
device that indicates or records the measurements. 645 

Recumbency: The state of leaning, resting, or reclining. 646 

Reintegrate: Restore (elements regarded as disparate) to unity. 647 
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Remnant: A small remaining quantity of something. 648 

Reproductive status: Relating to or effecting reproduction. 649 

Spatial: Relating to, occupying, or having the character of space. 650 

Spatial capture-recapture: A method commonly used in ecology to estimate an animal population's size. 651 
A portion of the population is captured, marked, and released. Marked animals are either recaptured or 652 
are tracked, each tracking location being considered a recapture. 653 

Species Continuum: An aggregate of species capable of interbreeding, resulting in fertile hybrid offspring 654 
whose genetic composition may represent a varying array of phenotypes and genotypes from the 655 
parental species, at which the extreme ends of the spectrum are distinct. 656 

Standardize: Cause (something) to conform to a standard. 657 

Statistically relevant inferences: the process of deducing properties of an underlying distribution by 658 
analysis of data. Inferential statistical analysis infers properties about a population: this includes testing 659 
hypotheses and deriving estimates. 660 

Stochastic population models: Ecological population modeling is concerned with the changes in 661 
population size and age distribution within a population as a consequence of interactions of organisms 662 
with the physical environment, with individuals of their own species, and with organisms of other 663 
species; stochasticity possesses some inherent randomness. In stochastic population models, the same 664 
set of parameter values and initial conditions will lead to an ensemble of different out puts. 665 

Strangulation: The condition in which circulation of blood to a part of the body is cut off by constriction. 666 

Stratifying: Form or arrange into strata, one of a number of portions or divisions likened to layers or 667 
levels. 668 

Surveillance: Continuous observation of a place, person, group, or ongoing activity in order to gather 669 
information. 670 

Survival: A living or continuing longer than, or beyond the existence of, another person, thing, or event. 671 

Sympatric: Occurring within the same geographical area; overlapping in distribution. 672 

Tachycardia: A heart rate that exceeds the normal resting rate. In general, a resting heart rate over 100 673 
beats per minute is accepted as tachycardia in human adults. 674 

Telemetry: See radio-telemetry. 675 

Temporal: Of or relating to time. 676 

Tooth replacement: The process of development of two successive sets of teeth, initially the deciduous 677 
set and consecutively the permanent set. 678 

Transmitter: A set of equipment used to generate and transmit electromagnetic waves carrying 679 
messages or signals, especially those of radio or television. 680 

Transponder: A device for receiving a radio signal and automatically transmitting a different signal. 681 
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Vaccinate: Treat with a vaccine to produce immunity against a disease; inoculate. 682 

Venipuncture: The puncture of a vein as part of a medical procedure, typically to withdraw a blood 683 
sample or for an intravenous injection. 684 

VHF: Very high frequency is the ITU designation for the range of radio frequency electromagnetic waves 685 
(radio waves) from 30 MHz to 300 MHz, with corresponding wavelengths of ten to one meters. 686 

  687 
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From: Sherrill, Brandon L
To: Martin, Rebekah
Cc: Benjamin, Pete; Madison, Joseph S; Cobb, David T.; Briggs, M. Kyle; Shipley, Andrea J; Boynton, Allen
Subject: RE: [External] Re: Meeting to coordinate canid field work
Date: Friday, October 20, 2017 4:19:33 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Hi Rebekah,
I agree. I believe it would be very useful to have refuge staff present at the meeting. Thank you for
forwarding on the Doodle Poll.
Looking forward to meeting with everyone soon.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Martin, Rebekah [mailto:rebekah_p_martin@fws.gov] 
Sent: Thursday, October 19, 2017 5:19 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Pete Benjamin <pete_benjamin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Cobb,
David T. <david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Shipley, Andrea
J <andrea.shipley@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 
Brandon,



 
Pete and Joe have been coordinating with me on this research proposal given that
some of the work is proposed to take place on refuge. With that, I think it would be
helpful if you have refuge staff representation at this initial discussion. We have to
consider research that will take place on refuge through our research special use
permit process, and being involved in the conversation from the beginning would aid
us in that process. I have forwarded the Doodle poll to some of our key staff and am
hopeful that at least a few of us will be able to make the meeting once it's scheduled.
 
Thank you,
Rebekah
 
 
Rebekah P. Martin
North Carolina Coastal Plain NWR Complex
100 Conservation Way
P.O. Box 1969
Manteo, NC 27954
o: 252.473.1132 x222
c: 252.414.1877
https://www.wingsoverwater.org/
 
---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Thu, Oct 19, 2017 at 12:22 PM
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
To: Rebekah Martin <rebekah_p_martin@fws.gov>

Hi Rebekah,
 
I'm forwarding this dooble poll to you, as it seems to me that someone from Refuges
needs to be in attendance.  We are also trying to schedule an FWS pre-meeting that
might be sometime during the week of October 30. 
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>



Date: Thu, Oct 19, 2017 at 12:17 PM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: "Cobb, David T." <david.cobb@ncwildlife.org>, "Benjamin, Pete" <pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan" <ryan_nordsven@fws.gov>,
"Morse, Michael" <michael_l_morse@fws.gov>, "Shaun Olson (shaun_olson@fws.gov)"
<shaun_olson@fws.gov>, "Briggs, M. Kyle" <kyle.briggs@ncwildlife.org>, "Boynton, Allen"
<allen.boynton@ncwildlife.org>, "Shipley, Andrea J" <andrea.shipley@ncwildlife.org>

Alright….I’ve prepared another poll with some dates that extend further into November to try to find
a suitable time when both Pete and David can attend, but also the majority of field staff:
https://doodle.com/poll/pznxn7iggk8qnhd8.

The earliest date that could work would be Nov. 15th, beyond that I’ve included the week of
Thanksgiving or the week after that.
Let me know if you have any questions.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Cobb, David T. 
Sent: Thursday, October 19, 2017 10:57 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>;
Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work
 



Pete,
 
Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.

David
 
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>;
Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 



Hey guys, 
 
I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph <joseph_madison@fws.gov>;
Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun
Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work



 
Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate everyone’s

schedule, but it looks like Wednesday, November 8th is going to be the best choice (sorry Michael
and Ryan). Please reserve this date on your calendar. I’m going to suggest that we meet at 10:00
at the Pocosin Lakes NWR office in Columbia. I know that some of us are coming from the Raleigh
area, so if you’d prefer a later start time just let me know.
I’ll follow up with any other necessary details between now and then if they arise.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so I’d like
to nail down a date soon. Let me know if you have any questions.
 
Thanks,
Brandon
 



---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work
 
Good afternoon,
I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the upcoming
weeks.
https://doodle.com/poll/f9xy7nd97xzqbxvs
The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please let me
know if you have any questions or concerns. Also, let me know if I have neglected to include
someone on this email that you feel should participate in the meeting.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West



Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

 
 
 











From: Beyer, Arthur
To: Martin, Rebekah; Madison, Joseph S; Benjamin, Pete
Cc: Lanier, Scott; Harrison, Rebecca
Subject: Re: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 23, 2017 7:49:26 AM
Attachments: image004.png
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Importance: High

Thanks for the invite and I've gone ahead and included some dates.  I also sent Joe a few
comments on the proposal.

As I read through that though, I can't help but wonder if we're getting ahead of ourselves, or
specifically if WRC is.  For all that it states, it doesn't seem to be looking for anything
specific, especially that we haven't learned before about red wolves already or that would
promote recovery.  It just reads to me as - let's put some gps collars on some canids, see how
the collars work, and maybe we'll glean some information from the data that might be helpful
in dealing with landowner complaints.  If I'm reading this correctly, the time to do this on red
wolves would have been 10+ years ago, not now on a severely depressed population in which
the numbers for this study are not even available.  All the actions being proposed come with
some risk, and in general, due to the short battery life a large portion of the remaining wolf
population could not be monitored.  This was always are biggest hangup in previous meetings
with WRC regarding gps collars, along with a lack of a purpose behind using them.  

Based on this proposal, it should take place on private lands to help understand landowner
issues, not on the refuge, and it should be done on coyotes alone, an expendable (for lack of a
better word) species that's across the entire state and could give WRC information relevant to
issues across the state.    

So, I guess I'm wondering if we need to meet at all at this time.  Maybe they need to run
through this study on coyotes either locally or elsewhere in the state.  If something of value is
found on coyotes that we don't already know about red wolves that would be valuable, we
could revisit the proposal.  

With that being said, I'd be happy to sit in on this meeting and provide helpful and
constructive comments, and appreciate that opportunity.  

Thanks.

On Thu, Oct 19, 2017 at 4:55 PM, Martin, Rebekah <rebekah_p_martin@fws.gov> wrote:
Let's go ahead and populate the Doodle poll with our availability because we need to have Refuge
representation for this conversation, and I'd like for it to be as strong a representation as possible. 

Thanks,
Rebekah

Rebekah P. Martin
North Carolina Coastal Plain NWR Complex
100 Conservation Way
P.O. Box 1969



Manteo, NC 27954
o: 252.473.1132 x222
c: 252.414.1877
https://www.wingsoverwater.org/

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Thu, Oct 19, 2017 at 12:22 PM
Subject: Fwd: [External] Re: Meeting to coordinate canid field work
To: Rebekah Martin <rebekah_p_martin@fws.gov>

Hi Rebekah,

I'm forwarding this dooble poll to you, as it seems to me that someone from Refuges needs to be in
attendance.  We are also trying to schedule an FWS pre-meeting that might be sometime during the
week of October 30. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Thu, Oct 19, 2017 at 12:17 PM
Subject: RE: [External] Re: Meeting to coordinate canid field work
To: "Cobb, David T." <david.cobb@ncwildlife.org>, "Benjamin, Pete"
<pete_benjamin@fws.gov>
Cc: "Madison, Joseph" <joseph_madison@fws.gov>, "Nordsven, Ryan"
<ryan_nordsven@fws.gov>, "Morse, Michael" <michael_l_morse@fws.gov>, "Shaun
Olson (shaun_olson@fws.gov)" <shaun_olson@fws.gov>, "Briggs, M. Kyle"
<kyle.briggs@ncwildlife.org>, "Boynton, Allen" <allen.boynton@ncwildlife.org>,
"Shipley, Andrea J" <andrea.shipley@ncwildlife.org>

Alright….I’ve prepared another poll with some dates that extend further into November to
try to find a suitable time when both Pete and David can attend, but also the majority of field
staff: https://doodle.com/poll/pznxn7iggk8qnhd8.

The earliest date that could work would be Nov. 15th, beyond that I’ve included the week of
Thanksgiving or the week after that.

Let me know if you have any questions.



 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Cobb, David T. 
Sent: Thursday, October 19, 2017 10:57 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen



<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work

 

Pete,

 

Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.

David

 

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 



 

         

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work

 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments
unless you verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 

Hey guys, 

 

I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606



Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 



From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse,
Michael <michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M.
Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate
everyone’s schedule, but it looks like Wednesday, November 8th is going to be the best
choice (sorry Michael and Ryan). Please reserve this date on your calendar. I’m going to
suggest that we meet at 10:00 at the Pocosin Lakes NWR office in Columbia. I know that
some of us are coming from the Raleigh area, so if you’d prefer a later start time just let
me know.

I’ll follow up with any other necessary details between now and then if they arise.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 



ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M.
Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work

 

Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick,
so I’d like to nail down a date soon. Let me know if you have any questions.

 

Thanks,

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist



 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph'
<joseph_madison@fws.gov>; 'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse,
Michael' <michael_l_morse@fws.gov>; 'Shaun Olson (shaun_olson@fws.gov)'
<shaun_olson@fws.gov>; Cobb, David T. <david.cobb@ncwildlife.org>; Briggs, M.
Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work

 

Good afternoon,

I am trying to find a time that we can all meet to discuss canid field work on the
Albemarle Peninsula. Please follow the Doodle Poll link to indicate when you are
available in the upcoming weeks.

https://doodle.com/poll/f9xy7nd97xzqbxvs

The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please
let me know if you have any questions or concerns. Also, let me know if I have neglected



to include someone on this email that you feel should participate in the meeting.

 

Thanks,
Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 











From: Sherrill, Brandon L
Cc: Sherrill, Brandon L
Subject: RE: [External] Re: Meeting to coordinate canid field work
Date: Monday, October 23, 2017 1:02:25 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Hi all,
Just sending out a friendly reminder to complete the Doodle Poll at your earliest convenience. I want
to make sure we get a date on the calendar that works with everyone’s schedule, and calendars are
filling up fast!
 
Thank you,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 12:17 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Madison, Joseph <joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>;
Morse, Michael <michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov)
<shaun_olson@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work
 
Alright….I’ve prepared another poll with some dates that extend further into November to try to find
a suitable time when both Pete and David can attend, but also the majority of field staff:
https://doodle.com/poll/pznxn7iggk8qnhd8.



The earliest date that could work would be Nov. 15th, beyond that I’ve included the week of
Thanksgiving or the week after that.
Let me know if you have any questions.
 
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Cobb, David T. 
Sent: Thursday, October 19, 2017 10:57 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>;
Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: [External] Re: Meeting to coordinate canid field work
 

Pete,
 
Additionally, I am fine with changing the meeting date, but just to clarify I do
not see Michael or Ryan doing most of the work related to the effort that is
described in the WRC proposal.  Our thoughts is that this will be a
collaboration and that the work we are proposing to investigate sympatric
canids on the AP will dovetail with the work FWS is doing, but that this is an
effort on which we will take the lead.  Perhaps this should be agenda item #1
for our meeting.



David
 
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Thursday, October 19, 2017 10:41 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Madison, Joseph
<joseph_madison@fws.gov>; Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>;
Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>;
Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Meeting to coordinate canid field work
 
CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
verify that the attachment and content are safe. Send all suspicious email as an attachment to
report.spam@nc.gov.

 
Hey guys, 
 
I'm going to need to have at least one or the other of Michael or Ryan there.  They
know the most about these wolves and will be doing most of the work associated
with this effort.  We'll need to find another date.  
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11



Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
On Thu, Oct 19, 2017 at 10:28 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Works for me.
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Sherrill, Brandon L 
Sent: Thursday, October 19, 2017 10:16 AM

To: Benjamin, Pete <pete_benjamin@fws.gov>; Madison, Joseph <joseph_madison@fws.gov>;
Nordsven, Ryan <ryan_nordsven@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>; Shaun
Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Thanks for responding to the Doodle Poll. There isn’t a day that will accommodate everyone’s

schedule, but it looks like Wednesday, November 8th is going to be the best choice (sorry Michael
and Ryan). Please reserve this date on your calendar. I’m going to suggest that we meet at 10:00
at the Pocosin Lakes NWR office in Columbia. I know that some of us are coming from the Raleigh
area, so if you’d prefer a later start time just let me know.
I’ll follow up with any other necessary details between now and then if they arise.
 
Thanks,
Brandon
 



---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Tuesday, October 17, 2017 1:03 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: RE: Meeting to coordinate canid field work
 
Just wanted to send a reminder to fill out the Doodle Poll if you haven’t done so
already(https://doodle.com/poll/f9xy7nd97xzqbxvs). I know that calendar fills up quick, so I’d like
to nail down a date soon. Let me know if you have any questions.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 



         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 

From: Sherrill, Brandon L 
Sent: Thursday, October 12, 2017 3:37 PM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>; 'Madison, Joseph' <joseph_madison@fws.gov>;
'Nordsven, Ryan' <ryan_nordsven@fws.gov>; 'Morse, Michael' <michael_l_morse@fws.gov>;
'Shaun Olson (shaun_olson@fws.gov)' <shaun_olson@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: Meeting to coordinate canid field work
 
Good afternoon,
I am trying to find a time that we can all meet to discuss canid field work on the Albemarle
Peninsula. Please follow the Doodle Poll link to indicate when you are available in the upcoming
weeks.
https://doodle.com/poll/f9xy7nd97xzqbxvs
The plan will be to have the meeting at the Pocosin Lakes NWR in Columbia, NC. Please let me
know if you have any questions or concerns. Also, let me know if I have neglected to include
someone on this email that you feel should participate in the meeting.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 



 











From: Boynton, Allen
To: Benjamin, Pete
Cc: Cobb, David T.; Shipley, Andrea J; Sherrill, Brandon L; Pipkin, Kathryn A.
Subject: Sympatric Canid Project Statement and Section 7 BE
Date: Thursday, November 9, 2017 9:00:29 AM
Importance: High

Good morning Pete,
 
Attached are the project statement and Section 7 biological evaluation for the sympatric canid study
that we are proposing. I have modified the BE per our conversation yesterday. I am looking forward
to our meeting in November to discuss this proposal in detail.
 
Allen Boynton
Wildlife Diversity Program Coordinator
 
NC Wildlife Resources Commission
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699-1700
Office: 919-707-0069
 
ncwildlife.org
 

 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Boynton, Allen
To: Benjamin, Pete
Cc: Cobb, David T.; Shipley, Andrea J; Sherrill, Brandon L; Pipkin, Kathryn A.
Subject: RE: Sympatric Canid Project Statement and Section 7 BE
Date: Thursday, November 9, 2017 9:20:55 AM
Attachments: Section 7 BE for Sympatric Canid Proposal Final Draft - 2017-11-07.docx

Sympatric Canid Project Statement - Final Draft 2017-11-07.docx
Importance: High

Too many interruptions . . .
 

From: Boynton, Allen 
Sent: Thursday, November 09, 2017 8:59 AM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>
Cc: Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>;
Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Pipkin, Kathryn A.
<kathryn.pipkin@ncwildlife.org>
Subject: Sympatric Canid Project Statement and Section 7 BE
 
Good morning Pete,
 
Attached are the project statement and Section 7 biological evaluation for the sympatric canid study
that we are proposing. I have modified the BE per our conversation yesterday. I am looking forward
to our meeting in November to discuss this proposal in detail.
 
Allen Boynton
Wildlife Diversity Program Coordinator
 
NC Wildlife Resources Commission
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699-1700
Office: 919-707-0069
 
ncwildlife.org
 

 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



Region 4 
INTRA-SERVICE SECTION 7 BIOLOGICAL EVALUATION FORM 

[Note:  This form provides the outline of information needed for intra-Service consultation.  If additional space is needed, 
attach additional sheets, or set up this form to accommodate your responses.] 
 
Originating Person: Allen Boynton  

Telephone Number: 919-707-0069 E-Mail:          allen.boynton@ncwildlife.org 

Date: November 9, 2017  
 
PROJECT NAME (Grant Title/Number): NC – Division of Wildlife Management Cooperative Projects / (W-79) 
 
 
I. Service Program: 

 
  Ecological Services 
 X Federal Aid 

  Clean Vessel Act 
  Coastal Wetlands 
   Endangered Species Section 6 
  Partners for Fish and Wildlife 
  Sport Fish Restoration 
  X Wildlife Restoration 

  Fisheries 
  Refuges/Wildlife 

 
 
II. State/Agency: 
 

NORTH CAROLINA / NORTH CAROLINA WILDLIFE RESOURCES COMMISSION 
 
 
III. Station Name: 
 

FWS RALEIGH FIELD OFFICE, ASHEVILLE FIELD OFFICE 
 
 
IV. Description of Proposed Action (attach additional pages as needed): 
 

Conduct research project entitled “Pilot Study – Using Fine Scale GPS Technology to 
Research Sympatric Canid Population Dynamics” 
 
This is a 2+-year pilot research project on the efficacy of fine-scale GPS data collection 
and use of proximity sensors within the AP of North Carolina to improve North Carolina 
Wildlife Resource Commission’s management of this species. 



 
Objective 1: Use GPS collar and proximity sensor technology to test performance under 
various conditions and evaluate the frequency and accuracy of the scheduled fix rates..  
These data will be used to determine the efficacy of GPS and proximity sensor 
technology for collecting fine scale locational data throughout the study area. 
 
Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 
spatial dynamics of sympatric canids: home range and core area sizes, amount of 
overlap in home range and core areas, movement pathways and daily activity patterns, 
and cover type selection and preference. These data will be used to determine 1) the 
distribution of sympatric canids within the AP, and 2) determine habitat preferences to 
guide in habitat management and conflict management. 
 
Objective 3: Use fine scale GPS data collection for investigating the number and age 
structure of offspring for family groups of collared sympatric canids. These data will be 
used to determine fecundity of sympatric canids. 
 
Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 
sympatric canids. These data will be used to assess sympatric canid survival. 
 
Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 
conflicts with landowners. These data will be used to develop strategies for improved 
conflict management. 
 
Objective 6: Determine genetic profiles of sympatric canids through DNA identification 
of all captured individuals, determine parentage of individuals, and assess the level of 
hybridization in each individual. These data will determine the status of the sympatric 
canid species on the AP. Understanding gene flow between populations and potential 
hybridization between sympatric canids will be important in determining management 
objectives for coyotes. 
 
 

  



V. Pertinent Species and Habitat: 
 

A. Include species/habitat: This project 
 

B. Complete the following table: 
 

SPECIES/CRITICAL HABITAT STATUS1 
Red Wolf (Canis rufus) T (on federal properties in study area) 
Red Wolf (Canis rufus) PT (on non- federal properties in study area) 

1 STATUS:  E = endangered, T = threatened, PE = proposed endangered, PT =proposed threatened, CH = critical habitat,  
PC = proposed critical habitat, C = candidate species 

 
 
VI. Location: 
 

A. Statewide  
Only on three counties in the Albemarle Peninsula of NC  
 

B. Section, township, and range (or latitude and longitude): 
 

Dare, Hyde, and Tyrrell Counties 
 

C. Distance (miles) and direction to nearest town: 
 

As stated above 
 

D. Species/habitat occurrence: 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 
experimental population of captive-bred red wolves (Canis rufus) on the Alligator 
River National Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population 
increased until 2008 and peaked at around 130 individuals (Group Solutions, Inc. 
2016), short of the recovery goal of 220 in the wild (USFWS Red Wolf Recovery 
Program 2013). The AP has an estimated carrying capacity of 140-150 wolves 
(Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery Program 2007). The 
exact number of red wolves is not known, but USFWS staff report a population 
estimate of 45-60 individuals with eight mortalities to date in 2016 
(https://www.fws.gov/redwolf/index.html August 2016). Though a rural area, 
human land uses occupy a significant portion of space on the AP. The AP is 
comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 
and 20% “other” land cover types on federal, state and private lands (Dellinger 
2011). Dellinger et al. (2013) found that red wolves preferentially select for 
agricultural fields and early successional fields versus other land cover types they 
have been previously found to utilize when human density is low, e.g. pocosin, 



wetlands, pine plantations, and lowland forests. However, this relationship inversed 
as human density increased (Dellinger et al. 2013). 

 
 
VII. Determination of Effects: 
 

A. Explanation of effects of the action on species and critical habitats in item V. B. 
(attach additional pages as needed): 

 
SPECIES/CRITICAL HABITAT IMPACTS TO SPECIES/CRITICAL HABITAT 

Red Wolf Trap induced injury is possible, e.g. foot trauma, 
thermal regulation issues, potential predation, and 
capture myopathy. 

 
 

B. Explanation of actions to be implemented to reduce adverse effects: 
 

SPECIES/CRITICAL HABITAT ACTIONS TO MITIGATE/MINIMIZE IMPACTS 
Red Wolf Use of appropriate trap types, daily trap checks, 

treatment of minor injuries, trapping season timing 
limitations and protocols for trapping which delineate 
when environmental conditions become inappropriate 
for continued trap operation, to minimize the 
potential for injury/stress to canids and/or target 
species. USFWS employees may be involved in 
trapping efforts to lend expertise and veterinary 
services are available in Manteo, NC for treatment of 
any injuries or other urgent medical conditions. 

 
 
  



VIII. Effect Determination and Response Requested: 
 

SPECIES/ DETERMINATION1 RESPONSE1 
CRITICAL HABITAT NE NA AA REQUESTED 

Red Wolf   X  Concurrence 
1 DETERMINATION/RESPONSE REQUESTED: 

 
NE = No Effect.  This determination is appropriate when the proposed action will not directly, indirectly, or 
cumulatively impact, either positively or negatively, any listed, proposed, candidate species or 
designated/proposed critical habitat.  Response Requested is optional but a “Concurrence” is recommended for a 
complete Administrative Record. 
 
NA = Not Likely To Adversely Affect.  The determination is appropriate when the proposed action is not likely to 
adversely impact any listed, proposed, candidate species or designated/proposed critical habitat or there may be 
beneficial effects to these resources.  Response Requested is a “Concurrence”. 
 
AA = Likely To Adversely Affect.  This determination is appropriate when the proposed action is likely to adversely 
impact any listed, proposed, candidate species or designated/proposed critical habitat.  Response Requested for 
listed species is “Formal Consultation”.  Response Requested for proposed or candidate species is “Conference”. 

 
 
 
 
 
    

Signature (originating station) Date 
 
  

Title 
 
 
  



IX. Reviewing Ecological Services Office Evaluation: 
 

A. Concurrence     Non-Concurrence    
 
B. Formal consultation required    
 
C. Conference required    
 
D. Formal conference required    
 
E. Remarks (attach additional pages as needed): 

 
 
 
    

Signature Date 
 
 
    

Title Office 



Project Statement 

Page 1 of 19 
 

Name: 

Pilot Study – Using Fine Scale GPS Technology to Research Sympatric Canid Population Dynamics 

 

Cost: 

Total Estimated WSFR Federal Cost $342,023 
Total Estimated WSFR Non-Federal Match $114,008 
Total Estimated Other Cost $0 

 

Grant Funding: 

Wildlife Management 

 

Need Statement: 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North Carolina (NC), and is 
managed as nongame with no closed season or bag limit (NC Wildlife Resources Commission 2016). 
Previously restricted to the West and Midwest regions of the United States, by the early 1990s coyotes 
had expanded their range into the Albemarle Peninsula (AP), which is situated in the northeast coastal 
plain region of NC (Hinton et al. 2012, Murray et al. 2014). In recent years as coyotes have increased 
their population, some have begun to make use of the Outer Banks region.  

The United States Fish and Wildlife Service (USFWS) released a non-essential, experimental population 
of captive-bred red wolves (Canis rufus) on the Alligator River National Wildlife Refuge (ARNWR) in 1987 
(Hinton et al. 2013). This population increased until 2008 and peaked at around 130 individuals (Group 
Solutions, Inc. 2016), short of the recovery goal of 220 in the wild (USFWS Red Wolf Recovery Program 
2013). The AP has an estimated carrying capacity of 140-150 red wolves (Hinton et al. 2013, Kelly et al. 
1999, USFWS Red Wolf Recovery Program 2007). The exact number of red wolves is not known, but 
USFWS staff report a population estimate of 45-60 individuals with eight mortalities to date in 2016 
(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and inbreeding 
depression are suspected factors that have affected red wolf population growth and viability since the 
inception of the Red Wolf Recovery Program (RWRP), while vehicular and gunshot mortality are known 
factors (Hinton et al. 2013). Because of hybridization between red wolves and coyotes, the AP supports 
a continuum of sympatric canids, hereafter referred to as “sympatric canids.” 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 2015 and 
discontinued the coyote sterilization program, potentially affecting the spatial distribution and 
population dynamics of sympatric canids. Telemetry data from coyotes on the AP suggests that about 
70% of coyotes are residents (i.e., those that defend set territories) while the other 30% are transients, 
with most being dispersing juveniles (Hinton et al. 2015). Transient coyotes do not defend set territories. 
Coyotes can travel long distances and become transient even as adults, especially when they lose their 
mate. Recently described as using “compensatory immigration,” coyotes opportunistically fill spatial 
resource gaps by periodic transiency; when spots come open, individuals that do not yet have 
permanent territories and have been roaming in the area, are able to inhabit the new openings (Hinton 
2016). These periods of transiency can sometimes bring coyotes into conflict with other canids and 
humans, especially when they are utilizing anthropogenic resources.  



Project Statement 
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Though a rural area, human land uses occupy a significant portion of space on the AP. The AP is 
comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, and 20% “other” 
land cover types on federal, state and private lands (Dellinger 2011). Concerns about fear of attacks on 
humans and domestic pets, the effects of sympatric canids on white-tailed deer and other game 
populations, and homeowner property damage comprise many of the conflict calls regarding sympatric 
canids on the AP (Responsive Management, forthcoming data). Wildlife managers in this region 
frequently receive requests for information on canid management (C. Turner, personal communication, 
2016).  

The changes in state and federal canid management rules have resulted in confusion regarding 
residents’ rights and options for management of property damage by sympatric canids. As a result, some 
citizens are unsure of the legal and most effective methods for canid conflict management. Adding to 
management complexity is the need to manage canids for conservation purposes, such as reducing 
predation on at-risk ground nesting species or reducing hybridization of sympatric canids.  

In 2013, NCWRC and USFWS established a committee to oversee the collaborative management and 
conservation of sympatric canids on the AP. A USFWS and NCWRC joint memorandum documented 
detailed action items for the joint management of sympatric canids on the AP, including specific 
research objectives which this proposal seeks to address (Attachment 1). As sympatric canids on the AP 
increase in number, monitoring their movements, particularly in relation to individuals of differing 
ancestry, could provide important data to NCWRC and USFWS staff for science-based local and 
landscape-level decisions about sympatric canid populations and conflict management. Collection of 
finer temporal scale location data would help to manage interactions of sympatric canids with humans, 
as well as to support development of dynamic stochastic population models. 

 

Purpose: 

The purpose of this grant is to conduct a 2-year pilot research project on the efficacy of fine-scale GPS 
data collection and use of proximity sensors on sympatric canids within the AP of North Carolina. Results 
from this project will help guide NCWRC coyote management and address issues related to red wolf 
recovery efforts. 

 

Objectives: 

1. Use GPS collar and proximity sensor technology to test performance under various conditions and 
evaluate the frequency and accuracy of the scheduled fix rates. 

2. Use fine scale GPS data collection for investigating annual and seasonal spatial dynamics of 
sympatric canids: home range and core area sizes, amount of overlap in home range and core areas, 
movement pathways and daily activity patterns, and cover type selection and preference. 

3. Use fine scale GPS data collection for investigating the number and age structure of offspring for 
family groups of collared sympatric canids. 

4. Use fine scale GPS data collection for investigating sources of mortality for sympatric canids. 

5. Use fine scale GPS data collection for preventing and mitigating canid conflicts with landowners. 

6. Determine genetic profiles of sympatric canids through DNA identification of all captured 
individuals, parentage, and presence of hybridization. 
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Expected Results and Benefits  

As part of a pilot study, we will monitor the status of collared individuals by using a finer scale 
assessment of space and habitat use than previous studies. Earlier research focused on many of the 
same objectives we suggest investigating here, but during a time of intense, active management. 
Specific management techniques are no longer being carried out and dynamics between sympatric 
canids are expected to have changed substantially. The uncertainty regarding current dynamics presents 
a need for additional research to inform actions for the management of sympatric canids. Information 
gained from research may impact management rules and landowner’s abilities to manage canids in 
some areas. Additionally, GPS technology has improved since earlier research was conducted allowing 
for more temporally detailed data collection and more nuanced analyses. Understanding how sympatric 
canids collectively use resources in areas of human-dominated landscapes will allow wildlife managers 
to tailor management options to local conditions. 

In conjunction with prior research, data collected will contribute to knowledge on sympatric canid 
population dynamics on the AP. Estimating population size will allow managers to monitor population 
trends of sympatric canids and to examine the long and short-term impacts of different management 
strategies on their populations. While it is unknown whether sample size will allow for population 
estimation, obtaining population estimates for coyotes would provide wildlife managers with baseline 
data, when paired with annual mortality estimates, for monitoring changes in population abundance 
over time. Information on changes in abundance, reproductive dynamics, and habitat use, could impact 
management strategies to influence long-term conservation outcomes. Results of this pilot study will 
allow managers to determine if future work will be necessary, what amount of effort will be required to 
achieve each objective, and whether or not population estimates will be an attainable goal. 

At the end of this two-year pilot study, we will deliver a summary detailing the use of the GPS and 
sensor technology for spatial and population dynamics research on sympatric canids on the AP. 

 

Approach 

Distribution and Habitat Selection 

Telemetry Surveys 

Movement in relation to habitat, habitat selection, home range size, and denning ecology will be 
determined via radio-collared sympatric canids. Trapping efforts will follow a spatial capture-recapture 
(SCR) framework with a systematic targeted sampling design, focusing on areas that contain resources 
previously found to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) 
(Harris et al. 2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. While it is 
important to sample a wide range of habitats, the most important requirement for SCR is the number of 
collared individuals; this requirement provides flexibility in the other requirements for field sampling as 
needed (K. Pacifici, personal communication, 2016). Ideally, all federal and state lands would be 
accessible for trap and release (hereafter referred to as “capture”) of sympatric canids, but it is most 
important to be able to trap and release on Alligator River NWR and the Dare County Bombing Range as 
those encompass the newly proposed RWRP recovery area and comprise the majority of land area for 
Dare county. Capture on federal lands may require USFWS take permits and proposed activities may be 
subject to a compatibility assessment (P. Benjamin, personal communication, 2016). Capture will take 
place during the breeding season when the likelihood of capturing females in the later stages of 
gestation or whelping females is low. Capture efforts will be conducted from soon after 1 December 
2017 – February 2018 and December 2018 – February 2019. Target canids will be captured by using 
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Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, 
Schemnitz 1994), the EZ Grip #7 (Livestock Protection Company, P.O. Box 725, Alpine, Texas 79831, 
Frame and Meier 2007), or equivalent. Various lures and baits will be used to increase trapping 
efficiency (Frederick et al. 1989, Shipley 2012). Traps will be checked once daily at dawn, to reduce 
potential stress to trapped individuals and will not be operated on days where the temperature is 
expected to reach or exceed 80o F (R. Nordsven, personal communication, 2016) or during times of 
predicted inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). Trapping effort will be 
quantified (trap nights), the effective sample area will be estimated, the encounter (detection) 
probability will be estimated using a Gaussian detection model (Amundson et al. 2014), and an estimate 
of density for coyotes will be calculated using a modified Huggins closed-capture estimator in program 
MARK, if sample size allows (Harris et al. 2013, Ivan et al. 2013). 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines (Sikes et al. 2011) 
and will be performed at the capture site. Chemical immobilization agents may be used depending on 
the number of field staff during processing (i.e., three or more staff required during non-chemical 
immobilizations, Craft 2007, M. Morse, personal communication, 2016). Overheating occurs at 
approximately 104-105°F for canids (AZA Canid TAG 2012) and the animal handling crew will monitor 
temperature at 5-minute intervals; if a temperature reading reaches 104°F, corrective actions will be 
taken and temperature will be monitored at 1-minute intervals. Non-target animals will be released on 
site. During canid handling, NCWRC personnel will record age class, sex, weight, total body length, head 
width, ear length, and tail length, visually assess ectoparasite load, look for and disinfect with betadine 
or iodine as needed any minor trap caused injuries, and affix GPS collars (Knick 1990, Sikes et al. 2011). 
All captured canids will be fitted with appropriately-sized GPS collars in the field based on 
morphometrics previously indicated as reliable thresholds for species categorization: hind foot length, 
weight, width of head, and tail length (Hinton 2014); analysis of DNA samples collected during trapping 
efforts will help to assign captured canids to position along the species continuum post release. Age of 
individuals will be estimated based on physical characteristics, including weight and tooth replacement 
(Knick 1990, Hinton 2014, Gier 1968), and captured canids will be aged into one of three classes: > 2 
years old as adults, < 2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 
2014). Reproductive status will be determined based on estimated age class and presence of gonadal 
descent during the breeding season for males and the presence of nipple swelling or previous suckling 
for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). Captured individuals will be ear 
marked using a button tag (model 410, Ketchum Mfg. Co. [or equivalent], PO Box 10, 11 Town Shed 
Road, Lake Luzerne, NY 12846) placed along the middle of the ear where they are most protected from 
loss, with a pin-type applicator (485sa Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). 
A skin biopsy will be taken from all captured target canids by puncturing the pinna of the ear with a 
biopsy punch in the same location where the ear tag will be placed (Palamar 2014). All samples will be 
sent to the Laboratory for Ecological, Evolutionary and Conservation Genetics, at University of Idaho 
(875 Perimeter Drive, MS 1136, Moscow, ID 83844) for genotyping to determine species as well as 
individual identification, hybridization presence, and parentage analysis following previously developed 
protocols (Adams et al. 2007, Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that 
examine the coyote-hybrid-wolf species continuum will be performed, as determined by the contracted 
lab. 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study area, 10 of which 
will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-Scheele-Str. 12, 12489 Berlin, 
Germany). Project staff will pilot test proximity sensor technology for utility in analysis of spatial and 
temporal community dynamics. Proximity sensors trigger increased GPS location acquisition during 
those time intervals when two collared individuals come within a set distance from each other 
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(http://www.vectronic-aerospace.com/wildlife-monitoring/sensors/uhf-id-tags, accessed August 2016). 
Radio-collar units will be programmed to record GPS coordinates once every 1.75 hours producing 
approximately 13 locations per day while cycling through the 24-hour time cycle. These settings will 
allow for a GPS battery life of 300 to 552 days, averaging 431 days. GPS locations will be sent via satellite 
once per day and each transmission with contain 12 locations. The use of an integrated drop off firing 
mechanism should allow the collars to drop off within a maximum of approximately 548 days after 
deployment.  

Project staff will attempt to locate den sites for sympatric canids to get pup counts, morphometric 
measurements, age estimates, and skin biopsies. Project staff will also attempt to monitor pup survival 
during the pup rearing season by using remote cameras placed around the den site (Harrison and Gilbert 
1985, Parks 1979, Way et al. 2001). Pups will be weighed, measured, and PIT tagged during May and 
June of each year when they become active but are still den-obligated (Gier 1968). We will investigate 
the use of remote camera traps for monitoring den behavior with a two-camera array around the den 
(H. Garbe, personal communication, 2016, Kays and Slauson 2008). This method has been successfully 
used to monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 
sensitive to den site disturbance, there is a general lack of data in the literature regarding this approach 
for monitoring pup survival. Cameras will be checked six days after deployment and will be redeployed 
(i.e. new batteries and memory card, if required); cameras will remain at each den site until radio-collar 
data indicates the den site has been moved (Kluever et al. 2013). Cameras will not be redeployed to a 
new coyote den site during a season if that breeding pair has already moved the den once due to the 
disturbance of camera presence/deployment. 

Observation of sympatric canid habitat use and movements will occur through GPS data obtained with 
combination GPS/VHF radio-collars. Canids will be minimally monitored for mortality approximately 
every 30 days by using VHF aerial telemetry techniques (Whitehouse and Steven 1977) as there may be 
a delay in satellite transmission of GPS location data due to weather, season, and animal behavior. Both 
minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and core use areas (50% 
and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated from GPS data by using 
BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial Modelling Environment (Spatial 
Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems Research Institute, 2016) (Benson et al. 
2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for comparison to older studies. Spatial distribution in 
relation to habitat will also be estimated by dynamic Brownian bridge movement models as described 
by Hinton (2014) with R statistical software (R Core Team 2016) using the moveud package with habitat 
covariates important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 
Proctor, personal communication, 2016). Additionally, recent research into how canids shift their ranges 
will also be investigated for populations on the AP (Morin and Kelly, in review). Spatial overlap and co-
occurrence will be assessed using methods described by Shipley (2012). Habitat and cover types will be 
estimated from digitized maps created by the SEGAP (Hinton 2014) or ortho files, as available (Shipley 
2012). Percent composition of habitat and cover types within home ranges and core areas as well as 
edge density will be quantified (Shipley 2012). Habitat selection and cover type use effects on spatial 
distribution will be estimated at both the population (2nd order) and individual (3rd order) spatial scales 
using resource selection functions (Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of 
seasonality and time of day activity will also be explored. The spatial and temporal patterns of space use 
by sympatric canids will be studied using data generated from the interaction GPS collar sensors, 
particularly distance between individuals and duration of proximity. 
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GPS and Proximity Sensor Performance Testing 

Stationary performance testing of GPS and proximity sensor technology will be conducted throughout 
the study area over the course of the first year of the project. Stationary data will provide a baseline for 
performance comparison to data collected from collared individuals. Field and analysis methods will 
follow those outlined in Ironside et al. (2017).  

 

TRACS Need/Threat and Objective ID: 

Need/Threat Type and Level Need/Threat Description 

Data Collection and Analysis (3) Need to 
answer research question 

NCWRC needs to initiate or conduct research that will 
improve management of selected mammal species or 
their habitats or will provide answers needed for 
sound regulatory recommendations. 

 

Objective ID Objective Name Objective Statement 

1 Species Research NCWRC staff will conduct research to improve 
knowledge of the distribution, abundance, and 
genetic characteristics of Appalachian cottontail. 

Value Indicator Deadline 

1 Projects June 30, 2020 

 

Useful Life 

No capital improvements over $10,000 will result from this project. 

 

Geographic Location 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square kilometers within 
Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife Management Institute 2014). However, 
the USFWS has proposed the RWRA be constricted to the ARNWR and the Dare County Bombing Range 
in Dare county by the end of 2017. Due to these proposed RWRA changes, this study proposes to 
capture and radio-collar 25 sympatric canids within Dare, Hyde, and Tyrrell counties; those counties 
being within and directly adjacent to the proposed new RWRA (Figure 1). 
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Principal Investigator(s), for Research Projects 

The federal aid coordinator, NCWRC field staff contact and principal investigators are listed below: 

Kathryn Pipkin (NCWRC Federal Aid Program Manager) 919-707-0065 
Brandon Sherrill (NCWRC Mammalogist) 919-707-0338 
Andrea Shipley (NCWRC Canid Biologist/field contact) 252-926-0266 
Dr. Krishna Pacifici (North Carolina State University) 919-515-8435 
 

Program Income 

None. 

 

General (Budget Narrative): 

The total estimated cost for the Pilot Study – Using Fine Scale GPS Technology to Research Sympatric 
Canid Population Dynamics project is $456,031. The federal share for the estimated cost is $342,023 in 
Wildlife Management funds and the state share is $114,008. 

 

 
Justification: 

(1) Personnel: Budget estimate comprised of staff (3) in the following classifications: 
(2) Research wildlife biologist specializing in live-trapping and telemetry; 
(1) Field technicians.  

(2) Fringe Benefits: Fringe benefits are included in indirect. 

(3) Travel: Travel funding will assist with staff travel to and lodging near field research sites 
as well as travel to out of state meetings to disseminate research results.  

Commission In-kind Total
a.       Personnel 9,360.00$      -$    9,360.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 22,590.00$    -$    22,590.00$    
d.      Equipment 53,655.00$    -$    53,655.00$    
e.       Supplies 33,451.00$    -$    33,451.00$    
f.        Contractual 329,031.00$ -$    329,031.00$ 
g.      Construction -$                -$    -$                
h.      Other 1,500.00$      -$    1,500.00$      
i.        Total Direct Charges (sum of 
a – h) 449,587.00$ -$    449,587.00$ 
j.        Indirect Charges 6,444.00$      -$    6,444.00$      
k.      Totals (sum of i and j) 456,031.00$ -$    456,031.00$ 

Federal (75%) 342,023$       
State (25%) 114,008$       
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(4) Equipment: 10 Vectronic Vertex Plus GPS radio-collars with proximity sensors; $5366 each. 
$53,660. Estimated life approximately 1 year or slightly more. 

(5) Supplies: Two Wildlife Materials, Inc. Mini 2 Antennas; $99.50 each. Useful life = 5 years 
Three GPS units; $250 each. Useful life = 5 years. 
 
This budget estimate includes canid handling supplies (mechanical restraint 
equipment, scales, radio-collar application tools, ear tags, measurement tools), 
disposable field supplies (permanent markers, collection tubes, coolers, etc.), 
den monitoring supplies (camera traps, camera security covers, etc.), collar 
refurbishment supplies, and duty station lab supplies. 

(6) Contractual: Canid Biologist salary; $46,848 each year. $117,120.  
Field Technician 1 salary; $36,000 each year. $72,000.  
Field Technician 2 salary; $10,400 each year. $20,800.  
Data analysis consultation; $26,954 each year. $53,908.  
DNA processing and analysis; $7,500 each year. $15,000.  
Aerial tracking (pilot); $8,820 each year. $17,640.  
Necropsy services; $3,300 each year. $6,600.  
GPS collar data handling; $4,469 each year. $11,173.  
GPS collar repair services; $6,330 each year. $12,660.  
Office phone and internet services; $852 each year. $2,130. 

(7) Construction: None. 

(8) Other: Publication costs are expected to be $1,500. 

(9) Indirect Costs: $6,444. 

 

In-Kind Match: None. 

Pre-Award Costs: Reimbursement of pre-award costs incurred on or after November 1, 2017 is 
requested for this grant amendment. 

Indirect Cost Statement: We are a U.S. state government entity receiving more than $35 million in direct 
Federal funding each year with an indirect cost rate of 68.85%. We submit our indirect cost rate 
proposals to our cognizant agency. A copy of our most recently approved rate agreement/certification is 
on file in the WSFR Region 4 Office. 

Single Audit Reporting Statement: The state of North Carolina was required to submit a Single Audit 
report for its most recently closed fiscal year and that report is available on the Federal Audit 
Clearinghouse Single Audit Database website. The report is filed under the state of North Carolina’s EIN 
(77-0674256). 

Conflict of Interest Statement: NCWRC, at the time of this application, is not aware of any actual or 
potential conflicts of interest that may arise during the life of this award which may affect the NCWRC, 
its employees, or its sub-recipients. Should an actual or potential conflict of interest arise during the 
period of performance, then NCWRC will notify the WSFR Regional Office.  
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Multipurpose Projects 

None. 

 

Relationship with Other Grants 

This project would amend NCWRC WSFR grant W-79. 

 

Timeline 

Period of performance is December 2017 through June 2020.  

 
  

2017
Spring Summer Fall Spring Summer Fall Spring Summer

Live Trapping 
Surveys
Telemetry 
Surveys
Stationary 
Performance 
Testing

Den Surveys
Genetic 
Analyses

Spatial Analyses

Performance 
Analyses
Final Report 
and Manuscript 
Production

Winter
2018

Winter
2019

Winter
2020
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General: 

The approaches set forth in this project are substantial in character and design and eligible for funding 
under 50 CFR 80.50 (a) Wildlife Management program (2) “Conduct research on the problems of 
managing wildlife and its habitat if necessary to administer wildlife resources efficiently.” 

Section 7 of the Endangered Species Act Compliance 

Implementation of this project will not adversely affect any federally listed threatened, endangered, 
candidate, or proposed species, nor will it cause adverse modification to designated critical habitat. This 
project is for conducting research on North Carolina’s bat populations. All “on-the-ground” work 
(acoustic sampling activities) does not require capture of bats and will not involve any listed species or 
designated critical habitat.  

Should any federally listed, candidate, or proposed species be encountered, the Department or any of 
its contractors shall immediately cease all activities and notify the appropriate NC Ecological Services 
(ES) Field Office. Any activities shall not resume until notified to do so by the ES Field Office. See the 
attached “Intra-Service Section 7 Biological Evaluation Form” for additional information. 

NEPA Compliance 

This project complies with the United States Fish and Wildlife Service’s (Department of the Interior) 
categorical exclusions under NEPA. Specifically, this project falls under categorical exclusion B (1) in 516 
DM 8, “Research, inventory, and information collection activities directly related to the conservation of 
fish and wildlife resources which involve negligible animal mortality or habitat destruction, no 
introduction of contaminants, or no introduction of organisms not indigenous to the affected 
ecosystem.”  Additionally, this project will not have an impact upon any of the twelve Extraordinary 
Circumstances under NEPA. See the attached NEPA Compliance documentation for additional 
information. 

National Historic Preservation Act Compliance 

This project is for conducting research on North Carolina’s Appalachian cottontail populations. No 
ground disturbance will occur because of this project. It is unlikely that undertakings completed under 
this grant will have an impact on cultural or historic resources. 
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Figure 1. Map of proposed study areas. 
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Attachment 1. USFWS and NCWRC joint memorandum 
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From: Benjamin, Pete
To: Boynton, Allen
Cc: Cobb, David T.; Shipley, Andrea J; Sherrill, Brandon L; Pipkin, Kathryn A.
Subject: Re: Sympatric Canid Project Statement and Section 7 BE
Date: Thursday, November 9, 2017 12:59:55 PM

Thanks Allen,  I've posed the question to our permit guru in the RO, and am awaiting a response.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Nov 9, 2017 at 9:20 AM, Boynton, Allen <allen.boynton@ncwildlife.org> wrote:

Too many interruptions . . .

 

From: Boynton, Allen 
Sent: Thursday, November 09, 2017 8:59 AM
To: 'Benjamin, Pete' <pete_benjamin@fws.gov>
Cc: Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>;
Pipkin, Kathryn A. <kathryn.pipkin@ncwildlife.org>
Subject: Sympatric Canid Project Statement and Section 7 BE

 

Good morning Pete,

 

Attached are the project statement and Section 7 biological evaluation for the sympatric
canid study that we are proposing. I have modified the BE per our conversation yesterday. I
am looking forward to our meeting in November to discuss this proposal in detail.

 

Allen Boynton

Wildlife Diversity Program Coordinator

 



NC Wildlife Resources Commission

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699-1700

Office: 919-707-0069

 

ncwildlife.org

 

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Weller, Emily
To: Benjamin, Pete; Eversen, Michelle
Subject: Fwd: FW: canid study
Date: Thursday, November 9, 2017 1:05:41 PM
Attachments: image001.png

NCZ Research Form.docx
Importance: High

Need guidance.

There are requests for red wolf samples for research involving the mutation of a gene (see attachment);
however it will also provide evolutionary information via secondary genetic analysis. It seems that our
cooperative agreement (which I'm not sure is technically still in effective) states that genetic work has to
be approved by us. So...

Pete, how have research requests been handled in the past? Is there a protocol for approval?  How should
I proceed?

Thanks,
Em
---------- Forwarded message ----------
From: William Waddell <William.Waddell@pdza.org>
Date: Tue, Nov 7, 2017 at 10:04 PM
Subject: FW: canid study
To: Emily Weller <emily_weller@fws.gov>
Cc: Sherry Samuels <Sherry.Samuels@lifeandscience.org>

Hi Emily,

 

Sherry Samuels at the NC Museum in Durham had a similar request from NCSU for samples.
I don’t recall getting a reply back and wanted to let Sherry know how to proceed.

 

Thanks,

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407



 

 

From: William Waddell 
Sent: Wednesday, April 19, 2017 1:43 PM
To: Pete Benjamin; Emily Weller
Cc: Chris Lasher
Subject: FW: canid study

 

Pete and Emily,

 

Attached is a proposal submitted to the North Carolina Zoo from NCSU that includes
opportunistic red wolf sampling. While I don’t see a problem from a potential veterinary
application, Section 2(A) notes that… “Secondly, it will provide evolutionary information
based on secondary genetic analysis.” I’m not sure if this means the taxonomy question? Our
existing cooperative agreement requires USFWS approval for studies associated with genetics,
so forwarding this for your review to approve or not approve.

 

Feel free to let Chris Lasher at NC Zoo or me know if there are questions.

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407
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From: Lasher, Chris [mailto:chris.lasher@nczoo.org] 
Sent: Wednesday, April 19, 2017 12:35 PM
To: William Waddell
Subject: FW: canid study

 

 

 

Chris Lasher
Animal Management Supervisor
North Carolina Zoo

336-879-7670
Chris.Lasher@NCZoo.org
NCZoo.org

4401 Zoo Parkway
Asheboro, NC 27205

Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.

 

From: Lichty, Guy
Sent: Wednesday, April 19, 2017 12:19 PM
To: Lasher, Chris
Subject: FW: canid study

 

Do you see any issues with this? I assume it would be done opportunistically.

 

Guy Lichty

Curator of Mammals, Animal Section

North Carolina Zoo

 

336.879.7604



guy.lichty@nczoo.org

NCZoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube

 

From: Kendall, Corinne J 
Sent: Wednesday, April 19, 2017 9:57 AM
To: Lichty, Guy <guy.lichty@nczoo.org>; Minter, Larry J <Jb.Minter@nczoo.org>;
'erin.ehmke@duke.edu' <erin.ehmke@duke.edu>
Subject: canid study

 

Dear All,

Please let me know of any questions or concerns about this study in the next two weeks.

 

Thanks,

Corinne

 

Corinne J. Kendall, PhD

Associate Curator of Conservation and Research



North Carolina Zoo

Phone: 336-879-7607

corinne.kendall@nczoo.org

Nczoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube

 

 

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.





 
Research Proposal Form for North Carolina Zoo 

Adapted from AZA Research Proposal Form, Developed by AZA Research and Technology Committee 
March 2014 

 
North Carolina Zoo requires that all research conducted at, or under the auspices of, the zoo 
must first get approval from the NCZ IACUC (Institutional Animal Care and Use Committee). 
Please fill out the following form to aid the committee in the approval process.  
 
SECTION 1 - Basic Information & Approval Signatures 

Application Date: 04/18/2017 
Principal Investigator (attach CV): Emma Stafford  
Title: Clinical Veterinary Pharmacy Resident  Institutional Affiliation: NC State CVM 
Address: 1052 William Moore Drive 
City: Raleigh   State: NC   Zip: 27607 Country: USA 
Phone: 9195136799   Fax: N/A   Email: egstaffo@ncsu.edu 
 
Co-Investigators: 
Name Institution Title Email 
Tara Harrison NCSU CVM Exotic Veterinarian tara_harrison@ncsu.edu 
Sam Young Greensboro Sci 

Center 
Exotic Veterinarian syoung@greensboroscience.org 

Katrina Mealey Washington State 
University CVM 

Veterinarian, PhD kmealey@vetmed.wsu.edu 

  
Project Title: Genetic Mutations of the ABCB1-1Δ Gene in Exotic Animals Belonging to the Canidae 
Family 

Start Date of Project 04/04/2017 End Date of Project flexible 
 
Does the study involve human subjects?   Yes  No 

If yes, what type of human subjects are involved? Check all that apply: 
 Visitors  Members   Staff      Volunteers     Youth under 18   Other:       

 
Does the study involve animal subjects?   Yes   No  (If yes, complete the following questions) 

Animal subjects questions: 
• Please list the common name and full scientific name of each species: Maned wolf (Chrysocyon 

brachyurus), Red wolf (Canis rufus), Arctic fox (Vulpes lagopus), Coyote (Canis latrans), Dingo (Canis 
lupus dingo), Fennec fox (Vulpes zerda), New Guinea Singing Dog (Canis lupus dingo), Grey wolf (Canis 
lupus) 

o NOTE: bolded species are animals specific to the NC Zoo that will be included  
What type of animal subjects are involved? Check all that apply: 

 zoo/aquarium collection animals  
 wild animals on zoo/aquarium grounds but not in the collection  
 wild animals not on zoo grounds 

 
Does the project request the collection and transfer of biological samples?   Yes    No 
 

SECTION 2 – Research Project (limit 2 pages) 

 



(A) In a few sentences, please describe the purpose of the study: Determining if exotic animals of the 
Canidae family have mutated ABCB1-1Δ genes would be beneficial in two ways—firstly, determining 
mutated genes will help guide medication augmentation for frequently used sedative medications that 
utilize the P-gp efflux transporter. Secondly, it will provide evolutionary information based on secondary 
genetic analysis. 

(B) Please provide a one paragraph lay summary of the project, avoiding technical terms: The 
ABCB1-1Δ gene mutation seen commonly in canine herding breeds is responsible for encoding the P-gp 
efflux transporter that prevents toxic build up of exogenous substances in the brain, among other 
organs. Due to the lack of functioning P-gp efflux transporters, mutated canines are at risk for toxicity 
with certain medications. Our hypothesis is that ABCB1-1Δ gene mutation occurs in other members of 
the Canidae family thus prompting augmentation of medications that utilize P-gp.  

(C) Project Background (include a brief literature review and background of the study): The 
family Canidae is composed of 34 species including the domesticated canine, foxes, wolves, coyotes, and 
numerous other species1. An evolutionary study by Belyaev spanning 50 years ultimately revealed that 
foxes, when bred for tamability, wagged their tails like dogs and had other dog-like behaviors2. Based on 
this information and the known lineage of wolves with domesticated canines6, we hypothesize that 
exotic animal species within the Canidae family may also have mutations of the ABCB1-1Δ gene seen in 
domesticated canines. The ABCB1-1Δ gene mutation seen commonly in herding breeds of canines is 
responsible for encoding the P-gp efflux transporter that prevents toxic build up of exogenous 
substances in the brain, among other organs. P-gp is a transmembrane bound efflux pump found in 
numerous sites of the body including intestinal epithelial cells, renal proximal tubular epithelial cells, 
and brain capillary endothelial cells. It is responsible for promoting drug elimination and preventing drug 
accumulation. Due to the lack of functioning P-gp efflux transporters, mutated canines are at risk for 
toxicity with certain medications. Assessment of this gene mutation will provide both pertinent clinical 
and evolutionary information to the scientific community.  
 
Clinically, knowledge of deficient P-gp efflux transporters will guide exotic veterinarians in both treating 
and sedating their animals as preventative ivermectin for heartworms and sedative drugs, including 
butorphanol and acepromazine, utilize the P-gp efflux transporter. Accidental oversedation in species 
with mutated ABCB1-1Δ genes could lead to difficult recoveries, respiratory depression, and even 
death3. It has also been documented that deficient P-gp transporters increase drug absorption into the 
gastrointestinal tract and decrease drug elimination by the liver, kidney, and intestine4. Although not all 
of our included species are currently endangered or extinct, the potential for accidental death especially 
in endangered species would be devastating to that species’ survival plan. Our research hopes to 
delineate if the ABCB1-1Δ gene mutation occurs in other members of the Canidae family so these 
species in captivity are appropriately dosed with medications that utilize the P-gp efflux transporter.  
 
Assessment of the ABCB1-1Δ gene mutation in species other than the domesticated canine (Canis 
familiaris) would also supply valuable evolutionary information. Belyaev’s study in foxes poses 
important questions about the lineage of today’s domesticated canines and if certain breeds are 
descendants from other members of the Canidae family.  A secondary endpoint of this study will include 
thematic analysis of geographic information on species’ that show mutated ABCB1-1Δ genes. To the 
best of our knowledge, this information is not reported nor has it been tested on exotic animals species 
belonging to the Canidae family.  

 
References  

 

1. Fahey, B., & Myers, P. (n.d.). Canidae: Coyotes, Dogs, Foxes, Jackals, and Wolves. Retrieved from 
http://animaldiversity.org/accounts/Canidae/ 



2. Trut, L., Plyusnina, I., & Oskina, I. (2004). An Experiment on Fox Domestication and Debatable Issues of 
Evolution of the Dog. Russian Journal of Genetics Translated from Genetika Original Russian Text, 40(6), 
644–655. 

3. Butorphanol Tartrate. (2013). Retrieved from 
www.plumbsveterinarydrugs.com/monograph/butorphanol.  

4. Geyer, J., & Janko, C. (2012). Treatment of MDR1 Mutant Dogs with Macrocyclic Lactones. Current 
Pharmaceutical Biotechnology, 13(6), 969. http://doi.org/10.2174/138920112800399301 

5. Belyaev, D. K., Plyusnina, I. Z., & Trut, L. N. (1984). DOMESTICATION IN THE SILVER FOX (VULPES FULVUS 
DESM): CHANGES IN PHYSIOLOGICAL BOUNDARIES OF THE SENSITIVE PERIOD OF PRIMARY 
SOCIALIZATION. Applied Animal Behaviour Science Elsevier Science Publishers B.V, 1385, 359–370.   

6. Morey, D. (1994). The Early Evolution of the Domestic Dog. American Scientist, 82(4), 336–347. 
http://doi.org/10.1016/0168-9525(93)90122-X 
 

(D) Methodology (include experimental design/research methods) Note that section 5 
requests protocols for specific procedures that will be implemented at the hosting 
institution: Samples will be obtained buccally using cotton-tipped swabs placed into a sterile 
tube (white top). Once DNA swabs have dried, secure the sterile tube and label with the date, 
animal’s name, species, sex, studbook number, animal ID, contact for your location, and 
if the animal is intact or altered. Once you have collected a sample, please email Emma 
Stafford (egstaffo@ncsu.edu) and she will pick up the buccal samples. DNA swabs can be kept 
at room temperature while awaiting pickup. We will utilize Washington State University’s 
Veterinary Clinical Pharmacology Lab to test for ABCB1-1Δ gene mutations once all samples 
have been collected. Buccal swabs will be submitted from all included species and results will 
indicate whether the animal is homozygous normal, heterozygous, or homozygous mutant. 

SECTION 3 – Health, Safety, Welfare 

(A) Health, Safety, Welfare: (only to be filled out for studies involving animals)  
• (i) Scientific name and/or common name of study species: Maned wolf (Chrysocyon brachyurus), Red 

wolf (Canis rufus), Arctic fox (Vulpes lagopus), Coyote (Canis latrans), Dingo (Canis lupus dingo), Fennec 
fox (Vulpes zerda), New Guinea Singing Dog (Canis lupus dingo), Grey wolf (Canis lupus) 

o NOTE: bolded species are animals specific to the NC Zoo that will be included  
 
(ii) Number/sex/age required: 1 per species (sex/age doesn’t matter as long as the information 

is submitted to investigators).  
 
(iii) Explain why these animals have been chosen for the study and justify the number of 
animals proposed as subjects: These animals have been chosen because they belong to the 
Canidae family. As this is a pilot study, we only need one sample from each species to 
complete the study although two samples would be helpful.  
 
(iv) Does the study involve manipulation of live animals or modification of husbandry protocols?  

 Yes   No 
 
(v) If so, explain and justify the required changes:       
 
(vi) Please describe any potential health/safety/psychological risks for animals involved in the 
study:  
Animals will already be under planned sedation and buccal swabs are minimally invasive. 

Because they are under previously planned sedation, NCSU IACUC approval is not required.   
 



(vii) If the study involves physical or chemical immobilization, anesthetics, more than momentary 
pain or distress, deprivation (i.e. of food, water, light, etc), surgical procedures, or euthanasia, 
please provide a complete description of intended procedures (including who will perform them, 
drug doses, etc.) and justification for use of these methods: 
N/A 

 
(viii) Under what conditions would a subject be removed from the study? 
A species other than fennec fox, arctic fox, or a red wolf is submitted or integrity of the buccal 

swab is compromised.  
 
(B) Health, Safety and Welfare considerations: (Only to be filled out for studies involving humans) 

(i) Please describe the potential health/safety/psychological risks for humans involved in the study:  
      
  
(ii) Please describe your monitoring system for health/safety and psychological wellbeing for this 
study:  
      
 
(iii) Under what conditions would a subject be able to choose to withdraw from participation in the 
study? 
      

 
SECTION 4 - Permits & Support 

 
(A) Has this project been endorsed or supported by an AZA committee(s) or group(s)?  

 Yes   No   Currently in review 
If yes or currently in review, please list the name(s) of those committees and/or groups and attach 
documentation of approval or acceptance for review:       

 
(B) How is this project funded? (please indicate sources of existing funding as well as potential sources     
     with pending grant applications in process): Washington State has graciously agreed to test the 
samples for free. All other costs (i.e. mailing samples to WSU) will come directly from Emma Stafford.  
 
(C) Dissemination of results (check any/all that apply): 

 Undergraduate thesis     Non-peer reviewed publication 
 Graduate thesis or dissertation   Peer reviewed publication 
 Scientific meeting presentation   Public presentation  
 Website      Other (describe: Poster presentation) 

 
 
Studies Involving Animals As Subjects (Skip to F if study does not involve animals) 
(D) Has this proposal been approved by an IACUC (Institutional Animal Care and Use Committee) at 
another institution? 

 Yes (attach letter)  No   Currently in review (attach notification of pending review)    
If yes or currently in review, please list the name(s) of those institutions:       

 
(E) Are any special permits required for this project?  Yes  No  Currently in review 

If yes or currently in process, please list permit titles, permitting agency, date applied or 
received, and attach documentation of approval or acceptance for processing:       

 
Note: For some species, shipment of specimens requires special permits or permission from state, 
federal, or international agencies. It is the responsibility of the researcher to acquire all necessary 
permits. 



 
Studies Involving Humans As Subjects (Skip to Section 5 if study does not involve human subjects) 
(F) Is this project an evaluation of existing education programs?  Yes  No  

 
(G) Has this proposal been approved by an Institutional Review Board (IRB)?  

 Yes (attach letter)  No   Currently in review (attach notification of pending review)   
If yes or currently in review, please list the name(s) of those institutions:       
If no, please explain why this project has not been approved by an IRB:       

 
Note: Some special categories of human participants checked in Section 1 (e.g. youth <18) require 
special approvals. Please refer to http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html 
for more details. 

 
The Federal Policy for the Protection of Human Subjects or the “Common Rule” was published in 
1991 as HHS regulation 45 CFR part 46, include four subparts: subpart A, also known as the 
Federal Policy or the “Common Rule”; subpart B, additional protections for pregnant women, human 
fetuses, and neonates; subpart C, additional protections for prisoners; and subpart D, additional 
protections for children. Although the policy impacts only federal agencies and any organization 
whose funding may be traced back to federal sources, this policy is generally considered the 
minimum criteria by which an institutional review board will interpret whether protections are 
adequately addressed by any research proposer. 

 

SECTION 5 - Impact on Hosting Institution 

(A) Please describe the PI and Co-PIs prior experience working or conducting research with the target 
study species, including relevant training, background, and technical skills:  
Emma Stafford, PharmD, FSVHP 

• Clinical veterinary pharmacy resident that has completed pharmacokinetic studies in felines 
and evaluation of autoimmune encephalitis in canines. She holds a Doctorate of Pharmacy 
from the Medical College of Virginia and is a Fellow for the Society of Veterinary Hospital 
Pharmacists. She has been IACUC and IRB trained.  
 

Tara Harrison, DVM, MPVM, Dipl. ACZM, Dipl. ACVPM 

• Dr. Harrison is a specialist in zoo animal medicine and preventive veterinary medicine. Dr. 
Harrison has received additional training in research through her Masters of Preventive 
Veterinary Medicine and has performed numerous research studies and published over 20 
papers. Dr. Harrison has worked in zoos for 12 years. Dr. Harrison is currently an assistant 
professor at NCSU in the exotic animal medicine service.  

Sam Young, DVM   

• Exotic animal veterinarian at Greensboro Science Center that has performed routine 
examinations of maned wolves and has extensive knowledge of exotic animal species.  

Katrina Mealey, DVM, PhD   

• Extensive knowledge and development of the PCR assay used to detect this mutation with over 
10 publications related to this specific mutation.  

 
 



(B) Identify zoo/aquarium staff needed to assist with project completion and describe the impact of the 
project on their time and resources: Veterinary technician: simply requires a buccal swab of each 
species. We would prefer two swabs (for banking) if possible.  
 
(C) Role of zoo staff in the project: 

Is the project purely observational?   Yes    No 
Can the study be conducted from public areas?    Yes    No 
Can the study be conducted during operating hours?   Yes    No 
Can the study be conducted without assistance from zoo personnel?   Yes    No 
 
If you answered no to any of the questions above, please describe what is requested of the hosting 
institution: Because the animal will already be under planned anesthesia, it would not be done in 
public areas and would have the necessary zoo personnel already involved. Although minimally 
invasive, buccal swabs are not observational.  

 
(D) Describe any records or archival materials that would be required from the institution to support the 
study: N/A 
 
(E) What are the benefits of participation for the hosting institution? Identification of mutated ABCB1-1Δ 
genes will assist veterinarians in understanding appropriate dosing of sedative medications such as 
butorphanol and acepromazine along with routine medications such as ivermectin and loperamide. 
Overdosing of these medications can lead to death, which would be especially devastating in 
endangered species.  
 

SECTION 6 – Biomaterials  

(A) Does this project require collection of biomaterials?  
 Yes (complete remainder of section 6)  No (skip to section 7) 

 
(D) (B) Detailed collection protocol (include method of collection, explanation of documentation 

required for sample collection, etc.): Use a cotton swab to obtain sample buccally and place into 
a sterile vial. Wait for the sample to dry then cap the sterile vial (white top). Label the sample 
with the following information: date, animal’s name, species, sex, studbook number, animal 
ID, contact for your location, and if the animal is intact or altered. Once you have collected 
a sample, please email Emma Stafford (egstaffo@ncsu.edu) and she will pick up the buccal 
samples. DNA swabs can be kept at room temperature while awaiting pickup.  

Example:  Date of sample: 4/4/17 
Name: Nazca 
Species: maned wolf 
Birth date: Jan. 17th, 2008 

Species Sex Number of 
Individuals 

Type of Sample Amount of 
Sample 

Red wolf (Canis 
rufus) 
 

Any 1 Buccal 1 (2 would be 
ideal) 

Arctic fox (Vulpes 
lagopus) 
 

Any 1 Buccal 1 (2 would be 
ideal) 

Fennec fox (Vulpes 
zerda)  
 

Any 1 Buccal 1 (2 would be 
ideal) 



Sex: Male intact 
Institution ID: 90301 
Microchip: 481-731-3162 
Studbook#: 3121 
Contact: Sam Young (704-603-7520) 

 
 
(C) Methods for storage & shipment (details of packaging/delivery methods, logistical coordination of 
shipments, contacts required, and how samples will be used): Stored at room temperature. Alert Emma 
Stafford of samples and she will pick up in an appropriate time.  
 
(D) Shipping is the responsibility of the researcher. How will payment be arranged for shipping and/or 
processing?  N/A 
 
(E) Describe the plan for disposition of unexpended biomaterials or extracts/ derivatives or animals 
after study Will be completed by Washington State’s Laboratory.  
 
(F) Biomaterials agreement statement (initial each statement and sign and date below): 
 

PI initial: EGS The undersigned agrees that biomaterials provided will only be used for the purposes 
described in previous sections of this application or as described here: extra samples may be 
banked for retesting as necessary (will be stored at NCSU) 
 
PI initial: EGS The undersigned ensures that materials will not be sold or developed for commercial 
purposes, nor will they be distributed to a third party.   
 
PI initial: EGS The undersigned accepts all risks and responsibility for the receipt, handling, use, 
storage and disposal of the materials and understands that there are potential unknown zoonotic 
hazards associated with the handling of the requested biomaterials.  
 
PI initial: EGS The undersigned agrees that this transmission of samples does not transfer 
ownership and that all use and disposition of the samples remains under the express control of the 
institution owning the animal 
If an alternative ownership agreement is requested, provide justification: N/A 
 
PI initial: EGS The undersigned is solely responsible for the costs associated with the processing, 
packing and shipping of samples requested and for obtaining all necessary permits pertaining to the 
receipt and use of the samples, or per the agreement described here: N/A 

 
SECTION 7 - Supplemental Materials/Attachments Checksheet 
 

 Principal Investigator CV - (section 1) 
 

 AZA endorsement/support letter(s) - (section 4) 
List attachments:       

 
 IACUC approval letter(s) or notification(s) of pending review(s) - (section 4) 
List attachments:       

 
 Proof of permit approval(s) or acceptance(s) for processing - (section 4) 
List attachments:       

 
 IRB approval letter(s) or notification(s) of pending review(s)- (section 4) 
List attachments:       

 



 Human subjects protocols - (section 5) 
List attachments:       

 
 Animal subjects protocols - (section 5) 
List attachments:       

 
 Other 
List attachments:       

 

SECTION 8 – Researcher Agreement 

If approved, research approval at the zoo lasts for three years and is contingent upon the following:  

Reporting: Semi-annual reports of research activities are to be emailed on February 1 and August 1 
(and upon the completion of the project) to Corinne Kendall (Corinne.kendall@nczoo.org). Reports 
should summarize in a single page research activities conducted in the previous time period, findings 
derived from the study thus far, and plans for the next six month time period. In addition, a full report of 
the results and any subsequent publications should be submitted upon completion of the project.   
 
Renewal of the Protocol:  A complete review of continuing studies is required at the end of the three-
year approval period. If you desire continuation of the protocol beyond the current (3 year) approval, 
you will need to submit a renewal application for review and approval by the IACUC. This renewal 
application must be a de novo submission; the IACUC cannot consider the current document in its 
present form.  
 
Principal Investigator Responsibilities: Use of animals for research or testing must be in accordance 
with the USDA Animal Welfare regulations and PHS Policy on Humane Care and Use of Laboratory 
Animals and North Carolina Zoo Institutional Animal Care and Use Committee care and use policies.  
 
Personnel Performing Work Under This Approval: All personnel working with animals must be 
enrolled in an appropriate occupational health and safety program and acknowledge zoonotic disease 
risks associated with working with animals or biomaterials. If there are any specific concerns about 
disease risk, researchers should contact the zoo’s veterinarian, Dr. Minter (jb.minter@nczoo.org). All 
non-zoo personnel that will be working at the zoo as part of the study need to register with Human 
Resources at the zoo before beginning their study and must inform staff liaison of days that they will be 
at the zoo. 
 
Amendment of the protocol: Approval for any change to the protocol (whether Significant or Minor) 
must be obtained from the IACUC prior to implementation of the change 
 
Acknowledgement: We require that you acknowledge the North Carolina Zoo’s contributions to your 
study in any publications or other presentation of the work you perform here.  
 
Photography: No photographs or video taken in non-public areas of the zoo may be published in any 
form, including on the internet, without the written permission of the North Carolina Zoo.  Violation will 
result in immediate termination of research approval. 
 

I (Principal Investigator) understand the above requirements and should my research be approved will 
adhere to these requirements.  

PI signature: Emma Stafford Date: 4/18/17 



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Fwd: FW: canid study
Date: Thursday, November 9, 2017 1:42:46 PM
Attachments: image001.png

NCZ Research Form.docx
Importance: High

Joe,

Can you take a look at this and maybe coordinate with Becky regarding how we've handle such requests
in the past.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Weller, Emily <emily_weller@fws.gov>
Date: Thu, Nov 9, 2017 at 1:05 PM
Subject: Fwd: FW: canid study
To: Pete Benjamin <pete_benjamin@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>

Need guidance.

There are requests for red wolf samples for research involving the mutation of a gene (see attachment);
however it will also provide evolutionary information via secondary genetic analysis. It seems that our
cooperative agreement (which I'm not sure is technically still in effective) states that genetic work has to
be approved by us. So...

Pete, how have research requests been handled in the past? Is there a protocol for approval?  How should
I proceed?

Thanks,
Em
---------- Forwarded message ----------
From: William Waddell <William.Waddell@pdza.org>
Date: Tue, Nov 7, 2017 at 10:04 PM
Subject: FW: canid study
To: Emily Weller <emily_weller@fws.gov>
Cc: Sherry Samuels <Sherry.Samuels@lifeandscience.org>

Hi Emily,



 

Sherry Samuels at the NC Museum in Durham had a similar request from NCSU for samples.
I don’t recall getting a reply back and wanted to let Sherry know how to proceed.

 

Thanks,

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

 

From: William Waddell 
Sent: Wednesday, April 19, 2017 1:43 PM
To: Pete Benjamin; Emily Weller
Cc: Chris Lasher
Subject: FW: canid study

 

Pete and Emily,

 

Attached is a proposal submitted to the North Carolina Zoo from NCSU that includes
opportunistic red wolf sampling. While I don’t see a problem from a potential veterinary
application, Section 2(A) notes that… “Secondly, it will provide evolutionary information
based on secondary genetic analysis.” I’m not sure if this means the taxonomy question? Our
existing cooperative agreement requires USFWS approval for studies associated with genetics,
so forwarding this for your review to approve or not approve.

 

Feel free to let Chris Lasher at NC Zoo or me know if there are questions.

 



 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

 

 

website | facebook | twitter | instagram

 

From: Lasher, Chris [mailto:chris.lasher@nczoo.org] 
Sent: Wednesday, April 19, 2017 12:35 PM
To: William Waddell
Subject: FW: canid study

 

 

 

Chris Lasher
Animal Management Supervisor
North Carolina Zoo

336-879-7670
Chris.Lasher@NCZoo.org
NCZoo.org

4401 Zoo Parkway
Asheboro, NC 27205

Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.



 

From: Lichty, Guy
Sent: Wednesday, April 19, 2017 12:19 PM
To: Lasher, Chris
Subject: FW: canid study

 

Do you see any issues with this? I assume it would be done opportunistically.

 

Guy Lichty

Curator of Mammals, Animal Section

North Carolina Zoo

 

336.879.7604

guy.lichty@nczoo.org

NCZoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube

 



From: Kendall, Corinne J 
Sent: Wednesday, April 19, 2017 9:57 AM
To: Lichty, Guy <guy.lichty@nczoo.org>; Minter, Larry J <Jb.Minter@nczoo.org>;
'erin.ehmke@duke.edu' <erin.ehmke@duke.edu>
Subject: canid study

 

Dear All,

Please let me know of any questions or concerns about this study in the next two weeks.

 

Thanks,

Corinne

 

Corinne J. Kendall, PhD

Associate Curator of Conservation and Research

North Carolina Zoo

Phone: 336-879-7607

corinne.kendall@nczoo.org

Nczoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube



 

 

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.





 
Research Proposal Form for North Carolina Zoo 

Adapted from AZA Research Proposal Form, Developed by AZA Research and Technology Committee 
March 2014 

 
North Carolina Zoo requires that all research conducted at, or under the auspices of, the zoo 
must first get approval from the NCZ IACUC (Institutional Animal Care and Use Committee). 
Please fill out the following form to aid the committee in the approval process.  
 
SECTION 1 - Basic Information & Approval Signatures 

Application Date: 04/18/2017 
Principal Investigator (attach CV): Emma Stafford  
Title: Clinical Veterinary Pharmacy Resident  Institutional Affiliation: NC State CVM 
Address: 1052 William Moore Drive 
City: Raleigh   State: NC   Zip: 27607 Country: USA 
Phone: 9195136799   Fax: N/A   Email: egstaffo@ncsu.edu 
 
Co-Investigators: 
Name Institution Title Email 
Tara Harrison NCSU CVM Exotic Veterinarian tara_harrison@ncsu.edu 
Sam Young Greensboro Sci 

Center 
Exotic Veterinarian syoung@greensboroscience.org 

Katrina Mealey Washington State 
University CVM 

Veterinarian, PhD kmealey@vetmed.wsu.edu 

  
Project Title: Genetic Mutations of the ABCB1-1Δ Gene in Exotic Animals Belonging to the Canidae 
Family 

Start Date of Project 04/04/2017 End Date of Project flexible 
 
Does the study involve human subjects?   Yes  No 

If yes, what type of human subjects are involved? Check all that apply: 
 Visitors  Members   Staff      Volunteers     Youth under 18   Other:       

 
Does the study involve animal subjects?   Yes   No  (If yes, complete the following questions) 

Animal subjects questions: 
• Please list the common name and full scientific name of each species: Maned wolf (Chrysocyon 

brachyurus), Red wolf (Canis rufus), Arctic fox (Vulpes lagopus), Coyote (Canis latrans), Dingo (Canis 
lupus dingo), Fennec fox (Vulpes zerda), New Guinea Singing Dog (Canis lupus dingo), Grey wolf (Canis 
lupus) 

o NOTE: bolded species are animals specific to the NC Zoo that will be included  
What type of animal subjects are involved? Check all that apply: 

 zoo/aquarium collection animals  
 wild animals on zoo/aquarium grounds but not in the collection  
 wild animals not on zoo grounds 

 
Does the project request the collection and transfer of biological samples?   Yes    No 
 

SECTION 2 – Research Project (limit 2 pages) 

 



(A) In a few sentences, please describe the purpose of the study: Determining if exotic animals of the 
Canidae family have mutated ABCB1-1Δ genes would be beneficial in two ways—firstly, determining 
mutated genes will help guide medication augmentation for frequently used sedative medications that 
utilize the P-gp efflux transporter. Secondly, it will provide evolutionary information based on secondary 
genetic analysis. 

(B) Please provide a one paragraph lay summary of the project, avoiding technical terms: The 
ABCB1-1Δ gene mutation seen commonly in canine herding breeds is responsible for encoding the P-gp 
efflux transporter that prevents toxic build up of exogenous substances in the brain, among other 
organs. Due to the lack of functioning P-gp efflux transporters, mutated canines are at risk for toxicity 
with certain medications. Our hypothesis is that ABCB1-1Δ gene mutation occurs in other members of 
the Canidae family thus prompting augmentation of medications that utilize P-gp.  

(C) Project Background (include a brief literature review and background of the study): The 
family Canidae is composed of 34 species including the domesticated canine, foxes, wolves, coyotes, and 
numerous other species1. An evolutionary study by Belyaev spanning 50 years ultimately revealed that 
foxes, when bred for tamability, wagged their tails like dogs and had other dog-like behaviors2. Based on 
this information and the known lineage of wolves with domesticated canines6, we hypothesize that 
exotic animal species within the Canidae family may also have mutations of the ABCB1-1Δ gene seen in 
domesticated canines. The ABCB1-1Δ gene mutation seen commonly in herding breeds of canines is 
responsible for encoding the P-gp efflux transporter that prevents toxic build up of exogenous 
substances in the brain, among other organs. P-gp is a transmembrane bound efflux pump found in 
numerous sites of the body including intestinal epithelial cells, renal proximal tubular epithelial cells, 
and brain capillary endothelial cells. It is responsible for promoting drug elimination and preventing drug 
accumulation. Due to the lack of functioning P-gp efflux transporters, mutated canines are at risk for 
toxicity with certain medications. Assessment of this gene mutation will provide both pertinent clinical 
and evolutionary information to the scientific community.  
 
Clinically, knowledge of deficient P-gp efflux transporters will guide exotic veterinarians in both treating 
and sedating their animals as preventative ivermectin for heartworms and sedative drugs, including 
butorphanol and acepromazine, utilize the P-gp efflux transporter. Accidental oversedation in species 
with mutated ABCB1-1Δ genes could lead to difficult recoveries, respiratory depression, and even 
death3. It has also been documented that deficient P-gp transporters increase drug absorption into the 
gastrointestinal tract and decrease drug elimination by the liver, kidney, and intestine4. Although not all 
of our included species are currently endangered or extinct, the potential for accidental death especially 
in endangered species would be devastating to that species’ survival plan. Our research hopes to 
delineate if the ABCB1-1Δ gene mutation occurs in other members of the Canidae family so these 
species in captivity are appropriately dosed with medications that utilize the P-gp efflux transporter.  
 
Assessment of the ABCB1-1Δ gene mutation in species other than the domesticated canine (Canis 
familiaris) would also supply valuable evolutionary information. Belyaev’s study in foxes poses 
important questions about the lineage of today’s domesticated canines and if certain breeds are 
descendants from other members of the Canidae family.  A secondary endpoint of this study will include 
thematic analysis of geographic information on species’ that show mutated ABCB1-1Δ genes. To the 
best of our knowledge, this information is not reported nor has it been tested on exotic animals species 
belonging to the Canidae family.  

 
References  

 

1. Fahey, B., & Myers, P. (n.d.). Canidae: Coyotes, Dogs, Foxes, Jackals, and Wolves. Retrieved from 
http://animaldiversity.org/accounts/Canidae/ 



2. Trut, L., Plyusnina, I., & Oskina, I. (2004). An Experiment on Fox Domestication and Debatable Issues of 
Evolution of the Dog. Russian Journal of Genetics Translated from Genetika Original Russian Text, 40(6), 
644–655. 

3. Butorphanol Tartrate. (2013). Retrieved from 
www.plumbsveterinarydrugs.com/monograph/butorphanol.  

4. Geyer, J., & Janko, C. (2012). Treatment of MDR1 Mutant Dogs with Macrocyclic Lactones. Current 
Pharmaceutical Biotechnology, 13(6), 969. http://doi.org/10.2174/138920112800399301 

5. Belyaev, D. K., Plyusnina, I. Z., & Trut, L. N. (1984). DOMESTICATION IN THE SILVER FOX (VULPES FULVUS 
DESM): CHANGES IN PHYSIOLOGICAL BOUNDARIES OF THE SENSITIVE PERIOD OF PRIMARY 
SOCIALIZATION. Applied Animal Behaviour Science Elsevier Science Publishers B.V, 1385, 359–370.   

6. Morey, D. (1994). The Early Evolution of the Domestic Dog. American Scientist, 82(4), 336–347. 
http://doi.org/10.1016/0168-9525(93)90122-X 
 

(D) Methodology (include experimental design/research methods) Note that section 5 
requests protocols for specific procedures that will be implemented at the hosting 
institution: Samples will be obtained buccally using cotton-tipped swabs placed into a sterile 
tube (white top). Once DNA swabs have dried, secure the sterile tube and label with the date, 
animal’s name, species, sex, studbook number, animal ID, contact for your location, and 
if the animal is intact or altered. Once you have collected a sample, please email Emma 
Stafford (egstaffo@ncsu.edu) and she will pick up the buccal samples. DNA swabs can be kept 
at room temperature while awaiting pickup. We will utilize Washington State University’s 
Veterinary Clinical Pharmacology Lab to test for ABCB1-1Δ gene mutations once all samples 
have been collected. Buccal swabs will be submitted from all included species and results will 
indicate whether the animal is homozygous normal, heterozygous, or homozygous mutant. 

SECTION 3 – Health, Safety, Welfare 

(A) Health, Safety, Welfare: (only to be filled out for studies involving animals)  
• (i) Scientific name and/or common name of study species: Maned wolf (Chrysocyon brachyurus), Red 

wolf (Canis rufus), Arctic fox (Vulpes lagopus), Coyote (Canis latrans), Dingo (Canis lupus dingo), Fennec 
fox (Vulpes zerda), New Guinea Singing Dog (Canis lupus dingo), Grey wolf (Canis lupus) 

o NOTE: bolded species are animals specific to the NC Zoo that will be included  
 
(ii) Number/sex/age required: 1 per species (sex/age doesn’t matter as long as the information 

is submitted to investigators).  
 
(iii) Explain why these animals have been chosen for the study and justify the number of 
animals proposed as subjects: These animals have been chosen because they belong to the 
Canidae family. As this is a pilot study, we only need one sample from each species to 
complete the study although two samples would be helpful.  
 
(iv) Does the study involve manipulation of live animals or modification of husbandry protocols?  

 Yes   No 
 
(v) If so, explain and justify the required changes:       
 
(vi) Please describe any potential health/safety/psychological risks for animals involved in the 
study:  
Animals will already be under planned sedation and buccal swabs are minimally invasive. 

Because they are under previously planned sedation, NCSU IACUC approval is not required.   
 



(vii) If the study involves physical or chemical immobilization, anesthetics, more than momentary 
pain or distress, deprivation (i.e. of food, water, light, etc), surgical procedures, or euthanasia, 
please provide a complete description of intended procedures (including who will perform them, 
drug doses, etc.) and justification for use of these methods: 
N/A 

 
(viii) Under what conditions would a subject be removed from the study? 
A species other than fennec fox, arctic fox, or a red wolf is submitted or integrity of the buccal 

swab is compromised.  
 
(B) Health, Safety and Welfare considerations: (Only to be filled out for studies involving humans) 

(i) Please describe the potential health/safety/psychological risks for humans involved in the study:  
      
  
(ii) Please describe your monitoring system for health/safety and psychological wellbeing for this 
study:  
      
 
(iii) Under what conditions would a subject be able to choose to withdraw from participation in the 
study? 
      

 
SECTION 4 - Permits & Support 

 
(A) Has this project been endorsed or supported by an AZA committee(s) or group(s)?  

 Yes   No   Currently in review 
If yes or currently in review, please list the name(s) of those committees and/or groups and attach 
documentation of approval or acceptance for review:       

 
(B) How is this project funded? (please indicate sources of existing funding as well as potential sources     
     with pending grant applications in process): Washington State has graciously agreed to test the 
samples for free. All other costs (i.e. mailing samples to WSU) will come directly from Emma Stafford.  
 
(C) Dissemination of results (check any/all that apply): 

 Undergraduate thesis     Non-peer reviewed publication 
 Graduate thesis or dissertation   Peer reviewed publication 
 Scientific meeting presentation   Public presentation  
 Website      Other (describe: Poster presentation) 

 
 
Studies Involving Animals As Subjects (Skip to F if study does not involve animals) 
(D) Has this proposal been approved by an IACUC (Institutional Animal Care and Use Committee) at 
another institution? 

 Yes (attach letter)  No   Currently in review (attach notification of pending review)    
If yes or currently in review, please list the name(s) of those institutions:       

 
(E) Are any special permits required for this project?  Yes  No  Currently in review 

If yes or currently in process, please list permit titles, permitting agency, date applied or 
received, and attach documentation of approval or acceptance for processing:       

 
Note: For some species, shipment of specimens requires special permits or permission from state, 
federal, or international agencies. It is the responsibility of the researcher to acquire all necessary 
permits. 



 
Studies Involving Humans As Subjects (Skip to Section 5 if study does not involve human subjects) 
(F) Is this project an evaluation of existing education programs?  Yes  No  

 
(G) Has this proposal been approved by an Institutional Review Board (IRB)?  

 Yes (attach letter)  No   Currently in review (attach notification of pending review)   
If yes or currently in review, please list the name(s) of those institutions:       
If no, please explain why this project has not been approved by an IRB:       

 
Note: Some special categories of human participants checked in Section 1 (e.g. youth <18) require 
special approvals. Please refer to http://www.hhs.gov/ohrp/humansubjects/guidance/45cfr46.html 
for more details. 

 
The Federal Policy for the Protection of Human Subjects or the “Common Rule” was published in 
1991 as HHS regulation 45 CFR part 46, include four subparts: subpart A, also known as the 
Federal Policy or the “Common Rule”; subpart B, additional protections for pregnant women, human 
fetuses, and neonates; subpart C, additional protections for prisoners; and subpart D, additional 
protections for children. Although the policy impacts only federal agencies and any organization 
whose funding may be traced back to federal sources, this policy is generally considered the 
minimum criteria by which an institutional review board will interpret whether protections are 
adequately addressed by any research proposer. 

 

SECTION 5 - Impact on Hosting Institution 

(A) Please describe the PI and Co-PIs prior experience working or conducting research with the target 
study species, including relevant training, background, and technical skills:  
Emma Stafford, PharmD, FSVHP 

• Clinical veterinary pharmacy resident that has completed pharmacokinetic studies in felines 
and evaluation of autoimmune encephalitis in canines. She holds a Doctorate of Pharmacy 
from the Medical College of Virginia and is a Fellow for the Society of Veterinary Hospital 
Pharmacists. She has been IACUC and IRB trained.  
 

Tara Harrison, DVM, MPVM, Dipl. ACZM, Dipl. ACVPM 

• Dr. Harrison is a specialist in zoo animal medicine and preventive veterinary medicine. Dr. 
Harrison has received additional training in research through her Masters of Preventive 
Veterinary Medicine and has performed numerous research studies and published over 20 
papers. Dr. Harrison has worked in zoos for 12 years. Dr. Harrison is currently an assistant 
professor at NCSU in the exotic animal medicine service.  

Sam Young, DVM   

• Exotic animal veterinarian at Greensboro Science Center that has performed routine 
examinations of maned wolves and has extensive knowledge of exotic animal species.  

Katrina Mealey, DVM, PhD   

• Extensive knowledge and development of the PCR assay used to detect this mutation with over 
10 publications related to this specific mutation.  

 
 



(B) Identify zoo/aquarium staff needed to assist with project completion and describe the impact of the 
project on their time and resources: Veterinary technician: simply requires a buccal swab of each 
species. We would prefer two swabs (for banking) if possible.  
 
(C) Role of zoo staff in the project: 

Is the project purely observational?   Yes    No 
Can the study be conducted from public areas?    Yes    No 
Can the study be conducted during operating hours?   Yes    No 
Can the study be conducted without assistance from zoo personnel?   Yes    No 
 
If you answered no to any of the questions above, please describe what is requested of the hosting 
institution: Because the animal will already be under planned anesthesia, it would not be done in 
public areas and would have the necessary zoo personnel already involved. Although minimally 
invasive, buccal swabs are not observational.  

 
(D) Describe any records or archival materials that would be required from the institution to support the 
study: N/A 
 
(E) What are the benefits of participation for the hosting institution? Identification of mutated ABCB1-1Δ 
genes will assist veterinarians in understanding appropriate dosing of sedative medications such as 
butorphanol and acepromazine along with routine medications such as ivermectin and loperamide. 
Overdosing of these medications can lead to death, which would be especially devastating in 
endangered species.  
 

SECTION 6 – Biomaterials  

(A) Does this project require collection of biomaterials?  
 Yes (complete remainder of section 6)  No (skip to section 7) 

 
(D) (B) Detailed collection protocol (include method of collection, explanation of documentation 

required for sample collection, etc.): Use a cotton swab to obtain sample buccally and place into 
a sterile vial. Wait for the sample to dry then cap the sterile vial (white top). Label the sample 
with the following information: date, animal’s name, species, sex, studbook number, animal 
ID, contact for your location, and if the animal is intact or altered. Once you have collected 
a sample, please email Emma Stafford (egstaffo@ncsu.edu) and she will pick up the buccal 
samples. DNA swabs can be kept at room temperature while awaiting pickup.  

Example:  Date of sample: 4/4/17 
Name: Nazca 
Species: maned wolf 
Birth date: Jan. 17th, 2008 

Species Sex Number of 
Individuals 

Type of Sample Amount of 
Sample 

Red wolf (Canis 
rufus) 
 

Any 1 Buccal 1 (2 would be 
ideal) 

Arctic fox (Vulpes 
lagopus) 
 

Any 1 Buccal 1 (2 would be 
ideal) 

Fennec fox (Vulpes 
zerda)  
 

Any 1 Buccal 1 (2 would be 
ideal) 



Sex: Male intact 
Institution ID: 90301 
Microchip: 481-731-3162 
Studbook#: 3121 
Contact: Sam Young (704-603-7520) 

 
 
(C) Methods for storage & shipment (details of packaging/delivery methods, logistical coordination of 
shipments, contacts required, and how samples will be used): Stored at room temperature. Alert Emma 
Stafford of samples and she will pick up in an appropriate time.  
 
(D) Shipping is the responsibility of the researcher. How will payment be arranged for shipping and/or 
processing?  N/A 
 
(E) Describe the plan for disposition of unexpended biomaterials or extracts/ derivatives or animals 
after study Will be completed by Washington State’s Laboratory.  
 
(F) Biomaterials agreement statement (initial each statement and sign and date below): 
 

PI initial: EGS The undersigned agrees that biomaterials provided will only be used for the purposes 
described in previous sections of this application or as described here: extra samples may be 
banked for retesting as necessary (will be stored at NCSU) 
 
PI initial: EGS The undersigned ensures that materials will not be sold or developed for commercial 
purposes, nor will they be distributed to a third party.   
 
PI initial: EGS The undersigned accepts all risks and responsibility for the receipt, handling, use, 
storage and disposal of the materials and understands that there are potential unknown zoonotic 
hazards associated with the handling of the requested biomaterials.  
 
PI initial: EGS The undersigned agrees that this transmission of samples does not transfer 
ownership and that all use and disposition of the samples remains under the express control of the 
institution owning the animal 
If an alternative ownership agreement is requested, provide justification: N/A 
 
PI initial: EGS The undersigned is solely responsible for the costs associated with the processing, 
packing and shipping of samples requested and for obtaining all necessary permits pertaining to the 
receipt and use of the samples, or per the agreement described here: N/A 

 
SECTION 7 - Supplemental Materials/Attachments Checksheet 
 

 Principal Investigator CV - (section 1) 
 

 AZA endorsement/support letter(s) - (section 4) 
List attachments:       

 
 IACUC approval letter(s) or notification(s) of pending review(s) - (section 4) 
List attachments:       

 
 Proof of permit approval(s) or acceptance(s) for processing - (section 4) 
List attachments:       

 
 IRB approval letter(s) or notification(s) of pending review(s)- (section 4) 
List attachments:       

 



 Human subjects protocols - (section 5) 
List attachments:       

 
 Animal subjects protocols - (section 5) 
List attachments:       

 
 Other 
List attachments:       

 

SECTION 8 – Researcher Agreement 

If approved, research approval at the zoo lasts for three years and is contingent upon the following:  

Reporting: Semi-annual reports of research activities are to be emailed on February 1 and August 1 
(and upon the completion of the project) to Corinne Kendall (Corinne.kendall@nczoo.org). Reports 
should summarize in a single page research activities conducted in the previous time period, findings 
derived from the study thus far, and plans for the next six month time period. In addition, a full report of 
the results and any subsequent publications should be submitted upon completion of the project.   
 
Renewal of the Protocol:  A complete review of continuing studies is required at the end of the three-
year approval period. If you desire continuation of the protocol beyond the current (3 year) approval, 
you will need to submit a renewal application for review and approval by the IACUC. This renewal 
application must be a de novo submission; the IACUC cannot consider the current document in its 
present form.  
 
Principal Investigator Responsibilities: Use of animals for research or testing must be in accordance 
with the USDA Animal Welfare regulations and PHS Policy on Humane Care and Use of Laboratory 
Animals and North Carolina Zoo Institutional Animal Care and Use Committee care and use policies.  
 
Personnel Performing Work Under This Approval: All personnel working with animals must be 
enrolled in an appropriate occupational health and safety program and acknowledge zoonotic disease 
risks associated with working with animals or biomaterials. If there are any specific concerns about 
disease risk, researchers should contact the zoo’s veterinarian, Dr. Minter (jb.minter@nczoo.org). All 
non-zoo personnel that will be working at the zoo as part of the study need to register with Human 
Resources at the zoo before beginning their study and must inform staff liaison of days that they will be 
at the zoo. 
 
Amendment of the protocol: Approval for any change to the protocol (whether Significant or Minor) 
must be obtained from the IACUC prior to implementation of the change 
 
Acknowledgement: We require that you acknowledge the North Carolina Zoo’s contributions to your 
study in any publications or other presentation of the work you perform here.  
 
Photography: No photographs or video taken in non-public areas of the zoo may be published in any 
form, including on the internet, without the written permission of the North Carolina Zoo.  Violation will 
result in immediate termination of research approval. 
 

I (Principal Investigator) understand the above requirements and should my research be approved will 
adhere to these requirements.  

PI signature: Emma Stafford Date: 4/18/17 



From: Madison, Joseph S
To: Benjamin, Pete
Subject: Re: FW: canid study
Date: Tuesday, November 14, 2017 1:19:56 PM
Attachments: image001.png
Importance: High

Pete,

Based on the description of what is being proposed (e.g. one sample from one captive red
wolf), the level of genetics work being proposed (e.g. provide evolutionary information based
on secondary genetic analysis only specific to a thematic analysis of geographic information
on species' that show the mutated genes they are studying) and the fact that it sounds like our
cooperative agreement may not even still be in effect, I don't see an issue with approving the
research.

I also talked with Emma Stafford, the Principal Investigator, on the phone to have her flush
out a little more the secondary evolutionary question of their study.  She basically said really
their main focus is on foxes and they just added the other canid species to see if they even
possess this specific gene mutation and if they could potential trace how the mutated gene was
introduced to domestic dogs and if special considerations needed to be made for care of
species like red wolves during sedation if they possess the mutation.  Didn't sound to me like
they were going near the taxonomy question or wanted to.  And this is just a pilot project so if
they want to look further with a more focused proposal they'll have to resubmit.   

In talking with Becky regarding precedent on how these types of proposals were handled, she
said it was typically just an email response to Will letting him know we didn't have any issue
with what was being proposed, but not issuing any official approval paperwork or permit or
the like.

Let me know if you need more from me on this.

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Thu, Nov 9, 2017 at 1:42 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Joe,

Can you take a look at this and maybe coordinate with Becky regarding how we've handle such
requests in the past.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606



Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Weller, Emily <emily_weller@fws.gov>
Date: Thu, Nov 9, 2017 at 1:05 PM
Subject: Fwd: FW: canid study
To: Pete Benjamin <pete_benjamin@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>

Need guidance.

There are requests for red wolf samples for research involving the mutation of a gene (see attachment);
however it will also provide evolutionary information via secondary genetic analysis. It seems that our
cooperative agreement (which I'm not sure is technically still in effective) states that genetic work has to
be approved by us. So...

Pete, how have research requests been handled in the past? Is there a protocol for approval?  How
should I proceed?

Thanks,
Em
---------- Forwarded message ----------
From: William Waddell <William.Waddell@pdza.org>
Date: Tue, Nov 7, 2017 at 10:04 PM
Subject: FW: canid study
To: Emily Weller <emily_weller@fws.gov>
Cc: Sherry Samuels <Sherry.Samuels@lifeandscience.org>

Hi Emily,

 

Sherry Samuels at the NC Museum in Durham had a similar request from NCSU for
samples. I don’t recall getting a reply back and wanted to let Sherry know how to proceed.

 

Thanks,

 

 

 

Will Waddell



Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

 

From: William Waddell 
Sent: Wednesday, April 19, 2017 1:43 PM
To: Pete Benjamin; Emily Weller
Cc: Chris Lasher
Subject: FW: canid study

 

Pete and Emily,

 

Attached is a proposal submitted to the North Carolina Zoo from NCSU that includes
opportunistic red wolf sampling. While I don’t see a problem from a potential veterinary
application, Section 2(A) notes that… “Secondly, it will provide evolutionary information
based on secondary genetic analysis.” I’m not sure if this means the taxonomy question?
Our existing cooperative agreement requires USFWS approval for studies associated with
genetics, so forwarding this for your review to approve or not approve.

 

Feel free to let Chris Lasher at NC Zoo or me know if there are questions.

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 



 

 

website | facebook | twitter | instagram

 

From: Lasher, Chris [mailto:chris.lasher@nczoo.org] 
Sent: Wednesday, April 19, 2017 12:35 PM
To: William Waddell
Subject: FW: canid study

 

 

 

Chris Lasher
Animal Management Supervisor
North Carolina Zoo

336-879-7670
Chris.Lasher@NCZoo.org
NCZoo.org

4401 Zoo Parkway
Asheboro, NC 27205

Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.

 

From: Lichty, Guy
Sent: Wednesday, April 19, 2017 12:19 PM
To: Lasher, Chris
Subject: FW: canid study

 

Do you see any issues with this? I assume it would be done opportunistically.

 

Guy Lichty



Curator of Mammals, Animal Section

North Carolina Zoo

 

336.879.7604

guy.lichty@nczoo.org

NCZoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube

 

From: Kendall, Corinne J 
Sent: Wednesday, April 19, 2017 9:57 AM
To: Lichty, Guy <guy.lichty@nczoo.org>; Minter, Larry J <Jb.Minter@nczoo.org>;
'erin.ehmke@duke.edu' <erin.ehmke@duke.edu>
Subject: canid study

 

Dear All,

Please let me know of any questions or concerns about this study in the next two weeks.

 

Thanks,



Corinne

 

Corinne J. Kendall, PhD

Associate Curator of Conservation and Research

North Carolina Zoo

Phone: 336-879-7607

corinne.kendall@nczoo.org

Nczoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube

 

 

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)



emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.





From: Benjamin, Pete
To: Weller, Emily
Subject: Fwd: FW: canid study
Date: Tuesday, November 14, 2017 1:25:18 PM
Attachments: image001.png
Importance: High

Here's what I got from Joe.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Madison, Joseph <joseph_madison@fws.gov>
Date: Tue, Nov 14, 2017 at 1:19 PM
Subject: Re: FW: canid study
To: "Benjamin, Pete" <pete_benjamin@fws.gov>

Pete,

Based on the description of what is being proposed (e.g. one sample from one captive red
wolf), the level of genetics work being proposed (e.g. provide evolutionary information based
on secondary genetic analysis only specific to a thematic analysis of geographic information
on species' that show the mutated genes they are studying) and the fact that it sounds like our
cooperative agreement may not even still be in effect, I don't see an issue with approving the
research.

I also talked with Emma Stafford, the Principal Investigator, on the phone to have her flush
out a little more the secondary evolutionary question of their study.  She basically said really
their main focus is on foxes and they just added the other canid species to see if they even
possess this specific gene mutation and if they could potential trace how the mutated gene was
introduced to domestic dogs and if special considerations needed to be made for care of
species like red wolves during sedation if they possess the mutation.  Didn't sound to me like
they were going near the taxonomy question or wanted to.  And this is just a pilot project so if
they want to look further with a more focused proposal they'll have to resubmit.   

In talking with Becky regarding precedent on how these types of proposals were handled, she
said it was typically just an email response to Will letting him know we didn't have any issue
with what was being proposed, but not issuing any official approval paperwork or permit or
the like.

Let me know if you need more from me on this.



Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Thu, Nov 9, 2017 at 1:42 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Joe,

Can you take a look at this and maybe coordinate with Becky regarding how we've handle such
requests in the past.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Weller, Emily <emily_weller@fws.gov>
Date: Thu, Nov 9, 2017 at 1:05 PM
Subject: Fwd: FW: canid study
To: Pete Benjamin <pete_benjamin@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>

Need guidance.

There are requests for red wolf samples for research involving the mutation of a gene (see attachment);
however it will also provide evolutionary information via secondary genetic analysis. It seems that our
cooperative agreement (which I'm not sure is technically still in effective) states that genetic work has to
be approved by us. So...

Pete, how have research requests been handled in the past? Is there a protocol for approval?  How
should I proceed?

Thanks,
Em
---------- Forwarded message ----------
From: William Waddell <William.Waddell@pdza.org>
Date: Tue, Nov 7, 2017 at 10:04 PM
Subject: FW: canid study
To: Emily Weller <emily_weller@fws.gov>
Cc: Sherry Samuels <Sherry.Samuels@lifeandscience.org>



Hi Emily,

 

Sherry Samuels at the NC Museum in Durham had a similar request from NCSU for
samples. I don’t recall getting a reply back and wanted to let Sherry know how to proceed.

 

Thanks,

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

 

From: William Waddell 
Sent: Wednesday, April 19, 2017 1:43 PM
To: Pete Benjamin; Emily Weller
Cc: Chris Lasher
Subject: FW: canid study

 

Pete and Emily,

 

Attached is a proposal submitted to the North Carolina Zoo from NCSU that includes
opportunistic red wolf sampling. While I don’t see a problem from a potential veterinary
application, Section 2(A) notes that… “Secondly, it will provide evolutionary information
based on secondary genetic analysis.” I’m not sure if this means the taxonomy question?
Our existing cooperative agreement requires USFWS approval for studies associated with
genetics, so forwarding this for your review to approve or not approve.

 



Feel free to let Chris Lasher at NC Zoo or me know if there are questions.

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

 

 

website | facebook | twitter | instagram

 

From: Lasher, Chris [mailto:chris.lasher@nczoo.org] 
Sent: Wednesday, April 19, 2017 12:35 PM
To: William Waddell
Subject: FW: canid study

 

 

 

Chris Lasher
Animal Management Supervisor
North Carolina Zoo

336-879-7670
Chris.Lasher@NCZoo.org
NCZoo.org

4401 Zoo Parkway
Asheboro, NC 27205



Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.

 

From: Lichty, Guy
Sent: Wednesday, April 19, 2017 12:19 PM
To: Lasher, Chris
Subject: FW: canid study

 

Do you see any issues with this? I assume it would be done opportunistically.

 

Guy Lichty

Curator of Mammals, Animal Section

North Carolina Zoo

 

336.879.7604

guy.lichty@nczoo.org

NCZoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube



 

From: Kendall, Corinne J 
Sent: Wednesday, April 19, 2017 9:57 AM
To: Lichty, Guy <guy.lichty@nczoo.org>; Minter, Larry J <Jb.Minter@nczoo.org>;
'erin.ehmke@duke.edu' <erin.ehmke@duke.edu>
Subject: canid study

 

Dear All,

Please let me know of any questions or concerns about this study in the next two weeks.

 

Thanks,

Corinne

 

Corinne J. Kendall, PhD

Associate Curator of Conservation and Research

North Carolina Zoo

Phone: 336-879-7607

corinne.kendall@nczoo.org

Nczoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________



 

Facebook    Twitter    Instagram    YouTube

 

 

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.





From: Weller, Emily
To: Benjamin, Pete
Subject: Re: FW: canid study
Date: Tuesday, November 14, 2017 1:55:46 PM
Attachments: image001.png
Importance: High

Thank you!

On Tue, Nov 14, 2017 at 12:25 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Here's what I got from Joe.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Madison, Joseph <joseph_madison@fws.gov>
Date: Tue, Nov 14, 2017 at 1:19 PM
Subject: Re: FW: canid study
To: "Benjamin, Pete" <pete_benjamin@fws.gov>

Pete,

Based on the description of what is being proposed (e.g. one sample from one captive red
wolf), the level of genetics work being proposed (e.g. provide evolutionary information
based on secondary genetic analysis only specific to a thematic analysis of geographic
information on species' that show the mutated genes they are studying) and the fact that it
sounds like our cooperative agreement may not even still be in effect, I don't see an issue
with approving the research.

I also talked with Emma Stafford, the Principal Investigator, on the phone to have her flush
out a little more the secondary evolutionary question of their study.  She basically said really
their main focus is on foxes and they just added the other canid species to see if they even
possess this specific gene mutation and if they could potential trace how the mutated gene
was introduced to domestic dogs and if special considerations needed to be made for care of
species like red wolves during sedation if they possess the mutation.  Didn't sound to me like
they were going near the taxonomy question or wanted to.  And this is just a pilot project so
if they want to look further with a more focused proposal they'll have to resubmit.   

In talking with Becky regarding precedent on how these types of proposals were handled,
she said it was typically just an email response to Will letting him know we didn't have any
issue with what was being proposed, but not issuing any official approval paperwork or
permit or the like.



Let me know if you need more from me on this.

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Thu, Nov 9, 2017 at 1:42 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Joe,

Can you take a look at this and maybe coordinate with Becky regarding how we've handle such
requests in the past.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Weller, Emily <emily_weller@fws.gov>
Date: Thu, Nov 9, 2017 at 1:05 PM
Subject: Fwd: FW: canid study
To: Pete Benjamin <pete_benjamin@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>

Need guidance.

There are requests for red wolf samples for research involving the mutation of a gene (see
attachment); however it will also provide evolutionary information via secondary genetic analysis. It
seems that our cooperative agreement (which I'm not sure is technically still in effective) states that
genetic work has to be approved by us. So...

Pete, how have research requests been handled in the past? Is there a protocol for approval?  How
should I proceed?

Thanks,
Em
---------- Forwarded message ----------
From: William Waddell <William.Waddell@pdza.org>
Date: Tue, Nov 7, 2017 at 10:04 PM
Subject: FW: canid study
To: Emily Weller <emily_weller@fws.gov>



Cc: Sherry Samuels <Sherry.Samuels@lifeandscience.org>

Hi Emily,

 

Sherry Samuels at the NC Museum in Durham had a similar request from NCSU for
samples. I don’t recall getting a reply back and wanted to let Sherry know how to proceed.

 

Thanks,

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

 

From: William Waddell 
Sent: Wednesday, April 19, 2017 1:43 PM
To: Pete Benjamin; Emily Weller
Cc: Chris Lasher
Subject: FW: canid study

 

Pete and Emily,

 

Attached is a proposal submitted to the North Carolina Zoo from NCSU that includes
opportunistic red wolf sampling. While I don’t see a problem from a potential veterinary
application, Section 2(A) notes that… “Secondly, it will provide evolutionary information
based on secondary genetic analysis.” I’m not sure if this means the taxonomy question?
Our existing cooperative agreement requires USFWS approval for studies associated with
genetics, so forwarding this for your review to approve or not approve.



 

Feel free to let Chris Lasher at NC Zoo or me know if there are questions.

 

 

 

Will Waddell

Red Wolf SSP Coordinator
Zoological & Environmental Education Department

Office (253) 858-9172/ Mobile (253) 208-0481

Point Defiance Zoo & Aquarium, 5400 N. Pearl

Tacoma, WA 98407

 

 

 

website | facebook | twitter | instagram

 

From: Lasher, Chris [mailto:chris.lasher@nczoo.org] 
Sent: Wednesday, April 19, 2017 12:35 PM
To: William Waddell
Subject: FW: canid study

 

 

 

Chris Lasher
Animal Management Supervisor
North Carolina Zoo

336-879-7670
Chris.Lasher@NCZoo.org
NCZoo.org

4401 Zoo Parkway
Asheboro, NC 27205



Email correspondence to and from this address is subject to the
North Carolina Public Records Law and may be disclosed to third parties.

 

From: Lichty, Guy
Sent: Wednesday, April 19, 2017 12:19 PM
To: Lasher, Chris
Subject: FW: canid study

 

Do you see any issues with this? I assume it would be done opportunistically.

 

Guy Lichty

Curator of Mammals, Animal Section

North Carolina Zoo

 

336.879.7604

guy.lichty@nczoo.org

NCZoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.

__________________________________________________________

 



Facebook    Twitter    Instagram    YouTube

 

From: Kendall, Corinne J 
Sent: Wednesday, April 19, 2017 9:57 AM
To: Lichty, Guy <guy.lichty@nczoo.org>; Minter, Larry J <Jb.Minter@nczoo.org>;
'erin.ehmke@duke.edu' <erin.ehmke@duke.edu>
Subject: canid study

 

Dear All,

Please let me know of any questions or concerns about this study in the next two weeks.

 

Thanks,

Corinne

 

Corinne J. Kendall, PhD

Associate Curator of Conservation and Research

North Carolina Zoo

Phone: 336-879-7607

corinne.kendall@nczoo.org

Nczoo.org

 

4401 Zoo Parkway

Asheboro, NC 27205

Email correspondence to and from this address is subject to the

North Carolina Public Records Law and may be disclosed to third parties.



__________________________________________________________

 

Facebook    Twitter    Instagram    YouTube

 

 

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

-- 
Emily Bizwell Weller
Red Wolf Regional Recovery Lead
Division of Restoration and Recovery
Fish and Wildlife Service
646 Cajundome Blvd., Suite 400
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.





From: Harrison, Rebecca
To: Benjamin, Pete; Martin, Rebekah; Lanier, Scott; Madison, Joseph S; Beyer, Arthur; Nordsven, Ryan; Morse,

Michael L; Olson, Shaun E
Subject: Fwd: thoughts on interspecific studies on red wolves and coyotes
Date: Monday, November 27, 2017 1:55:54 PM
Attachments: Hinton_UGAdissertation2014.pdf

Vaughn and Kelly 2011 US 64 Red Wolf Final Report.pdf
Importance: High

FYI, this is from March 2016.  As you can see, we've had this discussion before with
similar concerns.  My initial email has some details in it regarding how many GPS
were previously deployed for reference in case those totals are helpful.  I've attached
Hinton's dissertation (which has results from both wolves and coyotes) and Vaughn's
report from the DOT-supported work (32 wolf collars).  I believe these projects used
much of the same data from various animals, but the field crew can correct me if
that's incorrect.  Table 1 in the Vaughn report (p.14) gives details about the targeted
individuals for the collars.

Becky

Becky Bartel Harrison, Phd
Supervisory 
Wildlife Biologist
Alligator River & Pea Island National Wildlife Refuges
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
(252) 473-1132 ext. 2 31
rebecca_harrison@fws.gov

----------
Forwarded
message
----------
From:
Bryant, Mike
<mike_bryant@fws.gov>
Date:
Wed,
Mar
16,
2016
at
8:28
AM
Subject:
Re:
thoughts
on
interspecific
studies
on
red
wolves
and
coyotes
To:
"Harrison,
Rebecca"
<rebecca_harrison@fws.gov>
Cc:
Pete
Benjamin
<pete_benjamin@fws.gov>,
Scott
Lanier
<scott_lanier@fws.gov>,
Arthur
Beyer
<arthur_beyer@fws.gov>

These
thoughts,
which
I
understand
and
agree
with,
bring
more
clarity
and
specificity
to
my
concerns.

In
addition
to
the
policy
concerns
(ESA-Section
7
and
compatibility)
I've
raised
-

now,
in
my
mind,
there
is
the
scientific
integrity
policy
which
could
be
compromised.

On
Tue,
Mar
15,
2016
at
3:43
PM,
Harrison,
Rebecca
<rebecca_harrison@fws.gov>
wrote:

Hi All,

I’ve been hearing some details about work proposed on Alligator River to examine
interspecific interactions.  I wanted to share my thoughts and concerns about these
efforts in case they’re useful in ongoing discussions.  I will not be addressing any
refuge-specific compatibility issues, but instead wanted to speak to the scientific



approach more generally.  

My biggest concern is the general lack of experimental design.  I understand the
goal is to examine inter-specific interactions between wolves and coyotes, but I
have not seen any clear research objectives put forward.  What research questions
specifically would these efforts assess? Given these could be better articulated, I
still have concerns about logistics that would seriously impede an adequate sample
size and statistical inference. 

Right now, we only have access to 4 GPS collars from NCWRC (all smaller size more
appropriate for coyotes).  It’s my understanding another 10 are ordered and would
be available later this spring/summer. Optimistically, that would leave 14 collars
available.  If these were split evenly between species, 7 canids of each group could
be collared. This is not a decent sample size to sufficiently document interactions or
infer any kind of trend.  Ideally these efforts would not all be limited to one location
or sampling site, but instead efforts would be stratified across locations and habitat
types across the recovery area, requiring a larger sample size. [Side note:
Currently, on Alligator River, there are 7 wolves and 1 radio-collared sterilized placeholder
we are actively monitoring.  Eight animals to choose from here is not not ideal.
Additionally, we would be making some unrealistic assumptions that we could
capture all of these animals to install a GPS collar anyway.]  An additional field
concern and logistical constraint is that trapping season is coming to a close.  As we
get closer to whelping season, we typically cease efforts around March 15 (now) in
order to avoid capturing pregnant females.  These efforts are not usually continued
until the late fall due to the heat and temperature constraints of trapping in late
spring/summer.  I'm not even addressing the staff limitations to actually implement
these efforts. 

My other concern is why anyone would attempt to reinvent the wheel here.  There
have been a significant amount of investigations examining interspecific interactions
already, many of which occurred over longer time periods and with larger sampling
sizes.  Most notable of these efforts was Hinton’s (2014) dissertation work, “Red
wolf and coyote ecology and interactions in northeastern North Carolina".  This
research utilized a larger dataset with 28 GPS-collared coyotes and 34 GPS-collared
red wolves. His results shared insights on space use, food habits, etc. (Hinton 2014,
Hinton et al. 2015, Hinton et al. in review).  Additional efforts examined other
aspects of spatial dynamics between the two species (Roth et al. 2008, Gese and
Terletzky 2015). Researchers at Virginia Tech also examined home range sizes,
habitat use, and road use/avoidance using GPS data from red wolves (n = 32;
Vaughn and Kelly 2011). There have been numerous projects investigating
comparative food habits of both species (Souther and Wiggers 2012, McVey et al.
2013, Hinton 2014).  Similarly, there have been intensive studies assessing red
wolf/coyote interactions and the factors influencing hybridization and genetic
consequences (Adams et al. 2003, Beck 2005, Bohling and Waits 2011, Bohling et
al. 2013, 2015, Gese et al. 2015).  Most recently, Gese and Terletzky (2015)
examined a long-term data of radio-collared sterilized placeholder coyotes and
radio-collared red wolves.  Their work gave insights on territorial fidelity, survival
rates, displacement rates (of coyotes by wolves), and showed uni-directional



mortality events (i.e., wolves kill coyotes & not vice versa).

In summary, I'm unclear of the intention of this proposed work.  There is no clear
experimental design or research objectives.  I don’t think that 14 collars (7 on each
species) is going to show anything new that studies with 4x as many observed
animals have already documented.  I think these resources (and very expensive
collars) would be better utilized asking other more specific questions. For example,
while we know much about the food habits of both canids, there is still much to be
learned about the actual trophic cascades.

Just my two cents.  If I can provide additional information or a list of references,
please let me know.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov
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(Under the Direction of Michael J. Chamberlain) 

ABSTRACT 

 In recent decades, red wolf (Canis rufus) hybridization with coyotes (Canis latrans) has 

posed a serious threat to red wolf recovery efforts. Preventing hybridization has become a 

primary objective requiring intensive management efforts to prevent introgression.  As the red 

wolf population increases, long-term recovery requires general understanding of red wolf and 

coyote ecology to develop appropriate management strategies for addressing hybridization. The 

primary objective of this study was to understand the underlying mechanisms that influence red 

wolf and coyote interactions by examining morphology, diet, and spatial ecology of both species. 

We examined external morphological characters of red wolves, coyotes, and their hybrids to 

determine if morphology could be an accurate discriminator among the 3 canid taxa. Using hind 

foot length, weight, width of head, and tail length, we were able to correctly identify 86% of 

canids to their a priori species groups as identified via genetic analysis. We also assessed factors 

affecting prey selection of red wolf packs, coyote pairs, and congeneric pairs of red wolves and 

coyotes and found that all three had similar and overlapping diets. Nevertheless, we detected 

differential use of prey; difference in diet was associated with body size. Larger individuals 

within and among different breeding pairs consumed more white-tailed deer, and less rabbits and 

small mammals. We observed red wolf and coyote preferences for agricultural habitats over 

forested habitats and space use patterns to be influenced by body size. Coyote home-ranges had 

an upper limit of approximately 50 km
2
, whereas an upper limit for red wolves was 



 

approximately 180 km
2
. Home-ranges of congeneric pairs did not exceed 50 km

2
 and we suggest 

the smaller coyote may constrain and limit space use patterns of congeneric pairs. We suggest 

that similarities in body size of individual red wolves and coyotes may contribute to successful 

congeneric pairing and hybridization via similar use of space, habitat, and prey. Therefore, 

lowering hybridization rates between red wolves and coyotes may require increasing the average 

body size of the red wolf population to facilitate differential use of limiting resources. 

 

 

INDEX WORDS: coyote, Canis latrans, Canis rufus, body size, diet, ecology, habitat 

selection, hybridization, interactions, space use 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

 In recent decades, red wolf (Canis rufus) hybridization with coyotes (Canis latrans) has 

become a serious threat to red wolf recovery efforts. During the 1970s, the last remaining red 

wolves were removed from the wild because the last remnant population began hybridizing with 

an expanding coyote population. Shortly after reintroducing red wolves onto Alligator River 

National Wildlife Refuge in northeastern North Carolina, coyotes began expanding their range 

throughout North Carolina. The current red wolf population co-exists with coyotes and 

hybridization between the two species occurs. Red Wolf Recovery Team biologists and Red Wolf 

Recovery Implementation Team scientists identify red wolf-coyote interactions, related resource 

partitioning, and prevention of coyote gene introgression into the wild red wolf gene pool as 

critical factors vital to long-term recovery, management, and planning (USFWS 2007). Therefore, 

preventing hybridization has become a primary management goal (Kelly et al. 1999; Stoskopf et 

al. 2005; Rabon et al. 2013). 

To prevent coyote introgression into the red wolf population, coyotes captured by United 

States Fish and Wildlife Service (USFWS) personnel within the Red Wolf Recovery Area 

(Recovery Area) are reproductively sterilized and used as space holders until red wolves move in 

and occupy those areas. This tactic provides a reproductive advantage to red wolves by reducing 

coyote reproduction within the Recovery Area (USFWS 2007; Stoskopf et al. 2005). More 

importantly, in the event that a red wolf forms a breeding pair with a sterilized coyote, this 

prevents introgression because the pair is incapable of successfully breeding. Despite intensive 

management efforts, red wolf/coyote hybrids are still captured within the Recovery Area 

indicating that canid management is not ubiquitous. To achieve long-term recovery of red wolves, 

it is imperative that the Red Wolf Recovery Program improves its general knowledge of red wolf 
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and coyote ecology to understand mechanisms facilitating red wolf-coyote hybridization. The 

primary objective of this research is to understand the underlying mechanisms that influence red 

wolf and coyote interactions in northeastern North Carolina by examining red wolf and coyote 

morphology, diet, and spatial ecology. Currently, a full understanding of red wolf ecology is 

lacking, which is fundamental to ensuring recovery and persistence of the species. Furthermore, 

most research conducted on coyotes has been done in the western United States and Canada and 

the few studies on coyote behavior in the southeastern United States have been conducted at 

small scales (Holzman et al. 1992; Chamberlain et al. 2000; Constible et al. 2006). 

Among phylogenetically related species that coexist, body size is the most distinguishing 

feature among those animals (LaBarbera 1989). Within canid communities, competition is 

strongly asymmetrical with larger species displacing smaller competitors (Paquet 1992; White et 

al. 1994; Arjo and Pletscher 1999; Constible et al. 2006; Berger and Gese 2007). Red wolves and 

coyotes exhibit morphological and niche overlaps, in which red wolves are the larger species. 

Although competition for space and food resources is common among coexisting species with 

similar body sizes and ecological needs, competition between red wolves and coyotes extends 

beyond space and food because both species can use each other as a resource for reproduction 

when within-species mating opportunities are exhausted.  As a result, interactions between the 

two species are complex because the outcome of red wolf-coyote interactions can range from 

lethal antagonism to congeneric pair-bonding resulting in hybridization.  The functional 

significance of body size within these interactions remains unclear and the relationship between 

hybridization and body size is worth examination. 

In this dissertation, I propose to examine the influence of body size on red wolf and 

coyote space and resource use, habitat selection, and interactions. Space use is thought to reflect 

the ecological requirements of a species and body size is known to have pervasive influence on 

spatial ecology through consumer-resource interactions (Yodzis and Innes 1992; Basset and 

DeAngelis 2007). It has been demonstrated that home range sizes of carnivores scales 
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allometrically with individual body size (McNabb 1963; Gittleman and Harvey 1982; Mace and 

Harvey 1983; Swihart et al. 1988) in which larger carnivores have larger home ranges relative to 

smaller carnivores because larger home ranges provide more food resources for greater energetic 

demands. Additionally, there is a positive relationship between body size and prey size among 

carnivores (Gittleman 1985; Radloff and Du Toit 2004). Differing in body size, red wolves (20-

38kg) and coyotes (11-18kg) in northeastern North Carolina should have differential energy 

requirements and different capacities for searching for and processing food resources. This 

difference in body size may be the primary trait that promotes differential use of space, resources, 

and habitat between the two species. Therefore, it is likely that selection forces may act on 

morphological variation in which body size differences create niche partitioning and reduce 

competitive interactions between red wolves and coyotes. 

If body size drives the outcome of competitive interactions between red wolves and 

coyotes, it is plausible to hypothesize that size may influence the rates of hybridization between 

the two species. Coyotes are capable of consorting with red wolves that result in the successful 

formation of congeneric breeding-pairs that are maintained for several years. The over-arching 

goal of this project is to understand the conditions that facilitate red wolf-coyote hybridization. 

Red wolf-coyote interactions indicate that both populations in northeastern North Carolina may 

be limited by the availability of mates and not space and food resources in which congeneric pair-

bonding demonstrates weak reproductive barriers between red wolves and coyotes. In the same 

manner that body size may influence resource partitioning between red wolves and coyotes 

through differential use of resources, body size may influence reproductive partitioning through 

assortative mating (Pfennig and Pfennig 2010; Schemske 2010). 

If red wolf and coyote mate selection is non-random, there should be a pattern of 

behavior in which individuals preferentially mate with certain members of the opposite sex. 

Benefits derived by choosing certain mates rather than others can be difficult to quantify because 

those benefits can be subtle (Halliday 1983). Successful production of offspring doesn’t appear to 
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influence partner fidelity because sterilized coyotes are capable of maintaining pair-bonds with 

other coyotes and red wolves for multiple years (USFWS, unpublished data). However, red wolf 

and coyote mate choice and continued fidelity may result from behavioral mechanisms that result 

in similar use of space, habitat, and prey in order for both individuals to complement one another. 

In other words, differences in ecological requirements may serve as barrier to conspecific pair-

bonding between red wolves and coyotes. If this hypothesis is correct, body size may create 

reproductive partitioning, along with resource partitioning, between red wolves and coyotes. For 

example, if coyotes have a much lower ceiling for home-range sizes then red wolves because of 

lower energy demands associated with smaller body sizes, then red wolves that exceed those 

spatial demands are likely to be reproductively isolated from the coyote population. The 

differences in space use and resource demands will not allow for successful maintenance of 

monogamous breeding pairs. However, red wolves that are below that ceiling are susceptible to 

consorting and breeding with coyotes because they can complement the spatial and resource 

needs of their coyote mates. Therefore, morphological traits, such as body size, that promote 

dissimilarity in space use and resource needs may create reproductive barriers between red 

wolves and coyotes. 

Chapter 2 summarizes the history of red wolf recovery efforts, provides a synopsis of 

challenges to red wolf restoration, and suggests future research needed for to pursue full recovery 

of red wolves. 

Chapter 3 examines external morphological characters of red wolves, coyotes, and their 

hybrids to determine if morphology could be an accurate discriminator among the 3 canid taxa. 

This would allow us to verify if red wolves and coyotes differed in morphology. To accomplish 

this we collected mean body measurements from 171 red wolves, 134 coyotes, and 47 hybrids for 

identifying canid taxa in the wild. We then used polytomous logistic regression analysis of 7 

morphometric variables to allocate canids to their a priori species groups predetermined via 

genetic analysis. 
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Chapter 4 assesses factors affecting prey selection of red wolf packs, coyote pairs, and 

congeneric pairs. To accomplish this, my team and I collected and analyzed the prey remains in 

1754 scats from 13 red wolf packs, 17 coyote pairs, and 8 congeneric pairs. We used several 

variables (i.e., body weight, social structure, age, etc.) that have not been traditionally used in 

analyses of scat remains to account for variation in diet. Furthermore, this study is the first to 

assess dietary behaviors of congeneric canid breeding units that are the source of hybridization. 

Additionally, this study represents the most comprehensive assessment of canid diet in the eastern 

United States. 

Chapters 6 and 7 assess space use and habitat selection of red wolves and coyotes. 

Accomplishing this objective required capturing and fitting global positioning system (GPS) 

radio-collars to red wolves and coyotes. This permitted us to monitor resident and transient 

animals and assess ways in which both species move, interact, and use several primary habitats in 

northeastern North Carolina. This study represented the 1
st
 broad scale study (> 5000 km

2
) of 

coyote space use and habitat selection in the southeastern United States. We also provide for the 

1
st
 assessment of body weight influence on coyote and red wolf home-range size. 

Finally, Chapter 8 examines whether body size is a reproductive barrier between red 

wolves and coyotes. To accomplish this, we used linear regression to evaluate the influence of 

body weight on ecological parameters such as home-range size and diet composition. Observed 

patterns are then used to discuss the effects of energetics on red wolf and coyote hybridization. 
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Abstract 

By the 1970s, government-supported eradication campaigns reduced red wolves to a 

remnant population of less than 100 individuals on the southern border of Texas and Louisiana. 

Restoration efforts in the region were deemed unpromising because of predator-control programs 

and hybridization with coyotes. The U.S. Fish and Wildlife Service (USFWS) removed the last 

remaining red wolves from the wild and placed them in a captive-breeding program. In 1980, the 

USFWS declared red wolves extinct in the wild. During 1987, the USFWS, through the Red Wolf 

Recovery Program, reintroduced red wolves into northeastern North Carolina. Although 

restoration efforts have established a population of approximately 70-80 red wolves in the wild, 

issues of hybridization with coyotes, inbreeding, and human-caused mortality continue to hamper 

red wolf recovery. We explore these three challenges and, within each challenge, we illustrate 

how research can be used to resolve problems associated with red wolf-coyote interactions, 

effects of inbreeding, and demographic responses to human-caused mortality. We hope this 

illustrates the utility of research to advance restoration of red wolves. 

Introduction 

 Perceived threats to human enterprise have historically motivated efforts to exterminate 

large carnivores such as wolves, bears, and lions. In particular, wolves have been extirpated from 

much of their historical ranges in North America by government-supported eradication 

campaigns protecting agricultural and livestock interests. However, changes in American societal 

beliefs have resulted in profound changes to how wolves are perceived. The passage of the 

Endangered Species Act of 1973 (ESA) paved the way for restoration of wolf populations that 

were severely reduced or extirpated during the 19
th
 and early 20

th
 centuries. When the ESA was 

legislated, gray wolves (Canis lupus) and red wolves (Canis rufus) existed as declining remnant 

populations in the contiguous United States. Although gray wolf populations in Alaska and 

Canada were stable and the species was not threatened with extinction, red wolves were afforded 

no refuge. Red wolves were likely the first New World wolf species to come in contact with 



 

12 

Europeans and, consequently, the first to be persecuted. Prior to European colonization, red 

wolves were common in the eastern United States and they inhabited an area from the Atlantic 

coast west to central Texas, with the Ohio River Valley, northern Pennsylvania, and southern 

New York being its northernmost range and their distribution extending south to the Gulf of 

Mexico (Figure 1; Nowak 2002, 2003).  At the turn of the 20th century, red wolves were 

extirpated throughout most of their range and approximately 100 individuals occupied coastal 

habitats of eastern Texas and western Louisiana (McCarley 1959, 1962). Declining because of 

aggressive predator-control programs and surrounded by an expanding coyote (Canis latrans) 

population, red wolves were incapable of maintaining self-sustaining populations. They began 

hybridizing with coyotes when they were unable to find conspecific mates and canid populations 

in the region gradually became genetically admixed (McCarley 1959; Paradiso and Nowak 1972; 

Carley 1975). This generated concerns that the last remaining red wolves would be genetically 

assimilated into the coyote genome through hybridization, so the southeast Texas and southwest 

Louisiana populations were targeted for restoration efforts (Carley 1975). 

 After the passage of the ESA, the United States Fish & Wildlife Services (USFWS) 

established the Red Wolf Recovery Program (Recovery Program) with the task of locating and 

preserving populations of red wolves in southeast Texas and southwest Louisiana (USFWS 

1989). However, with rapidly declining red wolf populations and extensive hybridization, the 

USFWS decided to remove the last red wolves from the wild and place them in captivity. The 

Recovery Program's objectives soon changed to capture as many red wolves as possible for 

propagation in captivity, and to re-establish red wolf populations within the species' historic range 

in the near future (USFWS 1989). To find pure red wolves for the captive-breeding program, the 

Recovery Program captured as many wild red wolf-like canids as possible in southeast Texas and 

southwest Louisiana. From 1973 through 1980, approximately 400 canids were captured and 43 

met the morphological standards to be considered red wolves. Breeding experiments were then 

conducted with those 43 individuals and, eventually, 14 individuals met the criteria established to 
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define the species. These individuals were used as the founders to begin the captive-breeding 

program (USFWS 1989). The red wolf was declared extinct in the wild in 1980, becoming the 

first species to be purposely extirpated in the wild to save it from extinction. 

 The captive-breeding program safeguarded the last remaining red wolves and served as 

the last repository of the red wolf genome. The primary objectives of the captive-breeding 

program were to certify the genetic purity of wild-caught red wolves, increase the number of red 

wolves in captivity, and maintain a captive red wolf population for re-establishment of the species 

in the wild (USFWS 1989). Red wolves readily reproduced in captivity with the first captive-born 

litters produced during 1977. Early efforts in the captive-breeding program then focused on 

developing procedures and protocols to ship, handle, and breed red wolves within a network of 

zoo facilities (Carley 2000).  To maintain integrity within the captive-breeding program, the 

USFWS developed a Species Survival Plan® (SSP) that was accepted by the Association of Zoos 

& Aquariums (AZA; USFWS 1989). This ensured that the species would be preserved in 

captivity until a strategy was developed for reintroducing red wolves in the wild. To acclimate 

captive red wolves to wild conditions, the Recovery Program began conducting experimental 

releases of captive-born red wolves on island propagation sites such as Bulls Island of the Cape 

Romain National Wildlife Refuge in South Carolina. Bulls Island became one of three island 

propagation sites that allowed the Recovery Program to develop restoration techniques. 

 During 1984, Alligator River National Wildlife Refuge (ARNWR) was established on the 

Albemarle Peninsula of northeastern North Carolina (NENC) when the  Prudential Insurance 

Company donated approximately 480 km² (48,000 ha) of land to the federal government 

(USFWS 1989). This area was identified as the future reintroduction site for red wolves because 

the refuge contained suitable prey for red wolves, coyotes were absent on the landscape, no 

livestock were present, and the presence of humans was low. In 1987, the USFWS released eight 

captive-born red wolves (four male-female pairs) onto ARNWR to begin reintroduction efforts. 

Initially, mortality rates were high as captive-born wolves were hit by cars, drowned, succumbed 
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to disease, or were attracted to townships (Phillips et al. 2003). As a result, early attempts to 

established red wolves on ARNWR were aggressive and resulted in the release of more than 60 

red wolves from 1987 through 1994 (Phillips et al. 2003). Eventually, the NENC population 

transitioned from captive-born individuals to wild-born individuals and the release of captive-

born adult wolves to augment the NENC population ceased. Currently, almost all red wolves in 

NENC are wild born. Periodically, island-born juveniles and captive-born pups fostered into wild 

litters are used to maintain genetic diversity and health of the wild population. By the mid-1990s, 

red wolves in the wild formed packs, maintained territories, and successfully bred, and the 

reintroduction marked the first successful reintroduction of a wolf species. It also marked the first 

successful attempt to reintroduce a large predator that was completely extirpated from the wild.  

 The USFWS initiated a second reintroduction in the Great Smoky Mountains National 

Park (GSMNP) of the southern Appalachians (USFWS 1990). During 1991, the initial stage of 

the GSMNP reintroduction was implemented to gather information on interactions of red wolves 

and coyotes, livestock, and humans (Lucash et al. 1998). Initial efforts appeared successful when 

a mated adult pair and two pups established a territory in Cades Cove of the GSMNP, so the 

USFWS proceeded with a full-scale reintroduction. However, most of the 37 red wolves released 

were unable to establish and maintain territories within the park boundaries and left for better 

habitat on surrounding lower-elevation agricultural land (Henry 1998). Additionally, red wolves 

that maintained territories on GSMNP had low pup survival as a result of Parvovirus, 

malnutrition, and parasites (Henry 1998). After repeated introduction attempts and low pup 

survival, it was determined that the red wolf population on GSMNP would have to be perpetually 

managed within the park and the GSMNP red wolf reintroduction was terminated in 1998. Red 

wolves that remained in the park were subsequently captured and relocated to ARNWR.  

 Although nearly 25 years have elapsed since red wolves were reintroduced into the wild, 

more than half of the red wolf population still exists in captivity. The captive-breeding program 

safeguards approximately 200 red wolves in more than 40 captive facilities around the United 
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States while the reintroduced red wolf population has expanded throughout the Albemarle 

Peninsula to about 70-80 animals in approximately 15 packs (USFWS 2013). Since 1987, the 

Recovery Area has expanded to accommodate the growing population from approximately 480 

km² to approximately 6800 km² of federal, state, and private lands (Figure 2).  Although red wolf 

restoration has experienced success in many ways, efforts to maintain the NENC population and 

to find future reintroduction sites continually face challenges. For instance, the red wolf species 

continues to be plagued by taxonomic controversy regarding its origin and arguments against the 

systematic validity of the red wolf have been used to oppose red wolf restoration (Phillips and 

Henry 1992; Nowak and Federoff 1998). Red wolves still remain a remnant population and 

experience a series of ecological threats such as hybridization with coyotes and inbreeding (Kelly 

et al. 1999; Stoskopf et al. 2005; USFWS 2007). Without management of coyotes in the Recovery 

Area, it is likely that the red wolf population would be genetically assimilated into the eastern 

coyote population (Kelly et al. 1999). Additionally, the small number of red wolves makes the 

population in NENC susceptible to genetic drift and inbreeding depression (Rabon and Waddell 

2010). To prevent inbreeding and maintain genetic diversity in the wild population, captive-born 

and island-born individuals are periodically released into the Recovery Area. Additionally, 

quixotic fervor within the hunting community to suppress predators continues to hamper red wolf 

population growth in NENC. Increased mortality by gunshot during the hunting season has 

reduced the number of red wolf packs, lowered red wolf survival, and has facilitated coyote 

expansion into the Recovery Area (USFWS 2007). 

 In the progress of overcoming these challenges to restoring red wolves to the wild, there 

is a need to consolidate knowledge and contemplate those experiences as recovery efforts move 

forward. Therefore, our objective is to provide a synopsis of the challenges to restoration of the 

red wolf and suggest future research needed to pursue full recovery of the species. 
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Red Wolf Taxonomy 

 Currently, scientists find themselves in a contentious debate regarding the taxonomy of 

New World wolves and its implications on the evolution, ecology, and conservation of Canis 

species in eastern North America (Chambers et al. 2012). The origin of the red wolf is central to 

this debate (Nowak 1979, 2002; Wayne and Jenks 1991; Wilson et al. 2000). Although scientific 

synthesis has led to new insights into the evolution and ecology of New World wolves, massive 

loss of historic and geographic genetic data and recent genetic introgression by coyotes continues 

to hinder consensus on red wolf origin (Chambers et al. 2012). Despite significant voids in data to 

adequately characterize the historic red wolf populations in the Southeast, limited and anecdotal 

data does exist to indicate the existence of a large canid in the southeastern United States.  

 The unique presence of a southeastern wolf was noted during the 18th century (Bartram 

1791; Harper 1942; Nowak 1992) and, by 1851, the red wolf was given a valid scientific name 

(Audubon and Bachman 1851). During the turn of the 20th century, several authors recognized 

structural differences between gray and red wolves and initiated revisions of the red wolf's 

taxonomic status (Bangs 1898; Baily 1905; Miller 1912). Eventually, Goldman (1937, 1944) 

described red wolves as distinct from gray wolves and coyotes based on cranial and dental 

characters and consigned all wolves of the Southeast to one species, C. rufus. By the 1960s, 

federal and state agencies generally assumed that viable populations of red wolves existed in the 

Southeast despite a great deal of confusion about the species status. McCarley’s (1962) 

taxonomic study of red wolves concluded that red wolves had been replaced by coyotes and red 

wolf/coyote hybrids in most areas of eastern Texas, Arkansas, Louisiana, and Oklahoma. His 

work indicated that a few red wolf populations still existed in parts of Louisiana. After examining 

a number of Canis specimens from the Southeast, Paradiso (1965, 1968) and Pimlott and Joslin 

(1968) confirmed McCarley's (1962) findings and brought attention to what were believed to be 

the last surviving red wolf populations on the Gulf Coast in southeast Texas and southwest 

Louisiana (Carley 2000). 
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 Nowak (Nowak 1979, 2002) investigated the taxonomy of Canis species of eastern North 

America using discriminant function analysis to evaluate the characteristics of modern and 

paleontological Canis skulls (Nowak 1979, 2002) and dentition (Nowak 2002). In doing so, he 

was able to differentiate gray wolves, red wolves, coyotes, and domestic dogs (Canis familiaris) 

into separate groups and postulated that red wolves evolved from a transitional form (i.e., Canis 

mosbachensis) between a wolf-like coyote ancestor and the gray wolf. Nowak (1979) found no 

evidence that gray wolves existed in the southeastern United States. Despite widespread 

occurrence of domestic dog in the Southeast, Nowak (1979) found no evidence of introgression 

from domestic dogs into the red wolf and coyote populations. The earliest red wolf specimens 

showed no statistical overlap with gray wolves, coyotes, or domestic dogs and had similar 

multivariate distribution as the red wolf specimens from the Pleistocene era. Specimens collected 

before 1930 indicated hybridization between red wolves and coyotes was uncommon where their 

ranges approached. However, specimens from the 1930s until the 1950s indicated hybridization 

with coyotes was occurring over large areas of the red wolf's southern range where coyotes were 

replacing red wolves. Nowak (1979, 2002) suggested that hybridization between red wolves and 

coyotes began at the turn of the 20th century when anthropogenic factors destroyed ecological 

and behavioral isolation. Despite coyote introgression into the red wolf genome during the 20th 

century, Nowak (2002) reported that the morphology of modern red wolves is predominately like 

C. rufus that persisted in the eastern United States 10,000 years ago. 

 Although it had been suggested that red wolves were the result of coyote and gray wolf 

hybridization (Mech 1970), the hypothesis of a hybrid origin did not receive much attention until 

applied molecular techniques became the primary means of evaluating red wolf taxonomy. 

Analyzing mitochondrial DNA (mtDNA), Wayne and Jenks (1991) evaluated the genetic 

integrity of red wolves in the captive-breeding program and reported no unique genetic markers 

in red wolves that were distinct from gray wolves and coyotes. Therefore, they concluded that the 

red wolf is a hybrid form derived from gray wolves and coyotes. Similar conclusions were 
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reached by a series of genetic papers examining red wolf mtDNA and nuclear DNA (nDNA) that 

accepted the premise that red wolves originated from hybridization events occurring between 250 

to 13,000 years ago (Roy et al. 1996; Reich et al. 1999; vonHoldt et al. 2011). However, these 

conclusions have been contested in morphological (Nowak and Federoff 1996; Nowak 2002, 

2003) and molecular (Bertorelle and Excoffier 1998; Wilson et al. 2000; Hedrick et al. 2002; 

Adams et al. 2003; Wilson et al. 2003; Kyle et al. 2006; Hailer et al. 2008; Chambers et al. 2012; 

Rutledge et al. 2012) studies. 

 Examining the origin and taxonomy of wolves in eastern Canada, Wilson et al. (2000, 

2003) reported that captive red wolves and eastern wolves (Canis lycaon) have mtDNA control 

sequences more closely related with coyotes, while exhibiting unique haplotypes not found in 

gray wolves and coyotes. Although these mtDNA sequences don't occur in western coyotes, they 

cluster among western coyote populations and Wilson et al. (2000) attributed this as evidence that 

red wolves, eastern wolves, and coyotes share a recent common ancestor in the New World 

independent of gray wolves. Other studies have supported these conclusions (Wilson et al. 2003; 

Wheeldon et al. 2010; Chambers et al. 2012) and these results appear to reconcile early 

observations that red wolves and coyotes approached one another in morphology (Nowak 1979; 

Goldman 1937). Although the results of these studies indicate that red wolves are not of hybrid 

origin, Wilson et al. 2000 proposed that the red wolf and eastern wolf are genetically close 

enough to be considered a single species under C. lycaon. The disagreement among these genetic 

studies stems in part from differing assumptions about the nature of the coyote-like mtDNA 

found in eastern and red wolves. Those that support a hybrid origin interpret the coyote-like 

mtDNA as being from coyotes, whereas those that support the hypothesis that red wolves, eastern 

wolves, and coyotes share a common ancestry interpret the coyote-like mtDNA as being eastern 

wolf in origin and a result of incomplete lineage sorting. 

 Significant gaps in the historic and geographic genetic data and recent hybridization 

makes it difficult to sort out the evolutionary history of red wolves. As a result, the taxonomy of 
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North American wolves is complex and not without debate. Prior to and during European 

colonization of the Southeast, there appears to have been a small wolf species present and its 

modern equivalent may be the red wolf. It is also possible that red wolves are morphologically 

and genetically similar to coyotes because they fall within the species limits of the coyote clade 

(Chambers et al. 20012). Although the door is open for future taxonomic revision, the hybrid 

origin of red wolves is difficult to reconcile because gray wolves have historically been absent 

from the southeastern United States and, until the mid-20
th
 century, coyotes were absent from the 

region for over 10,000 years (Nowak 2002). Additionally, there is no evidence of ongoing 

hybridization between gray wolves and coyotes that are currently sympatric (Kyle et al. 2006; 

Wheeldon et al. 2010; Rutledge et al. 2012). Modern hybridization among Canis species in the 

East makes it difficult to sort out the evolutionary history of red wolves. Recent and developing 

studies demonstrate that the taxonomy of red wolves is complex and morphological and 

molecular studies of fossilized wolves from the southeast are essential to settling the debate over 

red wolf origin. 

Ecological Challenges 

Red Wolf and Coyote Hybridization 

 Red wolves and coyotes exist as a panmictic population in NENC and hybridization 

provides an exceptionally tough set of problems for red wolf recovery. Understanding how red 

wolves interact with coyotes is an important issue which could dictate the success of the 

reintroduction project. During 1999, the USFWS re-evaluated the red wolf recovery effort by 

organizing a Population and Habitat Viability Assessment workshop (PHVA; Kelly et al. 1999). 

Introgression of coyote genes into the red wolf population was considered the principal threat to 

recovery efforts when it was discovered that hybridization could render the wild red wolf 

population unrecognizable within several generations (Kelly et al. 2006; Stoskopf et al. 2005). As 

a result, priorities were identified and the PHVA called for approaches that would prevent 

hybridization and promote the growth of a self-sustaining population of red wolves in NENC. An 
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adaptive management plan (Rabon et al. 2013) was designed during the PHVA with the intent to 

provide the Recovery Program flexibility to modify management schemes and scientific studies 

as conditions and threats to red wolf recovery change. 

 As history has proven, coyote populations are too resilient to state and federal eradication 

programs and clearing the Albemarle Peninsula of coyotes poses an overwhelming challenge. 

Two management techniques were developed during the PHVA to prevent hybridization. Coyotes 

and hybrids captured by USFWS personnel within the Recovery Area are reproductively 

sterilized (hereafter sterilized) and used as space holders until red wolves move in and occupy 

those areas. Coyotes and hybrids are taken to a local veterinary clinic in which females and males 

are sterilized by tubal ligation and vasectomy, respectively. This process keeps the hormonal 

system intact and avoids disrupting breeding and territorial behavior. Sterilized animals are fitted 

with mortality-sensitive radio-collars, released, and monitored for the duration of their life. This 

allows the Recovery Program to collect relevant information on coyote space use, habitat 

selection, and interaction with red wolves while suppressing coyote reproduction. In the event 

that a red wolf pairs with a sterilized coyote, the pair cannot produce hybrid litters. Additionally, 

sterilized coyotes that maintain territories keep those spaces occupied and prevent fertile coyotes 

from establishing breeding pairs on the landscape. 

 As recommended during the PHVA, the Recovery Area was divided into three 

management zones in which management efforts varied in intensity to minimize hybridization on 

the landscape (Figure 2).  The ultimate management goal is to ensure that all Canis breeding pairs 

within the Recovery Area are red wolves. To implement this, Recovery Program biologists began 

eradicating coyotes and hybrids from Zone 1 while selectively using sterilized coyotes as space 

holders in Zone 2. When objectives in Zone 1 were completed, management efforts shifted west 

to Zone 2 in which sterilized space holders were removed to create space for red wolves. Once 

coyotes and hybrids were removed from Zone 1 and 2, management efforts would be undertaken 

in Zone 3. Implementing management goals in order of priority allowed the Recovery Program to 
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minimize hybridization by monitoring red wolf and coyote packs throughout the Recovery Area 

and replacing coyotes and hybrids with red wolves when opportunities arose. 

 Prior to the PHVA, the Recovery Program assumed all canids captured within the 

Recovery Area were wolves unless animals were unusually small and coyote-like in appearance 

(Stoskopf et al. 2005).  Once hybridization was considered the primary threat to recovery efforts, 

molecular techniques were developed to identify coyotes and hybrids and quantify introgression 

into the red wolf population. Using microsatellite markers from the 14 founding individuals and 

other captive red wolves to generate allele frequencies, a pedigree of the red wolf population was 

developed (Miller et al. 2003; Adams 2006). Animals are now blood sampled upon capture and 

identified as red wolves, coyotes, or hybrids using 17 microsatellite markers. As these methods 

were developed, a hybridization event that occurred during 1993 between a female red wolf and a 

male coyote was detected (Adams 2006; USFWS 2007). Individuals in the wild population 

considered red wolves were then correctly identified as 2
nd

 and 3
rd

 generation backcrosses from 

the male hybrid offspring of the 1993 hybridization event. When it was realized that removing all 

red wolves with introgression would essentially extirpate the wild red wolf population, the 

Recovery Program opted to allow wild reproduction among red wolves to slowly breed the coyote 

genetics out. To accelerate purging of coyote genetics, the Recovery Program selectively culled 

animals they thought were not red wolves. Over time, selective management of backcrosses and 

minimizing hybridization has been successful in limiting coyote introgression in the wild red wolf 

population to less than 5% in 2006 (Adams 2006) and has continue to facilitate a decrease since 

then (USFWS unpublished).  

 Scientific research is essential to understanding hybridization and the interplay between 

research and management offers an interesting opportunity to examine this process over the long-

term. Initial scientific inquiries after the PHVA were to establish studies to measure, monitor, and 

manage hybridization in the Recovery Area. In doing so, a complete reconstruction of a red wolf 

pedigree has been established and this most likely represents the most complete database for any 
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wild population. It's now understood that hybridization between red wolves and coyotes is not 

directional in terms of the wolves' sex and hybrids backcross with both species (Adams 2006; 

Rabon 2009; Bohling 2011). Furthermore, current research has identified young, inexperienced 

red wolves with coyote ancestry to be more likely to breed with coyotes (Bohling 2011). Despite 

these successes in measuring and monitoring hybridization, ecological explanations for 

hybridization have been lacking. In other words, little quantitative information exists on mate 

selection and possible reproductive barriers between red wolves and coyotes (Bohling 2006; 

Rabon 2009), and future research efforts should focus on discovering possible reproductive 

isolating mechanisms that exist between red wolves and coyotes.  

 Hybridization between red wolves and coyotes implies the obvious break down of 

reproductive barriers and the two species consort and breed with one another when situations 

favor opportunities to mate with congenerics. Currently, no extrinsic reproductive barriers (i.e., 

geographic barriers) exist between red wolves and coyotes because coyotes are ubiquitous 

throughout the red wolf's historic range. Hybridization occurs between the two species when a red 

wolf and a coyote form a breeding pair that will defend a territory together until the death or 

displacement of a mate. Consequently, the red wolf-coyote pair will produce hybrid offspring and 

maintain pack dynamics similar to gray wolves (Jordan et al. 1967; Mech 1970, 1999), red 

wolves (Phillips et al. 2003; Hinton and Chamberlain 2010; Sparkman et al. 2011), and coyotes 

(Gese et al. 1996a, 1996b; Bekoff and Gese 2003). This should be expected because 

monogamous breeding appears to be a phylogenetic component that operates at the family level 

and group living is common within Canis (Gittleman 1989; Geffen et al. 1996). Therefore, if an 

isolating mechanism exists, it's most likely to be an intrinsic isolating factor (i.e., behavior) that 

would prevent pair formation between red wolves and coyotes. Understanding the ecology of red 

wolf-coyote interactions is crucial to define species traits that serve as isolating mechanisms, 

describe how these traits prevent hybridization, and identify what selection forces in nature favor 

the maintenance of red wolves and coyotes as separate species. 
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 If intrinsic isolating factors do exist between red wolves and coyotes, then behaviors that 

promote sexual isolation of individual red wolves and coyotes should be associated with 

phenotypes that promote divergence in behavior and genetic discontinuity between the two 

species. Red wolves and coyotes share the same body plan but do not overlap in body size in 

which red wolves are the larger species (Hinton et al. In review). As a result, body size is the 

primary trait that distinguishes red wolves from coyotes and it most likely facilitates differential 

use of resources between the two species. It is well established that body size has a major effect 

on inter- and intraspecific interactions of mammalian carnivore species in which competitive 

interactions are strongly asymmetrical with larger species displacing smaller competitors 

(Rosenzweig 1966, 1968; Gittleman 1985; Palomares and Caro 1999). Furthermore, body size is 

a key predictor of life history traits, population growth rates, density, space use, and predator-prey 

dynamics (Huxley 1936; McNab 1963; Gittleman 1985; Brown and Nicoletto 1991; Brown et al. 

2004; White et al. 2007). It is logical that red wolves and coyotes are not exempt from the broad 

influences that body-size allometries have at individual-, population-, and community-level 

processes. Understanding how body size differences lead to differences in red wolf and coyote 

resource demands, demographics, diet, and space use will lead to more comprehensive 

understanding of red wolf-coyote interactions and identify what behaviors facilitate genetic 

discontinuity between the two species. 

 Recent research has allowed the Recovery Program to measure, monitor, and manage 

hybridization in NENC. However, preventing hybridization using reproductive sterilization 

techniques is heavy handed and a short-term strategy to jump start red wolf colonization. There 

are other important biological considerations to be addressed and research objectives regarding 

hybridization should shift in the direction of studying the relationship between phenotypic traits 

and hybridization. For instance, when choosing a mate, do red wolves and coyotes use a criterion 

of mate quality as a predictor of benefits that potential mates offer and, if so, how does choosing 

for mate complementarity effect partner fidelity and breeding pair stability? These types of 
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research objectives could associate specific traits with hybridization and breeding success and, 

eventually, allow biologists to detect selection processes within the red wolf and eastern coyote 

populations. Reproductive barriers are maintained through ecological, demographic, and 

developmental conditions (Mayr 1941) and understanding how sexual isolation operates is crucial 

to the restoration of red wolves. 

Inbreeding Effects 

 Inbreeding can increase the risk of extinction for small populations by decreasing 

reproductive rates and increasing susceptibility to environmental change and disease 

(Charlesworth and Charlesworth 1987; Crnokrak and Roff 1999; Hedrick and Kalinowski 2000; 

Charlesworth and Willis 2009). A primary goal of many conservation programs is to minimize 

inbreeding depression, the deleterious effects of inbreeding, because of the link between 

increased inbreeding and loss of population viability (Lande 1988; Allendorf et al. 2010; 

Frankham 2010). As a small population pushed to the brink of extinction, the red wolf suffered 

considerable loss of genetic diversity and obviating the potential effects of inbreeding depression 

and further loss of genetic diversity on red wolf fitness is a conservation goal (USFWS 1989). 

Given inbreeding depression may occur when red wolves mate with closely related kin, and as a 

population founded by few individuals, managing the overall relatedness of captive and wild 

populations poses challenges for restoration efforts. 

Captive breeding of red wolves began three decades ago to preserve the species and 

provide demographic security. Preservation of genetic diversity in captivity requires using a red 

wolf Population Analysis and Breeding and Transfer Plan to select sires and dams for artificial 

breeding (Waddell and Long 2010). The long-term goal is to preserve 80-90% of the genetic 

diversity for 150 years (USFWS 1989) and, currently, the captive red wolf population has 

retained 89.5% of the genetic diversity that existed in the 14 founders (USFWS 2007; Waddell 

and Long 2010). Although heritable defects, such as progressive retinal atrophy, malocclusion, 

and undescended testicles, were observed in a small number of captive red wolves, early studies 
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that examined juvenile survival and litter size reported no observable inbreeding depression in the 

red wolf captive program (Kalinowski et al. 1999; USFWS 2007; Hedrick and Fredrickson 2008). 

Subsequent studies found increased levels of inbreeding in the captive population were correlated 

with decreased litter size, but overall, inbreeding depression was minimal (Rabon and Waddell 

2010). Rabon and Waddell (2010) concluded that improvements in husbandry, veterinary care, 

and nutrition positively contribute to pup survival and offset the negative effects of inbreeding in 

the captive population. However, these services are not extended to red wolves in the wild and 

understanding the effects of inbreeding in the wild population requires further study. 

Red wolves are social carnivores in which intraspecific aggression and delayed dispersal 

play an important role in pack dynamics. The small size of the wild population and the high level 

of relatedness among individuals increase the risk for incestuous mating to occur. The influence 

of mate choice and inbreeding avoidance behavior on population dynamics remains poorly 

understood. It’s been shown that dispersal is an important inbreeding avoidance behavior in other 

canid species that results in few inbred matings (Smith et al. 1997; Jankovic et al. 2010; Geffen et 

al. 2011). Similarly, Sparkman et al. (2012) found few instances of breeding between 1
st
 degree 

relatives in wild red wolves and concluded that dispersal behaviors reduced the risk of 

inbreeding. Red wolf behaviors associated with inbreeding avoidance suggest that inbreeding has 

a negative effect on fitness and may influence population dynamics. 

Inbreeding levels of wild red wolf populations may be high and the effect of inbreeding 

avoidance on hybridization with coyotes remains unknown. Inbreeding avoidance may cause red 

wolves to outbreed with a closely related species, such as coyotes, when inbreeding leads to 

severe fitness consequences. During the mid-2000s, Recovery Program biologists observed 

dispersing red wolves passing through territories of potentially available red wolf mates and pair-

bonding with coyotes. They speculated inbreeding avoidance may influence red wolf mate choice 

and facilitate hybridization. The premise behind this observation is a hypothesis that assumes 

when red wolves cannot locate red wolf mates unrelated to them they will opt to breed with 
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unrelated coyotes to avoid incest (Beyer and Lucash personal communication). Therefore, 

understanding how inbreeding depression influences hybridization between red wolves and 

coyotes has become a concern for managing the wild red wolf population. 

Research on the effects of inbreeding should involve both ecological and genetic analyses 

to investigate red wolf and coyote pair formation and how inbreeding avoidance influences 

hybridization and red wolf fitness. One particular area of promise is sequencing major 

histocompatibility complex (MHC) genes to examine red wolf kin recognition and mate choice. 

MHC genes were originally identified in inbred mice during skin graft experiments in which 

MHC molecules of the host recognized graft tissue as foreign antigens and attacked them (Snell 

and Higgins 1951). Since then, MHC genes have been discovered to play a critical role in cellular 

immune response and correlations between MHC alleles, haplotypes, or heterozygosity and 

pathogen resistance have been shown for a number of species (Apanius et al 1997; Sommer 

2005). Given that MHC variation affects disease resistance, there may be an advantage to avoid 

kin and other mates with similar MHC alleles or haplotypes (Milinski 2006; Huchard et al. 2010). 

Studies have found MHC-dependent mate choice in both captive and wild species where 

individuals preferred MHC dissimilar mates (Piertney and Oliver 2006). Cooperative group living 

is a primary adaptive characteristic of red wolves and individuals are likely to recognize kin. How 

MHC variation influences kin recognition and, subsequently, inbreeding avoidance and 

hybridization in red wolves is unknown. Red wolves are known to have fewer MHC alleles than 

other wild canid populations (Hedrick et al. 2002) and future research should evaluate how MHC 

variation may influence mate selection, and hybridization. 

Red Wolf Demographics 

 It's well established that variation in survival and reproduction are responsible for the 

dynamics of populations (Leslie 1945; Ginzburg 1986; Gotelli 2001; Watts et al. 2009; Stahler et 

al. 2013). Accurate estimates of survival and reproductive rates are essential for conservation 

programs to minimize extinction risks and promote conditions enhancing the persistence of small, 
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vulnerable populations (Willams et al. 2002; Norris 2004). Population viability analysis (PVA) 

has traditionally been used to project population trajectories into the future based on ecological 

and demographic parameters (Akçakaya 2000a, 2000b). The red wolf population currently exists 

as a small, vulnerable population with a high risk of extinction to demographic and environmental 

stochasticity. Understanding how the red wolf population is expected to change in response to 

environmental conditions is dependent on accurate estimates of vital rates and realistic population 

estimates from quantitative models. 

A primary goal of red wolf recovery is to establish and maintain a red wolf population of 

220 individuals in three disjunct populations within the species’ historical range (USFWS 1989). 

To evaluate the red wolf population and its viability in the presence of a ubiquitous coyote 

population, a PVA model was developed at the PHVA to predict population trends and the effect 

of hybridization on red wolf persistence (Kelly et al. 1999). The 1999 PVA predicted that red 

wolves would increase 20% each year for about 10 years before reaching a carrying capacity limit 

of 140 individuals. Low mortality for wild wolves was assumed to drive the rate of population 

growth and, despite not reaching 220 individuals, no immediate risk of extinction was suspected 

given this scenario. When hybridization was incorporated into the 1999 PVA, increased loss of 

female red wolf breeders to coyote encroachment was predicted to suppress reproductive rates of 

red wolves to a level too low to offset natural and human-mediated mortality. Therefore, 

increasing levels of hybridization increases the risk of extinction not only through red wolf 

assimilation into the coyote population but, also through an inability to replace red wolves lost to 

mortality. 

The 2007 5-year status review (hereafter 2007 Review) of red wolves indicated the 

NENC population had fluctuated between 80-130 individuals per year since 1999 (USFWS 

2007). With an estimated carrying capacity (K) of 140 individuals that was reached in 2001, it 

was assumed that the red wolf population would continue to expand in subsequent years because 

red wolves occupied approximately 60% or less of the Albermarle Peninsula land area (USFWS 
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2007). However, the red wolf population did not expand but, rather, gradually declined to 

approximately 100 individuals since peaking in 2001 (see Red Wolf Recovery Program Quarterly 

Reports). Preliminary analysis of red wolf demographics from 1999 until 2007 indicated overall 

annual red wolf survival rate was 78.2% and anthropogenic sources of mortality (e.g. gunshots, 

trapping, and vehicle strikes) accounted for 58% of red wolf deaths (USFWS 2007). The 2007 

Review reported the high proportion of red wolf deaths by anthropogenic factors was additive to 

other mortality sources and that red wolf fatalities resulting from gunshots remains the most 

problematic to red wolf persistence. 

Red wolves were seven times more likely to be killed during the North Carolina white-

tailed deer (Odocoileus virginianus) hunting season (October 15 – December 15) than during the 

non-hunting season (USFWS 2007; Bohling 2011). Illegal take of red wolves is believed to 

hamper red wolf population growth because it disrupts natural behavioral dynamics that effect 

demographic processes (Packer et al. 2009; Rutledge et al. 2012b). Furthermore, reduction of red 

wolves increases coyote presence in the Recovery Area by breaking up packs and destabilizing 

social dynamics, which reduces the red wolf's ability to hold and defend territories against 

coyotes. The breeding season for red wolves occurs during white-tailed deer and American black 

bear (Ursus americanus) hunting seasons and increased mortality rates during this time forces red 

wolf breeders to quickly replace lost mates. When red wolves lost mates to gunshots during the 

hunting seasons they were more likely to pair with coyotes or fail to replace their mates than to 

pair with red wolves (USFWS 2007). Evaluating the breeding records and individual histories of 

red wolves involved in hybridization events, Bohling (2011) found most hybridization events 

occurred after red wolves lost mates to gunshots and suggested that social structure and stability 

play a critical role in preventing hybridization. Similarly, Rutledge et al. (2012b) found intense 

harvest of eastern wolves around Algonquin Provincial Park (APP) during the 1960s to have 

exacerbated hybridization with coyotes. Therefore, it is prudent for red wolf conservation that 

managers better understand how high mortality caused by illegal killing of red wolves during the 
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hunting season may disrupt social structures, influence population dynamics, and promote 

hybridization with coyotes. 

The PHVA warned that human-caused mortality that is additive would facilitate 

hybridization and increase the risk of extinction for red wolves. Therefore, research on red wolf 

demographics should focus on elucidating mechanisms that influence persistence of wolves on 

the landscape. This requires use of the Recovery Program's long-term monitoring data of the 

NENC red wolf population. Long-term monitoring involves annual trapping of red wolves during 

the fall to radio-tag juvenile and adult red wolves and inspection of dens during the spring to 

count and transponder pups (Rabon et al. 2013). These efforts allow the Recovery Program to 

identify individual red wolves at birth and monitor them until death to collect baseline data on 

survival and reproduction. Demographic parameters such as survival and population size can be 

estimated from capture-recapture data (Nichols et al. 1994; Burnham et al. 1995; Ivan et al. 2013) 

and research efforts should incorporate red wolf monitoring data to develop accurate parameters. 

Research objectives should estimate annual rates of population change and age-specific survival 

and reproductive rates of the red wolf population. Additionally, effects of natural and 

anthropogenic sources of mortality on red wolf persistence should be examined to understand 

how environmental conditions affect population dynamics over the short- and long-term. This 

type of research would provide accurate estimates of population parameters for PVAs and assist 

in developing a valuable framework to evaluate important ecological questions related to red wolf 

population dynamics.  

Conclusions 

Created in the wake of new societal values, the Red Wolf Recovery Program was tasked 

by the USFWS with the responsibility of restoring red wolves within their historic range. Along 

the road to saving the red wolf from extinction, the Recovery Program extirpated the species from 

the wild to prevent its genetic assimilation into the expanding coyote population. The Recovery 

Program established a captive-breeding program, and despite starting with 14 founders, grew a 
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captive population of red wolves used for future reintroductions into the wild. During fall of 

1987, the red wolf became the first carnivore completely extirpated from the wild to be 

successfully reintroduced back into its historic range. Today, the Recovery Program manages the 

only wild population of red wolves on the Albemarle Peninsula of North Carolina. However one 

views the merits of this effort to restore red wolves, it is a story with challenges and one worth 

contemplation. 

Disagreements about the nature of coyote-like DNA found in red wolves have created 

controversy in red wolf taxonomy and conservation. The initial discovery of coyote-like 

haplotypes in red wolves spurred conclusions that the species originated through modern 

hybridization between gray wolves and coyotes (Wayne and Jenks 1991; Roy et al. 1996). As a 

result, academic debates during the 1990s focused on the role of modern hybridization in red 

wolves and its implications for red wolf conservation (Gittleman and Pimm 1991; Nowak 1992; 

Wayne and Gittleman 1995; Nowak and Federoff 1998). However, later research reported the 

coyote-like DNA found in red wolves indicated a shared ancestry with eastern wolves and 

coyotes, and concluded that all three species evolved in a New World canid lineage independent 

of gray wolves (Wilson et al. 2000; Wheeldon et al 2010; Chambers et al. 2012). Predictably, the 

academic debate has begun shifting towards resolving whether eastern and red wolves are 

conspecific (Murray and Waits 2007; Kyle et al. 2008; Wheeldon et al. 2010; Chambers et al. 

2012). Taxonomy is fluid because species evolve and competing concepts over species statuses 

are not uncommon. In the case of the red wolf, the lack of historic and geographic specimens 

coupled with modern hybridization between red wolves and coyotes facilitate conflicting 

conclusions with regards to the species origin. Therefore, it's realistic to expect scientific debate 

over the taxonomic status of red wolves and, as future studies provide new information, revisions 

to competing hypotheses regarding species origin should be expected. 

Any discussion of red wolf recovery must occur against the backdrop of current 

ecological and anthropogenic challenges. Although hybridization, inbreeding, and demographics 
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were discussed separately earlier, these three issues are intrinsically related because they are 

influenced by the presence and management of coyotes. Therefore, these issues are complex and 

controversial causing management plans to promote recovery efforts to be more difficult than 

planned. Prior to the mid-1990s, coyotes were rare but increasing in NENC and Recovery 

Program biologists anticipated eventual colonization of the Peninsula by coyotes. The use of 

sterilized coyotes as space holders allowed the Recovery Program to saturate the Recovery Area 

with territories of red wolf packs and sterile coyote pairs. During the early 2000s, most coyotes 

captured, sterilized, and released with radio-collars failed to establish territories or pair with a 

space holder. In other words, the Recovery Program effectively saturated the Peninsula with 

canid territories and coyotes dispersing into the Recovery Area failed to find available space or 

mates and eventually left. However, legislation (NCGS § 113 273) passed by the NC General 

Assembly allowing owners of fox pens to buy live coyotes from licensed trappers and hunt them 

within their fox pens (NCWRC 2013) may negatively affect these efforts by disrupting red wolf 

packs and sterilized coyote space holders. Fox pens are enclosures averaging 250 ha in which 

gray foxes (Urocyon cinereoargenteus), red foxes (Vulpes vulpes), and coyotes are hunted with 

hound dogs for sport in approximately 20 states (Davidson et al. 1992; Baker 1993; Lee et al. 

1993). Fox pen operations create legal and illegal markets for the importation and release of 

coyotes for hunting opportunities, and those markets may supplement local coyote populations 

through accidental or intentional releases of coyotes into the wild. The number of coyotes trapped 

in the Recovery Area increased each year after legal trafficking of live coyotes was permitted in 

2003 (USFWS unpublished data). Although the number of red wolves captured and hunted in fox 

pens is unknown, disappearance and illegal take of red wolves has increased since the passage of 

the law. Increased efforts by trappers to capture coyotes and increased vigilance of deer hunters to 

shoot coyotes have stagnated red wolf population growth by breaking up red wolf packs and 

removing sterilized coyote space holders from the landscape through accidental and purposeful 

killing of red wolves and sterilized coyotes (USFWS unpublished data). 
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Evident by the widespread persistence and range expansion of coyotes, current policies to 

control their populations are ineffective and have failed to significantly reduce coyote 

populations. Laws promoting trafficking and nighttime hunting of coyotes increase the chances 

that red wolves will be accidentally or purposefully killed by hunters, and attempts to remove 

these hunting laws are constrained by organized hunting and trapping groups. Increased killing of 

red wolves by predator-control programs during the early 20th century facilitated the decline of 

red wolves and promoted their hybridization with expanding coyotes. Recent research showed 

intense harvest of eastern wolves also facilitated hybridization with coyotes by disrupting the 

population's social structure (Rutledge et al. 2012b). Today, increased killing of red wolves by 

humans appears to be disrupting red wolf packs and facilitating hybridization with coyotes 

(Bohling 2011). Increased relatedness of red wolves through discriminant killing opportunities 

will eventually lead to inbreeding depression in the wild population. Use of MHC genes to 

evaluate red wolf mate choice could lead to insights of how red wolves respond reproductively to 

anthropogenic changes and how MHC variation affects resistance to potential diseases that can be 

introduced through trafficking coyotes. Therefore, controlling hybridization and inbreeding 

requires understanding how anthropogenic sources of mortality facilitate conditions favorable to 

hybridization. 

Increased mortality rates of red wolves and coyotes promote high turn-over rates of 

territories and erode the effectiveness of sterilization methods. Despite this, continued use of 

sterilization and efforts to increase the number of red wolves on the landscape will likely fail to 

prevent hybridization if reproductive barriers do not exist in the first place (Fredrickson and 

Hedrick 2006). Key to developing effective management that prevents the hybridization of 

sympatric red wolf and coyote populations is to identify unique traits of both species that promote 

sexual isolation. Within the Recovery Area, some individual red wolves and sterile coyotes 

appear to always prefer conspecifics as mates while others show random preferences, and 

assortative mating within both populations may indicate an intrinsic reproductive barrier. In the 
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hybridization section of this paper, we discussed evaluating the effects of body size on mate 

complementarity between red wolves and coyotes because body size is the most characteristically 

distinct trait between the two species. Life history traits (i.e., rates of individuals growth, 

reproduction, and mortality), population-level processes (i.e., abundance and space use), and 

community-level interactions (i.e., predator-prey dynamics and interspecific interactions) are 

known to correlate with body-size allometries regardless of taxonomic status (LaBarbera 1989; 

Brown et al. 1993, 2004; Capellini et al. 2010). Therefore, there are compelling reasons to study 

how phenotypes facilitate the outcomes of red wolf-coyote interactions because phenotypes are 

the direct interface between the two species. Selection acts directly on phenotypes with genetic 

change occurring as an indirect consequence and phenotypes have ecological effects on 

population dynamics and community structure (Agrawal 2001; Schluter 2001; Price et al. 2003; 

Kingsolver and Pfennig 2008; Siepielski et al. 2009; Crispo et al. 2010). If certain phenotypes 

serve as reproductive barriers between red wolves and coyotes, management can manipulate 

selection to achieve desired demographic effects and reduce hybridization. 

A major impediment to red wolf restoration is the limited knowledge about traits that 

facilitate behavioral and ecological differences between red wolves and coyotes. This is critical to 

red wolf restoration because expanding our knowledge about mechanisms that facilitate stable 

and reproductively isolated red wolf populations will allow us to recognize responses of red 

wolves to changing environments. This knowledge guides research to make accurate inferences 

and predictions about the future and promotes implementation of appropriate management. The 

reality of incomplete reproductive isolation may present challenges to red wolf restoration but 

evolution is ongoing and management efforts should promote conditions that allow for the 

gradual evolution of reproductive barriers.  Although much work remains to be done, information 

and experiences gained from more than 25 years of restoration efforts have made crucial 

contributions to the future of the red wolf. They also allow us to formulate areas of investigation 

that are of direct relevance to the restoration of red wolves. 
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Figure 2.1: Historic and current range of red wolves (Canis rufus) in North America. 
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Figure 2.2: Management zone boundaries with the Red Wolf Recovery Area of northeastern 

North Carolina.
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Abstract 

We describe the external morphological characters of red wolves, coyotes, and their hybrids from 

North Carolina and assess if morphology could be an accurate discriminator among the 3 canid 

taxa. We used body measurements from 171 red wolves (Canis rufus), 134 coyotes (Canis 

latrans), and 47 hybrids in a polytomous logistic regression analysis to assess if they could be 

used to identify canids as red wolves, coyotes, or hybrids. Polytomous logistic regression analysis 

of 7 morphometric variables was able to correctly allocate 86% of canids to their a priori taxa 

groups. Using Akaike’s information criterion, we judged hind foot length, weight, width of head, 

and tail length as variables to best separate taxa. Among the 3 sympatric Canis taxa in eastern 

North Carolina, red wolves are clearly the larger canid with hybrids intermediate to coyotes and 

red wolves in body size. Our results suggest that red wolves represent a unique Canis phenotype 

in the southeastern United States. 

Introduction 

Recent advances in science and technology have promoted molecular genetics as the 

primary tool for inferring the evolutionary and demographic past of North American wolves. In 

particular, the role of hybridization has become a predominant and contentious issue in the 

evolution and conservation of wolf populations in eastern North America. For example, the use of 

molecular markers bolstered the possible role coyotes (Canis latrans) played in the ancestry of 

wolves in Eastern North America (Chambers et al. 2012; Wayne and Jenks 1991; Wilson et al. 

2000). Despite leading to controversies surrounding the taxonomy of New World wolves, genetic 

markers have proven invaluable for conservation efforts by providing new insights into the 

evolution and ecology of Canis species (Chambers et al. 2012). Nevertheless, morphology is a 

fundamental component of biology (MacLoed 2004; Nelson 1989) and phylogenetic analysis is 

not possible without some method of describing the morphological variation between individuals, 

populations, and species (MacLeod and Forey 2004). Therefore, a complete synthesis of Canis 

species in eastern North America that leads to successful conservation requires studies from 
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multiple disciplines involving ecological, evolutionary, molecular, and morphological analyses 

(Rutledge et al. 2012). 

The Red Wolf Recovery Program (Recovery Program) of the United States Fish and 

Wildlife Service (USFWS) oversees the recovery of endangered red wolves (Canis rufus) and it 

currently manages the only wild population of red wolves on the Albemarle Peninsula in eastern 

North Carolina (Hinton et al. 2013). Since its inception during 1973, the Recovery Program has 

considered hybridization between red wolves and coyotes to be a primary threat to red wolf 

recovery efforts because hybridization can render the wild red wolf population unrecognizable 

within several generations (Kelly et al. 1999; Rabon et al. 2013; USFWS 1989). During the initial 

stages of red wolf recovery efforts, morphometric data were used to identify individual red 

wolves captured from hybrid swarms in eastern Texas and western Louisiana, and these 

individuals were later used as founders for the captive and eastern North Carolina populations 

(USFWS 1989). Additionally, the use of morphometric measurements alluded to issues of 

hybridization and coyote introgression into red wolf genetics before modern molecular 

approaches were developed (Nowak 1979). Therefore, morphometric data provide another 

method to differentiate among red wolves, coyotes, and red wolf/coyote hybrids (hereafter 

hybrids) that is essential to determine whether hybridization is occurring. Red wolves and coyotes 

are sympatric in eastern North Carolina and developing morphometric profiles for red wolves, 

coyotes, and hybrids in this region is necessary to develop practical approaches to address 

hybridization and enhance conservation. 

An assessment of morphometric data for Canis taxa in eastern North Carolina can 

improve important areas necessary for red wolf recovery efforts. First, it allows tests to determine 

if morphometric measurements can be used to discriminate among red wolves, coyotes, and 

hybrids in the absence of molecular markers. If successful, this will permit an evaluation of which 

measurements are most useful to discriminate among the 3 Canis taxa. Such data can be extended 

to ecological studies to determine the limits of potential resource use and the relative efficiency of 
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red wolves and coyotes to exploit resources within those limits (Wainwright 1996). Second, 

assessing morphometric measurements will allow the description of phenotypes of the 3 Canis 

taxa. Nowak (2002) observed the morphology of modern red wolves to be consistent with 

fossilized remains of small wolves in the eastern United States dating back to the Pleistocene. If 

this is true, regardless of the modern red wolf’s evolutionary origins, the eastern North Carolina 

population may represent a Canis phenotype unique to the southeastern United States. Here we 

provide a systematic analysis of morphometric measurements currently collected by Recovery 

Program biologists from red wolves, coyotes, and hybrids and assess their reliability to describe 

and discriminate among the 3 taxa. 

Study Area 

The Red Wolf Recovery Area (Recovery Area) was established on the Albemarle 

Peninsula in northeastern North Carolina during 1987. The area included 5 counties (Beaufort, 

Dare, Hyde, Tyrrell, and Washington) and consisted of approximately 6800 km
2
 of federal, state, 

and private lands (Figure 1).  The Albemarle Peninsula was comprised of an intensively farmed 

agricultural-hardwood bottomland matrix in which approximately 30% of the landscape was 

driven by agricultural activity. 

Methods 

Red wolves, coyotes, and hybrids used in this study were captured by the Recovery 

Program during annual trapping within the designated Recovery Area from 1987 until 2011 

(Rabon et al. 2013). Canids were captured using padded foot-hold traps (Victor no.3 Softcatch, 

Lititz, Pennsylvania, USA) and were sexed, measured, weighed, and aged by tooth wear (Gier 

1968), and a blood sample was collected for genetic analysis. Ages of most red wolves were 

known and tooth wear estimates mostly applied to coyotes and hybrids (Rabon et al. 2013). For 

this study, only animals captured between the months of November through March were used. 

This ensured that all pups used in the analysis were at or near full potential body size for the taxa. 

We aged individuals > 2 years old as adults, < 2 but > 1 years old as juveniles, and > 6 months 
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but < 12 months old as pups. Microsatellite markers and other genetic information from the 14 

founding individuals and other predefined red wolves were used to generate allele frequencies to 

reconstruct the pedigree of the red wolf population. Individuals used in this study were genotyped 

at 17 microsatellites and genetic analyses of blood samples followed the methods outlined in 

Adams (2006), Bohling et al. (2013), and Miller et al. (2003). Individuals were assigned to a 

species or hybrid group using the methods developed by Miller et al. (2003) to specifically 

identify red wolves, coyotes, and hybrids. During our study, these were the molecular methods 

used by the United States Fish and Wildlife Service for monitoring red wolf genetic ancestry 

(Bohling et al. 2013).  

 Morphometric measurements were taken from live animals and measurements were 

followed as closely to standard anatomical reference points as possible. Body traits measured 

included  body weight, ear length (edge of the external auditory canal to the tip of the ear), tail 

length (tip of the fleshy part of the tail to the tail base), body length (anterior tip of the nose pad to 

the tail base), hind foot length (hock to the tip of the digital pads), shoulder height (tip of the 

scapula to the tip of the digital pads), front and hind paw width (width across the cushiony pads at 

the widest points), front and hind paw length (base of the metacarpal pad to the tip of the digital 

pads), length of head (edge of the premaxillary to the most posterior point of the occipital bone), 

and width of head (widest points across the zygomata). All animals measured were later 

identified as red wolves, coyotes, and hybrids by the Recovery Program using molecular 

methods. 

We analyzed measurements of canids using univariate and multivariate statistical 

methods in Program R, version 3.0.2 (R Development Core Team 2013). We present statistics of 

measurements as the mean ± standard error. To evaluate similarities between pairs of 

measurements, we used a correlation analysis. Individuals were included in the analysis only once 

to maintain independence. To remove redundancy, we used only one measurement from a set of 

strongly correlated measurements to represent that taxon in further analysis. 
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We used analysis of variance (ANOVA) and t-tests to evaluate differences of 

measurements among and within taxa groups. We then used measurements in a polytomous 

logistic regression analysis to assess the reliability of morphometrics to identify canid taxa. 

Polytomous logistical regression is a logical extension of binary logistic regression that allows 

more than 2 categories of the dependent variable (Hosmer and Lemeshow 2000). The ability of 

the polytomous logistical regression to identify red wolves, coyotes, and hybrids using 

morphometric measurements was revealed as the percentage of individuals correctly reallocated 

to each taxon. The number of misclassified individuals indicated the degree of overlap between 

the groups. We used the Akaike information criterion (AIC) to compare models of morphometric 

measurements by calculating the AICc for each model and using ΔAICc and Akaike weights (wi) 

to select the measurements which best delineated different canid categories (Burnham and 

Anderson 2002). We performed polytomous logistical regression and model selection using the 

polytomous and AIC functions from the polytomous and MuIN packages for Program R.  

Sample sizes among measurements varied because it was not always possible to measure 

every variable for each individual. Only individual canids with all measurements were included in 

the polytomous logistical regression analysis. We used a Kolmogorov-Smirnov one-sample test 

for each measurement to determine whether measurements for the subset of individuals used in 

the polytomous logistical regression analysis were biased when compared to the larger sample 

from which they were drawn. 

Results 

From 1987 to 2011, 951 canids were captured and measured. These included 528 red 

wolves (56%), 264 coyotes (28%), and 159 hybrids (17%) that were genetically identified. 

Measurements differed among red wolves, coyotes, and hybrids (Table 1) and hybrids were 

intermediate to red wolves and coyotes in all morphometric measurements. 

 The correlation coefficients of the measurements in the original dataset were strongly 

correlated with one another (r = 0.75 – 0.90). To reduce the number of variables, we used only 7 
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univariate estimates (body weight, ear length, tail length, body weight, hind foot length, shoulder 

height, and width of head) to characterize overall size because this subset most completely 

represented the various aspects of canid anatomy needed for analysis. Among red wolves all 7 

measurement means increased (F2, 453 ≥ 6.79, P < 0.001) with age. Additionally, all 7 

measurement means were greater (t528 ≥ 6.07, P < 0.001) for males than females. Among coyotes, 

weight, ear length, body length, hind foot length, shoulder height, and width of head were greater 

(t264 ≥ 2.98, P ≤ 0.003) for males than females, but there was no difference in tail length (t264 = 

1.60, P = 0.11). Ear length and tail length (F2, 159 ≤ 1.72, P ≥ 0.181) did not differ among ages, but 

weight, body length, hind foot length, shoulder height, and width of head (F2, 163 ≥ 5.61, P ≤ 

0.004) increased with age. Among hybrids, tail length and body length (t159 ≤ 1.78, P ≥ 0.077) did 

not differ between males and females, whereas weight, ear length, hind foot length, shoulder 

height, and width of head were larger for males than females (t159 ≥ 2.06, P ≤ 0.041). Weight, tail 

length, and shoulder height (F2, 56 ≤ 4.77, P ≥ 0.012) increased with age, but ear length, body 

length, hind foot length, and width of head (F2, 56 = 2.95, P = 0.060) did not differ with age. 

Included in the polytomous logistical regression analysis were 352 (171 red wolves, 134 

coyotes, and 47 hybrids) canids for which all 7 measurements were completed. The subset used in 

the polytomous logistical regression analysis was not biased when compared to the larger samples 

of red wolves (D = 0.10, P = 0.094), coyotes (D = 0.06, P = 0.925), and hybrids (D = 0.2, P = 

0.110). The polytomous logistical regression model correctly classified 86% of the canids. 

Coyotes and red wolves were correctly classified 99% and 98% of the time, respectively. Hybrids 

were correctly classified 13% of the time. Hybrids were more likely to be misclassified as coyotes 

than red wolves (61% vs. 35%). 

When red wolves were separated as pups (> 6 but < 12 months old) and non-pups (adults 

and juveniles), all non-pups were correctly identified as red wolves and only 2 pups (1.8%) were 

misclassified as a coyote and a hybrid (Table 2). Only 2 coyotes (1.5%) were misclassified as red 

wolf pups and none were misclassified as hybrids. Most hybrids were misclassified as coyotes 
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(53%) and red wolf pups (30%). Hybrids were 29% more likely to be misclassified as red wolf 

pups than non-pups. This is likely because as red wolf pups, born in the spring, overlap in body 

size with hybrids during summer and autumn as they approach adult body sizes in the winter.  

The most useful measurements for separating red wolves, coyotes, and hybrids were hind 

foot length, weight, width of head, and tail length (Table 3). Hind foot length was the single most 

useful measurement. Our findings (Tables 4) suggest a reliable threshold that canids with hind 

foot lengths > 21.5cm, weights > 21.5kg, width of heads > 10.5cm, and tail lengths > 35cm were 

most likely to be red wolves. Coyotes typically had hind foot lengths < 19.5cm, weights < 19.5kg, 

width of heads < 10.5cm, and tail lengths < 35cm. Hybrid values for these 4 measurements would 

most likely overlap the minimum values for red wolves and maximum values for coyotes.  

Discussion 

 Our results show that body size measurements of red wolves and coyotes are distinct 

from one another with hybrids representing an ambiguous intermediate size. Using measurements 

of hind foot length, body weight, width of head, and tail length in a polytomous logistic 

regression analysis, we were able to correctly classify 86% of 352 canids into their correct taxa 

category with moderately high (80% to 90%) accuracy. Red wolves and coyotes were correctly 

classified 98% and 99%, respectfully. On the other hand, hybrids were more difficult to re-assign 

and only 13% were correctly classified. Hybrids were more likely to be misclassified as either 

coyotes or red wolf pups. Despite the issue of morphological ambiguity, Recovery Program 

biologists still correctly classify canids as hybrids prior to genetic confirmation by identifying the 

morphological ambiguity and breeding status of hybrids. In other words, canids intermediate in 

size to red wolves and coyotes that have fully developed and active reproductive systems (e.g., 

males with enlarged testicles and females in estrus) are obviously adult hybrids, whereas those 

with underdeveloped and inactive reproductive systems are considered red wolf pups and 

confirmed with genetic analysis.  
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Of the 153 hybrids measured, only 2% (3 adult males) attained measurements above the 

minimum threshold values used by the Recovery Program to assign canids as red wolves. 

Nevertheless, the minimum values for red wolves reported in this study were estimated from the 

smallest adult females. Adult male red wolves are significantly larger than the minimum 

threshold reported. Interestingly, 20 of the 25 largest hybrids were captured and measured during 

1998 through 2001. Since 2001, hybrids have been more coyote-like in their morphology and 

rarely exceed 20 kg in body weight. Coyotes did not fully colonize the Albemarle Peninsula until 

the mid-2000s (USFWS 2007), so hybrids prior to this period may have been more red wolf-like 

because backcrosses were occurring within the smaller red wolf population. Once introgression 

was identified and management actions were used to reduce hybridization during the early 2000s 

(Hinton et al. 2013, Kelly et al. 1999, Rabon et al. 2013), hybrid backcrosses began to occur more 

often within the larger coyote population.  

The Recovery Program uses sterilization of coyotes and hybrids as the primary 

management tool to prevent coyote introgression into the red wolf genome (Hinton et al. 2013, 

Rabon et al. 2013). After capture, sterilized canids are released back into the Recovery Area fitted 

with mortality-sensitive radio-collars and monitored for the duration of their life. In the event that 

a red wolf pairs with a sterilized canid, the pair cannot produce hybrid litters. Although molecular 

markers ultimately confirm the taxa of canids captured, Recovery Program biologists routinely 

use morphometric measurements to pre-screen, process, and re-release individual canids into the 

wild before receiving genetic confirmation. Morphometric measurements are used to reduce 

holding times because this lowers the risk that captured canids would lose breeding mates and 

territories because of absence. Therefore, quick identification during the canid breeding season 

allows Recovery Program biologists to minimize disruptions to canid packs with excessive 

holding times while waiting for genetic confirmation. The accuracy of using morphometric 

measurements we observed confirms that morphological measurements could be used to pre-

screen canids for management decisions, while awaiting genetic confirmation. Ultimately, genetic 
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assessments are necessary to effectively monitor, measure, and manage coyote introgression in 

the red wolf population. 

Regardless of the ambiguity of hybrid measurements, our findings concerning 

morphometric measurements of red wolves and coyotes are consistent with the results of Nowak 

(1979, 2002) who demonstrated little to no overlap in red wolf and coyote cranial and dental 

measurements. Throughout North America, average coyote weights reported in studies rarely 

exceed 18 kg (Bekoff and Gese 2003; Leopold and Chamberlain 2001; Way 2007). Additionally, 

our date indicates that F1 and F2 hybrids are incapable of reaching body sizes of adult red 

wolves. This suggests that the red wolf represents a unique Canis phenotype in the southeastern 

United States. Differences in body size measurements are highly suggestive of differences in 

ecological requirements, as this is particularly true for carnivores regarding diet (Carbone et al. 

2007; Donadio and Buskirk 2006; Gittleman 1985), space use (Gittleman and Harvey 1982; 

Gompper and Gittleman 1991), and interspecific interactions (Donadio and Buskirk 2006; 

Palomares and Caro 1999; Rosenzweig 1966). The general relationship between morphology and 

ecology is well known (Arnold 1983; Hutchinson 1959; Kishida et al. 2010; Wainwright 1996), 

but effects of body size on the relative ability of red wolves and coyotes to successively hunt 

prey, acquire mates, and defend territories is not well known.  

Among the 3 sympatric Canis taxa in eastern North Carolina, red wolves are clearly the 

larger canid with hybrids intermediate to coyotes and red wolves in body size. Although this is a 

commonly held opinion, there is no significant literature comparing the morphometrics of red 

wolves, coyotes, and hyrbrids. Nowak (1979, 2002) assessed measurements from skulls of 

prehistoric and 20
th
 century red wolves, gray wolves (Canis lupus), and coyote specimens and 

concluded red wolves to be a species intermediate in size to gray wolves and coyotes. USFWS 

(1989) reported only minimum measurements used to distinguish male and female red wolves 

from non-red wolf canids in southeastern Texas and southwestern Louisiana during the 1970s. 

The 1999 Population Habitat and Viability Assessment for red wolves stated the need to develop 
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a morphological profile for red wolves, coyotes, and hybrids for quick identification in the field 

(Kelly et al. 1999). Therefore, this study represents the first morphometric comparison of 

sympatric red wolves, coyotes, and their hybrids. Our analysis has shown morphometrics to be 

valuable in exploring morphological variation among closely related and sympatric Canis taxa. 

Further examination of morphological characters between red wolves and coyotes could detect 

patterns of phenotypic discreteness that may highlight opportunities for analysis of traits that may 

have genetic, evolutionary, and ecological importance. Therefore, we recommend examining the 

effects of morphology on red wolf and coyote ecology and interactions that may facilitate 

hybridization between the 2 species. 
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Table 3.1. Means ( ± SE) and results of analysis of variance (ANOVA) for the morphological characters of red wolves, coyotes, and their hybrids 

in northeastern North Carolina, USA, 1987-2011. 

 

Traits 

Red Wolf Coyote Hybrid ANOVA 

N Mean ± SE N Mean ± SE N Mean ± SE F Ratio P Value 

Weight (kg) 509 
23.2 ± 0.23 

(7.9 – 38.6)
a 240 

13.4 ± 0.12 

(6.9 – 19.1) 
147 

17.0 ± 0.34 

(6.4 – 27.5) 
438.97 <0.0001 

Ear Length (cm) 458 
11.0 ± 0.03 

(9.0 – 12.9) 
254 

9.9 ± 0.04 

(8.0 – 12.8) 
153 

10.5 ± 0.05 

(8.5 – 12.5) 
236.55 <0.0001 

Tail Length (cm) 456 
36.4 ± 0.15 

(25.8 – 48) 
241 

33.9 ± 0.20 

(20.5 – 44.7) 
151 

35.7 ± 0.25 

(24.5 – 43.5) 
48.53 <0.0001 

Body Length (cm) 454 
106.4 ± 0.33 

(75.0 – 125.0) 
246 

90.0 ± 0.30 

(64.0 – 105.0) 
136 

97.7 ± 0.60 

(78.0 – 122.0) 
497.72 <0.0001 

Hind Foot Length (cm) 460 
22.3 ± 0.06 

(17.0 – 27.0) 
256 

18.7 ± 0.06 

(16.4 – 22.5) 
153 

20.4 ± 0.11 

(17.0 -25.1) 
813.38 <0.0001 

Shoulder Height (cm) 455 
66.9 ± 0.18 

(52.3 – 77.2) 
249 

57.3 ± 0.02 

(47.1 – 68.7) 
140 

62.2 ± 0.36 

(50.3 – 79.9) 
563.23 <0.0001 

Front Paw Length (cm) 407 
7.1 ± 0.02 

(5.0 – 8.7) 
238 

6.0 ± 0.03 

(4.44 – 7.73) 
148 

6.5 ± 0.05 

(4.3 – 7.8) 
432.24 <0.0001 

Front Paw Width (cm) 406 
5.0 ± 0.02 

(3.4 -6.3) 
238 

4.1 ± 0.02 

(3.0 – 5.5) 
148 

4.6 ± 0.04 

(3.3 – 6.3) 
292.59 <0.0001 

Hind Paw Length (cm) 381 
6.5 ± 0.02 

(5.0 – 8.2) 
227 

5.5 ± 0.03 

(4.2 – 6.6) 
146 

6.0 ± 0.04 

(4.9 – 7.5) 
364.41 <0.0001 

Hind Paw Width (cm) 380 
4.5 ± 0.02 

(3.0 – 5.9) 
227 

3.7 ± 0.02 

(2.8 – 4.9) 
146 

4.1 ± 0.03 

(3.2 – 5.1) 
350.72 <0.0001 

Length of Head (cm) 183 
22.2 ± 0.11 

(19.0 – 26.0) 
146 

19.9 ± 0.08 

(17.5 – 24.0) 
50 

21.0 ± 0.24 

(17.5 – 24.5) 
146.91 <0.0001 

Width of Head (cm) 182 
11.9 ± 0.08 

(9.5 – 14.5) 
146 

10.4 ± 0.05 

(9.0 – 12.5) 
51 

11.1 ± 0.11 

(9.5 – 12.5) 
108.38 <0.0001 

a 
Ranges for trait measurements
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Table 3.2. Classification tables obtained from polytomous logistic regression (PLR) for red 

wolves, coyotes, and hybrids in northeastern North Carolina, USA, 1987-2011. 

 

 

Actual Species 

Predicted Species 

Red Wolf 

Pup 

Red Wolf 

Non-Pup 

 

Coyote 

 

Hybrid 

 

Error 

Red Wolf Pup (N=112) 94 16 1 1 0.16 

Red Wolf Non-Pup (N=59) 23 36 0 0 0.39 

Coyote (N=134) 2 0 132 0 0.01 

Hybrid (N=47) 14 2 25 6 0.87 
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Table 3.3. Results of the 10 best models for stepwise analysis of morphological characters for red 

wolves, coyotes, and hybrids in northeastern North Carolina, USA, 1987-2011. 

Model k
a 

AICc ΔAICc wi 

Species ~ HF + WT + WH + TA 6 278.41 0 0.38 

Species ~ HF + WT + TA 5 279.91 1.50 0.18 

Species ~ HF + WT + BO + TA 7 280.07 1.66 0.17 

Species ~ HF + WT + BO + SH + TA 8 281.88 3.47 0.07 

Species ~ HF + WT + WH 5 282.20 3.79 0.06 

Species ~ HF + WT + BO + WH 5 282.23 3.82 0.05 

Species ~ HF + WT + WH + SH 6 283.92 5.51 0.02 

Species ~ HF + WT+ BO + SH + WH + TA 9 283.94 5.53 0.02 

Species ~ HF + WT + BO + WH 6 284.06 5.65 0.02 

Species ~ HF + WT + WH + EA 6 284.20 5.79 0.02 

a
 k represents number of parameters for each model
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Table 3.4. Means (± SE) and ranges for 4 morphological characters of red wolves, coyotes, and hybrids in northeastern North Carolina, USA, 

1987-2011. 

Species 
Hind Foot Length (cm) Weight (kg) Width of Head (cm) Tail Length (cm) 

N Mean Range N Mean Range N Mean Range N Mean Range 

Red Wolf 460 22.3±0.1 17.0 – 27.0 509 23.2±0.2 7.9 – 38.6 182 11.9±0.1 9.5 – 14.5 456 36.4±0.2 25.8 – 48.0 

Male 238 22.9±0.1 19.6 – 27.0 260 25.1±0.3 10.2 – 38.6 89 12.3±0.1 10.0 – 14.5 234 37.3±0.2 25.8 – 48.0 

Pup 122 22.6±0.1 19.6 – 26.0 128 22.2±0.4 10.2 – 34.0 54 11.9±0.1 12.0 – 14.5 120 36.9±0.3 29.4 – 46.0 

Juvenile 47 22.9±0.2 21.0 – 25.4 52 25.9±0.5 18.6 – 31.8 20 12.6±0.2 11.0 – 14.5 46 36.9±0.5 29.0 – 48.0 

Adult 69 23.4±0.1 20.7 – 27.0 80 29.1±0.4 21.4 – 38.6 15 13.4±0.2 12.0 – 14.5 68 38.1±0.5 25.8 – 46.0 

Female 222 21.7±0.1 17.0 – 24.5 249 21.2±0.3 7.9 – 34.7 93 11.5±0.1 9.5 – 14.4 222 35.4±0.2 28.0 – 44.0 

Pup 119 21.5±0.1 18.0 – 24.0 124 18.3±0.4 7.9 – 28.6 63 11.1±0.1 9.5 – 12.8 120 35.1±0.2 28.0 – 43.0 

Juvenile 48 21.8±0.2 19.7 – 24.0 54 22.7±0.4 18.2 – 30.0 21 12.2±0.2 11.0 – 14.4 48 35.6±0.3 31.0 – 43.0 

Adult 55 22.1±0.2 17.0 – 24.5 71 25.1±0.3 19.9 – 34.7 9 12.1±0.3 11.0 – 13.5 54 36.2±0.4 29.0 – 44.0 

Coyote 256 18.7±0.1 16.4 – 22.5 240 13.4±0.1 6.9 – 19.1 146 10.5±0.1 9.0 – 12.5 241 33.9±0.2 20.5 – 44.7 

Male 127 19.0±0.1 16.5 – 22.0 122 14.0±0.2 9.0 – 19.1 73 10.7±0.1 9.5 – 12.5 118 34.3±0.3 20.5 – 43.0 

Pup 17 18.5±0.2 17.0 – 20.1 15 12.4±0.7 6.9 – 17.0 8 10.3±0.2 10.0 – 11.0 16 34.0±0.9 29.0 – 43.0 

Juvenile 28 18.6±0.1 17.3 – 19.9 27 13.7±0.3 11.4 – 18.2 24 10.6±0.1 9.5 – 11.5 28 33.5±0.7 20.5 – 40.0 

Adult 36 19.1±0.2 16.5 – 20.5 34 14.5±0.3 10.5 – 18.2 21 10.8±0.2 9.5 – 12.0 34 35.3±0.4 31.0 – 42.5 

Unknown* 46 19.2±0.1 17.5 – 22.0 46 14.2±0.2 11.5 – 19.1 20 10.7±0.1 9.5 – 12.5 40 34.0±0.5 25.0 – 38.0 

Female 129 18.4±0.1 16.4 – 22.5 118 12.8±0.1 8.9 – 16.5 73 10.2±0.1 9.0 – 11.5 123 33.6±0.3 27.0 – 44.7 

Pup 23 17.9±0.2 16.4 – 20.0 23 11.6±0.3 8.9 – 15.0 13 10.0±0.2 9.0 – 11.0 23 34.5±0.8 28.0 – 44.7 

Juvenile 35 18.3±0.2 17.2 – 21.5 32 12.8±0.2 10.0 – 15.4 26 10.1±0.1 9.5 – 11.0 35 33.4±0.5 27.0 – 41.2 

Adult 27 18.4±0.2 16.8 – 22.5 25 13.1±0.3 9.7 – 16.3 15 10.4±0.1 10.0 – 11.0 26 33.3±0.5 29.4 – 43.0 

Unknown* 44 18.6±0.1 17.0 – 21.9 38 13.3±0.2 11.4 – 16.5 19 10.4±0.1 9.5 – 11.5 39 33.5±0.5 28.5 – 40.1 

*Age class unknown 
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Table 3.4. Continued 

Species 

Hind Foot Length (cm) Weight (kg) Width of Head (cm) Tail Length (cm) 

N Mean Range N Mean Range N Mean Range N Mean Range 

Hybrid 153 20.4±0.1 16.4 – 25.1 147 17.0±0.3 6.4 – 27.5 51 11.1±0.1 9.5 – 12.5 151 35.7±0.25 24.5 – 43.5 

Male 85 20.6±0.2 17.3 – 25.1 83 17.6±0.5 6.4 – 27.5 32 11.3±0.1 9.5 – 12.5 83 36.0±0.36 24.5 – 43.5 

Pup 4 19.5±0.5 18.5 – 21.0 6 9.9±1.2 6.4 – 14.5 1 10.8±N/A N/A 3 31.5±1.80 29.0 – 35.0 

Juvenile 12 19.9±0.3 17.3 – 21.6 10 15.9±1.5 10.1 – 22.4 9 11.3±0.2 10.5 – 12.5 12 35.6±0.72 32.5 – 41.4 

Adult 18 21.2±0.2 18.8 – 21.5 18 17.8±0.9 10.2 – 25.9 12 11.4±0.2 9.5 – 12.0 18 36.4±0.54 32.3 – 40.5 

Unknown* 51 21.0±0.2 17.8 – 25.1 49 18.9±0.6 12.0 – 27.5 10 11.2±0.2 10.5 – 12.0 50 36.3±0.51 24.5 – 43.5 

Female 68 20.2±0.2 17.0 – 22.5 64 16.1±0.4 7.3 – 23.2 19 10.8±0.2 9.5 – 12.5 68 35.2±0.34 27.0 – 41.5 

Pup 5 19.3±0.6 16.4 – 20.0 5 13.0±1.9 7.3 – 17.3 13 10.8±1.3 9.5 – 12.0 5 33.1±1.52 29.5 – 37.0 

Juvenile 14 19.6±0.4 17.0 – 21.9 13 15.1±0.9 10.2 – 20.9 26 10.8±0.3 9.5 – 12.0 14 35.4±0.93 31.2 – 41.5 

Adult 6 19.7±0.5 18.3 – 21.7 6 14.9±0.5 11.8 – 23.2 15 10.0±0.5 9.5 – 11.0 6 35.4±0.89 32.0 – 38.0 

Unknown* 43 20.5±0.2 17.8 – 22.5 40 17.0±0.5 11.8 – 23.2 3 11.5±0.6 10.5 – 12.5 43 35.4±0.38 27.0 – 41.0 

*Age class unknown
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Figure 3.1. Outline map of North Carolina showing the location of the Red Wolf Recovery Area 

(hatched area) in the northeastern portion of the state.
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Abstract 

Foraging behaviors of red wolves and coyotes are complex and their ability to form 

congeneric breeding pairs and hybridize adds additional difficulties into understanding factors 

affecting prey selection. We assessed factors affecting prey selection of red wolf packs, coyote 

pairs, and congeneric pairs form by red wolves and coyotes and found that all three had similar 

and overlapping diets. Nevertheless, we detected differential use of prey; red wolf packs 

consumed more white-tailed deer, fur bearers, and pig than coyote and congeneric pairs. Coyotes 

that formed pairs with red wolves had 10% more whited-tailed deer in their diet than conspecifics 

that paired with coyotes. Contrary to many studies on coyote diet in the southeastern United 

States, we found coyotes in northeastern North Carolina to be largely carnivorous with a narrow 

dietary breadth. We found breeder weight, pack size, age, white-tailed deer density, and season to 

be important factors influencing the diet of red wolf packs. Breeder weight and season were 

important factors influencing diets of coyote pairs, whereas season and white-tailed deer density 

influenced diets of congeneric pairs. Although prey selection was largely similar among the three 

groups, differences in diet among different breeding pairs were associated with body size. Larger 

individuals within and among different breeding pairs consumed more white-tailed deer, and less 

rabbits and small mammals. Therefore, partitioning of food resources by red wolves and coyotes 

in northeastern North Carolina is mostly via differences in quantity of similar prey rather than 

differences in types of prey exploited. We suggest that similarities in energetic demand of 

individual red wolves and coyotes that approach each other in body size may partially contribute 

to successful congeneric pairing and hybridization through similar use of prey. 

Introduction 

Understanding relationships between organisms and their food resources is a central goal 

in ecology, and describing mechanisms that influence foraging behavior can assist management 

and conservation of wildlife. In particular, diets of carnivores have always interested ecologists 

because predation is an essential ecological process that structures communities and influences 
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ecosystem productivity (Hairston et al., 1960; Schmitz et al., 2000; Ripple & Bescheta, 2004; 

Fortin et al., 2005). Foraging behavior of carnivores is a fundamental component of their ecology 

and evolution because it is directly related to behavior, morphology, and physiology (Christiansen 

& Wroe, 2007; Van Valkenburgh, 2007). A thorough understanding of a carnivore’s dietary 

needs requires identifying primary food resources and describing what factors influence variation 

in the consumption of those resources. Thereafter, ecologists can use that information to 

understand how foraging behavior affects life history traits and population processes that will 

ultimately influence community- and ecosystem-level processes. 

Traits affecting foraging behavior are similar between closely related and similarly sized 

species of Carnivora. This is particularly true for Canidae in which members of this family share 

similar body plans and monogamous breeding behaviors (Finarelli, 2007; Finarelli, 2008). 

Recently diverged taxa within Canidae tend to be ecologically similar because there is a direct 

link between their evolutionary relatedness and the ecological processes that determine their 

distribution and abundance (Johnson et al., 1996). Despite understanding characteristics unique to 

members of modern Canidae and how those traits influence foraging behaviors (Van 

Valkenburgh et al., 2004; Andersson, 2005; Slater et al., 2009), we still know little about factors 

affecting prey selection of two sympatric Canis species in the southeastern United States. 

Determining what these factors are and how they influence prey selection of red wolves (Canis 

rufus) and coyotes (Canis latrans) is essential for enhancing red wolf conservation, understanding 

mechanisms facilitating coyote expansion into the Southeast, and identifying key components of 

Canis foraging ecology. 

 Although a common predator of the Southeast prior to European settlement, government-

supported eradication campaigns reduced red wolves to a remnant population of approximately 

100 individuals by mid-20
th

 century (USFWS, 1989; Hinton et al., 2013). As red wolves were 

eradicated, coyotes expanded east into Arkansas, Louisiana, and other southwestern regions of 

the red wolf's historic range (McCarley, 1962; Paradiso & Nowak, 1972). With rapidly declining 
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red wolf populations and extensive hybridization with the expanding coyote population, the 

United States Fish and Wildlife Service (USFWS) removed the last remaining red wolves from 

eastern Texas and western Louisiana and later reintroduced their progeny into northeastern North 

Carolina during the late 20th-century to begin red wolf restoration efforts (USFWS, 1989). 

Today, red wolves exist as a remnant population of approximately 100 individuals whereas 

coyotes have become ubiquitous throughout the red wolf's historic range posing a serious 

ecological threat because of their ability to hybridize with red wolves (Hinton et al., 2013).  

Red wolves and coyotes share similar canid body shapes with red wolves being the larger 

of the two species. The effects of body size on red wolf and coyote interactions are currently 

unknown (Hinton et al., 2013). Body size represents a key morphological trait that separates red 

wolves from coyotes and it may affect differential use of prey between the species. Red wolves, 

weighing 7-18 kg heavier than the largest coyotes (Chapter 3), should feed at higher trophic 

levels than coyotes because body size has been shown to predict carnivore interactions with prey 

(LaBarbera, 1989; Gittleman, 1985; Donadio & Buskirk, 2006). The ability of both species to 

form congeneric breeding pairs raises an interesting question regarding how differences in body 

size between congeneric mates determine the efficiency with which those mates acquire and use 

food resources. Both species face energetic constraints that affect many aspects of their ecology, 

and small differences in body size between individual red wolves and coyotes may allow for 

successful formation of congeneric pairs because the effects on the breeder’s ability to transfer 

energy from homeostasis to reproductive efforts is negligible. 

 Understanding dietary needs of red wolves and coyotes is a primary step to improving 

management of both species and minimizing hybridization. Our objective was to describe the 

diets of red wolves and coyotes by identifying the remains of prey found in red wolf and coyote 

scat. We used several variables (i.e., body weight, social structure, age, etc.) that have not 

traditionally been used in analyses of scat remains to account for variation in diet. Furthermore, 

this study is the first to assess dietary behaviors of congeneric canid breeding units that are the 
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source of hybridization. To accomplish this, we monitored over 35 canid packs and pairs over 

more than 6,000 km
2
. As a result, this study represents the most comprehensive assessment of 

canid diet in the eastern United States. Assessing red wolf diet and factors influencing its 

variation will allow us to understand the red wolf's ecological role in the Southeast. Additionally, 

diets of eastern coyotes have lain at the heart of the species' impact on eastern ecosystems and the 

need to determine the ecological role of eastern coyotes goes beyond the scope of red wolf 

conservation. 

Study Area 

The study was conducted in the Red Wolf Recovery Area (hereafter Recovery Area) on 

the Albemarle Peninsula of northeastern North Carolina (Beaufort, Dare, Hyde, Tyrrell, and 

Washington counties). The Recovery Area consisted of approximately 6,800 km² of federal, state, 

and private lands. The Albemarle Peninsula is an intensively farmed agricultural-hardwood 

bottomland forest matrix in which approximately 45% of the landscape was driven by agricultural 

and commercial timber activities. Corn, cotton, soybean, and winter wheat were the primary 

agricultural crops and comprise approximately 30% of the land cover. Managed pine (Pinus spp) 

plantations comprise approximately 15% of the land cover. The remaining 55% of land cover 

types were pocosin (15%), bottomland hardwood forests (15%), saltwater marsh (5%), open 

water (10%), and other land cover types (10%). Potential mammalian prey of red wolves and 

coyotes in the Recovery Area were white-tailed deer (Odocoileus virginianus), raccoon (Procyon 

lotor), eastern cotton-tail rabbit (Sylvilagus floridanus), marsh rabbit (Sylvilagus palustris), feral 

pig (Sus scrofa), nutria (Myocastor coypus), muskrat (Ondatra zibethicus), hispid cotton rat 

(Sigmodon hispidus), white-footed mouse (Peromyscus leucopus), deer mouse (Peromyscus 

maniculatus), house mouse (Mus musculus), eastern harvest mouse (Reithrodontomys humulis), 

voles (Microtus spp), and shrews (Blarina spp). Primary carnivores sympatric with red wolves 

and coyotes were gray foxes (Urocyon cineroargenteus), red foxes (Vulpes vulpes), feral dogs 

(Canis lupus familiaris), bobcats (Lynx rufus), and black bears (Ursus americanus). 
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Methods 

Red wolves and coyotes were captured within the Recovery Area during annual trapping 

efforts conducted by the United States Fish and Wildlife Service Red Wolf Recovery Program 

(hereafter Recovery Program). Red wolves and coyotes were sexed, measured, weighed, aged by 

tooth wear (Gier, 1968), and blood sampled for genetic identification. The Recovery Program 

categorizes red wolves and coyotes > 2 years old as adults, < 2 but > 1 year old as juveniles, and 

< 1 year old as pups. Coyotes captured within the Recovery Area by USFWS personnel were 

reproductively sterilized (hereafter sterilized) and used as space holders until red wolves moved 

in and occupied those areas (Hinton et al., 2013; Rabon et al., 2013). Coyotes were taken to a 

local veterinary clinic for surgical sterilization where males and females were sterilized by 

vasectomy and tubal ligation, respectively.  This process kept hormonal systems intact and 

avoided disrupting breeding and territorial behavior. Once red wolves and coyotes were fully 

processed, individuals were fitted with radio-collars, released, and then monitored by the 

Recovery Program during weekly telemetry flights. Monitoring efforts allowed the Recovery 

Program to identify red wolf and coyote space use on the landscape. 

 Territories of red wolf packs, coyote pairs, and red wolf-coyote pairs (hereafter 

congeneric pairs) were surveyed at least once a month for scat from 2009 until 2011 (Dellinger et 

al., 2011a; McVey et al., 2013). Paved, gravel, and dirt roads were surveyed by foot, all-terrain 

vehicles, and trucks. We also opportunistically collected defecations from red wolves and coyotes 

captured during annual trapping. Scats collected were bagged, dated, marked with a unique 

identification number, and stored in a freezer for later dissection and analysis. We identified scats 

by physical appearance, including size (Dellinger et al., 2011b), and the presence of tracks or 

other predator sign in the immediate area around the scat. Approximately 40% of the scats were 

identified to species and individual animals using fecal DNA genotyping (Dellinger et al., 2011a; 

McVey et al., 2013). We assigned scats collected within known territories to red wolf packs, 
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coyote pairs, or congeneric pairs but excluded those that could not be associated with known pairs 

and packs. 

 We examined scats identified to red wolf packs, coyote pairs, and congeneric pairs for 

prey remains. Individual scats were placed in nylon panty hose and then secured in small, nylon 

mesh bags with water-proof labels for washing. Scats were soaked in water for 24 hours before 

being transferred to a washing machine and washed on the regular cycle with detergent 3 times to 

separate hair and bone fragments from fecal matter. We allowed scats to air dry for 72 hours prior 

to examining scat contents. Once dried, prey remains for each scat was analyzed for species 

composition. We identified the undigested food items microscopically and macroscopically by 

comparing to reference collections and identification manuals (Moore et al., 1997; Debelica & 

Theis, 2009). We assigned prey remains in scats to one of 5 categories: white-tailed deer 

(hereafter deer), rabbits (eastern cotton-tail and marsh rabbit), small mammals (mice, rats, 

shrews, and voles), fur bearer (muskrat, nutria, and raccoon), pig, and other food items (bird, 

insect, fruit, and anthropogenic material). We excluded prey items that comprised < 5% of prey 

found in scat from the analysis. Following identification of prey remains in scats, we estimated 

the percent of occurrence (PO) for each prey item using the common visual estimation of PO 

(Dellinger et al., 2011a; McVey et al., 2013). 

Red wolf packs, coyote pairs, and congeneric pairs are the only 3 types of Canis breeding 

units monitored by the Recovery Program in northeastern North Carolina. Red wolf packs were 

comprised of a breeding pair along with juveniles and pups from previous litters. Some red 

wolves monitored for this study were newly formed breeding pairs and did not have juveniles or 

pups. Coyote pairs did not have juveniles and pups because at least 1 of the 2 breeders was 

sterilized as a management technique to suppress coyote reproduction. Congeneric pairs were 

comprised of a red wolf and a coyote and did not have juveniles and pups because the coyote in 

the pair was sterilized to prevent hybridization. Therefore, our sampling units were red wolf 

packs, coyote pairs, and congeneric pairs. We used breeder weight (combined weight of both 
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breeders), breeder age (mean age of both breeders), pack size (# of individuals in pack), deer 

density (# deer harvested by hunters/km²), and season (summer and winter) as explanatory 

variables to account for changes in dietary composition for red wolf packs. However, because 

coyote pairs and mixed pairs did not have juveniles and pups, we could not include pack size as 

explanatory variables to account for variation in diet.  

We included a measurement of deer abundance as a variable because deer are known to 

be an important food resource for red wolves (Dellinger et al., 2011a, McVey et al., 2013) and 

there is a growing concern that coyotes are negatively affecting deer populations across the 

Southeast (Kilgo et al., 2012). We used county-level hunter harvest data collected by the North 

Carolina Wildlife Resources Commission as measures of deer abundance in the Recovery Area.  

Estimates of deer harvests were divided into 3 categories, which likely corresponded with deer 

population sizes for the 5 counties (Beaufort, Dare, Hyde, Tyrrell, and Washington) in the 

Recovery Area. Our categorization resulted in areas of low (< 0.75 deer harvested/km²), medium 

(0.75 – 1.5 deer harvested/km²), and high (> 1.5 deer harvested/km²) deer densities. Although 

these harvest reports do not reflect true deer densities, these categories do provide a benchmark 

by which to judge the effect of deer abundance on red wolf and coyote diets. To further aid in 

univariate comparisons, we pooled scat into 2 seasons (summer and winter) for comparison of 

prey selection between seasons by breeding pairs. We also collapsed pack size into 2 categories: 

packs of 4 or fewer individuals (hereafter smaller packs) and packs with 5 or more individuals 

(hereafter larger packs). 

We analyzed the effects of explanatory variables on diet using univariate and multivariate 

statistical methods in R Statistical Environment, version 2.14.2 (R Development Core Team, 

2012). We used analysis of variances (ANOVAs), Tukey tests for multiple comparisons, and t-

tests to determine if the percentage of prey items consumed differed with respect to breeder 

weight, breeder age, pack size, deer density, and season. We then developed generalized linear 

models (GLMs) to model the percentage of a prey category for each sampling unit as a linear 
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function of the explanatory variables. Changes in coefficient estimates of GLMs represent the 

change in percent prey consumption following a one-unit change in the explanatory variables. We 

assessed models using a stepwise procedure by calculating Akaike information criterion (AICc) 

for each model to select which variables best explained diet by selecting the most parsimonious 

model with the highest weight and rank relative to the entire set of models under consideration 

(Burnham & Anderson, 2002). With the exception of season, all measurements were continuous 

data. The GLM analysis was conducted using arcsine-square root transformation to percentage 

data to correct for non-constant error variance. 

Results 

From 2009-2011, we collected and analyzed 1754 scats from 13 red wolf packs, 17 

coyote pairs, and 8 congeneric pairs. Red wolf packs, coyote pairs, and congeneric pairs 

accounted for 55.4%, 31.6%, and 13% of the scat, respectively. Breeders of red wolf packs had 

the heaviest combined weights followed by those in congeneric pairs and coyote pairs and 

average breeder age was older for red wolves than coyotes and congeneric pairs (Table 1).  

Red wolf packs, coyote pairs, and congeneric pairs differentially used deer, rabbits, small 

mammals, fur bearers, and pigs (F2, 1754 ≥6.77, P < 0.001); deer and rabbits comprised most prey 

items found in scat (Table 2). No difference was detected in use of other food items (F2, 1754 = 

2.21, P = 0.110). Coyote pairs consumed less deer and more rabbits than red wolf packs and 

congeneric pairs (Table 2). Coyotes consumed more small mammals than red wolves, but 

consumption of small mammals by congeneric pairs did not differ from coyote pairs or red wolf 

packs. Red wolf packs consumed more fur bearers and pig than coyote pairs and congeneric pairs. 

Red wolf packs consumed more deer and pig in areas of medium deer density than areas 

of low and high density (F2,968 ≥ 6.43, P < 0.001). Red wolf packs consumed more rabbits in areas 

of high deer density than in areas of low and medium density (F2,968 = 33.40, P < 0.001). Red 

wolf consumption of small mammals, fur bearers, and other food items were greater in areas of 

low deer density than areas of medium and high deer density (F2,968 ≥ 8.01, P < 0.001). We only 



 

79 

compare diet between medium and high deer density areas for coyote pairs and congeneric pairs 

because they were absent in counties with low deer density (Table 3). We detected no difference 

in coyote consumption of white-tailed deer, rabbit, small mammals and pig between medium and 

high deer density (t552 ≤ 0.86, P ≥ 0.392). We did find that coyotes in areas of medium deer 

density consumed more fur bearers and other food items than in areas of high deer density (t552 ≥ 

2.00, P ≤ 0.046). We detected no difference in consumption of any prey species by congeneric 

pairs between medium and high deer densities (t227 ≤ 1.77, P ≥ 0.079). 

Older red wolf breeders consumed more rabbits and pig than younger breeders, whereas 

younger red wolf breeders’ consumed more deer, small mammals, and other food items (t969 ≥ 

2.47, P ≤ 0.014) than older breeders (Table 4). No differences were observed in the consumption 

of fur bearers by older and younger red wolf breeders (t969 = 1.47, P = 0.142). Younger coyote 

breeders consumed less deer and more rabbits than older breeders (t552 ≥ 2.49, P ≤ 0.014). No 

differences were observed between older and younger coyote breeders in their consumption of 

small mammals, fur bearers, pig and other food items (t552 ≤ 1.32, P ≥ 0.188). Older breeders in 

congeneric pairs consumed more small mammals (t227 = 2.22, P = 0.027) than younger breeders. 

No differences were observed between older and younger breeders in congeneric pairs of their 

consumption of deer, rabbits, fur bearer, pig, and other food items (t227 ≤ 1.83, P ≥ 0.065). 

No seasonal differences were detected in consumption of deer, small mammals, and other 

food items (t969 ≤ 0.70, P ≥ 0.484) by red wolves. Red wolves consumed less fur bearers and pigs 

and more rabbits during winter than summer (Table 5; t969 ≥ 2.24, P ≤ 0.025). Coyote pairs 

consumed more deer and less rabbits during winter than summer (t552 ≥ 3.38, P ≤ 0.001). No 

seasonal differences were detected in coyote consumption of small mammals, fur bearers, pig, 

and other food items (t552 ≤ 1.57, P ≥ 0.060). Congeneric pairs consumed more deer and less other 

food items (t227 ≥ 2.01, P ≤ 0.046) during summer than winter. No seasonal differences were 

detected in the consumption of rabbits, small mammals, fur bearers, and pig by congeneric pairs 

(t227 ≤ 1.93, P ≥ 0.060). Also, smaller red wolf packs consumed more deer than larger packs 
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whereas larger packs consumed more rabbit, small mammals, fur bearers, pig, and other food 

items (Figure 1; t969 ≥ 2.63, P ≤ 0.009). 

The most important factors for explaining variation of deer in red wolf diet was breeder 

weight and pack size (Table 6). Consumption of rabbits of was best explained by breeder age and 

deer density. All factors were important in explaining red wolf consumption of small mammals 

and pig. Red wolf consumption of fur bearer was best explained by summer and weight and other 

food items were influenced by deer density and season. Coyote consumption of deer and rabbits 

were best explained by weight and season (Table 7). Age, weight, deer density, and season best 

explained coyote consumption of small mammals and deer density best explained consumption of 

other food items. Season best explained consumption of deer and other food items by congeneric 

pairs (Table 8). Deer density, season, and age influenced consumption of rabbits and deer density 

and season influenced use of small mammals. Consumption of fur bearers and pig by coyote pairs 

and congeneric pairs was negligible and therefore not modeled.  

Discussion 

Little is known about the historic diets of red wolves throughout the Southeast because 

red wolf natural history and ecology was never well-documented. Previous diet assessments of 

remnant, declining red wolf populations in salt marsh and coastal habitats of Texas and Louisiana 

during the mid-20
th
 century indicated red wolf diet consisted of nutria, rabbits, and cotton rats 

(Paradiso & Nowak, 1972; Shaw, 1975). Recent studies conducted after red wolves were 

reintroduced into NENC indicated greater use of deer and rabbits than the source population 

(Phillips et al., 2003; Dillenger et al., 2011a; McVey et al., 2013). Conversely, coyote diet has 

been studied extensively throughout North America in which they have been labeled as 

generalists or opportunistic foragers (Henderson, 1930; Korschgen, 1957; Prugh, 2005; 

Chamberlain & Leopold, 1999; Schecengost et al., 2008). Our results demonstrate that red 

wolves and coyotes in northeastern North Carolina have a strong carnivorous diet and consume 

primarily mammalian prey, such as deer, rabbits, and small mammals. 
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Management activities to sterilize coyotes within the Recovery Area influence factors 

affecting coyote interactions with prey by preventing coyote and congeneric packs from forming 

packs. For instance, pack size was an important factor influencing red wolf diet in which the diet 

of packs of fewer than 4 individuals contained greater amounts of deer and less small mammal 

prey than packs of 4 or more individuals. The negative relationship between pack size and food 

acquisition has been observed in gray wolves (Nudds, 1978; Thurber & Peterson, 1993; Schmidt 

& Mech, 1997; MacNulty et al., 2011) and our data suggest that red wolves are constrained by 

similar group dynamics. Although we couldn’t assess effects of pack size on coyote diet, we can 

only speculate that the diets of coyote and congeneric pairs would be similarly constrained by 

group living dynamics that affect cooperation and conflict within their packs as they increase in 

size. 

Pack size likely caused variation in red wolf diet by effecting pack hunting efficiency and 

energetic gains acquired from kills.  Recently, MacNulty et al. (2011) examined hunting 

efficiency of gray wolf packs and proposed the free-riding hypothesis in which pack members can 

decrease hunting efficiency by superficially cooperating in hunts to gain access to kills. Although 

our study was not designed to assess hunting efficiency of red wolves, deer consumption peaked 

with smaller red wolf packs and that may indicate greater hunting efficiencies at smaller group 

sizes. It is difficult for our study to discern whether pack hunting efficiency was truly affected by 

pack size because larger wolf packs had greater percentages of rabbits, fur bearers, pig, and other 

food items in their diet to compensate for the decrease in use of deer. If hunting efficiency 

remained the same between small and large red wolf packs, it is likely that deer comprised a 

lower percentage of the diets of larger packs because kills had to be divided and shared among 

more individuals. This would cause larger red wolf packs to broaden their diet to include other 

prey to supplement energetic loses from sharing their deer kills with offspring. Whether large 

packs experience lower hunting efficiencies or reduce energetic profits from kills through 

sharing, it is likely that increasing red wolf density within territories has a negative effect on 



 

82 

foraging that may eventually facilitate fragmentation of packs through parent-offspring conflicts 

over food acquisition (Gese et al., 1996). 

Canis species lack adaptations for prey control (i.e., grappling abilities) and increased 

body weight likely improves their killing ability by allowing individuals to more effectively hold 

down large prey while other pack members deliver repeated bites to the abdomen and 

hindquarters. Dentition is also a primary trait used to subdue prey and substantial, prolonged bite 

forces that are necessary for handling large prey put considerable stress on teeth (Van 

Valkenburgh, 1991; Slater et al., 2009).   MacNulty et al. (2009a) observed that the ability of 

gray wolves in Yellowstone National Park to kill ungulates improved with increased body size. 

Also, hunting performance of gray wolves was observed to decrease with age because of 

physiological deterioration caused by senescence (MacNulty et al., 2009b). Similarly, we found 

body weight and age of red wolf breeders to influence pack diet. Although age was not an 

important variable predicting red wolf consumption of deer, its positive correlation with 

consumption of smaller-sized prey indicates that older breeders depended more on rabbits and 

small mammals for food than did younger breeders. As individuals age, canines and incisors are 

eventually worn down and fractured because of repetitive use and it’s not unusual for red wolves 

> 4 years of age to have substantially worn and damaged teeth (USFWS, unpublished data). As a 

result, we suspect that deterioration to dentition through aging was a primary reason older 

breeders relied on smaller-sized prey. 

As observed with red wolf packs, larger coyote pairs consumed more deer than smaller 

conspecifics. Coyote pairs also consumed more deer during winter than summer and our findings 

are contrary to many studies conducted on coyote diet in the southeastern United States 

(Chamberlain & Leopold, 1999; Schrecengost et al., 2008; Kilgo et al., 2012). These studies have 

indicated that coyote predation of deer occurs primarily on fawns during summer and coyote 

consumption of deer during winter is a result of scavenging of hunter dump sites or deer crippled 

or un-recovered by hunters (Chamberlain & Leopold, 1999; Thornton et al., 2004; Schrecengost 
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et al., 2008). We do not believe that scavenging explains increased use of deer during winter 

because the positive relationship between coyote consumption of deer and coyote body weight 

implies that body size is an important trait for coyotes to acquire deer in their diet through 

predation, whereas scavenging is opportunistic and should not be affected by body size. Coyotes 

in the western United States have been observed hunting and killing white-tailed deer (Patterson 

& Messier, 2000; Lingle & Pellis, 2002), mule deer (Odocoileus hemionus; Bowyer, 1987; Lingle 

& Pellis, 2002), elk (Cervus elaphus; Gese & Grothe, 1995), bighorn sheep (Ovis Canadensis; 

Bleich, 1999),  pronghorn (Antilocapra americana; Keller et al. 2013) and other large prey. 

Therefore, it is reasonable to assume that coyotes in the southeastern United States are capable of 

killing deer outside of the fawning season. 

The average coyote lifespan in this study was statistically lower than red wolves by 

almost 2.5 years because many coyotes were removed from the landscape for management 

reasons related to red wolf recovery or opportunistically by hunters and trappers (Hinton, 

unpublished data). Therefore, it is difficult to insinuate whether the effects of age on coyote and 

congeneric pair food habits were related to physiological deterioration or experience. Older 

coyote breeders consumed more white-tailed deer, but this consumption is probably a result of a 

few coyote breeders approaching their peak performance age of 3-4 years old. If natural 

senescence had been more common with coyotes in our study area, we believe that age would 

have had a similar effect on coyote and congeneric pair food habits as it did on red wolf packs. 

Although congeneric pairs typically weighed 20-40% more than coyote pairs and 

consumed 10% more deer, breeder weight was not useful in explaining variation in use of deer in 

the diets of congeneric pairs. This discrepancy is likely a result of management actions that 

remove coyotes from congeneric pairs to make resident red wolves available to dispersing red 

wolves during the breeding season. Therefore, most congeneric pairs form during late winter or 

early spring when management actions shift to monitoring red wolf denning behavior. Solitary 

red wolves acquiring a coyote mate likely increase hunting efficiency during spring and summer 
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but, when they lose their coyote mate to management action prior to the breeding season, they 

hunt solitarily until they find a new mate. 

 A 15-20 kg threshold was proposed in which carnivores weighing above that threshold 

would have to switch to larger vertebrate prey that approach their body weight because of higher 

energetic demands and constraints related their body size (Carbone et al., 1999; Carbone et al., 

2007). Coyotes in northeastern North Carolina approach the 15-20 kg threshold and the smallest 

red wolves are above it. How these pairs adjust energy budgets associated with changes in 

breeder body mass and hunting efficiency is unknown. Differences in body size between red 

wolves and coyotes will affect energy requirements and capacities for searching for and 

processing prey which, in turn, may affect how they perceive the distribution, abundance, and 

profitability of prey on the landscape. Therefore, the formation of congeneric pairs and the 

stability of those pairs to successfully raise hybrid litters may be related to how similar 

individuals are in their energy demands. Partitioning of food resources by red wolves and coyotes 

in northeastern North Carolina is mostly via differences in the quantity of similar prey exploited 

and via differences in types of prey used. This is probably a result of greater energetic demands 

placed on red wolves from their larger body size to rely more on deer, rabbits, and fur bearers and 

indicates that the diets of red wolves and coyotes conform to the predictions from existing theory 

on foraging behavior in which relative body size appear to be important factors governing the 

overlap of resources and intensity of competition (Rosenzweig, 1966; Gittleman, 1985; Carbone 

et al., 2007). Different use of prey, habitat, and space use by red wolves and coyotes resulting 

from differences in body sizes may serve as a reproductive barrier by preventing congeneric 

pairing. Therefore, we hypothesize that hybridization rates between red wolves and coyotes 

increase as both populations approach each other in body size. Our ability to identify key traits 

and understand how they facilitate reproductive barriers is crucial for red wolf recovery.  
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Table 4.1. Average combined weight and age of red wolf breeders, coyote pairs, and congeneric 

pairs in northeastern North Carolina during 2009-2011. 

 Red Wolf Coyote Congeneric  

 SE  SE  SE F2,37 P 

Weight (kg) 57.2 0.9 29.5 0.7 43.5 1.2 284.65 0.001 

Age (yrs) 4.6 0.4 2.8 0.3 3.0 0.3 7.32 0.002 
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Table 4.2. Percent volume of foods in red wolf and coyote scats in northeastern North Carolina during 2009-2011. Different letters in parentheses 

next to values represent statistical differences among breeding units (P < 0.05, Tukey’s test). 

 N % Deer % Rabbit % Small Mammal
a 

% Fur Bearer
b 

%Pig % Other
c 

Red Wolves
d 

972 40.7(A) 26.8(A) 14.4(A) 8.1(A) 4.1(A) 6.0(A) 

Congeneric Pairs
e 

228 40.2(A) 29.7(A) 16.8(AB) 3.7(B) 0.4(B) 9.1(A) 

Coyotes
f 

554 30.0(B) 38.3(B) 20.5(B) 3.2(B) 0.6(B) 7.6(A) 
a
Rat, mouse, shrew, and vole species 

b
Muskrat, nutria, and raccoon 

c
Insects (i.e., grasshoppers and beetles), grass/seeds, bird species, and human trash  

d
Red wolf pairs and packs 

e
Coyote and red wolf (congeneric) pair bonds 

f
Coyote pairs 
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Table 4.3. Percent volume of foods in the scats of red wolf packs (n = 972), coyote pairs (n =554), and congeneric pairs (n =228) collected in areas 

of low (< 0.75 deer harvested/km²), medium (0.75-1.5 deer harvested/km²), and high (>1.5 deer harvested/km²) deer density of northeastern North 

Carolina during 2009-2011. 

 

Red Wolf Packs Coyote Pairs Congeneric Pairs 

Low Medium High Low Medium High Low Medium High 

Deer 
23.1 ± 

4.4 
45.7 ± 1.8 

35.8 ± 

2.9 
N/A 27.3 ± 3.6 30.7 ± 1.9 N/A 36.9 ± 4.2 42.3 ± 3.6 

Rabbit 6.4 ± 3.8 24.3 ± 16 
41.9 ± 

2.5 
N/A 37.7 ± 3.6 38.4 ± 1.9 N/A 25.3 ± 3.9 32.8 ± 3.4 

Small 

Mammals 

30.2 ± 

3.0 
12.2 ± 1.2 

13.3 ± 

2.0 
N/A 21.5 ± 2.8 20.2 ± 1.5 N/A 20.6 ± 2.8 14.1 ± 2.4 

Fur 

Bearer 

12.5 ± 

2.5 
9.3 ± 1.0 2.8 ± 1.6 N/A 1.3 ± 1.1 3.8 ± 0.6 N/A 6.1 ± 1.6 2.6 ± 1.4 

Pig 2.7 ± 1.8 5.6 ± 0.7 0.8 ± 1.2 N/A 0.1 ± 0.6 0.7 ± 0.3 N/A 0 ± 0 0.8 ± 0.6 

Other 
25.1 ± 

1.9 
2.9 ± 0.8 5.9 ± 1.2 N/A 12.3 ± 2.0 6.3 ± 1.1 N/A 11.1 ± 2.2 7.4 ± 1.9 
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Table 4.4. Percent volume of foods in the scats of red wolf packs (n = 972), coyote pairs (n 

=554), and congeneric pairs (n =228) by age the breeders in northeastern North Carolina during 

2009-2011. 

 

Red Wolf Packs Coyote Pairs Mixed Pairs 

≤ 4 yrs > 4 yrs ≤ 4 yrs > 4 yrs ≤ 4 yrs > 4 yrs 

Deer 47.5 ± 2.4 36.8 ± 1.8 28.8 ± 1.7 45.1 ± 6.5 42.6 ± 3.1 30.1 ± 6.0 

Rabbits 16.1 ± 2.1 33.2 ± 1.6 39.3 ± 1.7 24.0 ± 6.4 28.4 ± 2.9 34.5 ± 5.7 

Small 

Mammals 
17.7 ± 1.6 12.6 ± 1.3 20.2 ± 1.4 24.2 ± 5.0 14.9 ± 2.0 24.8 ± 4.0 

Fur Bearer 6.5 ± 1.3 8.9 ± 1.0 3.2 ± 0.6 3.9 ± 2.0 3.7 ± 1.2 5.5 ± 2.3 

Pig 2.1 ± 1.0 5.3 ± 0.7 0.6 ± 0.3 0.3 ± 1.1 0.6 ± 0.5 0.0 ± 1.0 

Other 10.2 ± 1.1 3.6 ± 0.8 7.9 ± 1.0 3.1 ± 3.6 9.9 ± 1.6 5.3 ± 3.2 
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Table 4.5. Percent volume of foods in the scats of red wolf packs (n = 972), coyote pairs (n 

=554), and congeneric pairs (n =228) by season in northeastern North Carolina during 2009-2011. 

 
Red Wolf Packs Coyote Pairs Mixed Pairs 

Winter Summer Winter Summer Winter Summer 

Deer 42.3 ± 2.7 40.1 ± 1.7 37.5 ± 2.4 22.7 ± 2.3 32.0 ± 3.4 52.8 ± 4.3 

Rabbits 33.9 ± 2.4 23.8 ± 1.5 32.5 ± 2.3 43.8 ± 2.4 33.1 ± 3.3 24.1 ± 4.1 

Small 

Mammals 
14.7 ± 1.8 14.3 ± 1.2 18.8 ± 1.9 22.0 ± 1.8 19.7 ± 2.3 12.4 ± 2.9 

Fur Bearer 1.4 ± 1.5 10.8 ± 0.9 2.2 ± 0.8 4.2 ± 0.7 3.3 ± 1.3 5.3 ± 1.7 

Pig 2.1 ± 1.0 4.9 ± 0.7 0.1 ± 0.4 1.1 ± 0.4 0.7 ± 0.6 0.0 ± 0.7 

Other 5.5 ± 1.2 6.2 ± 0.8 9.1 ± 1.4 6.1 ± 1.3 11.3 ± 1.9 5.3 ± 2.3 



 

96 

Table 4.6. Results of the 3 best models for factors influencing selection of 5 food categories by red wolf packs in northeastern North Carolina 

during 2009-2011. 

 

Model 

 

 

k
a 

 

AICc
b 

 

∆AICc
c 

 

wi
d 

White-tailed deer     

Weight + pack size 4 5603.73 0.00 0.35 

Weight + pack size + age 5 5605.34 1.62 0.16 

Weight + pack size + summer 5 5605.63 1.90 0.14 

Rabbits     

Age + deer density 4 5468.28 0.00 0.31 

Age + deer density + summer 5 5469.37 1.09 0.18 

Age + deer density + weight 5 5469.63 1.34 0.16 

Small Mammals     

Age + summer + pack size + deer density + weight 7 5085.47 0.00 0.29 

Age + summer + pack size + deer density 6 5086.00 0.52 0.23 

Age + summer + pack size + weight 6 5086.37 0.89 0.19 

Fur bearers     

Summer + weight 4 4626.08 0.00 0.29 

Summer + weight + pack size 5 4627.76 1.69 0.13 

Summer + weight + age 5 4627.89 1.82 0.12 

Pig     

Age + deer density + pack size + weight + summer 7 4012.21 0.00 0.65 

Age + deer density + pack size + weight 6 4013.85 1.64 0.29 

Age + deer density + pack size + summer 6 4017.50 5.29 0.05 

Other     

Deer density + summer 4 4303.20 0.00 0.31 

Deer density + summer + pack size 5 4304.95 1.75 0.13 

Deer density + summer + pack size + weight 6 4304.96 1.76 0.13 
a
Model parameters 

b
Akaike’s Information Criterion 

c
Difference in AIC 

d
Akaike weight 
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Table 4.7. Results of the 3 best models for factors influencing selection of 5 food categories by coyote pairs in northeastern North Carolina during 

2009-2011. 
 

 

Model 

 

 

k
a 

 

AICc
b 

 

∆AICc
c 

 

wi
d 

White-tailed deer     

Weight + summer 4 3132.08 0.00 0.44 

Weight + summer + deer density 5 3132.94 0.86 0.29 

Weight + summer + age 5 3134.04 1.96 0.17 

Rabbits     

Summer + weight 4 3153.34 0.00 0.34 

Summer + weight + age 5 3153.89 0.55 0.26 

Summer + weight + deer density 5 3155.37 2.03 0.12 

Small Mammals     

Age + weight + deer density + summer 6 2960.97 0.00 0.26 

Age + weight + deer density 5 2960.98 0.01 0.26 

Age + weight + summer 5 2961.94 0.97 0.16 

Other     

Deer density 3 2620.65 0.00 0.18 

Null model 2 2621.44 0.79 0.12 

Deer density + summer 4 2621.81 1.15 0.10 
a
Model parameters 

b
Akaike’s Information Criterion 

c
Difference in AIC 

d
Akaike weight
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Table 4.8. Results of the 3 best models for factors influencing selection of 5 food categories by congeneric pairs in northeastern North Carolina 

during 2009-2011. 

 

Model 

 

 

k
a 

 

AICc
b 

 

∆AICc
c 

 

wi
d 

White-tailed deer     

Summer 3 1312.34 0.00 0.23 

Summer + age 4 1312.95 0.61 0.17 

Summer + age + deer density 5 1313.55 1.20 0.13 

Rabbits     

Deer density + summer + age 5 1294.51 0.00 0.23 

Deer density + summer 4 1295.02 0.51 0.18 

Deer density + age 4 1295.69 1.18 0.13 

Small Mammals     

Deer density + summer 4 1187.97 0.00 0.21 

Deer density 3 1188.91 0.94 0.13 

Deer density + age 4 1189.09 1.12 0.12 

Other     

Summer 3 1108.24 0.00 0.15 

Weight 3 1108.85 0.61 0.11 

Summer + age 4 1108.97 0.73 0.10 
a
Model parameters 

b
Akaike’s Information Criterion 

c
Difference in AIC 

d
Akaike weight
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Figure 4.1. Percent volume of prey in the scats of coyote pairs (CC), congeneric pairs (RC), red wolf packs with ≤ 4 individuals (SRR), and red 

wolf packs with > 4 individuals (LRR) in northeastern North Carolina, during 2009-2011.
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Abstract 

Little information exists on coyote spatial ecology in the southeastern United States and 

the few studies conducted have been conducted at small scales (e.g., ≤ 500 km2). Studies on 

coyote ecology in the Southeast have typically been conducted at small scales (e.g., ≤ 500 km²) 

and often provide conflicting insights regarding coyote ecology. Therefore, studies of coyote 

spatial ecology at broader geographic areas (e.g., ≥ 2,500 km2) may provide relevant insights as 

to how coyote populations adjust to various ecological circumstances on the landscape.  During 

2009-2011, we studied coyote space use and habitat selection on the Albemarle Peninsula 

(>6,000 km
2
) of northeastern North Carolina using GPS radio-collars. We quantified home range 

sizes and 2nd- and 3rd-order habitat selection for resident and transient coyotes to describe space 

use patterns in response to a dynamic agricultural landscape. We observed an upper limit on 

coyote home-range sizes to be approximately 50 km² and suggest body size constraints may limit 

the amount of finite space coyote groups can maintain as a territory. We also observed 

preferences for agricultural habitats over forested habitats by resident and transient coyotes, and 

resident coyotes pushed transients into marginal forest habitats. Coyotes had exhibited avoidance 

of roads during diurnal hours despite exhibiting preferences for them during nocturnal hours. 

Overall, loss of cover resulting from harvest of agricultural crops facilitated strong shifts to using 

forested areas for cover by resident coyotes during fall and winter. Consequently, use of forested 

areas by resident coyotes forced transient coyotes to rely more on road and edge habitats during 

fall and winter. 

Introduction 

Coyote colonization of eastern North America has generated much interest from 

ecologists and the general public (Gompper 2002; Levy 2012) because it occurred in several 

waves (Parker 1995; Nowak 2002; Bozarth et al. 2011), resulting in noticeable changes in 

phenotype (i.e., body size and pelt color; Thurber and Peterson 1991; Way 2007) and 

hybridization with remnant wolf populations (Kays et al. 2010; Wheeldon et al. 2010). Presence 
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in eastern North America during the Pleistocene indicates that coyotes have history of range 

expansions and contractions that can be attributed to the emergence and loss of other Canis 

competitors on the landscape (Nowak 2002) and changes in climate (Koblmüller et al. 2012). 

Although successful colonization has been attributed to the coyote’s generalist behaviors, 

phenotypic plasticity, and ability to hybridize with remnant wolf populations, developing a 

conceptual framework for understanding coyote range expansion remains contentious (Thurber 

and Peterson 1991; Lariviére and Créte 1993; Kays et al. 2010; Wheeldon et al. 2010). 

Coyote colonization of the southeastern United States has received more attention in 

recent years, but little information exists on large scale spatial and temporal patterns of landscape 

use by coyotes in the region. Studies on coyote ecology in the Southeast have typically been 

conducted at small extents (e.g., ≤ 500 km²) and often provide conflicting insights. Fine-scale 

studies are problematic because they fail to capture broad scale variations in coyote ecology and 

landscape structure that can be used to explain why coyotes have become established throughout 

the Southeast. Aspects of coyote spatial ecology that influence variation in size and habitat 

composition of home ranges have important consequences for processes such as population 

growth and regulation because differential use of space and habitats allows access to important 

prey species and reduces risks of mortality, both of which affect survival and reproduction. 

Therefore, studying the placement, size, and habitat composition of coyote home ranges over 

broad geographic areas (e.g., ≥ 2,500 km
2
) will provide relevant insights as to how coyote 

populations adjust regionally varying ecological conditions. 

In particular, the effects of eastern forested and agricultural landscapes on coyote 

movements and space use in the Southeast are not well known. While it has been suggested that 

eastern forested landscapes represent marginal habitat for coyotes (Tremblay et al. 1998; Crête et 

al. 2001; Richer et al. 2002), other studies have suggested that eastern forests are suitable habitat 

(Kays et al. 2008). Although these studies were conducted in the Northeast, many regions of the 

Southeast are characterized by large agriculture-forested mosaics similar to areas colonized by 
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coyotes in the Northeast and generalities can be drawn by comparing studies conducted in 

different regions. For instance, coyote home-range sizes typically vary between 2.5 – 70 km
2 

(Bekoff and Gese 2003; Leopold and Chamberlain 2001). Although variability can be attributed 

to adjustments of space use patterns to local environmental conditions, a central tendency of 

coyote space use is driven by their metabolic needs, which is known to vary with body mass 

(McNab 1963; Gompper and Gittleman 1991). Along with body size, locomotor mode is known 

to be a key parameter for explaining large scale patterns in carnivores (Van Valkenburgh 1999). 

Coyotes are cursorial carnivores that evolved in the extensive grassland region of central North 

America. Dense forested areas may make pursuit hunting, and therefore resource acquisition, 

more difficult for coyotes. On the other hand, agricultural fields and early successional habitats 

may be analogous to the open, expansive habitats to which coyotes are adapted, and may provide 

ideal habitat for population centers. Therefore, understanding coyote distributional patterns in 

response to habitat heterogeneity is fundamental to develop a full understanding of how this 

species successfully colonized eastern North America. 

Coyotes are sympatric with red wolves in northeastern North Carolina and both species 

are managed and monitored by the United States Fish and Wildlife Service (USFWS) Red Wolf 

Recovery Program (Recovery Program) on the Albemarle Peninsula of northeastern North 

Carolina (Hinton et al. 2013; Rabon et al. 2013). Red wolves show strong preferences for 

agricultural fields over the surrounding forested areas (Chadwick et al. 2010, Hinton and 

Chamberlain 2010, Dellinger et al. 2013) and very high frequency (VHF) radio-telemetry data 

indicates that coyotes exhibit similar habitat preferences (USFWS unpublished). It is suspected 

that coastal bottomland forests and wetlands are unsuitable habitat to red wolves and coyotes in 

northeastern North Carolina because dense understories and periodic inundation hinder or prevent 

movements. On the other hand, agricultural croplands may provide suitable habitat because they 

are dry, treeless environments with no understory structure to hinder movements and foraging 

efforts. Although the effect of roads on coyote movements remains unknown, previous gray wolf 
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(James and Stuart-Smith 2000; Whittington et al. 2005) and red wolf (Dellinger et al. 2013) 

studies suggested that secondary, low-use roads provided some benefit to wolves by increasing 

foraging efficiency and lowering movement costs. Coyotes are known to have higher tolerance to 

human presence than wolves (Grinder and Krausman 2001; Atwood et al. 2004; Way et al. 2004; 

Gehrt et al. 2009) and studies have documented coyote use of roads in heavily populated urban 

areas (Tigas et al. 2002; Way 2009; Gehrt et al. 2011; Hinton et al. 2012). This trait may allow 

them to exploit primary (paved) and secondary (unpaved) roads as travel corridors through 

barriers (i.e., rivers) and unsuitable habitats regardless of human density. 

With a priori assumptions that forested areas in northeastern North Carolina represent 

poor habitat for coyotes, we monitored resident and transient coyotes fitted with global 

positioning system (GPS) radio-collars to assess ways in which coyotes move, interact, and use 

several primary habitats on the Albemarle Peninsula. During summer, we expected coyotes to 

avoid forested areas and increase their use of row crops (i.e., corn, soybean, and winter wheat) 

because crops provide adequate cover with little understory to impede movements. We also 

expected coyotes to increase their use of forested areas for cover during winter because crops 

were harvested and forests provided the only cover during that time of year. Transient coyotes are 

individuals that have not established residency and display nomadic movement with no fidelity 

for any one area; they also may display different space use patterns than resident coyotes that 

maintain home ranges (Gese et al. 1988, Kamler and Gipson 2000; Hinton et al. 2012). Previous 

work observed localized space use patterns lasting between 2-8 weeks that were analogous to 

patterns of home range use (Hinton et al. 2012). These space use patterns of transients were called 

biding areas and studying them may provide important insights into how coyotes move through 

the landscape searching for unoccupied areas and/or mates to establish residency. This study 

represents the first broad scaled study (> 5000 km
2
) of resident and transient coyotes in the 

southeastern United States. 
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Study Area 

 Our study was conducted on the Albemarle Peninsula in the northeastern region of 

North Carolina (Figure 1). The study area was approximately 6000 km
2
 of federal, state, and 

private lands comprised of a row-crop agricultural-bottomland matrix with little change in 

elevation (0-50m). Agricultural crops (i.e., corn, cotton, soybean, and winter wheat) and managed 

pine (Pinus spp) comprised approximately 30% and 15% of the land cover, respectively (Figure 

1). Other prominent land cover types were coastal bottomland forests and pocosin (35%), 

herbaceous wetlands and saltwater marshes (5%), open water (5%), and other minor land cover 

types (10%). The climate was typical of the mid-Atlantic: 4 full seasons, nearly equal in length, 

with an annual precipitation averaging between 122-132 cm. Summer climate was typically hot 

and humid with temperatures ranging from 27°C to over 38°C and winters were relatively cool 

with temperatures ranging between -4°C to 7°C. 

Methods 

We captured coyotes using padded foot-hold traps (Victor no.3 Softcatch, Lititz, 

Pennsylvania, USA) from October through May during 2009-2011. Coyotes were sexed, 

measured, weighed, aged by tooth wear (Gier, 1968), and a blood sample was collected. We 

categorized coyotes as > 2 years old as adults, < 2 but > 1 year old as juveniles, and < 1 year old 

as pups. Coyotes on the Albemarle Peninsula were reproductively sterilized by the USFWS to 

prevent introgression into the red wolf population (Hinton et al. 2013; Rabon et al. 2013). 

Coyotes were taken to a local veterinary clinic for surgical sterilization where males and females 

were reproductively sterilized by vasectomy and tubal ligation, respectively. This process kept 

hormonal systems intact to avoid disrupting breeding and territorial behavior (Seidler and Gese 

2012). Prior to release at the original capture sites, we fitted coyotes with a mortality-sensitive 

GPS radio-collar (Lotek 3300s, Newmarket, Ontario, Canada) scheduled to record a location 

every 4 hours (0:00, 04:00, 08:00, etc.) throughout the year. Animal handling methods were 
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approved by the Louisiana State University Agricultural Center Institutional Animal Care and 

Use Committee (Protocol Number AE2009-19). 

To reflect the anthropogenic effects of agriculture on the landscape, we divided year into 

2 6-month seasons based on agricultural activity: planting/growing (1 March – 31 August) and 

harvest/fallow (1 September – 28 February). We also separated coyote locations for each season 

into diurnal and nocturnal categories based monthly photoperiods. We estimated space use of 

resident and transient coyotes by fitting dynamic Brownian bridge movement models (dBBMMs) 

to the time-specific location data to estimate the probability of use along the full movement track 

of each coyote (Kranstauber and Smolla 2013) using the R package moveud (Collier 2013) in the 

R statistical environment (R Core Team 2013). We chose window sizes based on the temporal 

resolution of each track and our a priori assumptions of the time scale of major behavioral shifts 

(Byrne et al. 2014). For resident coyotes, 95% and 50% contour intervals were considered home 

ranges and core areas, respectively. For transient coyotes, 95% and 50% contour intervals were 

considered transient range and biding areas (Hinton et al. 2012), respectively. We used t-tests to 

examine changes in home range and space use sizes between seasons.  

 Predominant habitat types were estimated from a digitalized landscape map of vegetative 

communities developed by the North Carolina Gap Analysis Project (McKerrow et al. 2006). We 

collapsed the vegetative communities estimated by McKerrow et al. (2006) into 7 general habitat 

types with 30m resolution. For the habitat selection analysis, we divided the landscape into 

agriculture, coastal bottomland forest, pine forest, open water, upland forest, urban, and wetland. 

Because roads may serve as corridors for coyote movements, we included road as the 8
th
 habitat 

type by superimposing a linear feature layer with a 30m buffer around roads onto the final habitat 

raster map with 30m resolution.  

We used analysis of variances (ANOVAs) and t-tests to determine if the percentage of 

habitat composition of home ranges and transient ranges differed between each other and between 

seasons. We also developed generalized linear models (GLMs) to examine the effects of coyote 
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body weight and age, white-tailed deer abundance, and habitat composition on coyote home-

range size. We used county-level harvest data collected by the North Carolina Wildlife Resources 

Commission as a measure of deer abundance in the study area. Although harvest reports do not 

reflect true white-tailed deer densities, hunter harvest/km
2
 does provide a benchmark by which to 

judge the effect of white-tailed deer abundance on coyote home-range size. Habitat composition 

of home ranges were calculated as % agricultural, % forest (coastal bottomland and pine), and % 

road. We assessed models using a stepwise procedure by calculating Akaike’s information 

criterion for small sample sizes (AICc) for each model to select which variables best explained 

home-range size. 

 We compared habitat selection of coyotes at two scales: population (2
nd

-order) and 

individual (3
rd

-order). Habitats were converted into continuous variables by quantifying percent 

of habitat cover for each 30m cell using a moving window with a 150m radius in FRAGSTATS 

(McGarigal et al. 2012). We also quantified edge density and patch richness across the study area 

because coyotes are known to forage along edges (Tigas et al. 2002). Information from raster 

maps were extracted to coyote locations and home ranges using ArcGIS 10.1 (Environmental 

Systems Research Institute Inc., Redlands, California). We used resource-selection functions 

(RSFs) to examine the effect of habitat type on where coyotes established home ranges on the 

landscape (2
nd

-order selection of resources; Johnson 1980) and examine the effect of habitat type 

on how coyotes use their home ranges (3
rd

-order selection of resources; Johnson 1980) following 

Manly et al. (2002). We assumed seasonal and photoperiod variation in habitat use by residents 

and transients and, therefore, developed RSFs for residents and transients by season and 

photoperiod for 3
rd

-order selection. We used a binomial approach to estimate resource-selection 

functions by comparing characteristics of known (used) locations to random (available) locations 

(Manly et al. 2002). We used logistic regression and AICc to form RSFs that identified habitats 

important to individual coyotes. We evaluated the relative importance of coefficients associated 

with the habitat types by examining Akaike weights (wi) after adding each of these covariates to a 
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core model set (e.g., higher wi and lower AICc suggested model improvement; Burnham and 

Anderson 2002). We also evaluated the predictive performances of the most parsimonious core 

models using the k-fold cross validation method (Boyce et al. 2002; Johnson et al. 2006). The 

cross-validation method performs k iterations of training and validation in which a different fold 

of the data is held out for validation while the remaining k – 1 folds are used for learning. For 

cross-validation, we used 10 folds (k = 10) to estimate performance of RSF models. 

Results 

During 2009-2011, we monitored 28 coyotes fitted with GPS radio-collars. We 

monitored 22 (79%) resident and 6 (21%) transient coyotes and 8 (29%) coyotes were transients 

prior to becoming residents. Mean weight and age of coyotes monitored were 14.0 kg ± 0.4 and 

2.5 yrs ± 0.2, respectively, in which weights and age of residents were greater than transients 

(Table 1; t26 ≥ 2.23, P ≤ 0.034). Home ranges and core areas of residents did not differ between 

seasons (Table 2; t45 ≤ 0.024, P ≥ 0.800) and home ranges ranged from 13.4 km² to 47.3 km². We 

also detected no seasonal difference of transient ranges and biding areas (Table 1; t17 ≤ 1.86, P ≥ 

0.080) and transient areas ranged from 64.5 km² to 633.4 km². Home range size was best 

explained by the percentage of agricultural fields, white-tailed deer density, and forested areas in 

which home range size decreased with increasing percentage of agricultural fields (r
2 
= 0.30, P = 

0.007) and deer density (r
2 
= 0.40, P = 0.001), but increased with increasing percentage of forests 

(r
2 
= 0.33, P = 0.004). 

Home ranges and core areas were comprised mostly of agricultural fields, coastal 

bottomland and pine forest, and roads (Figure 2; F6, 161 = 36.69, P < 0.001). Pine and upland 

forest, urban, road, and wetland composition between home ranges and core areas did not differ 

(t46 ≤ 1.31, P ≥ 0.195) but home ranges typically consisted of more coastal bottomland forest and 

less agricultural fields than did core areas (t46 ≥ 2.39, P ≥ 0.022). Similarly, transient ranges and 

biding areas were comprised mostly of agricultural fields, coastal bottomland and pine forests, 

and roads (Figure 2; F6, 161 = 60.23, P < 0.001). We found no differences in habitat composition 
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between transient ranges and biding areas (t28 ≤ 1.67, P ≥ 0.105).  Home ranges consisted of more 

pine forests and roads and less wetlands than transient ranges (t103 ≥ 2.07, P ≤ 0.022), whereas all 

other habitat types were similar (t103 ≤ 1.06, P ≥ 0.293). Core areas consisted of more pine forests 

and less coastal bottomland forests and wetlands than biding areas (t103 ≥ 2.30, P ≤ 0.024), 

whereas all other habitat types were similar (t103 ≤ 0.96, P ≥ 0.337). We detected no seasonal 

differences between habitat types of home ranges and core areas (t45 ≤ 1.25, P ≥ 0.219) and 

transient ranges and biding areas (t17 ≤ 1.27, P ≥ 0.220). 

We excluded wetland, upland forest, and urban habitats from our models because their 

occurrence in home ranges and transient ranges were negligible. Therefore, we only included 

edge density, patch richness, and agriculture, pine forest, coastal bottomland forest, and road 

habitats in our model. Only 1 covariate (edge density) was not retained in the top-ranked model 

for 2
nd

-order selection by residents (Table 2) whereas all 6 covariates were retained for transients 

(Tables 3). Roads, coastal bottomland forests, and patch richness were better predictors of 

transient occurrence than residents at the landscape level (Table 4). Agriculture, pine forest, and 

road habitats were retained in all top-ranked models for 3
rd

-order selection by residents (Table 2). 

Residents appeared to favor agricultural fields and pine forests during both seasons and 

photoperiods, whereas roads were avoided during day but used at night (Figures 4&5; Table 4). 

Coastal bottomland forest, pine forest, and patch richness were retained in all top-ranked models 

for 3
rd

-order selection by transients (Table 3). Coastal bottomland and pine forests were used by 

transients more during the growing season than harvest season, whereas patch rich areas were 

preferred during both seasons and photoperiods (Figures 6&7; Table 4). Similar to residents, 

transients used roads more at night than during day. 

Discussion 

The broad front of coyote expansion throughout North America is a result of dynamic 

space-use patterns by coyotes that permit them to move across and persist in a variety of 

environments. In particular, coyote populations consist of resident and transient individuals 
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(Andelt et al. 1985, Gese et al. 1988, Kamler and Gipson 2000). Similar to other studies (Gese et 

al. 1988, Windberg and Knowlton 1988, Chamberlain et al. 2000), our results indicate that 

approximately 70% of coyotes in northeastern North Carolina are likely residents whereas the 

remaining 30% are transients.   

Home-range sizes of coyotes did not vary between seasons despite an average 35% 

reduction in winter cover within home ranges resulting from crop harvest (Figure 2). This 

indicates that coyotes may not adjust home range size to immediate demand, but rather potential 

demand. In other words, coyotes most likely learn changes in the environment prior to 

establishing residency so that space acquired for home ranges is adequate to accommodate 

seasonal fluctuations in resource needs. Home ranges did not exceed 50 km
2
 indicating that 

coyotes may have an upper limit to the amount of space they can effectively exploit and defend. 

Coyotes must be able to defend a finite area and handle the distribution of prey while maintaining 

a consumption rate below resource renewal to assure long-term maintenance of their home 

ranges. Our mean home-range sizes are typical of those reported in other studies (see Table 22.4 

in Bekoff and Gese 2003 & Table 21 in Leopold and Chamberlain 2001) and similarity among 

studies indicates that there is a central tendency in coyote space use that is likely constrained by 

the effects of body size (McNab 1963; Swihart et al. 1988; LaBarbera 1989). Although we found 

habitat type and white-tailed deer density to have a stronger effect on variation of home-range 

size than did body size, it is important to note that body size is an endogenous factor resulting 

from evolutionary forces that reduce variability, whereas exogenous factors such as habitat and 

resource density would influence variation around a central tendency in coyote space use. Effects 

of body size on space use patterns are well established and they should be routinely tested and 

reported in studies of coyote spatial use regardless of statistical significance. Coyotes exhibit 

phenotypic variation by regions (Thurber and Peterson 1991; Way 2007) and reporting such 

information allows ecologists to accurately draw conclusions regarding the effects of habitat and 

physiology on coyote space use.  
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Territorial behavior in coyotes assures ideal reproductive possibilities to residents holding 

space (Gaston 1978). Although this prevents transients from reproducing, transiency is likely an 

important trait that allows populations to reconstruct themselves rapidly after suffering drastic 

and extensive mortality. This may be particularly important for coyote populations to persist 

where they are heavily exploited.  Despite their wide-ranging space use patterns, many transients 

exhibited localized movements that were analogous to home ranges and we referred to them as 

biding areas (Hinton et al. 2012). Seven of the 8 (88%) residents that were transients established 

home ranges in or nearby their biding areas. We suggest this behavior may prove beneficial to 

coyote populations and should be examined in future studies because it increases survivorship of 

transients via familiarity of areas they roam, allows transients to assess potential areas prior to 

establishing home ranges, and, when opportunities arise, they can replace residents upon death. 

   Effects of agriculture and forest habitat on coyote space use in northeastern North 

Carolina are similar to those reported in other studies in the Northeast and indicate general 

preferences for open, treeless environments by coyotes (Crête et al. 2002, Gosselink et al. 2003, 

Van Deelen and Gooselink 2006). The general compositional pattern in coyote home ranges were 

high percentages of agricultural fields in the interior (i.e., core areas) with forest edges increasing 

in outer fringes. The forest cover coyotes favored in our study were pine plantations. During 

harvest season, coyotes typically loafed in forest habitats within 50-300m of edges adjacent to 

agricultural fields and roads. As winter wheat reached heights of approximately 0.5 meters during 

the growing season, coyotes abandoned forest habitats to loaf in wheat fields when available and 

then shifted to corn later in the season as wheat was harvested (Hinton, personal observation). 

Home range size decreased as agricultural fields became the predominant habitat type and vice 

versa for forested habitats. For example, the home range of a female coyote with the smallest 

home-range size (13.4 km
2
) consisted of approximately 40% and 30% agricultural and forested 

habitat, respectively. Of her 1987 GPS locations, approximately 87% of them occurred in 

agricultural fields. On the other hand, the home range of a female coyote with the largest home-



 

112 

range size (47.3 km
2
) consisted of approximately 10% and 70% agricultural and forested habitat, 

respectively. Of her 2296 GPS locations, approximately 35% of them were in agricultural fields. 

Although transients displayed similar attraction to habitat types as residents, residents 

occupied ideal habitats and most likely push transients into marginal habitats. Resource-selection 

models were useful in teasing out this effect and demonstrated where patterns of habitat use 

diverged from those of residents. Models of 2
nd

-order selection indicated that coastal bottomland 

forest, roads, and edges were more important to transients than residents. Transients were 

typically pushed into forested areas and frequent use of roads and edges was likely to reduce the 

energetic costs of nomadic movements in these highly structured habitats. Conversely, models of 

3
rd

-order selection indicated 2 temporal changes in habitat use by residents that are related to 

foraging and security. First, they avoided roads during diurnal hours despite relying on them 

during nocturnal hours when they were foraging and defending their home ranges. This behavior 

is likely a way to avoid contact with humans, which will occur more during diurnal hours. 

Second, residents avoided coastal bottomland forest during the growing season and increased use 

of them during the harvest season, specifically during diurnal hours. Residents ceased use of 

coastal bottomland forests during nocturnal hours and the diurnal use by residents suggests 

coastal bottomland forests were used for security. Transient use of roads during nocturnal hours is 

likely for similar reasons as residents. Nevertheless, their habitat use patterns deviated 

significantly from residents during the harvest season. Agricultural fields had little influence on 

transient habitat use and transients avoided forested areas while depending more on roads and 

edge habitats for foraging and security. Most agricultural fields are barren after harvest and likely 

provide little foraging or security benefit to transients. Avoidance of forest habitats by transients 

during the harvest season is likely a result of increased use of these habitats by residents. In other 

words, shifts in the use of habitats by residents as a result of landscape-wide agricultural activities 

created significant shifts in habitat use by transients. 
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 Coyote populations appear adept at exploiting human modified landscapes, specifically 

road networks, because linear features facilitate travel while providing foraging opportunities. 

Although transients were documented using coastal bottomland forests, we suspect those 

locations were more associated with the road network than the actual forested habitat (Figure 7). 

Roads may provide benefits to coyotes through efficient movements that improve foraging and 

territorial defense (i.e., scent marking) and may allow resident coyotes to detect human presence 

and assess predictable patterns of human activities to increase security. While facilitating 

transient movements on the landscape, roads may also guide coyotes into suitable habitats 

modified by humans such as agricultural fields. Interestingly, road networks through unsuitable 

forest habitat may decrease intraspecific strife by reducing or masking transient movements 

through territories of residents. 

 Coyotes colonized eastern North America in several waves occurring at different periods 

of the 20
th
 century (Nowak 2002; Bozarth et al. 2011). Although it is well documented that 

coyotes began colonizing Arkansas, Louisiana, Mississippi, and Alabama during the mid-20
th
 

century after the extirpation of red wolves (McCarley 1962; Nowak 2002), there has been no 

parsimonious explanation of how coyotes have colonized the remainder of the Southeast. Large-

scaled construction of the Interstate Highway system facilitated significant changes to the 

physical landscape of the United States during the 1960s, 1970s, and 1980s as a result of the 

Federal Highway Act of 1956 (Lewis 2013). Additionally, the Watershed Protection and Flood 

Prevention Act of 1954 encouraged land drainage and wetland destruction that resulted in 

significant loss of bottomland forests in the Southeast (Harris and Gosselink 1990, Dahl and 

Allord 1996). Several studies, including this one, have found eastern forests to be relatively poor 

habitat for coyotes (Tremblay et al. 1998; Crête et al. 2001; Richer et al. 2002) and that coyotes 

are capable of exploiting human altered landscapes and road networks (Tigas et al. 2002; Way 

2009; Gehrt et al. 2011; Hinton et al. 2012). Therefore, we propose that, in concomitant with the 

extirpation of red wolves, large-scale changes to the landscape through development of extensive 
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road networks, agriculture, and residential areas during the 1960s-1980s allowed for the eventual 

colonization of the Southeast by coyotes by the turn of the 21
st
 century. 
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Table 5.1. Mean body weight, age, and space use of resident and transient coyotes in northeastern North Carolina during 2009-2011. 

   Size of Area Used (km²) 

Coyote 

Status 
Mean Weight (kg) 

Mean Age 

(yr) 

Growing Harvest Composite 

95% 50% 95% 50% 95% 50% 

Resident 14.7 ± 0.4 2.7 ± 0.2 24.1 ± 2.3 4.0 ± 0.5 25.0 ± 2.8 4.0 ± 0.4 27.2 ± 2.0 4.2 ± 0.4 

Transient 12.3 ± 0.7 1.6 ± 0.5 212.5 ± 58.0 11.6 ± 4.1 296.9 ± 55.0 21.7 ± 3.9 307.9 ± 44.9 20.6 ± 3.2 
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Table 5.2. Statistics of the best models selected from the generalized linear model (GLM) 

analysis for 2
nd

-order and 3
rd

-order resource selection of resident coyotes in northeastern North 

Carolina during 2009-2011. 

Season Order Model k AICc wi CV
7 

All 2
nd

 Ag
1
, CPB

2
, Pine

3
, Road

4
, PR

5 
6 105853.45 0.62 79.9 

Growing 

(Day) 

3
rd

 Ag, Pine, Road, ED
6
, PR 6 31488.75 0.31 77.5 

Growing 

(Night) 

3
rd

 Ag, CPB, Pine, Road 5 25619.80 0.44 78.1 

Harvest 

(Day) 

3
rd

 Global 7 17983.49 0.61 77.4 

Harvest 

(Night) 

3
rd

 Global 7 21470.41 0.75 79.2 

1
Agricultural fields 

2
Coastal bottomland forests 

3
Pine forests 

4
Roads 

5
Patch richness 

6
Edge density 

7
Estimated accuracy of 10-fold cross-validation 
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Table 5.3. Statistics of the best models selected from the generalized linear model (GLM) 

analysis for 2
nd

-order and 3
rd

-order resource selection of transient coyotes in northeastern North 

Carolina during 2009-2011. 

Season Order Model k AICc wi CV
1 

All 2
nd

 Global
2 

7 33601.99 0.41 79.9 

Growing 

(Day) 

3
rd

 Ag
3
, CPB

4
, Pine

5
, ED

6
, PR

7 
6 10279.93 0.38 76.8 

Growing 

(Night) 

3
rd

 Ag, CPB, Pine, Road, PR 6 8426.62 0.54 77.4 

Harvest 

(Day) 

3
rd

 CPB, Pine, ED, PR 5 6918.13 0.49 77.2 

Harvest 

(Night) 

3
rd

 CPB, Pine, Road, ED, PR 6 9366.49 0.69 78.4 

1
Estimated accuracy of 10-fold cross-validation 

2
Global model 

3
Agricultural fields 

4
Coastal bottomland forests 

5
Pine forests 

6
Edge density 

7
Patch richness
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Table 5.4. Effects of model averaged habitat selection parameter estimates for 2
nd

- and 3
rd

-order habitat selection for resident and transient coyotes 

in northeastern North Carolina during 2009-2011. 

Model Season Photoperiod Agriculture Coastal 

Bottomland Forest 

Pine Forest Road Edge Density Patch Richness 

2
nd

 Order - Resident All All +++
a 

---
a 

+++ ++
b 

0
d 

+++ 

3
rd

 Order - Resident Growing Day +++ 0 +++ ---
b 

0 -- 

3
rd

 Order - Resident Growing Night +++ -- +++ +++ 0 0 

3
rd

 Order - Resident Harvest Day +++ +++ +++ --- -
c 

-- 

3
rd

 Order - Resident Harvest Night +++ +
c 

+++ +++ --- +++ 

2
nd

 Order - Transient All All +++ + - +++ + +++ 

3
rd

 Order - Transient Growing Day +++ + +++ 0 - +++ 

3
rd

 Order - Transient Growing Night +++ ++ +++ +++ 0 +++ 

3
rd

 Order - Transient Harvest Day 0 --- --- 0 ++ +++ 

3
rd

 Order - Transient Harvest Night 0 --- --- +++ +++ +++ 
a
 Significance level 0.0001 

b
 Significance level 0.001 

c
 Significance level 0.01 

d
 Significance level 0.1
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Figure 5.1. Map of the Albemarle Peninsula of northeastern North Carolina with primary habitat types during 2009-2011. 
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Figure 5.2. Habitat availability and habitat proportions of space used by resident and transient coyotes in northeastern North Carolina during 2009-

2011. 
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Figure 5.3. Proportional probability of 3

rd
-order habitat selection by residents during the growing season’s diurnal (4A) and nocturnal (4B) hours 

for coyotes across the Albemarle Peninsula in northeastern North Carolina during 2009-2011. 
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Figure 5.4. Proportional probability of 3

rd
-order habitat selection by residents during the harvest season’s diurnal (5A) and nocturnal (5B) hours for 

coyotes across the Albemarle Peninsula in northeastern North Carolina during 2009-2011. 
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Figure 5.5. Proportional probability of 3

rd
-order habitat selection by transients during the growing season’s diurnal (6A) and nocturnal (6B) hours 

for coyotes across the Albemarle Peninsula in northeastern North Carolina during 2009-2011. 
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Figure 5.6. Proportional probability of 3

rd
-order habitat selection by transients during the harvest season’s diurnal (7A) and nocturnal (7B) hours 

for coyotes across the Albemarle Peninsula in northeastern North Carolina during 2009-2011.
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Abstract 
 

A general lack of knowledge regarding the ecology of our most imperiled carnivores continues to 

hamper recovery efforts. This is particularly true for red wolves because they were completely 

extirpated before any ecological profile was developed to assist recovery efforts. Therefore, 

reintroduction efforts were conducted with little-to-no knowledge of the species ecology. In this 

study, we radio-collared 34 red wolves in northeastern North Carolina to identify patterns of 

space use and habitat selection for resident and transient red wolves. Red wolf home range size 

scales positively with body weight and energetic requirements may influence variation in home 

range more than vegetation cover. Overall, red wolves prefer open, treeless agricultural fields 

over the forested habitats in the Recovery Area. Although transients display similar attraction to 

habitat types as residents do, resource-selection models are useful in defining differences in 

habitat selection between transients and resident red wolves. Specifically, transients are more 

likely to use forest cover and rely on road networks for travel. Reduced use of forest habitats and 

reliance on road networks indicates the importance of open habitats for red wolves. We suggest, 

prior to European settlement, fire regimes created by Native Americans and natural processes that 

maintained grasslands and open woodlands may have influenced red wolf abundance and 

distribution. We also suggest that the use of control burns to create early successional habitats and 

reduce forest understory may be beneficial to red wolf recovery via creating more suitable 

habitat. 

Introduction 

Carnivore reintroductions are extremely difficult and typically result in failure (Reading 

& Clark 1996; Breitenmoser et al. 2001; Gittleman and Gompper 2001). This is because the 

persistence of large carnivore populations is dependent on specific ecological requirements (i.e., 

expansive areas, access to large prey, and low mortality rates) that are difficult to achieve. Our 

general lack of knowledge regarding those requirements hinders conservation strategies because 

recovery efforts are conducted in the presence of factors responsible for global declines in large 
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carnivores (Breitenmoser et al. 2001; Hayward et al. 2007). As a result, recovery of large 

carnivores remains a primary challenge to conservation biologists because area-size requirements, 

negative public perception, and government-supported campaigns designed to protect livestock 

and hunting industries continue to hamper recovery of large carnivores in the United States 

(Kellert et al. 1996; Ripple et al. 2014). In particular, the conservation of red wolves (Canis 

rufus) has been exceptionally difficult because of their vulnerability to extinction via human-

caused mortality and hybridization with coyotes (Canis latrans; Hinton et al.2013). 

Indigenous to the United States, red wolves were completely extirpated from their 

historic range by 1980 and later reintroduced into northeastern North Carolina in 1987 (USFWS 

1989). Although the North Carolina reintroduction has been successful, a lesser well known 

reintroduction attempt from 1991 until 1998 in Great Smoky Mountains National Park failed 

because red wolves were unable to maintain territories within park boundaries and the population 

suffered from low pup survivorship (Henry 1998). Similarly, red wolves in northeastern North 

Carolina preferred agricultural habitats of private lands over forested habitats provided by federal 

lands. To address this constraint, the Red Wolf Recovery Program (Recovery Program) 

developed management strategies to include private lands and non-federal stakeholders that 

allows for the expansion and management of the red wolf population on private, non-federal 

lands (Rabon et al. 2013). As a result, red wolves persist in an agricultural-bottomland forest 

landscape that is a mosaic of private and public lands. Recovery Program biologists are therefore 

faced with potential issues of predicting how the red wolf population will organize itself on the 

landscape as it increases, anticipate logistic and social constraints (i.e., conflicts with landowners 

and hunters), and understanding red wolf-coyote interactions. Therefore, studying the size and 

placement of red wolf home-ranges on the landscape will not only allow us to describe red wolf 

space use and habitat selection, but it will also allow us to identify landscape characteristics that 

are favorable to red wolf recovery. Additionally, space use patterns can provide information 

regarding where red wolves forage, disperse, and interact with coyotes. 
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Initial research conducted on remnant red wolf populations failed to develop an 

ecological profile of the species because biologists were constrained by the necessity to locate 

small pockets of declining populations, develop techniques to distinguish red wolves from 

coyotes and red wolf/coyote hybrids, and to establish a captive breeding program (McCarely 

1962; Shaw 1975; Carley 2000). Although the Recovery Program has monitored and maintained 

a wild population in northeastern North Carolina for over 2 decades, a general lack of ecological 

knowledge still hinders developing practical approaches to address issues of hybridization, 

inbreeding, and stunted demographic trends (Hinton et al. 2013). Understanding patterns of red 

wolf space use and habitat selection is a first step towards identifying key processes responsible 

for red wolf persistence. Previous studies of red wolf space use and habitat selection reported 

home ranges that varied between 10-150 km
2
 (Phillips et al. 2003; Chadwick et al. 2010) with 

strong preferences for agricultural habitats (Chadwick et al. 2010; Hinton & Chamberlain 2010; 

Dellinger et al. 2013); however, these studies lacked testable hypotheses to explain variation 

observed in red wolf spatial ecology. For instance, home-range size is widely measured to study 

the relationship between the distribution of animals and their ecological resources and consistent 

statistical patterns observed in home-range sizes of carnivores are largely influenced by body size 

(Harestad &Bunnell 1979; Gompper & Gittleman 1991). As a large carnivore (> 20 kg), body 

size is a critical factor influencing red wolf prey selection (Chapter 3) and it is likely to influence 

spacing patterns observed in red wolves. Furthermore, Canis species are known to rely on open 

habitats and linear corridors because their locomotor habits are favored in these habitats (Van 

Valkenburgh 1985; Andersson 2004; McKenzie et al. 2012). Aligning empirical data of space use 

within a larger theoretical framework is essential for identifying key traits and ecological 

requirements of red wolves that will assist in developing conservation strategies to overcome 

challenges to recovery efforts. 

We monitored resident and transient red wolves fitted with global positioning system 

(GPS) radio-collars to assess red wolf spatial ecology in northeastern North Carolina. Here we 
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assess the ways in which red wolves interact and use several primary habitats. We also assess if 

body weight influences variation observed in red wolf home ranges. Although transient 

individuals are known to exist in gray wolf (Canis lupus) and coyote populations (Thurber & 

Peterson 1993; Berger & Gese 2007), their general relevance to Canis ecology are rarely 

understood and have never been investigated in red wolves. Transients are nomadic individuals 

that have not established residency and show little-to-no fidelity for one area (Berger & Gese 

2007; Hinton et al. 2012). We examined space use and habitat selection patterns of transients and 

compared them to residents. Using our analyses, we extrapolate reasons for the red wolf’s decline 

after European colonization of North America and offer suggestions for improving red wolf 

recovery. 

Study Area 

 Our study was conducted on the Albemarle Peninsula in the northeastern region of 

North Carolina (Figure 1). The study area was approximately 6000 km
2
 of federal, state, and 

private lands and is hereafter referred to as The Red Wolf Recovery Area (Recovery Area). The 

Recovery Area was comprised of a row-crop agricultural-bottomland matrix in which agricultural 

crops (i.e., corn, cotton, soybean, and winter wheat) made up approximately 30% of the 

vegetative cover (Figure 1). Managed pine (Pinus spp) comprised approximately 15% of the land 

cover. Other prominent land cover types were coastal bottomland forests and pocosin (35%), 

herbaceous wetlands and saltwater marshes (5%), open water (5%), and other minor land cover 

types (10%). Changes in elevation were minor (0-50m) and the climate was typical of the mid-

Atlantic: 4 full seasons, nearly equal in length, with annual precipitation averaging between 122-

132 cm. Summer climate was typically hot and humid with temperatures ranging from 27°C to 

over 38°C and winters were relatively cool with temperatures ranging between -4°C to 7°C. 

Methods 

We captured red wolves using padded foot-hold traps (Victor no.3 Softcatch, Lititz, 

Pennsylvania, USA) from October through May during 2007-2011. Red wolves were sexed, 
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measured, and weighed. Ages and genetic confirmation of captured red wolves were known if 

individuals were carrying a subcutaneous passive integrated transponder (PIT) tags inserted into 

pups during annual surveys of suspected red wolf dens (Beck et al. 2009; Rabon et al. 2013). 

Individuals without PIT tags were aged by tooth wear (Gier 1968) and a blood sample was taken. 

We categorized wolves > 2 years old as adults, < 2 but > 1 year old as juveniles, and < 1 

year old as pups. Prior to release at the original capture sites, we fitted red wolves with a 

mortality-sensitive GPS radio-collars (Lotek 4400S, Newmarket, Ontario, Canada) scheduled to 

record a location every 5 hours on a scheduled to rotate around the 24-hour clock throughout the 

year. Animal handling methods were approved by the Louisiana State University Agricultural 

Center Institutional Animal Care and Use Committee (Protocol Number AE2009-19). 

To examine the anthropogenic effects of agriculture on the landscape, we divided year 

into 2 6-month seasons based on agricultural activity: planting/growing (1 March – 31 August) 

and harvest/fallow (1 September – 28 February). Locations were further separated into diurnal 

and nocturnal categories based on monthly photoperiods. We estimated space use of resident and 

transient red wolves by fitting dynamic Brownian bridge movement models (dBBMMs) to the 

time-specific location data to estimate the probability of use along the full movement track of 

each red wolf (Kranstauber & Smolla 2013) using the R package moveud (Collier 2013) in the R 

statistical environment (R Core Team 2013). We chose window sizes based on the temporal 

resolution of each track and our a priori assumptions of the time scale of major behavioral shifts 

(Byrne et al. 2014). For residents, 95% and 50% contour intervals were considered home ranges 

and core areas, respectively. For transients, 95% and 50% contour intervals were considered 

transient range and biding areas (Hinton et al. 2012), respectively. We used t-tests to examine 

changes in home range and space use sizes between seasons.  

 Predominant habitat types were estimated from a digitalized landscape map of vegetative 

communities developed by the North Carolina Gap Analysis Project (McKerrow et al. 2006). We 

collapsed the vegetative communities estimated by McKerrow et al. (2006) into 7 general habitat 
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types with 30m resolution. For the habitat selection analysis, we divided the landscape into 

agriculture, coastal bottomland forest, pine forest, open water, upland forest, urban, and wetland. 

Because roads may serve as corridors for red wolf movements (Dellinger et al. 2013), we 

included road as the 8
th
 habitat type by superimposing a linear feature layer with a 30m buffer 

around roads onto the final habitat raster map with 30m resolution.  

We used analysis of variances (ANOVAs) and t-tests to determine if the percentage of 

habitat composition of home ranges and transient ranges differed between each other and between 

seasons. We also developed generalized linear models (GLMs) to examine the effects of   body 

weight and age, pack size, white-tailed deer abundance, and habitat composition on red wolf 

home-range size. We used county-level harvest data collected by the North Carolina Wildlife 

Resources Commission as measures of deer abundance in the study area. Although harvest 

reports do not reflect true white-tailed deer densities, hunter harvest/km
2
 do provide a benchmark 

by which to judge the effect of white-tailed deer abundance on red wolf home-range size. Habitat 

composition of home ranges was calculated as the percentages of the 8 habitat types. We assessed 

models using a stepwise procedure by calculating Akaike’s information criterion for small sample 

sizes (AICc) for each model to select which variables best explained home-range size. 

 We compared habitat selection of red wolves at 2 scales: population (2
nd

-order) and 

individual (3
rd

-order). Habitats were converted into continuous variables by quantifying percent 

of habitat cover for each 30m cell using a moving window with a 150m radius in FRAGSTATS 

(McGarigal et al. 2012). We also quantified edge density and patch richness across the study area 

because we suspected red wolves of foraging along edges. Information from raster maps were 

extracted to red wolf locations and home ranges using ArcGIS 10.1 (Environmental Systems 

Research Institute Inc., Redlands, California). We used resource-selection functions (RSFs) to 

examine the effect of habitat type on where red wolves established home ranges on the landscape 

(2
nd

-order selection of resources; Johnson 1980) and examine the effect of habitat type on how 

they use their home ranges (3
rd

-order selection of resources; Johnson 1980) following Manly et 
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al. (2002). We assumed seasonal and photoperiod variation in habitat use by residents and 

transients and, therefore, developed RSFs for residents and transients by season and photoperiod 

for 3
rd

-order selection. We used a binomial approach to estimate resource-selection functions by 

comparing characteristics of known (used) locations to random (available) locations (Manly et al. 

2002). We used logistic regression and AICc to form RSFs that identified habitats important to 

individual red wolves and evaluated the relative importance of coefficients associated with the 

habitat types by examining Akaike weights (wi) after adding each of these covariates to a core 

model set (e.g., higher wi and lower AICc suggested model improvement; Burnham and Anderson 

2002). We also evaluated the predictive performances of the most parsimonious core models 

using the k-fold cross validation method (Boyce et al. 2002; Johnson et al. 2006). The cross-

validation method performs k iterations of training and validation in which a different fold of the 

data is held out for validation while remaining k – 1 folds are used for learning. For cross-

validation, we used 10 folds (k = 10) to estimate performance of RSF models. 

Results 

During 2007-2011, we monitored 34 red wolves fitted with GPS radio-collars. Of those 

red wolves, 30 (88%) were residents and 11 (32%) were transients with 7 (63%) of the residents 

being transients prior to establishing home ranges.  Mean weight and age of red wolves monitored 

were 27.1 kg ± 0.4 and 3.1 yrs ± 0.2, respectively, in which weights and age of residents did not 

differ from transients (Table 1; t43 ≤ 1.41, P ≥ 0.017). Home ranges and core areas of residents did 

not differ between seasons (Table 1; t65 ≤ 0.46, P ≥ 0.657) and home ranges ranged from 25.4 km² 

to 183.0 km². We also detected no seasonal difference of transient ranges and biding areas (Table 

1; t12 ≤ 0.16, P ≥ 0.878) and transient areas ranged from 125.1 km² to 709.9 km². Home-range 

size scaled positively with body weight (Figure 2; r
2
=0.37, P = 0.002), occurred in the top 5 

models (Table 2), and best explained the variation observed in red wolf home-range size. 

Home ranges and core areas were comprised mostly of agricultural fields, coastal 

bottomland and pine forest, and roads (Figure 3; F6, 231 = 111.98, P < 0.001). Pine and upland 
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forest, urban, and road composition of home ranges and core areas did not differ (t66 ≤ 1.78, P ≥ 

0.084) but home ranges typically consisted of more coastal bottomland forest and wetland habitat 

and less agricultural habitat than did core areas (t66 ≥ 2.31, P ≤ 0.024). Similarly, transient ranges 

and biding areas comprised mostly of agricultural fields, coastal bottomland and pine forests, and 

roads (Figure 3; F6, 70 = 25.15, P < 0.001). With the exception of roads (t22 ≤ 3.29, P = 0.004), we 

found no differences in habitat composition between transient ranges and biding areas (t22 ≤ 1.40, 

P ≥ 0.176).  Home ranges consisted of more roads and less wetland habitat than transient ranges 

(t43 ≥ 2.11, P ≤ 0.043), whereas all other habitat types were similar (t43 ≤ 1.64, P ≥ 0.109). Core 

areas consisted of more agricultural habitat and less coastal bottomland forest and wetland 

habitats than biding areas (t43 ≥ 2.04, P ≤ 0.047), whereas all other habitat types were similar (t43 

≤ 0.55, P ≥ 0.586). We detected no seasonal differences between habitat types within home 

ranges (t65 ≤ 1.21, P ≥ 0.230). Core areas consisted of more agricultural habitat and less coastal 

bottomland forest and wetland habitat during the growing season (t65 ≥ 2.21, P ≤ 0.031), whereas 

all other habitat types did not differ between seasons (t65 ≤ 1.17, P ≥ 0.268). We detected no 

seasonal differences between habitat types within transient ranges and biding areas (t12 ≤ 1.39, P 

≥ 0.188). 

We excluded wetland, upland forest, and urban habitats from our models because their 

occurrence in home ranges and transient ranges was little. Therefore, we only included edge 

density, agriculture, pine forest, coastal bottomland forest, and road habitats in our model. All 5 

covariates were retained in the top-ranked model for 2
nd

-order selection by residents (Table 3), 

whereas only 1 covariate (edge density) was not retained for transients (Table 4). Agriculture and 

pine forest habitats were retained in all top-ranked models for 3
rd

-order selection by residents 

(Table 3). Residents appeared to favor agricultural fields and pine forests during all seasons and 

photoperiods (Figures 4 & 5; Table 5). Agriculture and road habitats were retained in all top-

ranked models for 3
rd

-order selection by transients (Table 4). Coastal bottomland and pine forests 
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were used by transients more during the harvest season than growing season, whereas agriculture 

and road habitats were preferred during both seasons and photoperiods (Figures 6 & 7; Table 5). 

Discussion 

In general, measurements of home ranges have proven useful in understanding spacing patterns of 

carnivore populations and comparative studies have demonstrated that carnivore home-range size 

scales positively with body size (Gittleman and Harvey 1982; Gompper and Gittleman 1991). 

Given the red wolf’s intermediate body size between gray wolves and coyotes, it’s not surprising 

that our mean home-range sizes fall between those estimated for gray wolves (see Table 6.3 in 

Fuller et al. 2003) and coyotes (see Table 22.4 in Bekoff & Gese 2003) in North America. Our 

findings appear similar to those observed in comparative studies of home ranges, and suggest that 

body weight is a primary driver of red wolf space use with larger individuals generally 

maintaining larger home ranges than smaller individuals. Results of our simple model, using red 

wolf body weight, pack size, white-tailed deer density, and % agricultural cover , indicated that 

body weight alone best explained variation in home-range size. This is not surprising because we 

should expect the energetic requirements of red wolves and the distribution of their food 

resources to influence the size of home ranges. Although deviations from the regression slope can 

be attributed to differences in diet, we found no effect of white-tailed deer density on red wolf 

home-range size. We suspect that our density estimate was too crude and, because white-tailed 

deer only comprise approximately 40-50% of red wolf diet (Dellinger et al. 2011; McVey et al. 

2012; Chapter 4), a measurement of overall prey productivity might better serve as a variable for 

prey.  

Home-range sizes of red wolves did not vary between seasons despite the loss of 

agricultural cover resulting from crop harvest during the fall. The size and placement red wolf 

home-ranges are likely driven by energetic demands and home ranges are large enough to handle 

seasonal changes in food resources. Although most red wolf home-ranges (50%) fell within the 

45-80 km
2
 range, 25% of the red wolves maintained home ranges > 85 km

2
 and < 185 km

2
. Long-
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term maintenance of home ranges requires red wolves to defend a finite area and consume 

resources at a rate low enough to allow prey populations to persist. Therefore, we suggest that 

175 km
2
 may be an upper limit in which red wolves can efficiently maintain and defend a home 

range due to body size constraints. 

The general compositional pattern in red wolf home ranges were high percentages of 

agricultural fields in the interior (i.e., core areas) with forest edges increasing in the outer areas. 

Red wolf home ranges typically had more coastal bottomland forest habitat than pine forest, but 

this was a result of most pine plantations residing in the western portion of the Recovery Area 

where red wolf packs are the fewest. Similar to behaviors observed by coyotes in the Recovery 

Area (Chapter 5), red wolves typically loafed in forest habitats within 50-300m of edges adjacent 

to agricultural fields during the harvest season. As crop cover reaches heights of approximately 

0.5 meters during the growing season, red wolves abandon early successional and forest habitats 

to loaf under crop cover. Red wolf packs typically abandon their dens and day beds in early 

successional and forested habitats 4-6 weeks after whelping pups to center their activities, 

including pup rearing, in corn fields (Hinton & Chamberlain 2010). 

Transient individuals lack mates because of their nomadic behaviors and do not 

contribute reproductively to the population. Despite this, transiency may be an important life 

history trait for red wolves because they facilitate metapopulation dynamics (Hanski 1998), 

replace residents upon death, and may allow populations to reconstruct themselves after suffering 

drastic mortality event. Transient red wolves displayed localized movements similar to those 

observed by coyotes in northeastern North Carolina (Hinton et al. 2012). These movements were 

analogous to home ranges and we referred to them as biding areas (Hinton et al. 2012). Seven of 

the 11 (63%) transients established residency near their biding areas. We suggest this behavior 

allows red wolves to assess resource availability and become familiar with areas before 

establishing residency. 
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 Overall, red wolves prefer the open, treeless agricultural fields over the forested habitats 

in the Recovery Area. For instance, 52% of approximately 55,000 GPS locations recorded were 

in agricultural fields, whereas 30% were in forested habitats. Although transients displayed 

similar attraction to habitat types as residents did, resource-selection models were useful in 

identifying differences in habitat selection between transients and resident red wolves. Models of 

2
nd

-order selection indicated that agricultural fields, forested habitats, and roads were important to 

transients and residents; however, transients relied more on roads than did residents. Increased 

use of roads by transients indicates that they likely travel more and forage less than residents and 

roads reduce energetic costs of movements. Models of 3
rd

-order selection indicated that residents 

and transients had temporal changes in habitat use. During the growing season, residents loafed in 

agricultural fields near roads during the day but included some moderate use of forested habitats 

adjacent to roads at night, whereas transients decreased their use of forested habitats at night to 

increase their use of roads and edges in agricultural fields. During the harvest season, residents 

used agricultural fields and forested habitats near roads and decreased their use of roads and 

forested habitats at night to forage in the agricultural fields. Similarly, transients used agricultural 

fields and forest habitat during the day, but relied mostly on roads and agricultural fields during 

the night. Despite low use of forested habitats, red wolves do benefit from the surrounding forests 

because those habitats provide security during the fall and winter when agricultural fields are 

barren after harvest. Similar to coyotes, red wolves take advantage of road networks and other 

linear features to reduce costs associated with travel and increase foraging opportunities. In fact, 

red wolf use of forested habitats is mostly associated with the use of roads (Dellinger et al. 2013).  

The red wolf’s low-to-moderate use of forested habitats and preference for agricultural 

fields indicates that red wolves most likely occupied grassland and early successional habitats 

preying mostly on white-tailed deer and rabbits (Sylvilagus spp.) prior to European settlement.  

Forested habitats may have offered marginal habitat that was used by dispersing and transient 

individuals to maintain metapopulation dynamics. Prior to European settlement, fire was 
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widespread and frequent throughout the eastern United States in which Native Americans used 

fire for forest clearance and maintenance to promote growth of hard mast trees and browse for 

game species (Delcourt & Delcourt 2004; Nowacki & Abrams 2008). Red wolves likely exploited 

the mosaic of grasslands, savannas, and open woodlands maintained by natural and Native 

American fire-regimes. As Europeans colonized the eastern United States, Native American 

populations were greatly reduced and land-use practices shifted to an agricultural-grazing system. 

This system created significant shifts in vegetation composition and structure from grasslands, 

savannas, and open woodlands to closed-canopy forests with dense understories (Nowacki & 

Abrams 2008) that would have disrupted red wolf metapopulaton dynamics by impeding 

movements and creating isolated pockets of red wolf populations. Therefore, we suggest that red 

wolf populations first became isolated through the conversion of open habitats to closed-canopy 

forests. The extirpation of white-tailed deer likely lowered red wolf recruitment while increased 

conflict with European and American settlers disrupted pack dynamics and increased mortality 

rates. Together these factors eventually led to the complete extirpation of red wolves by the mid-

20
th
 century. As coyotes began colonizing the eastern United States, hybridization became a 

primary conservation challenge to red wolf recovery (Kelly et al. 1999; Hinton et al. 2013). 

Nowak (2002) noted that the modern red wolf morphology still shows continuity with 

fossilized remains of small wolves in the eastern United States dating back to the Pleistocene. 

Therefore, the morphology of modern red wolves may not have been significantly altered from 

modern hybridization with coyotes. Results of this study indicate that body size is a primary trait 

influencing red wolf space use and it is likely that modern red wolves maintain a body size 

adapted to a vastly more open landscape that existed prior to European settlement of North 

America. Therefore, it is likely that red wolf populations will require extensive areas of open, 

early successional habitat with high prey productivity to support red wolf packs and facilitate the 

movement of dispersers and transients. Currently, red wolves use approximately 50-60% of the 

Recovery Area and current management strategies may need to use controlled burns to create 
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early successional habitat and reduce forest understory, thereby increasing the amount of suitable 

forest habitat available to red wolves. Understanding how red wolf populations structure 

themselves on the landscape is critical for making accurate inferences and promoting processes 

and conditions that will not only allow for the gradual expansion of red wolf populations, but 

permit red wolves to gradually adapt to modern landscapes. 
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Table 6.1. Mean body weight, age, and space use of resident and transient red wolves in northeastern North Carolina during 2009-2011. 

   Size of Area Used (km²) 

Coyote 

Status 

Mean Weight (kg) 

Mean Age 

(yr) 

Growing Harvest Composite 

95% 50% 95% 50% 95% 50% 

Resident 27.2 ± 0.5 3.0 ± 0.2 73.3 ± 8.5 9.1 ± 1.4 67.8 ± 8.3 9.0 ± 1.6 68.4 ± 7.5 8.7 ± 1.3 

Transient 26.8 ± 0.8 3.5 ± 0.4 277.9 ± 80.7 27.3 ± 14.5 260.7 ± 66.1 29.3 ± 8.6 319.2 ± 57.3 32.8 ± 10.8 
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Table 6.2. Results of the 5 best models for stepwise analysis of factors influencing home range 

size of red wolves in northeastern North Carolina during 2009-2011. 

 

Model 

 

 

k
a 

 

AICc
b 

 

∆AICc
c 

 

wi
d 

Weight, pack size 4 253.52 0.00 0.33 

Weight 3 253.72 0.20 0.30 

Weight, agriculture 4 256.01 2.49 0.09 

Weight, deer density 4 256.06 2.54 0.09 

Weight, pack size, deer density 5 256.46 2.94 0.08 
a
Model parameters 

b
Akaike’s Information Criterion 

c
Difference in AIC 

d
Akaike weight 
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Table 6.3. Statistics of the best models selected from the generalized linear model (GLM) 

analysis for 2
nd

-order and 3
rd

-order resource selection of resident red wolves in northeastern North 

Carolina during 2009-2011. 

Season Order Model k AICc wi CV
1 

All 2
nd

 Global
2 

6 117708.4 1.00 80.6 

Growing 

(Day) 

3
rd

 Ag
3
, Pine

4
, Road, Edge

5
 5 41478.78 0.57 78.1 

Growing 

(Night) 

3
rd

 Global 6 26786.21 0.85 77.6 

Harvest 

(Day) 

3
rd

 Global 6 27084.75 0.67 76.7 

Harvest 

(Night) 

3
rd

 Ag, Edge, Pine 4 32234.26 0.34 76.4 

1
Estimated accuracy of 10-fold cross-validation 

2
Global model 

3
Agricultural fields 

4
Pine forests 

5
Edge density 
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Table 6.4. Statistics of the best models selected from the generalized linear model (GLM) 

analysis for 2
nd

-order and 3
rd

-order resource selection of transient red wolves in northeastern 

North Carolina during 2009-2011. 

Season Order Model k AICc wi CV
1 

All 2
nd

 Ag
2
, CPB

3
, Pine

4
, Roads

 
5 12948.76 0.59 78.2 

Growing 

(Day) 

3
rd

 Global
5 

6 3759.36 0.75 78.1 

Growing 

(Night) 

3
rd

 Ag, Edge
6
, Roads 4 2808.94 0.51 78.5 

Harvest 

(Day) 

3
rd

 Global 6 3300.29 0.66 76.8 

Harvest 

(Night) 

3
rd

 Ag, CPB, Pine, Roads, 6 9366.49 0.57 77.0 

1
Estimated accuracy of 10-fold cross-validation 

2
Agricultural fields 

3
Coastal plains bottomland forests 

4
Pine forests 

5
Global model 

6
Edge density
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Table 6.5. Effects of model averaged habitat selection parameter estimates for 2
nd

- and 3
rd

-order habitat selection for resident and transient red 

wolves in northeastern North Carolina during 2009-2011. 

Model Season Photoperiod Agriculture Coastal 

Bottomland Forest 

Pine Forest Road Edge Density 

2
nd

 Order - Resident All All +++
a 

+++
 

+++ +++ ---
a 

3
rd

 Order - Resident Growing Day +++ 0
d 

+++ +++ +++ 

3
rd

 Order - Resident Growing Night +++ +
c 

+++ +++ --
b 

3
rd

 Order - Resident Harvest Day +++ +++ +++ +++ + 

3
rd

 Order - Resident Harvest Night +++ 0 +++ 0 + 

2
nd

 Order - Transient All All +++ +++ +++ +++ 0 

3
rd

 Order - Transient Growing Day +++ + ++
b 

+++ ++ 

3
rd

 Order - Transient Growing Night +++ 0 0 +++ +++ 

3
rd

 Order - Transient Harvest Day +++ ++ ++ +++ + 

3
rd

 Order - Transient Harvest Night + ++ ++ +++ 0 
a
 Significance level 0.0001 

b
 Significance level 0.001 

c
 Significance level 0.01 

d
 Significance level 0.1 
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Figure 6.1. Map of the Red Wolf Recovery Area in northeastern North Carolina with primary habitat types during 2009-2011. 
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Figure 6.2. Correlation between home range size and body weight of red wolves. 
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Figure 6.3. Habitat availability and habitat proportions of space used by resident and transient coyotes in northeastern North Carolina during 2009-

2011. 
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Figure 6.4. Proportional probability of 3

rd
-order habitat selection by residents during the growing season’s diurnal (4A) and nocturnal (4B) hours 

for red wolves across the Red Wolf Recovery Area in northeastern North Carolina during 2009-2011. 
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Figure 6.5. Proportional probability of 3

rd
-order habitat selection by residents during the harvest season’s diurnal (5A) and nocturnal (5B) hours for 

red wolves across the Red Wolf Recovery Area in northeastern North Carolina during 2009-2011. 
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Figure 6.6. Proportional probability of 3

rd
-order habitat selection by transients during the growing season’s diurnal (6A) and nocturnal (6B) hours 

for red wolves across the Red Wolf Recovery Area in northeastern North Carolina during 2009-2011. 
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Figure 6.7. Proportional probability of 3

rd
-order habitat selection by transients during the harvest season’s diurnal (7A) and nocturnal (7B) hours 

for red wolves across the Red Wolf Recovery Area in northeastern North Carolina during 2009-2011. 
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Abstract 

Anthropogenic exploitation of natural resources has a ubiquitous presence across the globe, 

resulting in the elimination of geographic and biological barriers that prevented secondary contact 

between closely related, allopatric taxa. This is particularly problematic for endangered 

carnivores because they can be genetically assimilated into the more common sister species’ 

population. Hybridization has become the primary challenge for red wolf recovery and 

conservation. Red wolves and coyotes exist as a panmictic population in northeastern North 

Carolina and hybridization occurs when individuals form congeneric breeding pairs. We 

hypothesize that differences in individual body size between red wolves and coyotes can serve as 

a reproductive barrier by promoting differential use of space and resources. Our results indicated 

that home-range size and consumption of white-tailed deer scaled positively with red wolf and 

coyote body weight. Additionally, red wolves in congeneric breeding pairs were smaller than red 

wolves in conspecific breeding pairs. Therefore, we suggest that body size differences between 

red wolves and coyotes serve as a reproductive barrier. 

Introduction 

Globally, carnivore species have been extirpated from most of their historic ranges and 

exist as remnant populations as a result of excessive killing and habitat alteration by humans. 

Although societal beliefs have resulted in profound changes to how carnivores are perceived, 

successful recovery and conservation of carnivores remains one of the most difficult ecological 

challenges facing our society today. What makes this challenge so difficult to overcome is that 

conservation efforts must be carried out in the presence of factors responsible for the global 

declines of carnivores (Breitenmoser et al. 2001; Hayward et al. 2007). Furthermore, 

anthropogenic exploitation of natural resources has a ubiquitous presence across the globe, 

resulting in the elimination of geographic and biological barriers that prevented secondary contact 

between closely related, allopatric taxa. This is particularly problematic for endangered 

carnivores because they can be genetically assimilated into the more common sister species 
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population. As a result, hybridization has become a primary conservation challenge for some 

carnivore species. 

In particular, wolves have been extirpated from much of their historic ranges in North 

America by government-supported eradication campaigns to protect livestock and hunting 

industries. With the passage of the Endangered Species Act of 1973, several reintroductions of 

gray (Canis lupus) and red (Canis rufus) wolves occurred in the United States during the late 20
th
 

century. During this same time period, coyotes (Canis latrans) expanded their range throughout 

North America and are currently ubiquitous throughout the United States. Although gray wolves 

are reproductively isolated from coyotes (Pilgrim et al. 1998; Wheeldon et al. 2010), ongoing 

hybridization with coyotes has created unique conservation challenges for eastern wolves (Canis 

lycaon) in eastern Canada and red wolves in the southeastern United States (Chambers et al. 

2012; Rutledge et al. 2012; Hinton et al. 2013). Despite suggestions for a more holistic approach 

to examining Canis evolution by using ecology, natural history, and the fossil record in 

concomitant with genetic analyses (Rutledge et al. 2012), research has focused Canis taxonomy 

with little effort to identify traits responsible for reproductive isolation among Canis species. 

Even in the presence of modern hybridization with coyotes by eastern and red wolves, 

morphological and genetic differences among the populations indicate past isolation and, 

therefore, the existence of isolating mechanisms. Although the literature pertaining to 

reproductive isolation and speciation is voluminous, its integration into carnivore conservation 

has been lacking despite the increasing threat hybridization now plays in the conservation of 

imperiled species (Rhymer and Simberloff 1996; Simberloff 1996; Genovart 2009; Ellstrand et al. 

2010). 

Red wolves and coyotes exist as a panmictic population in northeastern North Carolina 

and the Red Wolf Recovery Program (Recovery Program) intensively manages hybridization via 

reproductive sterilization of coyotes within the designated Red Wolf Recovery Area (Hinton et al. 

2013). Although this technique ensures that hybridization does not occur when red wolves form 
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breeding pairs with sterilized coyotes, continued use of sterilization and efforts to increase the 

number of red wolves on the landscape will likely fail to prevent hybridization if reproductive 

barriers do not exist (Fredrickson and Hedrick 2006). Nevertheless, assortative mating may exist 

within both populations as some individual red wolves and sterile coyotes appear to always prefer 

to pair with conspecifics after the loss of a mate, whereas others show random preferences 

(USFWS unpublished data).  A central characteristic of Canis is monogamous breeding which 

manifests in pair-bonding behavior and group living (Gittleman 1989; Geffen et al. 1996). As a 

result, sexual isolation between red wolves and coyotes likely occurs when both species are 

incapable of forming congeneric pairs to maintain breeding territories. 

Red wolves and coyotes exhibit similarity in morphology and ecology, in which red 

wolves are the larger species (Chapter 3). Additionally, red wolves and coyotes exhibit similar 

use of prey and habitat selection and differences in resource use are associated with body size 

(Chapters 4, 5, and 6). These studies have shown red wolves to rely on larger prey than coyotes 

and require larger home ranges to fulfill their energetic requirements. This is not surprising given 

that body size is a major phenotypic trait that commonly differentiates co-occurring species 

(LaBarbera 1989) and co-occurring guilds of species frequently demonstrate greater 

morphological disparity than expected by chance (Dayan and Simberloff 2005; Davies et al. 

2007). Long-term maintenance of monogamous breeding units by Canis likely requires similar 

and synchronized use of space and resources within each breeding pair. Differences in body size 

between red wolves and coyotes will affect energy requirements and capacities for searching for 

and processing prey which, in turn, may affect how they perceive the distribution, abundance, and 

profitability of prey on the landscape. Red wolves typically weigh about 10 kg or more than 

coyotes and the ability of congeneric pairs to adjust energy budgets associated with breeder body 

mass, hunting efficiency, and spatial requirements is likely key to maintaining breeding territories 

and, subsequently, successful hybridization. Therefore, the formation of congeneric pairs and the 
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stability of those pairs to successfully raise hybrid litters may be related to how similar 

individuals are in their energy demands via similarity in body size.  

The functional significance of body size and Canis hybridization is unclear and the 

relationship between the two is worth examination. We hypothesize that as red wolves and 

coyotes approach each other in body size, they can complement each other as possible mates 

whereas larger red wolves and smaller coyotes are incapable of maintaining breeding pairs 

because of differences in resource needs. We use the interactions of red wolves and coyotes to 

predict that body size serves as a reproductive barrier for Canis. 

Methods and Analysis 

Our data are derived from red wolves, coyotes, and their breeding pairs monitored in North 

Carolina by the United States Fish and Wildlife Service. We attained data on known Canis 

breeding pairs during the duration of earlier studies specifically focused on red wolf and coyote 

morphology, diet, and space use in northeastern North Carolina (Hinton and Chamberlain 2014; 

Hinton et al. 2014a,b,c,). Methods used for estimating body weight, diet, home-range size, and 

habitat composition of home ranges were consistent in all studies. 

Variables 

1. Body weight: weight (kg) recorded from individual red wolves and coyotes prior to being 

released back into the wild (Chapter 3). 

2. Breeding pair weight: combined weight (kg) of breeding pairs for coyote pairs, 

congeneric pairs, and red wolf packs (Chapter 4). 

3. Home-range size: the total area (km
2
) used by an individual or breeding unit as estimated 

in Chapters 5 and 6. 

4. Percent of white-tailed deer in diet: the average percent (%) of occurrence in the diet as 

observed in Chapter 4. 
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5. Percent of rabbit in diet: the average percent (%) of occurrence in diet as observed in 

Chapter 4. 

6. Percent of forest: percent (%) forest composition of home ranges as observed in Chapters 

5 and 6. 

7. Percent of agriculture: percent (%) agricultural composition of home ranges as observed 

in Chapters 5 and 6. 

We used analysis of variance (ANOVAs) and t-tests to test for differences among breeding units 

and between red wolves and coyotes. We used simple linear regression to examine the effects of 

body weight and combined breeder weight on diet, home-range size, and habitat of red wolves 

and coyotes. We obtain the best-fitting lines between individual weight variables and ecological 

variables to calculate regression coefficients (r) and levels of significance.  

Results 

Red wolf packs had substantially larger home-range sizes than coyote and congeneric pairs 

(Figure 1; F2,45 = 14.78, P < 0.001), whereas no difference was detected in coyote and congeneric 

home-range sizes. We also detected no difference in habitat use among the breeding units (F2, 45 ≤ 

0.94, P ≥ 0.397). We detected differential use in white-tailed deer and rabbits among the breeding 

units (F2, 32 ≥ 7.04, P ≤ 0.002). We found body weight of individual Canis positively influenced 

home-range size (Figure 3; r
2
 = 0.44, P < 0.001) as did combined breeder weight (Figure 3; r

2
 = 

0.34, P < 0.001). Consumption of white-tailed deer was positively influenced by combined 

breeder weight (Figure 4; r
2
 = 0.38, P < 0.001), whereas consumption of rabbit was negatively 

influenced (Figure 5; r
2
 = 0.28, P < 0.001). No difference was detected in coyote body weight 

between breeding pairs (t43 = 0.25, P = 0.802). Overall, body weight of red wolves in conspecific 

pairs was greater than those in congeneric pairs (t72 = 2.43, P = 0.017).  We found no difference 

between body weight of male red wolves in conspecific and congeneric pairs (t40 = 1.22, P = 
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0.23), whereas female red wolves in conspecific pairs were greater than those in congeneric pairs 

(t30 = 3.09, P = 0.005). 

Discussion 

The association between body size and spatial and feeding ecology in carnivores is well 

documented (Gittleman and Harvey 1982; Gittleman 1985; Gompper and Gittleman 1991; 

Carbone et al. 1999) and our results indicate that body size provides an important indicator of red 

wolf and coyote diet and space use patterns. Home-range size and use of white-tailed deer scaled 

positively with red wolf and coyote body weight. This pattern is associated with energetic 

requirements and foraging strategy because large carnivores have relatively high metabolic rates 

and increased ranging behavior would be required to fulfill greater energetic needs (Carbone et 

al. 1999; Carbone et al. 2007). Furthermore, we found that red wolves that formed congeneric 

breeding pairs with coyotes were, on average, smaller than red wolves in conspecific breeding 

pairs. It appears that this trend is largely driven by female red wolves, which are the smaller of 

the two red wolf sexes (Chapter 3). Small red wolves may approach similar ecological 

requirements to those of coyotes because of their smaller body size, and this may allow them to 

form and maintain breeding pairs with coyotes via similar spatial and feeding needs. 

 Coyote home-ranges in northeastern North Carolina did not exceed 50 km
2
 indicating that 

energetic costs may limit the maximum size of coyote home ranges (Chapter 5). In this study, we 

observed home-range sizes of congeneric pairs to be under 50 km
2
 and statistically similar to 

those of coyotes, whereas most red wolf home-ranges exceeded this threshold. Although coyote 

body weight had no effect on coyote home-range size (Chapter 5), it was the primary trait 

influencing variation in red wolf home-ranges (Chapter 6). Additionally, 41% of coyote pairs 

monitored in our study had diets in which white-tailed deer comprised < 25%, whereas white-

tailed deer comprised > 30% of the diet for all red wolf packs monitored. For both coyotes and 

red wolves, body weight was the most important factor influencing consumption of white-tailed 

deer (Chapter 4). Less use of space and white-tailed deer by coyotes suggest that they impose 
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energetic constraints on congeneric pairs and are likely responsible for smaller home-range sizes 

and less reliance on white-tailed deer by congeneric pairs when compared to red wolf packs. 

Intrinsic reproductive barriers are traits that prevent gene flow between populations of 

closely related taxa and facilitate speciation via ecological divergence (Mayr 1941; Schluter 

2000; Coyne and Orr 2004; Pfennig and Pfennig 2010). As previous allopatric species, geography 

and habitat may have served as the primary reproductive barrier between red wolves and coyotes, 

but the inability to form monogamous breeding pairs likely serves as the primary barrier to gene 

flow between red wolves and coyotes during secondary contact. Phylogenetic relatedness and 

phenotypic similarities permit red wolves and coyotes to compete with each other for mating 

opportunities and conflict between consorting individuals may be a fundamental phenomenon 

preventing hybridization. Our study indicates that larger red wolves generally avoid consorting 

with coyotes and size-assortative mating may arise largely as a result of ecological differences 

resulting from divergence in body size. Conflict may arise between consorting red wolves and 

coyotes during energetically stressful situations, such as foraging and defending territories, that 

prevents successful pair formation. As red wolves and coyotes approach each other in body size, 

these conflicts may be reduced allowing for long-term maintenance of congeneric breeding pairs 

through similar use of space use and prey. 

Our results highlight the need to better understand factors affecting hybridization in 

Canis, such as body size. As seen in comparative studies of carnivores, our results indicate that 

body size influences home-range size and prey selection of red wolves and coyotes. 

Morphological disparity between red wolves and coyotes likely promotes reproductive isolation 

and ecological divergence through energetic constraints. We believe that the key to understanding 

how body size affects interactions, and subsequently hybridization, between closely related Canis 

is to understand how energetic requirements scale with Canis body size and its effect on Canis 

ecology. For example, it has been observed that gray wolves and coyotes are reproductively 

isolated where populations are sympatric despite having the potential to hybridize (Pilgrim et al. 
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1998; Wheeldon et al. 2010). On the other hand, eastern wolves, which are intermediate in body 

size to gray wolves and coyotes, are capable of hybridizing with both species and are believed to 

serve as a conduit for genetic material between gray wolves and coyotes (Rutledge et al. 2010). 

Currently, it is unknown whether innate preferences or environmental conditions are responsible 

for reproductive barriers observed in eastern wolves (Benson et al. 2012), but it is believed that 

prey selection (Rutledge et al. 2010) and territorial aggression (Benson et al. 2013) play a role in 

reducing hybridization. Nevertheless, our findings are consistent with invariant trends observed in 

comparative studies which suggest that our hypothesis is biologically plausible. Our hypothesis is 

based on allometric relationships and represents a useful predictive framework to understand 

patterns of interactions and hybridization among Canis species. We also suggest more 

sophisticated comparisons using different methods and evidence are needed to fully evaluate this 

hypothesis. 
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Figure 7.1. Mean home-range sizes of red wolf packs, congeneric pairs, and coyote pairs in 

northeastern North Carolina. 
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Figure 7.2. Correlation between home range size and body weight of red wolves and coyotes. 
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Figure 7.3. Correlation between home range size and combined breeder body weight of Canis 

breeding units. 
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Figure 7.4. Correlation between percent white-tailed deer in diet and body weight of Canis 

breeding units. 
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Figure 7.5. Correlation between percent rabbit in diet and body weight of Canis breeding units. 
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CHAPTER 8 

CONCLUSIONS 

  Understanding how red wolves interact with coyotes is an important issue which could 

dictate the success of recovery efforts. It also presents an opportunity to explore mechanisms that 

facilitate ecological divergence and reproductive isolation between Canis species. There has been 

limited examination of potential reproductive barriers between sympatric Canis, partly due to the 

difficulty in monitoring the interactions of large carnivores. Recent studies have suggested 

several possible mechanisms responsible for slowing hybridization rates between Canis such as 

differences in prey selection (Rutledge et al. 2010), stability in social structure (Bohling 2011), 

and aggressive interactions related with territoriality (Benson et al. 2013). Noting that 

monogamous breeding and group living as a central characteristic of Canis, we hypothesized that 

difference in body size between interacting Canis species prevents congeneric breeding-pair 

formation via disparity in diet and spatial needs. In other words, long-term maintenance of 

monogamous breeding units by Canis likely requires similar and synchronized use of space and 

resources within each breeding pair and this is likely to happen when individuals are similar in 

body size. 

 This dissertation found 4 important components of red wolf and coyote ecology that 

demonstrate the biological plausibility that body size disparity can serve as a reproductive barrier. 

First, we demonstrated that red wolves are substantially larger than coyotes with hybrids 

intermediate to both coyotes and red wolves in body size. In fact, red wolves attain a body size 

that is not achieved by coyotes or hybrids. Therefore, good concordance was found between 

morphometric variables and the molecular methods accepted by the United States Fish and 

Wildlife Service for monitoring red wolf genetic ancestry.  
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Second, we found red wolves and coyotes to have similar and overlapping diets. 

Nevertheless, consumption of white-tailed deer positively scaled with body weight in which red 

wolves consumed more deer than did coyotes. Interestingly, our results of coyote diet are contrary 

to many studies conducted in the southeastern United States because we found coyotes in 

northeastern North Carolina to be largely carnivorous with a narrow dietary breadth. Partitioning 

of food resources by red wolves and coyotes is mostly via differences in quantity of similar prey 

rather than differences in types of prey exploited. This suggests foraging ecology of red wolves 

and coyotes become similar as they approach each other in body size. 

 Third, we found body size to have an effect on red wolf and coyote space use. Home-

range size in red wolves scaled positively with body weight in which larger red wolves generally 

require more space than smaller red wolves. Although body size did not influence coyote space 

use, coyote home ranges did not exceed 50 km
2
 indicating that coyotes cannot maintain large 

home ranges. This constraint of coyote space use is likely a result of their smaller body size 

because approximately 75% of red wolf home ranges were > 40 km
2
. We also found red wolves 

and coyotes preferred open, treeless agricultural fields over the forested habitats in northeastern 

North Carolina. Red wolf and coyotes centered their home ranges in open, agricultural habitats 

and the primary difference in spatial ecology was size of their home ranges which was influenced 

by body size. 

 Fourth, we found that red wolves that formed congeneric breeding pairs with coyotes 

were, on average, smaller than red wolves in conspecific breeding pairs. It appears that this trend 

is largely driven by female red wolves, which are the smaller of the two red wolf sexes. Small red 

wolves may approach similar ecological requirements to those of coyotes because of their smaller 

body size, and this may allow them to form and maintain breeding pairs with coyotes via similar 

spatial and feeding needs. For instance, we observed home-range sizes of congeneric pairs to be 

under 50 km
2
 and statistically similar to those of coyotes, whereas most red wolf home-ranges 

exceeded this threshold. For both coyotes and red wolves, body weight was the most important 
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factor influencing consumption of white-tailed deer. Less use of space and white-tailed deer by 

coyotes suggest that they impose energetic constraints on congeneric pairs and are likely 

responsible for smaller home-range sizes and less reliance on white-tailed deer by congeneric 

pairs when compared to red wolf packs. 

 In conclusion, we suspect morphological disparity between red wolves and coyotes likely 

promotes reproductive isolation and ecological divergence through energetic constraints. We 

believe that the key to understanding how body size affects interactions, and subsequently 

hybridization, between closely related Canis is to understand how energetic requirements scale 

with Canis body size and its effect on Canis ecology. Our findings are consistent with invariant 

trends observed in comparative studies that home-range size and prey size scale positively with 

carnivore body size and this suggests that our hypothesis is biologically plausible. 
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Information reported here is the result of a 2-year study evaluating red wolf (Canis rufus) habitat 
use and crossing patterns along US 64 from Columbia, NC east to the 64/264 intersection in 
Manns Harbor, NC. This report includes a problem statement and background information, 
evaluation of red wolf home range size and habitat selection, an analysis of probable effects to 
red wolf home range and habitat availability in the event of a highway widening, identification of 
current red wolf crossing locations, and suggestions for the location and type of crossing 
structures to mitigate potential adverse effects of a highway widening of US 64. 
 
We used data from 16 red wolves fitted with GPS-collars between January 2009 and April 2011 
to evaluate home range size and habitat selection. Home range size for red wolves averaged 13.7 
mi2 with no significant difference between males and females. Although we found no significant 
difference in home range size among age classes, dispersers tended to have larger home ranges 
than adults and juveniles. Red wolf home ranges were larger during winter than during other 
seasons. Red wolves avoided wetter habitats such as pocosins, wetlands, and lowland forests, 
leaving agriculture the best predictor of red wolf presence. Red wolves also selected for the 
presence of agriculture/forest road systems for travel.   
 
Road permeability, calculated using GPS-collar data, was 100%, thus the current 2-lane highway 
does not impose a barrier effect on the red wolf population. This increases the risk of road 
mortality events. A decrease in the red wolf population to the west of Columbia, NC, prevented 
collaring of red wolves where widening to a 4-lane highway was completed. Therefore, we were 
not able to compare highway permeability between 2- and 4-lane highways. Using a 3281 ft. (1 
km) buffer, construction north of the current US 64 in Tyrrell County has the potential to remove 
up to 0.16 mi2 of red wolf habitat and 6% of the home range area used by a current red wolf pack 
while construction to the south will impact only 0.09 mi2 of red wolf habitat and will not displace 
any current red wolf packs. East of Alligator River in Dare County, a widening of the current 
highway to the south has the potential to remove up to of 0.07 mi2 of red wolf habitat and 20% of 
the home range used by the only existing red wolf pack in Alligator River National Wildlife 
Refuge if construction disturbs out to 3281 ft. (1 km) from the current road. Construction to the 
north of US 64 in Dare County has the potential to remove up to 0.04 mi2 of red wolf habitat and 
will not overlap with any current packs, based on 95% home ranges.     
 
Through the use of GPS-collars and remote camera traps, we identified 5 important red wolf 
crossing locations, 4 in Tyrrell County west of Alligator River and 1 in Dare County east of 
Alligator River. The presence of agricultural fields, successional fields, and/or upland forests 328 
to 492 ft. from the road provided the most parsimonious explanation for the location of crossing 
sites identified using GPS-collar locations; trail/road width provided the best explanation for the 
location of crossing sites identified by remote camera traps. The presence of agricultural fields, 
successional fields, and upland forests as well as proximity to maintained agricultural/forest 
roads at crossing sites corresponds to habitat selection results. 
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Four of the 5 red wolf crossing locations we identified are suitable for crossing structures. The 
most western crossing site is located within the town of Colombia, NC where retro-fitting a 
wildlife underpass is not practical. Well maintained trails at least 26.24 ft. (8 m) in width leading 
to and from underpasses, which connect habitats selected for by red wolves (e.g. agriculture, 
successional fields, and upland forests), is suggested to optimize efficacy.  
Detailed results and discussion are provided in the report below.       
! !



! J!

"#$%&$'()*!+,'-)'($%!-..-/'0!,.!1(2-)()*!34!56!,)!7-2!1,%#-0!()!
8$09()*',):!;<77-%%:!$)2!=$7-!>,&)'(-0:!?,7'9!>$7,%()$!

!
@()$%!A-+,7'!

!
B7()/(+$%!C)#-0'(*$',70D!

E(/9$-%!A!F$&*9$):!B9=!$)2!E$7/-%%$!G!H-%%<:!B9=!
!

C)'7,2&/'(,)!
!

Roads have profound effects, both direct and indirect, on natural ecosystems (see reviews by 
Forman et al. 2003 and Coffin, 2007).  Forman and Alexander (1998) estimated that the 
approximately 10.9 million hectares of public roads in the US and their related habitat loss and 
degradation has affected >20% of land area in the United States. In a 43-year period (1960 – 
2003), the number of registered cars increased from 74 to 231 million nation-wide and the annual 
distance traveled by car in the US grew from approximately 720,000 to 2.8 million miles (Ouren 
and Watts, 2005). As transportation needs increase, a rise in the amount of habitat lost and 
degraded due to road construction can be expected. Indeed, the link between economic 
development and transportation expansion was well documented by the mid 1960’s (Kansky, 
1963; Taaffe et al., 1963; Haggett 1965). Such large-scale and multifaceted changes to 
ecosystems have many detrimental impacts on wildlife (Jackson, 1999), including direct 
mortality (Lalo, 1987; Harris and Scheck, 1991; Schwabe and Schuhmann, 2002), habitat 
destruction (Theobald et al., 1997; Angelsen and Kaimowitz, 1999), barrier effects (Forman et al, 
2003), and increased human land use activities (Bjurlin and Cypher, 2003; Coffin, 2007).   
  
There is perhaps no other human impact as transportation infrastructure whose far-reaching, 
cumulative effects on wildlife are so devastating and demanding of attention, yet so commonly 
underestimated. Direct wildlife mortality results from construction injury and vehicular 
collisions (Trombulak and Frissell, 2000) and has now surpassed hunting as the leading direct 
human cause of vetebrate mortality on land (Forman and Alexander, 1998), with an estimated 
720,000 to 1.5-million deer-vehicle crashes reported annually (Conover et al., 1995; Forman et 
al., 2003). While the number of common species killed along roads is staggering, in most cases 
road mortality of wildlife does not translate into population level effect. However, road related 
impacts to threatened and endangered species are of particular concern. Road kill is the primary 
cause of mortality in Florida for Florida panthers, black bears, key deer, and crocodiles (Harris 
and Scheck, 1991) and accounts for a high percentage of deaths in Iberian lynx (Ferreras et al., 
1992). In addition, road impacts have been found in gray wolves (Thiel, 1985; Paquet and 
Callaghan, 1996), desert tortoises (Boarman, 1996), and some populations of San Joaquin kit 
foxes (Bjurlin and Cypher, 2003). For the declining copperbelly water snake in Indiana, road 
mortality accounts for approximately 17% of all deaths (Roe et. al, 2006). Road mortality was 
the second highest cause of death for red wolves in North Carolina within the 5 county recovery 
zone between 1999 and 2006, accounting for 14% of mortality overall (USFWS, 2007). When 
broken down by age class, vehicle strikes were the leading cause of death in dispersing red 
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wolves, accounting for 19% of mortality (USFWS, 2007). The increasing incidence of wildlife-
vehicle collisions also presents a real issue for humans, as they claim hundreds of lives, cause 
tens of thousands of injuries, and inflict an enormous monetary cost for medical treatment and 
vehicle repair each year nationwide (Forman et al., 2003). For example, in 1993 1.5 million deer-
vehicle crashes were reported in the US leading to $1.1 billion in vehicle damages (Durbin, 
2004). Deer-vehicle collisions have been reported to cause 29,000 human injuries and claim 211 
lives (Conover et al., 1995). 
 
Beyond direct mortality, roads can negatively affect wildlife populations by degrading habitat 
quality (Theobald et al., 1997; Carr et al., 2002), fragmenting habitat and populations (Oxley et 
al., 1974; Trombulak and Frissell, 2000; Nellermann et al., 2001), hindering gene flow (Gerlach 
and Musolf, 2000; Epps et al., 2005; Riley et al., 2006), skewing sex ratios (Gibbs and Steen, 
2005), and limiting dispersal (Beier, 1995). Most roads exhibit a distinct trade-off between 
permeability and road kill (Forman and Alexander, 1998). A highly permeable road might result 
in a high level of wildlife/vehicular collisions, whereas an impermeable road might have few 
road kill events. Yet this decrease in road kill comes at the expense of habitat connectivity. As 
individuals lose their mobility and gene flow is reduced, portions of the population become 
isolated. In the event of local extinction due to some stochastic event, fragmentation can make 
recolonization of previously-occupied habitat impossible (Theobald et al., 1997). These affects 
are of particular concern in small populations. Small populations have an increased risk of 
extinction due to demographic stochasticity, decreased heterozygosity, genetic drift, inbreeding, 
and low effective population size (Caughley, 1994), all of which can be exacerbated though road 
construction and expansion-related barrier effects. Social organization may also be affected by 
spatial change leading to population instability (Krausman et al., 2004).  
  
Low population densities and large home ranges make carnivores particularly vulnerable to the 
effects of habitat fragmentation by roads (Whittington et al., 2005). A highway was found to 
restrict gene flow in a Cleveland, Ohio coyote population and direct the movements of migrants 
towards urbanizing centers (Rashleigh et al., 2008). Riley et al. (2006) found that coyote and 
bobcat populations in southern California separated by a major freeway exhibited genetic 
differentiation, suggesting that the freeway is a barrier to dispersal. Even when they do not 
constitute an absolute physical barrier, high-use roads can lead to avoidance behavior in canids 
affecting their ability to move across a landscape (Kaartinen et al., 2005, Paquet and Callaghan, 
1996, Whittington et al., 2004). For those that do cross, heightened territorial behavior along 
roadways can discourage reproductive success, again limiting gene flow (Riley et al., 2006). The 
degree to which a road affects canid survival is dependent on the specific situation, and 
sometimes no detrimental effects are observed, as is the case with a California population of San 
Joaquin kit foxes (Cypher et al., 2009). Some documentation exists regarding wolves in the 
vicinity of highways. A study tracking gray wolf dispersal in Minnesota found that wolves were 
willing to cross major highways to colonize areas in Wisconsin and Michigan (Mech et al., 
1995). For gray wolves (Canis lupus), a 4-lane unfenced highway in Wisconsin seemed to not 
influence wolf movements (Kohn et al., 1999). In contrast, a 4-lane fenced highway in Banff 
National Park in Alberta, Canada, appears to hinder wolf movements (Paquet and Callaghan, 
1996), although crossing structures mitigated its barrier effect to some degree (Clevenger and 
Waltho, 2000, 2005). In Spain, wolves whose home ranges were greater than 5 km from the 
highway crossed a 4-lane, fenced highway via vehicle bridges (Blanco et al., 2005), however 
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those living in close proximity to the highway (<5 km) crossed the highway only after severe 
habitat disturbance. Gray wolves in Canada and Spain seem to prefer large, open wildlife 
overpasses (Forman et al., 2003). In general, a large void exists in addressing factors that affect 
how large carnivores use passages. Major transportation corridors bisect and potentially fragment 
most of the major ecosystems that still support wide-ranging carnivores. Increased concerns 
expressed by transportation and natural resources agencies regarding mitigation planning for 
large carnivores highlight the need for more information and research in this area (Forman et al., 
2003). 
 
The use of wildlife crossing structures can mitigate some of the negative effects associated with 
highways (Forman and Alexander, 1998). The appropriate type of crossing structure to mitigate 
road effects varies with species (Mata et al., 2008). A study monitoring the success of multi-
species highway underpasses following the highway-widening just west of this current study area 
found that bobcats, black bears, and foxes utilized underpasses (McCollister and van Manen, 
2010), however there were no confirmed detections of coyotes or red wolves using the 
underpasses. Because the red wolf population of both this study and the one cited above is the 
only wild red wolf population, there does not exist literature on the preference of red wolves for 
particular crossing structures. However several studies have found that while gray wolves will 
use wide tunnels and underpasses (Clevenger and Waltho, 2000, Kusak et al., 2009), they prefer 
open overpasses (Forman et al., 2003, Kusak et al., 2009). In Banff, wolves select for taller 
underpasses close to town (Clevenger and Waltho, 2000). Coyotes on the other hand have been 
found to use underpasses of a wide variety of sizes, from pipe culverts to wide underpasses, as 
long as they did not connect developed areas (Ng et al., 2004). Likewise, a study in Virginia 
found that coyotes readily used a variety of underpasses (Donaldson, 2007). The Wildlife 
Crossing Structure Handbook published in 2011 by the Federal Highway Administration 
recommends that underpasses geared towards large mammals (deer, bears, and wolves) and high 
mobility medium sized mammals (coyote, fox, and likely the category red wolves would be 
placed) should be greater than 32 ft. in width and greater than 13 ft. in height and that overpasses 
be at least 50 ft. wide (Clevenger and Huijer, 2011). If designing mitigating structures solely for 
high mobility medium sized mammals, underpasses and culverts with a diameter of 4ft. have 
been effective (Clevenger and Huijer, 2011). However, it appears that the structural components 
of crossing structures play a larger role in determining success for ungulates (Clevenger and 
Waltho, 2005; Gagnon et al., 2011) while habitat connectivity plays a larger role in the 
successful use of crossing structures for carnivores (White and Ernst, 2004; Singleton et al., 
2005; Riley et al, 2006; Kindall and van Manen, 2007).         
 
Underpasses can function as effective crossing structures for wolves, but high variability in use 
indicates that consideration of social interactions, placement, construction specifications and 
distance between crossings is essential for success (Paquet and Callaghan, 1996). Animals do not 
treat all sections of a roadway indiscriminately, so crossing funnel areas and natural habitat 
linkages at the landscape level must be identified. White and Ernst (2004), Singleton et al. 
(2005), and Kindall and van Manen (2007) all stress the need to identify habitat linkages across 
barriers to properly place crossings. In addition, Roger and Ramp (2009) discuss the importance 
of species-specific habitat use data in determining roadway impacts. Thus, it is imperative not 
only that wildlife underpasses be constructed in areas identified as high use for crossings 
(Scheick and Jones, 1999), but habitat variables at crossing locations be collected as well to 
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model what landscape factors predict crossings. Often times it is also necessary to install 
exclusionary fencing in addition to a crossing structure to guide animals to the crossing point and 
discourage crossing at road-level (Baker, 2005). 
 
Indeed, one study in Portugal found that fencing had a funneling effect, directing larger animals 
towards culverts (Ascensao and Mira, 2006). Similarly, fencing along a highway reduced elk-
vehicle collisions by 97% and other wildlife-vehicle collisions by 64% in Arizona (Gagnon et al., 
2010) and likely lead to a decease in white-tailed deer-vehicle collisions in North Carolina (Jones 
et al., 2010). A study in Germany found that fencing successfully reduced wildcat road mortality 
by 83% (Klar et al., 20009) and fencing along with culverts lowered wildlife-vehicle collisions 
by 93.5% in Paynes Prairie State Preserve (Dodd et al., 2004). Ungulate-vehicle collisions were 
reduced by 80% following the installation of roadside fencing in Banff National Park, Canada 
(Clevenger et al., 2001). Jaeger and Fahrig (2004) developed a model to look at the trade-off 
between reductions of road kill and increased barrier effect due to fencing installation. They 
found that below a certain traffic volume, the barrier effect of fencing is harmful to a population 
and therefore they only recommend the use of roadside fencing when traffic volume is high (e.g. 
high risk of road mortality) and the target species does not show behavioral avoidance of roads 
(Jaeger and Fahrig, 2004). Both Clevenger et al. (2001) and McCollister and van Manen (2010) 
found that while fencing reduced wildlife-vehicle collisions close to underpasses, wildlife-
vehicle collisions increase approaching fence ends. McCollister and van Manen (2010) found 
that road mortality was higher in fenced highway segments as compared to unfenced segments 
due to the increased mortality where roadside fencing ends. Therefore, if non-continuous fencing 
is used, it may be necessary to modify fence ends to direct wildlife away from the highway 
(Clevenger et al., 2001). Ungulates are the focal species for most studies that successfully 
demonstrate the effectiveness of roadside fencing. Fencing may be less effective for carnivores 
as they often go over (e.g. black bears) or under (e.g. coyotes) fencing (Clevenger et al., 2001). 
Indeed, the use of fencing did not increase culvert use by bobcats in Texas (Cain et al., 2003) and 
actually lead to an increase in wolf road mortality in Spain (Colino-Rabinal et al., 2011).  
Burying roadside fencing can help to discourage some species from digging under the fence 
(Clevenger et al., 2001).  
 
Clearly, an understanding of red wolf activity patterns, movements, and habitat use are all 
needed in the vicinity of US 64 and across the Albemarle Peninsula. This study assessed red wolf 
home range, habitat selection, and highway crossing patterns along the US 64 corridor with the 
use of GPS collars and remote cameras to determine important red wolf habitat and to identify 
significant red wolf highway crossing locations. In addition, this research examined which 
landscape attributes promote red wolf use of crossing locations to increase the success of 
mitigating structures.   
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The North Carolina Department of Transportation (NCDOT) is planning a highway 
improvement project for US 64 in Tyrrell and Dare Counties North Carolina, which will extend 
across the full length of the Albemarle Peninsula when completed, separating the northern 
section of the 5 county (Washington, Tyrrell, Dare, Hyde, and Beaufort counties) red wolf 
recovery zone. The effects of the highway widening on red wolf recovery and conservation could 
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be substantial, potentially creating a barrier to movement and gene flow of red wolves and other 
wildlife from one side of the highway to the other. In addition, the habitat loss associated with a 
highway widening likely will disrupt red wolves living adjacent to the existing highway causing 
a shift in current home ranges. Any shifts in home ranges have the potential to affect social 
order. Even in the absence of a barrier effect, the project may lead to an increase in vehicle 
related deaths as wolves attempt to cross a wider highway with increased speed limits. In 
addition, there is a potential to concentrate prey and herbaceous food sources at highway edges, 
attracting wolves, coyotes, black bears, white-tailed deer and other wildlife, increasing the risk of 
vehicle collisions. Highway barrier effects, habitat loss, social disruptions, and road mortality 
resulting from the highway widening may culminate in reduced red wolf population viability.  
 
Problem Need/Definition 
 
Viable populations of wildlife depend, in part, on dispersal to maintain genetic diversity.  
Whether natural or man-made, barriers to dispersal are of concern to wildlife managers. For 
restored or recovering populations, potential barriers such as highways or large fenced areas 
magnify in importance because of their potential to restrict or retard growth and genetic diversity 
in small wildlife populations. Roads, in particular, recently received attention with respect to 
large carnivore population dynamics related to increased direct (vehicle collisions) and indirect 
(changes in behavior that affect food acquisition) mortality (Trombulak and Frissell, 2000).  
Forced spatial change also may affect area-wide social organization and thus population stability, 
and increased noise or activity levels may initially affect wildlife behavior (Krausman et al., 
2004). 
 
For the past several years the North Carolina Department of Transportation (NCDOT) has been 
planning a proposed project to widen US 64 from 2 to 4 lanes from Raleigh to Manteo, North 
Carolina. With respect to the segment of US 64 already widened and elevated between Plymouth 
and Columbia by 2005, preliminary data collected by the U.S. Fish and Wildlife Service 
indicates red wolf (Canis rufus) movements and gene flow, including dispersal and home range 
size, may already be restricted by that highway segment. Remaining sections of US 64 planned 
for widening are the approximate 15.5-mile section from Columbia to Alligator River, and 11.8-
mile section that runs through Alligator River National Wildlife Refuge. 
 
The nature of the US 64 widening project calls into question important ecological and regulatory 
considerations that, together, mean data collection is needed to assist with science-based 
decisions and project design. Red wolves will be involved in two federal regulatory processes 
pertinent to widening of US 64, namely, project consultation under Section 7 of the U.S. 
Endangered Species Act of 1973, and assessment of “refuge compatibility” under the National 
Wildlife Refuge System Improvement Act of 1997 (Public Law 105-57), along with the National 
Wildlife Refuge System Administration Act of 1966 (16 U.S.C. 668dd-668ee), as amended.  
These processes allow cooperation toward achieving a project that takes into account human 
safety, traffic management, and wildlife concerns that include passage, mortality, large-sized 
animals, and multiple wildlife refuge values. Refuge considerations include endangered species 
conservation, waterfowl management, wildlife habitat with associated species, hydrology, 
wetlands, reptiles and amphibians, public use, fire management, exotic species management, etc. 
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The effects of US 64 widening on red wolf recovery and conservation could be substantial.  
Widening US 64 may be accompanied by increased speed limits, and likely will create a barrier 
to movement of red wolves and other wildlife from one side of the highway to the other. Thus, it 
is imperative that wildlife crossing structures be constructed in areas identified as high use 
crossings by red wolves, bears, deer, and other species (Scheick and Jones, 1999). Completed 
and planned phases of the US 64 widening project extend across the full length of the Albemarle 
Peninsula, separating and otherwise affecting the entire northern quarter of the 5-county red wolf 
experimental population area.  
 
Construction of the highway itself most likely will directly disrupt the red wolf population, along 
with other wildlife populations (e.g., black bear, white-tailed deer) living adjacent to the existing 
highway during the 1-2 year construction period. These disruptions may cause red wolves to 
shift out of their current home ranges or territories during the construction phase and move into 
areas already occupied by other red wolves, causing social disruptions and ripple effects across 
the Albemarle Peninsula. While the disruption due directly to construction will be short-term, 
effects on the red wolf population may be long lasting and even permanent. Habitat loss, social 
disruptions, and ripple effects, as a result of direct, indirect, and cumulative effects of a highway 
widening, may result in a reduction of the red wolf population, its gene flow, and gene diversity, 
by some unknown quantity.   
 
Vehicle strike mortality significantly impacts the wild red wolf population on the Albemarle 
Peninsula in North Carolina (USFWS, 2007). Of 166 known adult red wolf loses since 1999, 23 
were killed in vehicle strikes. Vehicle strikes are three times higher in non-breeder (19%) vs. 
breeder (6%) red wolves in the designated experimental population area. This is partly explained 
by single red wolves dispersing or roaming over large distances.  
 
Studies are needed to assess how the red wolf population has utilized the area since restoration 
began. An examination of which landscape attributes promote red wolf use would be helpful, 
along with a thorough assessment of site-specific habitat availability.  
 
More specifically, the potential problems or benefits examined for red wolves in association with 
US 64 widening should include the following concerns.   
 

1. Vehicle mortality of red wolves and associated human safety. 
2. Reproduction and survival.   
3. Considerations of placement of underpasses or overpasses.   
4. Changes in red wolf habitat, prey, home range size, dynamics, and associated landscape 

fragmentation.   
5. Effects upon red wolf activity, movements, gene flow, dispersal, territory dynamics, 

social organization, pack integrity, habitat use, and land occupancy. 
6. Ripple effects throughout the red wolf population, across the Albemarle Peninsula. 
7. Changes in red wolf numbers pre-project, during project, and post-project. 
8. Influences on eastern coyotes, a competitor and threat to red wolves. 
9. Effects upon monitoring of red wolves and eastern coyotes.  
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It is important to understand the effect of canid activity and movements out of or into the 
experimental area along the expanded highway in western portions of the Albemarle Peninsula.  
Possible study topics include coyote/red wolf interactions and retrospective examination of 
adaptability of coyote/hybrids vs. red wolves in the face of significant habitat change and/or 
significant project construction. 
 
Research Objectives  
 
The objectives of this research project are to: 
 

1. Evaluate wolf habitat use along the entire US 64 corridor from Plymouth to the US 
64/264 intersection 

 
2. Evaluate the significance of red wolf habitat changes anticipated from the proposed 

highway project from Columbia to the US 64/264 intersection in terms of movements, 
survival, reproduction, home range shifts, and social organization. 

 
3. Identify significant red wolf crossing areas to determine where wildlife crossing 

structures or other design features could be placed to minimize adverse project effects on 
red wolves. 
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The only wild population of red wolves occurs on more than 2,567 mi2 of federal, state, and 
private lands in 5 counties (Beaufort, Dare, Hyde, Tyrrell, and Washington) in northeastern 
North Carolina (Figure 1), known as the Red Wolf Recovery Zone (RWRZ). Two of the northern 
counties within the RWRZ, Tyrrell and Dare Counties, were the focal point of this study because 
they contain the remaining 27.34 mi of US 64 to be widened. Federal lands within the study area 
include Pocosin Lakes National Wildlife Refuge, Alligator River National Wildlife Refuge, and 
a bombing range shared by the Navy and Air Force. State land consists of numerous game 
management properties, while private lands are primarily made-up of timber plantations, 
agricultural fields, and a few developed residential and commercial properties.   
 
The most prevalent land cover types within the study area, as identified by the North Carolina 
Gap database (2009), are agricultural fields (~30%) planted primarily with wheat, corn, soybean, 
cotton, and potatoes; commercial pine plantations (~15%); pocosin (~15%); non-riverine swamp 
forests (~10%); and saltwater marsh or open water (~10%). Climate within the study area is 
characterized by 4 full seasons of nearly equal length with annual precipitation averaging 50 in.  
Temperatures range from a mean of 41°F in winter to 80.6°F in summer. Elevation ranges from 
sea level to 164 ft. (Beck et al., 2009). Carnivores that co-occur with red wolves within the study 
area include gray foxes (Urocyon cineroargenteus), red foxes (Vulpes vulpes), coyotes (Canis 
latrans), feral dogs (Canis lupus familiaris), bobcats (Lynx rufus), black bears (Ursus 
americanus), and various mustelids.  
 
 
 



! W!

 
Figure 1. The study area (highlighted in gray) is located within 2 of the northern counties, 
Tyrrell and Dare, of the 5 county red wolf recovery zone in northeastern North Carolina. The 
study area focuses on the remaining 27.3 mi section of US 64, between Columbia, NC and the 
US 64/264 intersection, to be expanded from a 2- to 4-lane highway. 
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Capturing and collaring of animals: From January 2009 to April 2011, adult and juvenile red 
wolves were captured by USFWS biologists and fitted with mortality-sensitive Lotek GPS 4400S 
collars (Lotek Wireless, Inc., Ontario, Canada). Red wolves > 2 years old were classified as 
adults, < 2 years old as juveniles, and < 9 months old as pups. Pups were not fitted with GPS 
collars because typically they were too small to safely wear collars. Prior to deployment, GPS 
collars were remotely programmed to record locations every 5 hours with a nested program to 
collect a position every 30-minutes for a 5 hour period daily. The nested 30-minute program was 
scheduled to rotate around the 24-hour clock to capture detailed movements. Each collar emitted 
a VHF locator beacon each day from 0900 – 1200, allowing us to locate collared animals every 
12 weeks on the ground and remotely download stored data.  
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Independence of animal movements: To address the issue of correlation of GPS location data 
between pack mates, we calculated home ranges (Getz et al., 2007) for all collared wolves in a 
single pack then associated locations for each animal with the corresponding isopleth. Next, 
Spearman correlation matrices were used to determine the similarity of home ranges and habitat 
use among all collared animals within the pack. This determined if animals within a pack should 
be treated separately or if habitat use, selection, and home range of one collared animal was 
representative of the entire pack.   
 
Home range analyses: Following the conclusion of field work, rarefaction curves of cumulative 
weekly home ranges were calculated on all complete data sets for each collared animal to 
determine the relationship between length of time collar was deployed and when size of home 
range stabilized (Bekoff and Mech, 1984). Starting by calculating size of home range of an 
animal during the first week of collar deployment, we calculated size of home range of the 
animal during the second week of collar deployment and so on until the complete data set for 
that animal was included in calculating size of home range. Ninety-five percent home range 
isopleths were constructed using adaptive nearest neighbor convex hull methods (Getz et al., 
2007). Animals whose home ranges did not stabilize in size were excluded from subsequent 
analyses. Given the varying age, dominance, and sex of the animals that were collared, and that 
home range composition between packs with collared animals may vary; we assumed that all 
factors influencing stabilization of size of home range were captured sufficiently. For individuals 
whose home range stabilized, monthly home ranges were constructed according to Getz et al. 
(2007) to examine short-term and seasonal variations in home range composition and size.   
 
Overall and monthly home ranges were overlaid onto habitat maps developed by NC GAP to 
determine percent composition of home ranges. Habitat types included agricultural fields, 
wetlands, upland forests, lowland forests, successional fields, and pocosin (areas covered with 
evergreen vegetation and inundated with water). We used one-way ANOVA to test for 
differences in overall home range size among age classes and Student’s t-tests to test for a 
difference in home range size between sexes. Student’s t-tests were also used to determine if 
seasonal variation in monthly home range size and composition for each habitat type were 
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significantly different. Following previous studies (Phillips et al., 2003; Chadwick et al., 2010; 
Hinton et al., 2010), we recognized a summer (April – September) and winter (October – March) 
season. Significance was set at ! "0.05.     
            
Habitat use and selection analyses: Resource selection functions (RSFs; Manly et al., 2002) 
were used to examine 2nd order (home range) and 3rd order (within home range) habitat use by 
red wolves (Johnson, 1980). Resource selection functions were developed using use/availability 
data with a binomial distribution (Manly et al., 2002).   
 
For 2nd order habitat use, we considered the entire 5 county red wolf recovery area as available 
habitat and all locations of each GPS-collared animal occurring within its respective 95% home 
range (Getz et al., 2007) as used habitat. For 3rd order habitat use, the entire 95% home range 
(Getz et al., 2007) was considered to be available. All locations of each animal contained within 
its respective 95% home range were combined to examine 2nd and 3rd order habitat use for the 
entire population. An equal number of random points, compared to locations, were generated 
within the available areas for 2nd and 3rd order habitat use, respectively. Distance to road and 
water, human density (people per square mile), and habitat type were determined for all used and 
random locations. Habitat types were the same as those for determining home range 
composition. After combining used and random locations for each order of habitat use, RSFs 
were developed for each order of habitat use which contained habitat type, distance to roads and 
water, human density, and all biologically meaningful interactions (habitat type by distance to 
roads, habitat type by human density, and distance to roads by human density). Animals were 
monitored for varying lengths of time, had different numbers of locations, were of different age 
classes, and different sexes. Therefore each animal could have potentially influenced the RSFs 
more or less than another animal. Thus to make sure that no animal biased the RSFs, preliminary 
2nd and 3rd order RSFs were developed using a sampling with replacement method in which each 
animal was excluded once from calculation of a RSF while all other animals were included. For 
the 3rd order RSF, a random effect for animal was included in the RSFs to account for differences 
in habitats available to each animal. Akaike’s information criterion corrected for small sample 
sizes (AICc) was used to choose the most parsimonious RSF from the global (all possible 
variables included) RSF and all possible subsets for each order of habitat use (Burnham and 
Anderson, 2002). Twenty-five percent of used and random locations for each order of habitat use 
were not used in developing all RSFs to evaluate fit of most parsimonious RSFs using cross-
validation (Johnson et al., 2006). The most parsimonious RSFs that were shown to have a good 
fit to the data were projected in a GIS to create habitat suitability maps depicting areas of high, 
medium, and low quality habitat and probability of occurrence of red wolves.    
  
AICc weights of most parsimonious 2nd and 3rd order RSFs were compared to determine whether 
habitat type, distance to roads and water, and density of humans were scale dependent for red 
wolves. The RSF with the greatest AICc weight demonstrated the scale at which the variables of 
interest and associated interactions influenced habitat use the most. Statistical analyses were 
conducted in R 2.11.1 (R Development Core Team 2010) and spatial analyses using ArcGIS 10 
(ESRI® ArcMap™ 10, Copyright © 1999-2010 ESRI Inc.) and Geospatial Modeling 
Environment 0.5.3 (Beyer, H. L., Copyright © 2001-2010 Spatial Ecology LLC). 
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Quantifying barrier effects using passage rates: Following Dodd et al. (2007), we quantified 
the barrier effects of US 64 by calculating a permeability index. A permeability index is a 
passage rate measuring an individuals willingness to attempt a road crossing and is calculated by 
using the following equation: #crossings/(#crossings + #approaches), where an approach is 
defined as a red wolf entering into a 164 ft. buffer zone around the highway without crossing 
(see Figure 2). The 164 ft. (50 m) buffer zone was determined by measuring the distance 
between US 64 and the boundary of the closest red wolf home range (95% MCP) to the highway. 
This was done to exclude movements within a home range from being counted as an approach. 
The permeability index ranges from 0 to 1, with 0 indicating an impermeable road and 1 
indicating 100% permeability. Permeability indices were calculated for the 30-minute and 5-hour 
data sets separately. An overall permeability index (using total number of crosses and approaches 
from all study animals) for the duration of the study was calculated as well as monthly 
permeability indices. We used a paired t-test to compare monthly permeability indices calculated 
using the 30-minute and 5-hour data sets.   
 
Using 30-minute monthly permeability indices, regression analysis was then used to determine if 
a relationship existed between monthly permeability indices and monthly traffic flow along the 
existing US 64.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. A crossing was defined as a line connecting two points on opposite sides of a road that 
intersects the roadway. An approach was defined as any excursion from a point further than 164 
ft. from the road to a point within 164 ft., and then back, without crossing.  
 
Assessing the effect of the highway widening on current red wolf territories: To determine the 
potential for the highway widening to displace current red wolf packs, buffers at ~ 164 ft. (50 m) 
intervals were constructed around the current US 64. The buffers were then overlaid on current 
red wolf home range locations and the number of home ranges intersected by each buffer was 
counted. Where the buffers intersected home ranges, the percent of total home range intersected 
was calculated. As with the home range analysis above, only one home range per pack was used 
when the movements among individuals of a pack were correlated. 
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Assessing the effect of the highway widening on important red wolf habitat: To determine the 
potential for the highway widening to affect important red wolf habitat, buffers around the 
current US 64 at ~164 ft. (50 m) intervals were overlaid on a habitat map. The area of available 
red wolf habitat was then calculated within each buffer zone. 
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Determining crossing locations and rates using GPS collars: Because of the occurrence of 
different collar schedules, wolf locations were sub-sampled into both 5-hour and 30-minute 
intervals. The following methods were used to analyze data collected for each frequency, 5-hour 
and 30-minute, respectively. Using ArcGIS v9.3 (ESRI® ArcMap™ 9.3, Copyright © 1999-
2010 ESRI Inc.), we divided the 27.3 mi-section of US 64 into 273 segments, each 0.10 miles 
long. To determine road crossings, we used the Home Range Tools v9 extension for ArcGIS to 
calculate the travel path of each individual by connecting consecutive GPS fixes. We then 
overlaid the travel paths on the segmented highway layer and counted the number of crossings 
per highway segment for each individual. A crossing was defined as two consecutive fixes on 
opposite sides of the highway (see Figure 2). Crossing rates for each individual were determined 
by dividing the number of crossings by the number of days the collar was actively collecting data 
for each collection frequency sub-sample. Total crossing frequencies per segment were plotted in 
a histogram to identify the location of key red wolf crossing areas.   
 
Statistical Analysis: To test the hypothesis that the crossing distribution calculated using GPS 
collar locations was different from a random crossing distribution, an equivalent number of 
random line segments were drawn between the GPS locations for each red wolf. To approximate 
actual red wolf movement, random segment lengths were constrained to less than or equal to the 
maximum distance moved by a red wolf for the 30-minute and 5-hour data sets, respectively.  
Crossing frequencies for the random segments were calculated for each highway segment 
following the methods above. The distributions for the GPS crossing frequencies and the random 
crossing frequencies were compared using a Kolmogorov-Smirnov test (Clevenger et al., 2001).  
We used a t-test to test for differences in crossing rates between male and female wolves and a 
one –way ANOVA to test for differences in crossing rates among age classes.     
 
Determining crossing locations using Camera Traps: Even with 30-minute locations, the GPS 
collars likely did not catch all red wolf crossing events. To capture additional crossing events, 
remote cameras were placed at canal crossings along the 27.3 mi stretch of US 64 within 328 ft. 
(100 m) of the roadside. Because drainage canals exist along the entire length of US 64, canal 
crossings serve as an access point for animals to reach the highway. We used both film and 
digital remote cameras triggered by laser or heat disturbance. All cameras were active 24-hours 
per day to maximize the number of crossings captured. Cameras were active from July 2009 to 
March 2011. However, the number of trap nights varied for each camera station so captures were 
reported per 100 trap nights. To avoid pseudoreplication, consecutive photos of an individual 
animal were considered a single event. 
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Using GPS locations, camera stations were associated with one of the 273 segments along US 
64. Not all segments had camera stations. Total crossing frequencies per segment were plotted in 
a histogram to identify the location of key red wolf crossing areas as identified by cameras.  
 
Evaluating habitat characteristics at crossing sites identified by GPS collar locations: Using 
the NC GAP habitat map, we extracted the habitat type for each of the 273 highway segments at 
164 ft. (50 m) intervals starting at the road to a distance of 656 ft. (200 m) perpendicular to the 
segment (ArcGIS v9.3). Segments that had at least one crossing were coded with a 1 and 
segments without crossings were coded with a 0. Logistic regression was used to evaluate 5 a 
priori models developed using site-specific habitat type at different distance intervals and the 
occurrence of a red wolf crossing. The most parsimonious model was chosen using AIC 
corrected for small sample size (AICc) (Burnham and Anderson, 2002), with models ranked 
using !AICc. 
 
Evaluating habitat characteristics at crossing sites identified by camera traps:  
Using the NC GAP habitat map, we extracted the habitat type for each of the camera stations at 
164 ft. (50 m) intervals starting at the camera sites to a distance of 656 ft. (200 m) perpendicular 
to US 64 (ArcGIS v9.3). In addition, the width of the access road/trail was measured at each 
camera station. Camera sites that captured red wolves were coded with a 1 and camera sites that 
did not capture red wolves were coded with a 0. Logistic regression was used to evaluate 5 a 
priori models developed using habitat variables and trail width at camera placement. The most 
parsimonious model was chosen using AIC corrected for small sample size (AICc) (Burnham 
and Anderson, 2002), with models ranked using !AICc. 
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Capturing and collaring of animals: Between January 2009 and April 2011, the USFWS Red 
Wolf Team deployed 32 of 40 collars. Due to a decrease in red wolf population in Washington 
County, North Carolina, the 8 collars reserved for red wolves living in the vicinity of the 
previously expanded portion of US 64 could not be deployed. Thirteen of the 32 collars deployed 
were placed on females (8 adults, 5 juveniles) and 19 on males (8 adults, 11 juveniles). The 
average collar deployment was 14.8 months (range: 4 to 30 months) and average collar success 
in obtaining GPS locations was 86.0% (range: 63.6% to 97.5%). In total, 39, 573 successful red 
wolf locations were collected. We used 6 different collar schedules: 30-minute locations for 5 
hours per day, 5-hour locations, 5-hour locations with the nested 30-minute schedule for 5-hours 
per day, 11-hour locations, 12-hour locations, and 23-hour locations (Table 1). 
 
Table 1. Summary of collar statistics for collared red wolves in Dare, Tyrrell, Washington, 
Beaufort, and Hyde Counties, NC. 
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Home range analyses: Movements of individuals within the same pack were highly correlated 
(rs = 0.87–0.91); therefore only 1 animal per pack (chosen randomly) was used in the following 
analyses. After removing those individuals where multiple animals in a pack were collared, we 
calculated cumulative weekly home ranges for 21 of 32 animals (Figure 3). Following analysis, 
we removed 5 (1 juvenile, 2 dispersers, 2 adults) additional individuals from our sample due to 
an inadequate number of locations to capture a complete home range. Overall home range varied 
between 2.61 mi2 and 38.19 mi2 with a mean of 12.93 ± 9.50 mi2!

(
 

Figure 3. To determine if an adequate number of locations were obtained from each wolf to 
capture home range area, rarefaction curves of cumulative weekly home ranges were calculated 
for 21 red wolves of different age groups and sexes collared from January 2009 to April 2011. A 
home range is considered to be at equilibrium at the point that the home range area no longer 
increases and reaches a plateau (Bekoff and Mech, 1984). Home range did not reach equilibrium 
for 5 of the 21 wolves in our sample (6, 7, 11, 13, 14), thus they were excluded from further 
home range analyses. Collared red wolves were located in Tyrell, Dare, Washington, and Hyde 
Counties, NC.    
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Although home range size among age classes (F =2.71, P =0.14) and between sexes (t10 = 2.10, 
P = 0.57) did not differ significantly (Tables 2 and 3), the home range size of dispersers tended 
to be larger than those of juveniles or adults. Five of 8 animals that died while collared were 
dispersing and 2 additional dispersers were removed from further home range analyses due to 
inadequate data.  

(
Table 2. Average and range of 95% home range areas for three age classes of red wolves. A 
local convex hull method was used to calculate home range from GPS collar locations. The home 
range analysis was generated from 16 red wolves collared in Washington, Tyrell, Dare, Hyde, 
and Beaufort Counties, NC from January 2009 to April 2011.(
!
!!!
!
!
 
 
 
 
Table 3. Average and range of 95% home range areas for male and female red wolves. A local 
convex hull method was used to calculate home range from GPS collar locations. The home 
range analysis was generated from 16 red wolves collared in Washington, Tyrell, Dare, Hyde, 
and Beaufort Counties, NC from January 2009 to April 2011. 
!
!
!
 
 
 
 
 
Home ranges were composed primarily of agricultural fields with 95% home range isopleths on 
average containing 55% agricultural fields (Table 4). Summer home ranges were between 0.77 
and 3.09 mi2 smaller (t10 = -4.84, P < 0.01) than winter home ranges (Table 5). Average monthly 
home range percent composition was different between summer and winter. Red wolves 
increased their use of pocosin (t10 = -2.65, P =0.03), wetlands (t10 = -4.29, P < 0.01), and upland 
forests (t10 = -4.17, P < 0.01) in late winter and increased use of agricultural fields (t10 = 3.44, P 
< 0.01) in summer months (Table 6). Agricultural fields and successional fields account for over 
65% of habitat composition regardless of season.  
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Table 4. Average composition of 95% home ranges for 16 red wolves collared in Washington, 
Tyrell, Dare, Hyde, and Beaufort Counties, NC from January 2009 to April 2011. 
       !
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Table 5.!Average monthly 95% home range areas for 16 red wolves collared in Washington, 
Tyrell, Dare, Hyde, and Beaufort Counties, NC from January 2009 to April 2011.(
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Table 6Y!Average monthly percent habitat composition calculated using a 95% home range for 
16 red wolves collared in Washington, Tyrell, Dare, Hyde, and Beaufort Counties, NC from 
January 2009 to April 2011. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Habitat use and selection analyses: We used 29,680 locations of red wolves to construct the 2nd 
and 3rd order resource selection functions (RSFs), respectively (Johnson, 1980). Second order 
RSF predicted a patchy distribution of red wolves across the 5-county red wolf recovery area 
(Figure 4). Third order RSF predicted a relatively equal probability of habitat use by red wolves 
across a given home range (Figure 5). RSFs calculated for each individual wolf included the 
same variables as the most parsimonious 2nd and 3rd order RSFs. Thus, despite the fact that 
collars were deployed on wolves of all ages and both sexes over a range of collar deployment 
periods (2009, 2010, and 2011) and deployment lengths (4 to 30 months), no one animal was 
considered to bias the RSFs in a unique way different from other animals. The most 
parsimonious 2nd order RSF contained: habitat type, distance to roads and water, human density, 
an interaction between distance to road and habitat type, and an interaction between human 
density and habitat type (Table 7). The AICc weight of the most parsimonious 2nd order RSF was 
0.98. The next most parsimonious RSF included an interaction between human density and 
distance to road, and had a #AICc of 8 and an AICc weight of 0.02. Agricultural fields were 
more likely to be used than all other habitat types. Likelihood of habitat use by red wolves 
decreased as human density increased, distance to road increased, and distance to water sources 
(e.g. steams and ponds) decreased. As distance to road increased, lowland forest, pocosin, and 
wetland habitats were disproportionately less likely to be used by red wolves than other habitat 
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types. As human density increased, upland forests and wetlands were more likely to be used by 
red wolves than other habitat types.   
 
The most parsimonious 3rd order RSF contained: 5 habitat types, distance to roads, and distance 
to water sources (e.g. steams and ponds) (Table 8). The AICc weight of the most parsimonious 
3rd order RSF was 0.75. The next most parsimonious RSF included habitat type, distance to 
water, and human density, and had a #AICc of 2 and an AICc weight of 0.25. Again, agricultural 
fields were more likely to be used than all other habitat types. Likelihood of habitat use by red 
wolves decreased as distance to roads and water increased.  
      
To test the validity of our selected 2nd and 3rd order RSF models, we overlaid 9,893 red wolf 
locations withheld from the initial analysis on the resulting probability maps (Figures 4 and 5).  
The GPS-collar locations (observed) overlapped areas identified as high probability of red wolf 
occurrence (expected) for both 2nd (t1 = 0.79, P > 0.05) and 3rd order (t1 = 1.06, P > 0.05) RSFs.    
!
!
!
!
!
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.  Relative probability of occurrence of red wolves (Canis rufus) across Washington, 
Tyrrell, Dare, Hyde, and Beaufort Counties, North Carolina with respect to 2nd order habitat use, 
2009-2011. a) Relative location of packs no longer in existence but identified as habitat with 
high relative probability of occurrence of red wolves; b-e) Relative location of packs not 
represented in our dataset but in existence at the time of this study.   
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Figure 5.  Relative probability of occurrence of red wolves (Canis rufus) across Washington, 
Tyrrell, Dare, Hyde, and Beaufort Counties, North Carolina with respect to 3rd order habitat use, 
2009-2011.  
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Table 7. Most parsimonious 2nd order RSF, according to AICc, for habitat use of red wolves in 
Washington, Tyrrell, Dare, Hyde, and Beaufort Counties, North Carolina from 2009-2011. 
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Table 8. Most parsimonious 3rd order RSF, according to AICc, for habitat use of red wolves in 
Washington, Tyrrell, Dare, Hyde, and Beaufort Counties, North Carolina from 2009-2011. 
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Quantifying barrier effects using passage rates: Though 3 times as many crossings were 
recorded using the 30-minute collar schedule compared to the 5-hour schedule, the overall 
permeability for US 64 calculated from both collar schedules was approximately 100% (Table 
9). No difference in monthly permeability index was found between the 30-minute and 5-hour 
collar scheduled (t10 = 0.045, P = 0.48). No relationship (F=0.021, P=0.89, r2=1.0) was found 
between monthly permeability and monthly traffic flow (Figure 6). 
 
Table 9. Permeability index for US 64 between Columbia, NC and the US 64/264 intersection in 
Manns Harbor, NC. The permeability index was calculated by dividing the number of highway 
crossings by (the number of highway crossings + the number of approaches). Road crossings 
were determined using red wolf GPS-collar locations collected between January 2009 and April 
2011. A permeability index of 1 represents a highly permeable road while an index of zero 
indicates impermeability.     
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Figure 6. Regression analyzing the relationship between monthly permeability index and 
average monthly traffic flow rates (vehicles/hour). The monthly permeability index was 
calculated using GPS-collar data on the 5-hour schedule from 6 red wolves between March 2009 
and May 2010 in Tyrrell and Dare Counties, NC. 
 
Assessing the effect of the highway widening on current red wolf territories: Buffers around 
US 64 to a distance of 3281 ft. (1000 m) in 164 ft. (50 m) increments overlaid on a map 
displaying current red wolf home ranges showed that 2 red wolf packs would be directly affected 
by a highway widening. One pack is located north of the current 2-lane highway in Tyrrell 
County and the second is south of the highway in Dare County, the only existing pack in 
Alligator River National Wildlife Refuge. The proportion of home range to be affected in Tyrell 
County ranges between 0.11% and 6.63% (Table 10) and is located between 820 ft. (250 m) and 
3218 ft. (1000 m) from the existing highway just east of Columbia, NC where the previously 
widened portion of US 64 narrows to a 2-lane highway (Figure 7). In Dare County, the 
proportion of home range that would be affected ranges between 0.01% and 20.31% (Table 11) 
and is located south of US 64 between River Rd. and Bear Rd. on Alligator River National 
Wildlife Refuge (Figure 8).  
 
Assessing the effect of the highway widening on important red wolf habitat: Important red wolf 
habitat is defined as, following the results of the resource selection function analysis in objective 
1, agricultural fields, successional fields, and upland forests. Buffers at 164 ft. (50 m) increments 
extending out to a distance of 3281 ft. (1 km) from US 64 overlaid on the NC GAP habitat map 
revealed that construction to the north of the current US 64 in Tyrrell County would remove 
more red wolf habitat than construction to the south. The opposite was found in Dare County, 
with more red wolf habitat at risk south of the current US 64 than north (Figures 9 and 10). If 
highway construction were to disturb the entire area between the existing US 64 and the 3281 ft. 
(1 km) buffer, a total of 0.16 mi2 of red wolf habitat will be removed north of the highway vs. 
0.09 mi2 south of the highway in Tyrrell County. For Dare County, 0.04 mi2 would be removed 
north of the highway vs. 0.07 mi2 south of the highway if construction were disturb the whole 
area between the existing US 64 and the 3281 ft. (1 km) buffer.  
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Table 10.  The proportion of a red wolf pack home range that will be directly affected by 
highway construction in Tyrell County between 820 ft. and 3218 ft. from the existing highway. 
The red wolf pack is located north of US 64 east of Columbia, NC where the previously widened 
portion of US 64 narrows to a 2-lane highway.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11.  The proportion of a red wolf pack home range that will be directly affected by 
highway construction in Dare County between 264 ft. and 3218 ft. from the existing highway. 
The home range is located south of US 64 in Alligator River National Wildlife Refuge between 
River Road and Bear Road.  
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Figure 7. Location of the Tyrrell County red wolf pack home range with potential to be directly 
affected by highway construction. The home range extends to within 820 ft. from the existing 
highway where 4-lanes merge into 2-lanes just east of Columbia, NC. The highway buffer lines 
above (black lines) start at 820 ft. from US 64 and end at 3281 ft. in 164 ft. increments. If 
highway construction were to disturb the area between 820 ft. to 3281 ft. from the existing 
highway, 6.63% of this pack’s home range would be removed. The numbers along US 64 
indicate the number of red wolf highway crossings per 0.10 mi. segment captured using GPS-
collar data collected between January 2009 and April 2011.    
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Figure 8. Location of the Dare County red wolf pack home range with potential to be directly 
affected by highway construction. The home range extends to within 264 ft. just south of the 
existing highway between River Rd. and Bear Rd. (east of Milltail Rd – not pictured) on 
Alligator River National Wildlife Refuge. This is the only red wolf pack on the refuge. The 
highway buffer lines above (black lines) start at 264 ft. from US 64 and end at 3281 ft. in 164 ft. 
increments. If highway construction were to disturb the area between 264 ft. to 3281 ft. from the 
existing highway, 20.31% of this pack’s home range would be removed. The numbers along US 
64 indicate the number of red wolf highway crossings per 0.10 mi. segment captured using GPS-
collar data collected between January 2009 and April 2011.    
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Figure 9. The area of important red wolf habitat per 164 ft. buffer for Tyrrell County, NC.  
Important red wolf habitat for eastern North Carolina includes agricultural land, upland forests, 
and early successional fields. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. The area of important red wolf habitat per 164 ft. buffer for Dare County, NC.  
Important red wolf habitat for eastern North Carolina includes agricultural land, upland forests, 
and early successional fields.  
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Determining crossing locations and rates using GPS collars: Six wolves on the 5-hour 
schedule (3 M: 3 F) and 8 on the 30-minute schedule (4 M: 4 F), with 3 wolves that started on 
the 5-hour and were switched to the 30-minute schedule, displayed crossing activity around US 
64 out of a total of 32 collars. Only wolves with home ranges along US 64 crossed the highway. 
Wolves on the 5-hour schedule crossed between 2 and 9 times while wolves on the 30-minute 
crossed between 2 and 20 times. Five wolves (1 M: 4 F) on the 30-minute schedule, subsampled 
every 5-hours for a paired t-test, crossed 53 (30-minute) and 19 times (5-hour), respectively 
(P=0.030), showing that the 30-minute schedule captured nearly 3 times the road crossings as 
compared to the 5-hour rollover. 
 
An additional 5-hour wolf, (8-year-old female #1880; Figure 11), crossed the highway 266 times. 
On reviewing the distribution of her points, which extended about 11 miles along the highway, it 
was determined that US 64 bisected the core of her home range (Figure 12). Additionally, her 
movements in a narrow band surrounding the road increased the likelihood of “false crossings,” 
where the line connecting consecutive points on either side of the highway did not necessarily 
represent the true crossing location. For these reasons, and because 1880 represented an unusual 
circumstance that heavily skewed the rest of the data, this wolf was considered an outlier and 
removed from all further analysis of US 64 GPS-collar data.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Photo of wolf #1880 (adult female) obtained by camera trap along US 64 in Tyrrell 
County, North Carolina in July 2009. 
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Figure 12. GPS-collar locations collected between April 2009 and November 2009 of wolf 
#1880 along US 64, Tyrrell County, North Carolina within its 95% MCP home range.   
 
Although observed red wolf crossings and randomly generated crossings were both normally 
distributed, observed red wolf crossings occurred at a significantly lower frequency (t=1.196, 
P=0.03) and were bimodal as compared to the random crossings (Figure 13). Data from both the 
5-hour and 30-minute schedules pointed to 2-crossing locations (Figures 14 and 15, 
respectively), 1 east of Alligator River in Dare County between miles 8 and 10 and 1 to the west 
in Tyrrell County centered on mile 28. However, the 30-minute data were more tightly 
concentrated and obvious. The two clusters of crossings identified by the GPS-collar data (Figure 
16) coincided with where home ranges approached US 64. 
 
Using the 30-minute collar data, red wolf highway crossing rates did not differ by wolf age 
(F=5.14, P = 0.13, n = 13; 3 juveniles, 3 dispersers, 7 adults) or sex (t=0.32, P = 0.76; n = 13; 7 
males, 6 females).  
 
Determining crossing locations using Camera Traps: Crossing data were collected at 39 
camera stations along US 64 accumulated over 8,154 trap nights. The average and median 
number of trap nights per station was 204 and 160, respectively. The number of trap nights per 
station ranged from 35 to 617 nights. Four red wolf crossing sites were identified from camera 
data, 3 west of Alligator River in Tyrrell County at miles 19, 20.5 and 23 - 24 and 1 east of 
Alligator River in Dare County between miles 9 and 10 (Figure 17). The crossing site in Tyrrell 
County between miles 23 – 24 and the crossing site in Dare County between miles 9 – 10 were 
considered one location each due to proximity and habitat continuity. 
 
The combined GPS and camera crossing data indicated 5 important crossing sections along US 
64 between Columbia, NC and the US 64/264 intersection, 4 west of Alligator River in Tyrrell 
County and 1 east of Alligator River in Dare County (see Figures 17 - 19). The crossing site in 
Dare County identified by the cameras overlaps with the crossing site identified using GPS-
collar locations, however that was not the case in Tyrrell County. The 3 crossing sites identified 
in Tyrrell County using cameras are from crossings made by wolf #1880, the wolf excluded from 
collar analyses. The crossing site in Tyrrell County identified with the GPS-collar data occurred 
in an area where no cameras were placed, within the town limits of Columbia, North Carolina.  
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Figure 13. Observed red wolf crossings (red bars) occurred at a significantly lower frequency 
(t=1.196, P=0.03) and were bimodal as compared to the random crossings (black bars). 
Observed crossings are based on GPS locations taken at 30- minute intervals from red wolves in 
Washington, Tyrrell, Dare, Hyde, and Beaufort Counties, North Carolina collared between 
October 2009 and March 2011. An equivalent number of random line segments were drawn 
between the GPS locations for each red wolf. To approximate actual red wolf movement, random 
segment lengths were constrained to less than or equal to the maximum distance moved by a red 
wolf for the 30-minute data sets. 
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Determining crossing locations using historical road kill data: From May 1988 to February 
2009, 58 wolves (31 M, 27 F) died as a result of vehicle collisions in the recovery zone, with an 
average of nearly 3 wolves per year. Twelve of these occurred on US 64. While not significant, 
the locations of current known road-kills appear to be generally clustered around crossing sites 
identified in this analysis, particularly on US 64 (Figures 18 – 19). However many of the historic 
road kill events highlight the location of packs no longer present. 
 
!

(
(
Figure 14. The number of red wolf crossings identified by GPS locations per 0.10 mile segments 
along US64 between Columbia, NC and the US64/US264 intersection. Crossings are based on 
GPS locations taken at 5- hour intervals between January 2009 and March 2011.  
!
!
!
!
 
 
 
 
 
 
 
 
 
Figure 15. The number of red wolf crossings identified by GPS locations per 1 mile segments 
along US64 between Columbia, NC and the US64/US264 intersection.  Crossings are based on 
GPS locations taken at 30- minute intervals between October 2009 and March 2011.  
!
!
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Figure 16. The two clusters of crossings identified by the GPS-collar data in both a) Dare and b) 
Tyrrell Counties, North Carolina coincided with the location where home ranges approached US 
64. Crossings are based on GPS locations taken at 30- minute intervals between October 2009 
and March 2011.
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Evaluating habitat characteristics at crossing sites identified by GPS collar locations: 
The most parsimonious habitat model at crossing locations determined using GPS-collar 
data included habitat type at distances of 328 ft. and 492 ft. from the crossing site (Table 
12). The AICc weight of the most parsimonious habitat model was 0.69. The second most 
parsimonious model included habitat type at 656 ft. from the crossing site and had a 
!AICc of 3.19 and an AICc weight of 0.07. The habitat types at distances of 328 ft. and 
492 ft. from crossing locations correspond to those identified by resource selection 
functions for red wolves: agriculture, upland forests, and early successional fields.      
 
Evaluating habitat characteristics at crossing sites identified by camera traps: The most 
parsimonious habitat model at crossing locations determined using camera trap data 
included width of the road/trail at the camera location (Table 13). The AICc weight of the 
most parsimonious habitat model was 0.89. The second most parsimonious model 
included road/trail width and habitat type at 164 ft. from the camera site and had a !AICc 
of 6 and an AICc weight of 0.03. The trail widths (which ranged from 1.64 ft. to 65.6 ft.) 
at camera trap locations with recorded red wolf crossings were 26.24 ft. or wider.           
 
Table 12. Most parsimonious habitat model for red wolf crossing sites in Tyrrell and 
Dare Counties, NC identified using GPS-collar data collected between January 2009 and 
April 2011. 
     
 
 
!
!
 
Table 13. Most parsimonious habitat model for red wolf crossing sites in Tyrrell and 
Dare Counties, NC identified using camera trap data collected between March 2009 and 
April 2011. 
!
!
!
!
! !
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Objective 1: )*+,&+-.!/',0!1+2#-+-!&$.!+,'(3!-1.!.(-#4.!56!78!%'44#9'4!04':!
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Understanding of basic species survival needs is required before completing any wildlife 
management plan. This study used data from 16 wolves from 16 different packs to 
estimate home range size and habitat selection of red wolves (Canis rufus) in eastern 
North Carolina. The home range sizes we calculated (2.61 mi2 – 38.19 mi2) were smaller 
than those reported in 2 earlier studies that followed 3-red wolf packs each (Phillips et al., 
2003: 13.40 mi2 - 78.10 mi2; Chadwick et al., 2010: 31.51 mi2 - 57.72 mi2). However, if 
the red wolf pack with the largest home range size in the Phillips et al. (2003) study is 
excluded, the home ranges for the remaining 2 packs fall within the range of our findings 
(13.40 mi2 - 30.00 mi2). In addition, Phillips et al. (2003) used minimum convex 
polygons to determine home range size where as we used "-NNCH, a more conservative 
method of home range estimation (Getz et al., 2007), which could account for the 
discrepancy in home range sizes between the two studies. Chadwick et al. (2010) tracked 
males 2 – 3-years in age, two of which were brothers, and therefore may have been 
dispersing individuals. Though not significantly different, our study showed that 
dispersing animals tended to have larger home ranges than adults or juveniles, which 
could account for the differences in home range size between our study and the one 
completed by Chadwick et al. (2010). Small sample size likely accounts for no significant 
difference in home range size among age classes. Seven dispersers were eliminated from 
this study, 5 due to death and 2 because of inadequate data. Summer (June – September) 
home range size (4.84 mi2 – 5.73 mi2) averaged for all 16 packs over 2-years (2009 and 
2010) corresponded to summer home ranges reported (1.34 mi2 – 4.72 mi2) for one red 
wolf pack monitored during the summer of 2005 (Hinton et al., 2010). We did not look at 
the influence of pack size on home range size, as previous research suggests that a 
relationship does not exist between pack size and home range size in gray wolves 
(Jedrzejewski et al., 2007).     
 
Similar to Phillips et al. (2003) and Chadwick et al. (2010), our study revealed that home 
range size varied with season, being smaller during summer months and larger in winter 
with monthly home range size peaking in January. Smaller home ranges in summer are 
likely due to the presence of pups (Phillips et al. 2003; Chadwick et al., 2010). Mating, 
den preparation and whelping for red wolves typically occurs between February and 
April (C. Lucash, per. comm.), which coincides with the reduction of monthly home 
range sizes. This study found that monthly home range continually reduced in size 
starting in February and continued until reaching the smallest size in April. Monthly 
home ranges remained small until September when they started a steady increase that 
peaked in January. Jedrzejewski et al. (2001) showed home range size and movement 
patterns of gray wolf (Canis lupus) packs were also influenced by reproductive cycles.   
 
Habitat and prey availability also may influence seasonal fluctuations in home range size.  
We found that habitat in the home ranges was primarily composed of agricultural fields 
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year round. However, the percentage of agriculture within home ranges was highest in 
summer and lowest in winter. Increased use of agricultural fields in summer could be due 
to increased food resources available to prey species of red wolves such as white-tailed 
deer. A recent study found that red wolves readily prey on adult white-tailed deer 
(Odocoileus virginianus) and fawns during summer months (Dellinger et al., In Press). 
Growth of crops in agricultural fields in summer could help concentrate prey 
(Vercauteren and Hygnstrom, 1998). Additionally, the birth of fawns in early summer 
could provide a source of prey that is easier to catch, thus allowing red wolf packs to 
gather adequate food in a smaller area. Variation in home range size due to prey 
availability also has been shown in gray wolves (Ballard et al., 1987).  
 
A decrease in percentage of agricultural fields making up home ranges in winter may be 
related to the harvesting of crops. Harvesting eliminates food resources available to prey 
and eliminates potential cover for red wolves. This study found an increase in non-
agricultural habitats, such as upland forests, pocosins, and wetlands, during the fall and 
winter months (Table 6). Chadwick et al. (2010) noted that increased use of non-
agricultural habitats corresponded to the harvesting of row crops between September and 
November and with the onset of the hunting season. Although this study showed that red 
wolves typically selected against non-agricultural habitats, cover types such as early 
successional fields, upland forests, and pocosins could be providing essential cover for 
red wolves after crop harvesting. Also, red wolves tend to prefer cover types with denser 
ground vegetation for den sites (Phillips et al., 2003), thus leading to a switch in habitat 
use during late winter and spring months.   
 
Another important habitat finding is the selection for areas closer to roads. Most roads in 
the red wolf recovery zone are unpaved gravel or dirt roads used for agricultural purposes 
(C. Lucash pers. comm.). Red wolves likely used the road network as travel corridors, 
which could allow for packs to persist in areas where habitats are highly interspersed and 
large parcels of quality habitats are few.  
 
Conclusion: White and Ernst (2004), Singleton et al. (2005), and Kindall and van Manen 
(2007) all stress the need to identify habitat linkages across barriers to properly place 
crossings. Thus, it is imperative not only that wildlife underpasses are constructed in 
areas identified as high use for crossings (Scheick and Jones, 1999), but also that 
crossings are placed in a manner that connects habitat being selected by the species of 
concern. This study suggests that red wolf crossing structures should connect agricultural 
landscapes that are interspersed with upland forests, successional fields and pocosins. In 
addition, avoiding the aforementioned cover types during construction will minimize 
direct impacts to the red wolf population.   
 
Objective 2: )*+,&+-.!-1.!$#3(#0#%+(%.!'0!4.9!/',0!1+2#-+-!%1+(3.$!+(-#%#A+-.9!
04':!-1.!A4'A'$.9!1#31/+<!A4'B.%-!04':!>',&:2#+!=>!-'!-1.!56!78?@78!
#(-.4$.%-#'(C!
!
This was the first study to employ the use of a permeability index to a non-seasonal 
migrating species. This provided a challenge in determining what could be considered a 



! "&!

road “approach”, as we had to be careful not to include normal movements within a home 
range as an approach. The resulting buffer width of 164 ft., which is similar to the buffer 
width suggested for gray wolves (Paquet and Callaghan, 1996), illustrates the willingness 
of red wolves to establish home ranges in close proximity to the current 2-lane highway. 
The resulting permeability indices calculated for the 2-lane section of US 64 using both 
5-hour and 30-minute data were 1.0 and 0.99, respectively. This suggests that the current 
2-lane highway is not discouraging the red wolf population from attempting to cross US 
64. However, it is important to note that only 14 of the 32 collared red wolves crossed a 
highway within the 5-county recovery zone, and 8 of those only crossed either once or 
during dispersal. Just 6 wolves from 3 packs crossed a highway regularly, and all 3 packs 
had home ranges that were adjacent to or straddled US 64.  
 
The original goal was to compare permeability indices between the previously widened 
4-lane section of US 64 in Washington County to the permeability index for the 2–lane 
section. However, a decrease in and near disappearance of the red wolf population to the 
west of Columbia, NC, prevented the collaring of red wolves where the widening to a 4-
lane highway already was completed.   
 
Although the current 2-lane highway is not discouraging wolves from attempting to 
cross, it is important to note that most roads exhibit a distinct trade-off between 
permeability and road kill (Forman and Alexander, 1998). A highly permeable road 
might result in a high level of wildlife/vehicular collisions, whereas an impermeable road 
might have few road kill events. Yet this decrease in road kill comes at the expense of 
habitat connectivity. This trade-off indeed holds true for US 64. Though the 2-lane 
portion of US 64 may not be hindering attempts to cross, road mortality is the second 
leading cause of death among red wolves accounting for 14% of mortalities (USFWS, 
2007).  !
 
Permeability was expected to behave inversely to traffic flow, decreasing during the busy 
summer months and increasing during the winter. However, due to the high permeability 
of the highway, no such relationship existed. In addition, time of day may play an 
instrumental role in the event that crossing times (typically at night) do not coincide with 
peak traffic hours (midday). Such a pattern could be determined by separating traffic flow 
and permeability data by time. It should also be noted that while traffic fluctuates heavily 
on US 64 between summer and winter, the highway experiences relatively low traffic 
volume (maximum 250 vehicles per hour during the peak season) in comparison to other 
highways in the vicinity of the Outer Banks outside of the study area (~791 vehicles per 
hour; Currituck Development Group, 2011). The Federal Highway Administration 
reports that relatively few animals avoid crossing the road at traffic volumes below 2,500 
cars per day and, that while road avoidance increases at moderate volumes (2,500 – 
10,000 cars per day), it is not until traffic volume surpasses 10,000 cars per day that a 
large portion of animals will avoid highway crossing attempts (Clevenger and Huijer et 
al., 2011). The average daily traffic volume for the study site is 1,995 cars per day with a 
peak of 6,500 cars per day in July, placing the focal section of US 64 in the low to 
moderate traffic flow category as defined by the Federal Highway Administration.   
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Construction north of the current US 64 in Tyrrell County has the potential to remove a 
maximum of 0.16 mi2 of red wolf habitat and 6% of the home range area used by a 
current red wolf pack while construction to the south will directly impact only 0.09 mi2 of 
red wolf habitat and will not displace any current red wolf packs. East of Alligator River 
in Dare County, a widening of the current highway to the south has the potential to lead 
to a loss of 0.07 mi2 of red wolf habitat and 20% the home range used by the only 
existing red wolf pack in Alligator River National Wildlife Refuge. Construction to the 
north of US 64 in Dare County will only remove up to 0.04 mi2 of red wolf habitat and 
will not overlap with any current packs. Therefore, limiting construction to the south of 
the existing US 64 in Tyrrell County and north of the highway in Dare County will avoid 
direct effects to the current red wolf population.  
 
We highlight that these results quantify only direct effects on current wolf home ranges. 
Road construction can have many indirect effects through changing hydrology; air, water, 
noise, and light pollution levels; wind flow; humidity; temperature; vulnerability to 
invasive species; and habitat continuity (Forman et al., 2003; Coffin, 2007). These 
indirect effects of the construction can disrupt red wolves living adjacent to the existing 
highway causing a shift in current home ranges. Any shift in home ranges has the 
potential to affect social order, mating, and ability to locate prey. At this time we are not 
able to quantify these effects, but these potential indirect effects may be measured in the 
“during-“ and “post-” construction phases of the project. 
 
Conclusion: Road permeability, calculated using GPS-collar data, was 100%, thus the 
current 2-lane highway does not discourage the red wolf population from attempting to 
cross US 64. This does, however, increase the risk of road mortality events. A decrease in 
the red wolf population to the west of Columbia, NC, prevented collaring of red wolves 
where widening to a 4-lane highway was completed. Therefore, we were not able to 
compare highway permeability between 2- and 4-lane highways. To avoid any direct 
effects to the current red wolf population, highway construction should be limited to the 
south of the existing US 64 in Tyrrell County and north of the highway in Dare County.  
Potential indirect effects of highway widening activities were not quantified, as they 
could not be quantified using GPS or camera data. It is important to note that indirect 
effects can negatively effect the red wolf population.   
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Movement patterns obtained through tracking of GPS locations and remote camera traps 
clearly demonstrate that red wolves crossed US 64 and two other highways in the red 
wolf recovery zone, with some frequency. This implies there is potential for one of two 
outcomes of widening the road from 2 to 4 lanes: (1) either increased traffic or the 
increased width itself may increase road mortality, or (2) these factors may decrease road 
permeability. The degree to which these threats are deemed relevant and serious will have 
a significant bearing on NC DOT’s planning and execution of the construction project.  
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The distribution of GPS-collar locations and camera trap photos along US 64 revealed 5 
distinct red wolf crossing sites, 4 west of Alligator River in Tyrrell County and 1 east of 
the river in Dare County. Though they do not overlap completely, GPS-collar data and 
camera trap data are in accordance for the location of the crossing site in Dare County.  
However, that is not the case in Tyrrell County. GPS-collar data revealed 1 crossing site 
in Tyrrell County, while camera trap data identified the 3 additional crossing sites. Two 
factors contributed to the 2-methods not overlapping in Tyrrell County. First, due to the 
number of false crossings, GPS-collar data from wolf #1880 was eliminated from our 
analysis, thus eliminating GPS-collar data along the section of US 64 coinciding with the 
cameras. False crossings were obtained from this wolf because US 64 bisected her home 
range (Figure 12). Secondly, cameras were not set up where GPS-collar data identified a 
crossing location in Tyrrell County due to increased risk of camera theft within the town 
limits of Columbia, NC.  
 
The potential for “false crossings,” which may suggest that a crossing took place in a 
different location from where it actually occurred, exists in the remainder of the GPS-
collar data as well. However, the presence of such distinct activity clusters, particularly 
under the 30-minute schedule, suggests that our results captured real movement trends. 
Although we captured nearly 3 times as many crossing events and the data displayed 
tighter clustering with better defined locations using the 30-minute collar schedules, the 
location of crossing sites identified using GPS-collar data was generally consistent 
between the 2 schedules (5-hour and 30-minute). 
 
The red wolf crossing site identified in Dare County is within the Alligator River Wildlife 
National Wildlife Refuge and is centered on Hickory Road. This matches the location of 
an important black bear crossing site (Vaughan et al., 2011), and therefore is a candidate 
site for the placement of a multi-species crossing structure for large wildlife. Likewise, 
the 3 red wolf crossing sites in Tyrrell County located via camera trap data overlap with 
candidate areas for large wildlife crossing structures identified in an earlier study by 
University of Central Florida (UCF) (Smith, 2011). The red wolf crossing site between 
miles 23 and 24 (cameras W12 and W14) overlaps with “Area 1” of the UCF study 
(Smith, 2011), which is centered on the western intersection of Old US 64 and US 64.  
The red wolf crossing sites at mile 20.5 (camera W24) and mile 19 (camera W30S) 
overlap with “Area 3”and “Area 5” of the UCF study, respectively (Smith, 2011) and are 
located near the eastern intersection of Old US 64 and US 64. Using the eastern 
intersection of Old US 64 and US 64 as a reference point, “Area 3” is 0.31 miles west of 
the intersection and “Area 5” is 1.16 miles east of the intersection. 
 
The red wolf crossing site in Tyrrell County identified using GPS-collar locations is 
located within the town limits of Columbia, NC where US 64 narrows from 4 to 2 lanes.  
Placement of a crossing structure here may not be practical because of proximity to 
residential areas.   
 
Crossing rates suggest that there is no difference in highway crossing behavior between 
sexes or among ages. As with the home range analysis, the lack of any significant 
difference in either sex or age class might simply be a function of low sample size, and it 
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is possible that a real relationship could be hidden by an interaction between the two 
variables, which we were unable to test for the same reason. This possibility is supported 
by data on road mortality, which has impacted dispersers hardest among the age classes. 
Although road mortality accounts for 14% of deaths for the red wolf population over all, 
when broken down by age class, road mortality accounts for 19% of dispersers but only 
6% of breeding adults (USFWS, 2007). Low sample size and high expense per individual 
is a common hurdle in research involving large carnivores, as was true for this study. In 
addition, the status of the red wolf as critically endangered puts a major constraint on 
population size from which to draw a sample.  
 
In addition to identifying the location of important red wolf crossing sites, we also 
investigated which habitat variables were correlated with those locations. The presence of 
agricultural fields, successional fields, and/or upland forests 328 ft. to 492 ft. (100 to 150 
m) from the road best predicted where a red wolf chose to cross when using GPS-collar 
data while trail/road greater than 26.24 ft. (8 m) provided the best explanation for the 
location of crossing sites identified by remote camera traps. The presence of agricultural 
fields, successional fields, and upland forests as well as proximity to maintained 
agricultural/forest roads at crossing sites corresponds to habitat selection results. 
 
Conclusion: The distribution of GPS-collar locations and camera trap photos along US 
64 revealed 5 distinct red wolf crossing sites, 4 west of Alligator River in Tyrrell County 
and 1 east of the river in Dare County. Four of the 5 red wolf crossing locations we 
identified are suitable for crossing structures. The most western crossing site is located 
within the town of Columbia, NC where retro fitting a wildlife underpass may be 
impractical. All 4 crossing sites suitable for placement of a crossing structure overlap 
with large wildlife crossing locations identified in previous studies. The 1 red wolf 
crossing site located in Dare County is centered on Hickory Road and the 3 crossing sites 
in Tyrrell County are approximately where US Old 64 intersects with US 64. Although 
no significant difference in crossing behavior was found during this study, high road 
mortality among dispersers suggests they may cross the highway more frequently than 
adults or juveniles. The most parsimonious models looking at the relationship between 
habitat variables at 164 ft. increments from US 64 and road/trail widths measured at road 
access points where cameras were placed (e.g. dikes, logging roads, public property 
access roads) indicates that well maintained trails at least 26.24 ft. (8 m) in width leading 
to and from underpasses and connect habitats selected for by red wolves (e.g. agriculture, 
successional fields, and upland forests), will optimize efficacy.  
 
The data presented here are reflective of the current population’s behavior. In the event 
that wildlife crossing structures are deemed necessary, our results identify locations 
where crossing structures would have the greatest effect on the red wolf population.  
This project is only one of several examining the use of US 64 by numerous wildlife 
species. The results of those studies, in addition to this one, should be taken into account 
in determining the need for mitigation, the type of mitigation to use, and the layout that 
would be most compatible with all target species. The direct and indirect effects of the 
road widening project remain difficult to predict, yet the potential for a negative effect on 
the red wolf must be considered. Careful monitoring of the red wolf population 
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throughout and following the construction process will be crucial to ensuring red wolf 
survival and will aid management decisions in future road issues. 
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Red wolves (Canis rufus) were originally described in 1851 by Audubon and Bachman 
and considered a subspecies of the gray wolf. However, red wolf heritage came under 
debate in the mid-1900’s when Goldman suggested that all of the southeastern wolf 
subspecies should be combined into the distinct species of Canis rufus, separate from 
gray wolves. Many supported this decision until the advent of genetic methodologies in 
the 1990’s. Genetic studies in the 1990’s provided support for the hypothesis that red 
wolves evolved from a natural hybridization between gray wolves and coyotes (Wayne 
and Jenks 1991; Wayne 1992; Roy et al. 1994, 1996; Wayne and Gittleman 1995; Wayne 
et al. 1998; Reich et al. 1999). However, Wilson et al. (2000) suggested that red wolves 
and Algonquin wolves (Canis lupus lycaon) diverged from gray wolves 1.2 million years 
ago and then diverged from coyotes 150,000 to 300,000 years ago. Work by Hendrick et 
al. (2000) investigating major histocompatibility complex genetics data indicates that red 
wolves are more closely related to coyotes than to gray wolves, adding support to the 
claims made by Wilson et al. (2000).       
 
The current stance that the red wolf is a species in its own right, separate from gray 
wolves, coyotes, and domestic dogs is based on mtDNA sequencing of 340 base pairs 
showing a unique sequence for red wolves (Adams, 2002; Adams et al., 2003). However, 
the debate over red wolf taxonomy is far from over. Both Wilson et al. (2000, 2003) and 
Kyle et al. (2006, 2007) now suggest that red wolves and Algonquin wolves are 
genetically similar enough to be combined into one species, the eastern wolf (Canis 
lycaon). In 2007 Murray and Waits, while acknowledging the genetic similarity between 
red wolves and Algonquin wolves and the plausibility that they are conspecifics, argue 
that combining the two species would hinder red wolf conservation efforts and the ability 
to secure conservation funds because red wolf extinction would become an issue of 
population extinction rather than species extinction. In 2008, Kyle et al. rebutted the 
article by Murray and Waits stating that taxonomy embracing conservation agendas 
rather than scientific scrutiny should be avoided. Kyle et al. (2008) go on to say that 
while they agree with Murray and Waits (2007) that there are instances in which 
genetically unique populations warrant protection, that the genetic uniqueness of the red 
wolf population is not supported scientifically. Red wolves and Algonquin wolves are 
only separated genetically by one mtDNA haplotype differing by one base pair (Wilson 
et al. (2000, 2003). Kyle et al. (2008) suggest that any difference between red wolves and 
Algonquin wolves may be an artifact of a low effective population size, a founder effect, 
a by-product of artificial selection, and/or because of current management strategies that 
remove individuals that are <80% red wolf from the breeding population (potentially 
removing important red wolf genes from the population). For now, the taxonomy of red 
wolves remains under debate. 
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The historical range of red wolves was originally described as occurring from south 
central Texas east to Florida and then north to the Ohio River (Nowak, 1979). The 
historical range was then extended north to Pennsylvania in 1995 (Nowak) and then north 
again to south central Maine in 2002 (Nowak) in support of the theory that there is one 
eastern wolf species. Red wolves declined initially with European colonization (USFWS, 
2007). Predator control programs and habitat fragmentation in the 1960’s dramatically 
reduced red wolf populations. By the 1970’s, red wolves were reduced to remnant 
populations along the Texas and Louisiana coast.  In 1973, the red wolf achieved 
endangered status with the passing of the Endangered Species Act of 1973. The United 
States Fish and Wildlife (USFWS) Service worked to capture the remaining wild red 
wolves between 1974 and 1980 to establish a captive breeding population as a last ditch 
effort to save the red wolf (USFWS, 2007). The USFWS successfully captured 17 
individuals, 14 of which were used as founders for the captive breeding program 
(USFWS, 2007). As a result of capturing the remaining wild animals, red wolves were 
declared extinct in the wild in 1980.  
 
Through the establishment of a captive red wolf breeding program with the Association 
of Zoos and Aquariums (AZA), enough red wolves were bred in captivity to attempt a 
reintroduction in 1987. The reintroduction began with the release of 4 breeding pairs on 
the Alligator River National Wildlife Refuge. By 1988, the first pups (2 litters) were born 
post reintroduction (USFWS, 2007). The USFWS started two additional red wolf 
reintroduction programs; in 1991 at the Great Smoky Mountains National Park at the 
Tennessee/North Carolina border and in 1993 at the Pocosin Lakes National Wildlife 
Refuge in North Carolina just 27 miles west of the original reintroduction site. The 
reintroduction in the Great Smoky Mountains did not succeed, but the reintroduced 
populations at Alligator River National Wildlife Refuge and the Pocosin Lakes National 
Wildlife Refuge continued to expand and merged to form the current, and only, red wolf 
population in the wild. The current red wolf recovery zone has expanded to 5 counties in 
North Carolina’s Albemarle Peninsula (Dare, Tyrrell, Washington, Beaufort, and Hyde 
Counties – see current range in Figure 1) and contains between 100 and 130 red wolves 
forming 20 packs (USFWS, 2007). Red wolves remain listed under the Endangered 
Species Act of 1973 (USFWS, 2007) and are recognized by IUCN as one of the most 
endangered canid species in the world (IUCN, 2006). The re-introduced population +,!
-.,+/012.-!1,!0304.,,.02+15!.67.8+9.0215:  
 
The USFWS has a population goal of 220 individuals, yet the population has fluctuated 
between 100 and 130 individuals over the past 12 years (USFWS, 2007). USFWS 
biologists with the Red Wolf Recovery team feel that the population can still expand 
further west allowing population growth to continue. However, non-USFWS researchers 
on the Red Wolf Implementation Team believe that the red wolf population may have 
reached carrying capacity within the recovery zone (USFWS, 2007). Models suggest that 
carrying capacity for red wolves within the current 5 county recovery zone is 
approximately 138 individuals (Murray, unpublished data). Starting in 2002, to help 
bolster the wild population, captive-born pups have been fostered to wild parents with 
similarly aged pups (USFWS). However, a better understanding of habitat requirements 
is needed to determine the ability of the peninsula to hold more animals. 
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Management of the red wolf gene pool and genetic fitness are the primary focus of the 
red wolf recovery and species survival plan due to a low effective population and 
potential founder effects. Genetic drift and inbreeding depression are of concern with 
small populations (Caughley, 1994). A study by Kalinowski et al. (1999) reported to find 
no evidence of inbreeding depression within the captive red wolf population. Long and 
Waddell (2006) reported that the captive population retained 89.65% of the genetic 
diversity of the founding captive population. Despite these results, there have been 
reports of physical anomalies in the captive red wolf population such as progressive 
retinal atrophy, malocclusion and undescended testicles (USFWS, 2007). Although a 
study by Miller et al. (2003) showed that only a few individuals per generation were 
needed to maintain sufficient genetic diversity in a grizzly bear population, further 
studies are needed to determine if genetic drift and inbreeding depression are impacting 
the wild red wolf populations.   
 
For now, management of the reintroduced red wolf population focuses on a different 
genetic problem, the introgression of coyote genetics. Kelly et al. (1999) reported 
interbreeding between coyotes and red wolves resulting in coyote gene introgression into 
the wild red wolf population. As a result, an adaptive management plan was developed 
(Fazio et al., 2005). The plan calls for either the complete removal of coyotes and hybrids 
or the sterilization of hormonally intact coyotes and hybrids via vasectomy and tubal 
ligation, depending on the location within the recovery zone. In Zone 1 of the plan, all 
coyotes and hybrids are removed. In zones 2 and 3, coyotes and hybrids are sterilized and 
then used as territorial “place-holders” until replaced by wild red wolves. The sterilized 
coyotes and hybrids cannot interbreed with wild red wolves and they exclude intact 
coyotes or hybrids from the territory they hold. The idea is that these sterilized animals 
act as “place-holders” until red wolves replace them either naturally via displacement or 
through management actions to make room for translocation of a red wolf pair. The 
effectiveness of the management plan is evaluated via non-invasive genetic monitoring of 
canid scats (Waits 2004; Waits and Paetkau, 2005; Adams, 2006; Adams and Waits 
2007). Through continued genetic monitoring, Adams noted strong evidence that a single 
hybridization event in 1993 resulted in most introgression of coyote genes into the red 
wolf population observed to date. From this evidence, Adams (2006) infers that 
hybridization with coyotes has had less genetic impact on the restored red wolf 
population than originally thought by Kelly et al. (1999), largely because backcrossing 
has been rare in the population.   
 
Due to the immediate attention required to address the hybridization of red wolves and 
coyotes, less is known about red wolf home range, habitat, and diet requirements.  Two 
recent studies examined red wolf home range and habitat use. The first study (Hinton and 
Chamberlain, 2010) used VHF collars to follow two red wolf packs during summer 2005 
(July to September), one with pups and one without pups. This study found that the pack 
with pups had a smaller average home range size than the pack without pups, 5.74 km2 
vs. 9.55 km2 for diurnal home range and 8.24 km2 vs. 9.40 km2 for nocturnal home 
ranges, respectively (Hinton and Chamberlain, 2010). Although it is important to note 
that the larger averaged home range calculated for the non-breeding pack is likely driven 
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by one male whose home range was 2-3 times larger than any other wolf in the study. 
Adults in both packs increased home range size nocturnally (1800-0559 hours) and both 
packs spent approximately 98% of their time in agricultural fields, defined as corn, 
soybean, and cotton (Hinton and Chamberlain, 2010).   
 
The second study investigating red wolf home range and habitat use employed GPS 
collars to monitor 4 male wolves from 3 packs over a period ranging from 11 to 18 
months (Chadwick et al., 2010). Chadwick et al. (2010) corroborated the finding that red 
wolf packs primarily utilize agricultural fields during summer and early fall months, with 
highest use of agricultural fields occurring July through September. However, they noted 
a seasonal switch to grass/brush and forested habitats during winter and early spring 
months, November to May (Chadwick et al., 2010). Though results of both studies 
showed similar summer habitat preferences, the home range size estimates calculated by 
Chadwick et al. (2010) were several magnitudes larger than those calculated by Hinton 
and Chamberlain (2010). Home ranges reported in Hinton et al. (2010) ranged from 3.48 
km2 to 12.24 km2 while those calculated by Chadwick et al. (2010) ranged from 81.6 km2 
to 148.1 km2. Both studies employed kernel density estimators to estimate home range 
size. Chadwick et al. (2010) did mention that they found a 40 to 63% reduction in home 
range size during summer months, but that places their summer home range estimates 
between 51.4 km2 and 59.24 km2, still considerably larger than those estimated by Hinton 
and Chamberlain (2010).  
 
Though Hinton and Chamberlain (2010) did calculate home range size for both sexes and 
all age classes, they only collected point locations for a period of 3 months and the 
number of daily locations varied. Chadwick et al. (2010), while focusing only on 
nocturnal movements of males, collected point locations over a period of 11 to 18 months 
and were able to consistently collect 4 locations per day with the use of GPS collars.  
This suggests that the discrepancy in home range estimates between the two publications 
may be the result of Hinton and Chamberlain (2010) not collecting enough locations to 
accurately capture the entire home range size. Until data on all sexes and age classes 
collected covering the entire 24-hour period and across all seasons is made available, 
conclusions concerning red wolf home range and habitat requirements cannot be made. 
 
Phillips et al. (2003) reports that the primary prey species of red wolves include: white-
tailed deer, raccoon, rabbits, nutria, and other small rodents. A more recent diet 
assessment via scat analysis lists white-tailed deer as the primary prey item of red wolves 
(Dellinger et al. in review). However, packs will increase the amount of small rodents 
and human-sourced foods (e.g. hog pits) in their diet during periods of increased energy 
demands such as pup rearing (Dellinger et al., in review).  
 
For red wolf management to move forward, the current gaps in knowledge of red wolf 
natural history need to be filled. Furthermore, before model building to predict the effect 
of a highway widening through the red wolf recovery zone starts, base knowledge of 
home range and habitat selection is required.     
          
! !
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Accompanying the rapid expansion of our transportation network was a growing concern 
over the environmental effects of roadways. The emergence of road ecology, coined by 
Richard T.T. Forman (1998), as a distinct discipline has brought together scientists from 
many disciplines (e.g. landscape ecology, wildlife biology, toxicology, hydrology, 
limnology, etc) and engineers to tackle the ecological challenges posed by transportation 
systems. For several decades now, researchers have studied the effects of roads on both 
the abiotic and biotic components of ecosystems. As a result, we now know that roads 
affect hydrology, air, water, noise, light pollution levels, wind flow, humidity, 
temperature, vulnerability to invasive species, and habitat continuity (Forman et al., 
2003; Coffin, 2007). Such large-scale and multifaceted changes to ecosystems have many 
detrimental effects on wildlife (Jackson, 1999), including direct mortality (Lalo, 1987; 
Harris and Scheck, 1991; Schwabe and Schuhmann, 2002), habitat destruction (Theobald 
et al., 1997; Angelsen and Kaimowitz, 1999), barrier effects (Forman et al, 2003), and 
increased human land use activities (Bjurlin and Cypher, 2003; Coffin, 2007).  !
 
Before road mortality can be effectively mitigated, it is important to understand the 
factors that influence wildlife-vehicle collisions to occur in the first place. Jaarsma et al. 
(2006) modeled several road, traffic, vehicle, and species characteristics to find which 
had the greatest influence on the occurrence of a wildlife vehicle collision event. They 
found that traffic volume and the animal’s traversing speed were the greatest predictors in 
determining a road mortality event, with higher traffic volumes and slower crossing 
speeds more likely to lead to a collision (Jaarsma et al., 2006). Two separate studies 
investigating the relationship among road kill events, body size, and diet found that 
carnivores were less likely to be hit along a road as compared to herbivores and 
omnivores (Ford and Fahrig, 2007, Barthelmess and Brooks, 2010). Those same two 
studies found a peaked relationship between road mortality and body size, with small (<1 
kg) and large (>10 kg) body animals less like to be killed by vehicles as compared to 
medium (1 – 10 kg) sized animals (Ford and Fahrig, 2007, Barthelmess and Brooks, 
2010). All three of the above cited articles suggest that direct mortality resulting from 
roads may not have a significant negative impact on carnivore populations as many 
carnivores are faster moving and larger bodied.   
 
However, a study in southern Texas that looked at the influence of habitat variables on 
the location of bobcat road mortality events found that suitable habitat adjacent to the 
highway best explained the location of mortality events (Cain et al., 2003). These results 
were corroborated by another bobcat study in southern Illinois (Kolowski and Nielsen, 
2008). Likewise, red wolves in northeastern North Carolina cross highways at locations 
adjacent to preferred habitat and established home ranges (Proctor, unpublished data). 
These results are similar to studies evaluating the use and success of highway crossing 
structures. The most successful wildlife crossing structures are the ones that connect 
preferred habitats of the targeted species (Ng et al. 2003, White and Ernst 2004, 
Singleton et al., 2005, Kindall and van Manen, 2007). 
 
When vehicle strikes do occur, they account for a low percentage of mortality in 
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carnivores and do not translate into population level effects. Even for endangered San 
Joaquin kit foxes, road mortality rarely accounted for over 10% of mortality, with 
predators accounting for most mortality events (Bjurlin and Cypher, 2003). In a 3-year 
study that followed 60 radio collared kit foxes that lived in close proximity to a 2-lane 
paved highway, only one was lost to a vehicle strike (Cypher et al. 2009). However, prior 
to mitigation efforts, road mortalities did account for 49% of mortality in Florida panthers 
(Maehr et al., 1991). The carnivore populations with the highest reports of road kill 
events in the United States are black bears. In Virginia, black bears and white-tailed deer 
account for the most frequently recorded road kill events (Donaldson, 2007). Two studies 
in Florida found increased road mortality of black bears in areas of higher road density 
(Hostetler et al., 2009, McCown et al., 2009). These results differ from studies focusing 
on other carnivore populations where an increase in road density lead to increased road 
avoidance rather than increased mortality events (Dickson et al. 2005, Chetkiewicz and 
Boyce 2009). However, the studies by Ford and Fahrig (2007) and Barthelmess and 
Brooks (2010) did find that omnivores are more likely to be stuck by vehicles as 
compared to carnivores. Although black bears are classified as carnivores, their diet is 
omnivorous.   
 
A barrier effect blocking access to resources, dispersal, and gene flow is the greatest 
impact of highways and roads on carnivore population in the United State. A study in 
southern California found that while cougars often made use of dirt roads, they actively 
avoided paved roads (Dickson et al., 2005). Similar results were found in another study 
with cougars negatively associated with roads, particularly during winter months 
(Chetkiewicz and Boyce, 2009). Riley et al. (2006) found that coyote and bobcat 
populations in southern California separated by a major freeway exhibited genetic 
differentiation, suggesting that the freeway is a barrier to dispersal. For those that do 
cross, heightened territorial behavior along roadways can discourage reproductive 
success, again limiting gene flow (Riley et al., 2006). Likewise, a study found that a 
highway in southern Canada is acting as a dispersal barrier for grizzly bears at the US-
Canada border, as evidenced through genetic differentiation between the two populations 
(Proctor et al., 2005). The result is the creation of two vulnerably small populations 
(Proctor et al., 2005). A highway was found to restrict gene flow in a Cleveland, Ohio 
coyote population and direct the movements of migrants towards urbanizing centers 
(Rashleigh et al., 2008). Even when they do not constitute an absolute physical barrier, 
high-use roads can lead to avoidance behavior in canids affecting their ability to move 
across a landscape (Kaartinen et al., 2005, Whittington et al., 2004). The degree to which 
a road impacts canid survival is dependent on the specific situation, and sometimes no 
detrimental effects are observed, as in the case with San Joaquin kit foxes (Cypher et al., 
2009).  
 
The amount to which a road constitutes a movement barrier for black bears is dependent 
of the level of traffic volume (McCown et al., 2009). A study documenting the 
movements of two black bear populations along the same highway in Florida found that 
the population living in the area with lower traffic volume crossed the highway more 
often (McCown et al., 2009). In Maryland, black bears avoided the larger primary 
highways, but readily crossed all other road classes (Fecske et al., 2002). In the northern 
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Rockies, just under 50% of collared black bears were willing to cross a highway at least 
once were (Lewis et al. 2011). A study in North Carolina found that site occupancy of 
black bears deceased from 0.81 to 0.35 a highway in the study area was widened from 2-
lanes to 4-lanes (Nicholson and van Manen 2009). For black bears, roads appear to 
exhibit the distinct trade-off between permeability and road kill discussed by Forman and 
Alexander (1998).  
 
Though the last 10 years has documented many adverse effects of highways and roads on 
carnivore populations, there have been positive developments as well.  Highway crossing 
structures have been successful at mitigating some negative impacts of highways on 
carnivore populations. In Texas, bobcats did make use of culverts to cross a highway 
when the culverts were placed adjacent to suitable habitat (Cain et al., 2003). A study in 
California found that a large variety of species, including reptiles, small mammals, 
carnivores, and mule deer use highway underpasses, even underpasses not designed 
specifically for wildlife (Ng et al., 2004). A study investigating wide variety of structures, 
including culverts, modified box-culverts, underpasses, and overpasses, found that 
culverts were the least used preferences between underpasses and overpasses varied with 
species (Mata et al., 2008). A study in Portugal found that red foxes, badgers, genet, and 
Egyptian mongooses used underpasses and culverts without preference (Grilo et al., 
2008). However, a study of wildlife underpasses in Virginia revealed that while they 
were effective for foxes and coyotes, they did not find evidence of black bears utilizing 
highway underpasses (Donaldson, 2007). Likewise, a study monitoring the success of 
multi-species highway underpasses following a highway-widening project found that 
bobcats, black bears, and foxes utilized underpasses, but not coyotes or red wolves 
present in the area (McCollister and van Manen, 2010).  
 
In all documented success of highway crossing structures, the authors noted that the 
successful structures connected areas of suitable habitat for the target species. The non-
detection of all area carnivore species in the multi-species crossing structures may be the 
result of not being located in an area that contains suitable habitat for all species. Though 
multi-species structures may be may appear to be more cost effective initially, a lower 
success rate will decrease the cost effectiveness in the long run.   
 
While the subjects above have gotten considerable coverage in the peer-reviewed 
literature, relatively little research has been directed at determining the placement of 
highway underpasses. In may be beneficial to focus future research efforts on 
determining the effective placement of highway crossing 
 
Of the studies that focused on placing mitigating structures, methodologies have varied 
widely and range from non-invasive to the capture and handling of target species. Non-
invasive techniques include the use of track/trail counts (Van Dyke et al., 1986; 
Rodriguez et al., 1996; Alexander and Waters, 1999; Scheick and Jones, 1999, 2000; 
Barnum, 2001, 2003), remote cameras (Scheick and Jones, 1999, 2000), barbed wire hair 
traps (Wills and Vaughan, 2005), road kill surveys (Clevenger et al., 2003b; Mazerolle, 
2004; Smith et al., 2009), and GIS based modeling (Smith et al. 1998; Klein, 1999; 
Kobler and Adamic, 1999; Sheick and Jones, 1999, 2000; Clevenger et al., 2003a; Lloyd 
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et al., 2005). Non-invasive techniques are relatively inexpensive and can be effective, 
however all are time intensive. A constraint of track counts is the requirement of an 
appropriate substrate, the use of sand, or, in some areas, the presence of fresh snow.  
Remote camera traps provide crossing location, date, time, and work for a wide variety of 
species. Yet, cameras cannot cover the entire length of the highway simultaneously.  
Running barbed wire the length of the study area provides crossing location and, with the 
addition of genetics, crossing frequency on the level of the individual. Drawbacks of 
using barbed wire include the added cost of genetics and the limited number of mammals 
this technique is appropriate for. Road-kill surveys to detect crossing hotspots are an 
excellent method for collecting data on a wide range of species simultaneously. However 
rate of decay, scavenger activity, and method of survey (driving vs. walking) can affect 
results and must be considered in planning survey interval times. Road kill surveys may 
also miss animals that wander away from the collision site before dying. It has also been 
suggested that while road kill events do represent failed attempts to cross, they do not 
necessarily indicate important linkage areas. The primary weaknesses of the GIS-based 
techniques are data availability and data quality. GIS models are most effective when 
data on habitat use patterns of the subject species are well known and where the habitat is 
diverse and heterogeneous. A limitation of non-invasive techniques as a whole, with the 
exception of GIS based models, is inherent bias unless the entire length of the proposed 
highway construction project is covered. Many of the studies cited here established 
transects or plots rather than surveying the entire study area, thus missing crossing 
activity at sites not surveyed.  
 
The more invasive techniques involve capturing and collaring target species in order to 
track movements. These techniques are especially useful when the study is focused on a 
particular species as opposed to a generalized group. A few studies employed the use of 
VHF radio collars to identify road-crossing locations and the influence of highways on 
animal movements (Beringer et al., 1990; Chruszcz et al., 2003; Riley et al., 2003; 
Dickson et al., 2005; Wray et al., 2005). Though radio telemetry is a more affordable 
method of telemetry, it is time intensive and often long time intervals exist between 
locations. Low-resolution movement data may inaccurately depict crossing sites, or miss 
crossings altogether. In addition, accessibility to collared animals can be limited due to 
terrain, road condition, and/or private property. GPS telemetry, though more expensive, 
allows the tracking of animal movements via satellite and reduces accessibility issues.  In 
addition, GPS collars can be programmed to collect data in short time intervals, 
improving resolution. High-resolution movement data is essential for pinpointing road-
crossing locations. Though GPS collars may cost more up front, they provide more 
accurate locations, and save money by reducing man and vehicle hours required for data 
collection (Rodgers et al. 1996, Mech and Barber 2002). GPS collars have successfully 
been used to identify road-crossings for many large mammals such as grizzly bears 
(Waller and Servheen, 1999, 2005), black bears (McCoy, 2005), and elk (Dodd et al., 
2007).        
 
All of the techniques described above identify cross-locations for the placement of 
mitigating structures, but do not measure the extent to which a road is acting as a barrier.  
Most studies use genetic sampling to measure whether or not a road is acting as a barrier 
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to gene flow in a population (Gerlach and Musolf, 2000; Epps et al., 2005; Riley et al., 
2006). However, in 2007, Dodd et al. proposed the use of a permeability index to 
measure the barrier effect of a highway. A permeability index is a passage rate calculated 
by using the following equation: #crossings/(#crossings + #approaches, where an 
approach is defined as a red wolf entering into a 164 ft. buffer zone around the highway 
without crossing (see Figure 2). So far, this methodology has only been used on ungulates 
with seasonal migration patterns and not on species that remain in smaller defended 
territories.   
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Hi Joe,
 
It was good seeing you and the guys last week at the meeting!
 
I wanted to follow up regarding proposal comments from FWS staff (your program and refuges) and
to request a copy of the immobilization protocol developed by NCSU.
 
I’ve been tasked with getting all proposal revisions in to Allen and David by end of day this Friday. I
realize this is very fast turnaround, so any comments that staff have, in whatever form (e.g. scanned
copies of handwritten notes on the draft would be adequate) would be appreciated. I’d like to be
able to incorporate these comments into the draft, but will need them no later than EOD
Wednesday.  
 
Thanks again for attending the meeting and providing your knowledge, experience, and perspective.
 
All the best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Canid Biologist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
38 Mattamuskeet Rd, Swan Quarter, NC 27885
office: 252-926-0266
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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Pete,

Here's what I sent Andrea for our comments.  I tried to be both diplomatic about it, yet firm on
certain points, so I hope that comes across to you.

Thanks,

Joe Madison
Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

---------- Forwarded message ----------
From: Madison, Joseph <joseph_madison@fws.gov>
Date: Mon, Dec 4, 2017 at 4:39 PM
Subject: Re: [External] Re: Proposal Comments Needed
To: "Shipley, Andrea J" <andrea.shipley@ncwildlife.org>

Andrea,

Attached are the consolidated comments from the FWS Ecological Services folks and a few
from Refuges.  I forwarded your message to Rebekah Martin as well because they may have
additional comments, which they may or may not have already forwarded to you.  

In addition to the comments contained in the attached document, it would be beneficial for the
proposal to further tease out or expand on how the proposed project would "...promote the
conservation and recovery of the red wolf...", as stated as an objective in the research portion
of the Canid Memorandum in 2013.

Let me know if there are questions on any of the comments or you need anything additional.

Thank you and we look forward to working with you on this and other projects, 

Joe Madison



Assistant Field Supervisor
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Mon, Dec 4, 2017 at 1:16 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:

Thanks so much, Joe!

 

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

Andrea J. Shipley

Canid Biologist, Wildlife Diversity Program

 

NC Wildlife Resources Commission

38 Mattamuskeet Rd, Swan Quarter, NC 27885

office: 252-926-0266

mobile: 984-232-1542

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Re: Proposal Comments Needed

 



CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as
an attachment to report.spam@nc.gov.

 

Andrea,

 

I have been working on the consolidation of the FWS comments regarding the WRC
proposal and hope to get those to you by the end of today or tomorrow morning at the latest.

 

Thanks,

Joe Madison

Assistant Field Supervisor

Eastern North Carolina Ecological Services Sub-Office

U.S. Fish and Wildlife Service

100 Conservation Way

Manteo, NC 27954

Office: (252) 473-1132 ext 245

joseph_madison@fws.gov

 

On Mon, Dec 4, 2017 at 11:46 AM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hi Joe,

 

It was good seeing you and the guys last week at the meeting!

 

I wanted to follow up regarding proposal comments from FWS staff (your program and
refuges) and to request a copy of the immobilization protocol developed by NCSU.

 



I’ve been tasked with getting all proposal revisions in to Allen and David by end of day
this Friday. I realize this is very fast turnaround, so any comments that staff have, in
whatever form (e.g. scanned copies of handwritten notes on the draft would be adequate)
would be appreciated. I’d like to be able to incorporate these comments into the draft, but
will need them no later than EOD Wednesday.  

 

Thanks again for attending the meeting and providing your knowledge, experience, and
perspective.

 

All the best,

 

Andrea

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

Andrea J. Shipley

Canid Biologist, Wildlife Diversity Program

 

NC Wildlife Resources Commission

38 Mattamuskeet Rd, Swan Quarter, NC 27885

office: 252-926-0266

mobile: 984-232-1542

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
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STATE:    North Carolina 1 
 2 
GRANT TITLE:    W79-Wildlife Management 3 
 4 
PROJECT TITLE:   Pilot Study – Using Fine Scale GPS Technology to Research  5 

Sympatric Canid Population Dynamics (Job 2.0?) 6 
 7 

A.  Problem and Need 8 

The coyote (Canis latrans) is now abundant throughout the 100 counties in North 9 

Carolina (NC), and is managed as nongame with no closed season or bag limit (NC Wildlife 10 

Resources Commission 2016). Previously restricted to the West and Midwest regions of the 11 

United States, by the early 1990s coyotes had expanded their range into the Albemarle 12 

Peninsula (AP), which is situated in the northeast coastal plain region of NC (Hinton et al. 2012, 13 

Murray et al. 2014). In recent years as coyotes have increased their population, some have 14 

begun to make use of the Outer Banks region.  15 

The United States Fish and Wildlife Service (USFWS) released a non-essential, 16 

experimental population of captive-bred red wolves (Canis rufus) on the Alligator River National 17 

Wildlife Refuge (ARNWR) in 1987 (Hinton et al. 2013). This population increased until 2008 and 18 

peaked at around 130 individuals (Group Solutions, Inc. 2016), short of the recovery goal of 220 19 

in the wild (USFWS Red Wolf Recovery Program 2013). The AP has an estimated carrying 20 

capacity of 140-150 wolves (Hinton et al. 2013, Kelly et al. 1999, USFWS Red Wolf Recovery 21 

Program 2007). The exact number of red wolves is not known, but USFWS staff report a 22 

population estimate of 45-60 individuals with eight mortalities to date in 2016 23 

(https://www.fws.gov/redwolf/index.html August 2016). Hybridization with coyotes and 24 

inbreeding depression are suspected factors that have affected red wolf population growth and 25 

viability since the inception of the Red Wolf Recovery Program (RWRP), while vehicular and 26 

gunshot mortality are known factors (Hinton et al. 2013). Because of hybridization between red 27 

wolves and coyotes, the AP supports a continuum of sympatric canids, hereafter referred to as 28 

“sympatric canids.” 29 

As part of a recent program review, the USFWS halted many aspects of the RWRP in 30 

2015 and discontinued the coyote sterilization program, potentially affecting the spatial 31 
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distribution and population dynamics of sympatric canids. Telemetry data from coyotes on the 32 

AP suggests that about 70% of coyotes are residents (i.e., those that defend set territories) 33 

while the other 30% are transients, with most being dispersing juveniles (Hinton et al. 2015). 34 

Transient coyotes do not defend set territories. Coyotes can travel long distances and become 35 

transient even as adults, especially when they lose their mate. Recently described as using 36 

“compensatory immigration,” coyotes opportunistically fill spatial resource gaps by periodic 37 

transiency; when spots come open, individuals that do not yet have permanent territories and 38 

have been roaming in the area, are able to inhabit the new openings (Hinton 2016). These 39 

periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 40 

especially when they are utilizing of anthropogenic resources.  41 

Though a rural area, human land uses occupy a significant portion of space on the AP. 42 

The AP is comprised of approximately 30% agricultural fields, 50% forest and coastal marshes, 43 

and 20% “other” land cover types on federal, state and private lands (Dellinger 2011). Concerns 44 

about fear of attacks on humans and domestic pets, the effects of sympatric canids on white-45 

tailed deer and other game populations, and homeowner property damage comprise many of 46 

the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming 47 

data). Wildlife managers in this region frequently receive requests for information on canid 48 

management (C. Turner, personal communication, 2016).  49 

The changes in state and federal canid management rules have resulted in confusion 50 

regarding residents’ rights and options for management of property damage by sympatric 51 

canids. As a result, some citizens are unsure of the legal and most effective methods for canid 52 

conflict management. Adding to management complexity is the need to manage canids for 53 

conservation purposes, such as reducing predation on at-risk ground nesting species or 54 

reducing hybridization of sympatric canids.  55 

In 2013, NCWRC and USFWS established a committee to oversee the collaborative 56 

management and conservation of sympatric canids on the AP. A USFWS and NCWRC joint 57 

memorandum documented detailed action items for the joint management of sympatric canids 58 

on the AP, including specific research objectives which this proposal seeks to address 59 

(Attachment 2). As sympatric canids on the AP increase in number, monitoring their 60 
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movements, particularly in relation to individuals of differing ancestry, could provide important 61 

data to NCWRC and USFWS staff for science-based local and landscape-level decisions about 62 

sympatric canid populations and conflict management. Collection of finer temporal scale 63 

location data would help to manage interactions of sympatric canids with humans, as well as to 64 

support development of dynamic stochastic population models.   65 

B.  Objectives (after December 1, 2016-November 30, 2018) 66 

Objective 1: Use GPS collar and proximity sensor technology to test performance under 67 

various conditions and evaluate the frequency and accuracy of the scheduled fix rates. 68 

Objective 2: Use fine scale GPS data collection for investigating annual and seasonal 69 

spatial dynamics of sympatric canids: home range and core area sizes, amount of 70 

overlap in home range and core areas, movement pathways and daily activity patterns, 71 

and cover type selection and preference. 72 

Objective 3: Use fine scale GPS data collection for investigating the number and age 73 

structure of offspring for family groups of collared sympatric canids. 74 

Objective 4: Use fine scale GPS data collection for investigating sources of mortality for 75 

sympatric canids. 76 

Objective 5: Use fine scale GPS data collection for preventing and mitigating canid 77 

conflicts with landowners. 78 

Objective 6: Determine genetic profiles of sympatric canids through DNA identification 79 

of all captured individuals, parentage, and presence of hybridization. 80 

At the end of this two-year pilot study, we will deliver an observational summary detailing the 81 

use of the GPS and sensor technology for spatial and population dynamics research on 82 

sympatric canids on the AP. 83 

C.  Expected Results and Benefits 84 

As part of a pilot study, we will monitor the status of collared individuals by using a finer 85 

scale assessment of space and habitat use than previous studies. Earlier research focused on 86 

many of the same objectives we suggest investigating here, but during a time of intense, active 87 
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management. Specific management techniques are no longer being carried out and dynamics 88 

between sympatric canids are expected to have changed substantially. The uncertainty 89 

regarding current dynamics presents a need for additional research in order to inform actions 90 

for the management of sympatric canids. Information gained from research may impact 91 

management rules and landowner’s abilities to manage canids in some areas. Additionally, GPS 92 

technology has improved since earlier research was conducted allowing for more temporally 93 

detailed data collection and more nuanced analyses. Understanding how sympatric canids 94 

collectively use resources in areas of human-dominated landscapes will allow wildlife managers 95 

to tailor management options to local conditions. On the AP, row crop agriculture and hunting 96 

represent the primary and secondary land uses, respectively. Row crop agriculture is a 97 

significant nutrient resource on the landscape and, as opportunists, canids take advantage of 98 

such resources when they are available. Non-consumptive wildlife-driven tourism persists in all 99 

seasons and wildlife watching is a main draw for tourists in this area. For many tourists, the 100 

opportunity to see or hear large carnivores is the sole attraction for traveling to the AP. 101 

Information from this study will be provided to local constituents to establish a knowledge base 102 

regarding how sympatric canids use resources on private lands. Management and guidance 103 

could serve to prevent or minimize conflict while maximizing positive wildlife interaction 104 

opportunities for constituents. Development of a common understanding between wildlife 105 

managers and landowners based upon factual information is paramount for collaboratively 106 

achieving successful management of sympatric canids. The data collected in this pilot study is 107 

the foundation upon which this understanding and future management actions will be built.  108 

The current level of hybridization between sympatric canids on the AP will be 109 

characterized using DNA gathered during this study. Body size exists as a continuum between 110 

coyotes and red wolves and has been documented as the most important factor for successful 111 

interspecific breeding pairs of these canids (Hinton 2014). Though both species have been 112 

found to use resources in similar manners, red wolves generally have more expansive home 113 

ranges and therefore may not use local resources as intensively as coyotes, depending on body 114 

size. Obtaining individual identification of study animals will allow managers, armed with spatial 115 

information, to infer how and why individuals in the canid species continuum exploit 116 

Commented [JM11]: It is accurate that some of the 
management techniques are not currently being used, but it 
should be noted that FWS may begin to using some of them 
in the future and perhaps during the life of this project.  

Commented [JM12]: Little has changed regarding 
management on the Refuge itself and particularly with the 
Milltail pack. 

Commented [JM13]: Clarification on exactly what is 
being referred to here.   

Commented [JM14]: Red wolves only, no other “large” 
carnivores, if coyotes would even be considered large.  Or is 
this meant to refer to black bears as well?  Could use 
clarification. 

Commented [JM15]: Potential concern depending on 
what type of information is shared. 
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anthropogenic resources considering their life history traits.  117 

In conjunction with prior research, data collected will contribute to knowledge on 118 

sympatric canid population dynamics on the AP. Estimating population size will allow managers 119 

to monitor population trends of sympatric canids and to examine the long and short-term 120 

impacts of different management strategies on their populations. While it is unknown whether 121 

sample size will allow for population estimation, obtaining population estimates for coyotes 122 

would provide wildlife managers with baseline data, when paired with annual mortality 123 

estimates, for monitoring changes in population abundance over time. Information on changes 124 

in abundance, reproductive dynamics, and habitat use could impact management strategies to 125 

influence long-term conservation outcomes. Results of this pilot study will allow managers to 126 

determine if future work will be necessary, what amount of effort will be required to achieve 127 

each objective, and whether or not population estimates will be an attainable goal. 128 

D.  Approach 129 

The official Red Wolf Recovery Area (RWRA) covers approximately 6,900 square 130 

kilometers within Beaufort, Dare, Hyde, Tyrrell, and Washington counties (Wildlife 131 

Management Institute 2014). However, the USFWS has proposed the RWRA be constricted to 132 

the ARNWR and the Dare County Bombing Range in Dare county by the end of 2017. Due to 133 

these proposed RWRA changes, this study proposes to capture and radio-collar 25 sympatric 134 

canids within Dare, Hyde, and Tyrrell counties (hereafter referred to as “study area”); those 135 

counties being within and directly adjacent to the proposed new RWRA. The thematic 136 

subheadings below provide detailed descriptions of the approaches required for achieving the 137 

pilot study objectives. 138 

Sampling Efforts 139 

Trained NCWRC personnel will conduct live trapping of sympatric canids, with assistance 140 

from the USFWS RWRP biologists, and trained, experienced local trappers. NCWRC and USFWS 141 

wildlife personnel will select local trappers based on their past performance in trapping 142 

sympatric canids, but may also select trappers from the NCWRC coyote trappers list. NCWRC 143 

staff will train contracted trappers on specific trapping procedures before every trapping 144 

Commented [JM16]: Would likely be better suited for  a 
coyote population size estimate in an area with no 
other sympatric canids.    
 

Commented [JM17]:  It is more accurate to refer to it as 
the  Non-essential Experimental Population (NEP) boundary.  

Commented [JM18]: Need to discuss the protocol if a red 
wolf is captured that is already wearing a radio-collar.  Initial 
thought that FWS would be notified to determine the age of 
the collar and a decision to be made on whether to replace 
release the animal with the existing collar, replace it with a 
new VHF collar based on the age of the collar or replace it 
with a GPS collar.  This should be part of the decision tree 
that was discussed at the meeting. 

Commented [JM19]: As discussed in the meeting, this is 
not currently accurate as we are in the middle of the NEPA 
process to analyze a range of alternatives of which this is 
only one of the alternatives.  No decisions have been made in 
this regard. 
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season. The project lead will supervise and coordinate all trapping activities including locations 145 

for installation and the operation of trap lines and handling of captured animals. Simultaneous 146 

personal trapping activities by contracted trappers will not be permitted while performing 147 

contracted trapping services, as specified in the draft service contract (Attachment 4). 148 

Trapping efforts will follow a spatial capture-recapture (SCR) framework with a 149 

systematic targeted sampling design, focusing on areas that contain resources previously found 150 

to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) (Harris et al. 151 

2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. This effort will 152 

allow us to increase the probability of detection of sympatric canids on the landscape (Tom 153 

2012). While it is important to sample a wide range of habitats, the most important 154 

requirement for SCR is the number of collared individuals; this requirement provides flexibility 155 

in the other requirements for field sampling as needed (K. Pacifici, personal communication, 156 

2016). We will initially focus trapping in areas of known red wolf packs, as advised by RWRP. 157 

Trapping will take place during the breeding season when the likelihood of capturing 158 

females in the later stages of gestation or whelping females will be low. Capture efforts will be 159 

conducted from soon after 1 December 2017 – February 2018 and December 2018 – February 160 

2019. Captured sympatric canids will be surrendered to NCWRC or the USFWS at capture sites. 161 

Trapping should occur on both public and private lands to obtain sampling coverage of the 162 

study area. Ideally, all federal and state lands would be accessible for trap and release 163 

(hereafter referred to as “capture”) of sympatric canids, but it is most important to be able to 164 

trap and release on Alligator River NWR and the Dare County Bombing Range as those 165 

encompass the newly proposed RWRP recovery area and comprise the majority of land area for 166 

Dare county. Unlike Dare countyCounty, there are ample private lands that surround Pocosin 167 

Lakes NWR and Lake Mattamuskeet NWR in both Tyrrell and Hyde counties that may be utilized 168 

to effectively sample individuals who may use those federal lands, should they be excluded 169 

from capture activities. Capture on federal lands may require USFWS take permits and 170 

proposed activities may be subject to a compatibility assessment (P. Benjamin, personal 171 

communication, 2016). Scientific collection activities that take place on private lands will 172 

require agreements outlining conditions mutually decided by NCWRC and landowners 173 

Commented [JM20]: Concern over multiple captures of 
red wolves due to the ever present possibility of trap injuries 
or other issues, particularly with folks that may not be used 
to conducting this type of trapping and since the wild 
population numbers are currently so low. 

Commented [JM21]: As discussed in the meeting, the 
focus would more appropriately be focused in areas where 
we are unsure of red wolf presence and would also be areas 
with a greater chance of having coyotes. 

Commented [JM22]: Due to the low population numbers 
and potential risks to red wolves, we do not trap during the 
breeding season (e.g. February) in areas with red wolves.  
All trapping of red wolves should occur in January and 
potentially late December.  

Commented [JM23]: As discussed in the meeting, if any 
trapping is to be conducted on Federal lands it will need to 
be done by FWS personnel due to the difficulty of the 
process for allowing non-federal personnel to conduct 
activities on the refuge.  Additionally, the objectives focus 
largely on landowner conflicts and resources, which are not 
an issue on the Refuge and there also likely isn’t a large 
enough coyote population in established wolf areas to 
address the objectives. 

Commented [JM24]: As discussed in the meeting, it 
would require a Compatibility Determination and some level 
of NEPA.  So it was decided the pilot study would focus on 
non-Federal lands. 
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(Attachment 3). 174 

To increase probability of detection of sympatric canids, the accessible study area will 175 

be partitioned by a grid, the cell size of which will based on the average annual home range size 176 

of resident coyotes previously reported for the AP, approximately 23 km2 (Hinton et al. 2015). 177 

As a system of sampling, trap lines will be referred here as “traps,” and the number of trap sets 178 

(i.e. the actual trapping device) and number of each trap set size may vary between traps as 179 

necessary. Sampling will be standardized within each grid cell by use of equal number of traps 180 

per cell, on average 3 per cell, each at an approximate length of 10 km (Andelt and Gipson 181 

1979, Way et al. 2004).  182 

Target canids will be captured by using Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., 183 

P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, Schemnitz 1994), the EZ Grip #7 (Livestock 184 

Protection Company, P.O. Box 725, Alpine, Texas 79831, Frame and Meier 2007), or equivalent. 185 

Various lures and baits will be used to increase trapping efficiency (Frederick et al. 1989, Shipley 186 

2012). Traps will be laid on the Monday of each week and will be opened at the time of 187 

deployment. Traps will be checked once daily at dawn, to reduce potential stress to trapped 188 

individuals and will not be operated on days where the temperature is expected to reach or 189 

exceed 80o F (R. Nordsven, personal communication, 2016) or during times of predicted 190 

inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). To standardize effort and 191 

remain logistically realistic, traps should be open for three trap nights in a row before being 192 

removed. Trap sets that have been closed due to non-target bycatch or other circumstances 193 

may be reopened and all traps should be re-baited and lured as appropriate.  194 

Trap set locations will be marked by NCWRC or USFWS personnel using handheld GPS 195 

units (Garmin GPSMAP 64S, 1200 E. 151st St., Olathe, KS 66062-3426) and given a sequential 196 

identification number. Traps will also be given an identification number and trap set points will 197 

be documented in ArcMap 10.4. Trappers will keep detailed records on trap set operation, non-198 

target species trapped, and other relevant details. Non-target species will be released from 199 

traps after an in-field assessment of injuries, if any, and animals with life threatening injuries 200 

will be euthanized by the trap operator. Targeted recapture of collared canids will occur 201 

annually during the same months, to replace GPS collar batteries and drop-off collar release 202 

Commented [JM25]: Please work with Ryan regarding 
the use of trap stakes and drags as both can cause injury or 
death if not used properly.   

Commented [JM26]: Traps should be covered or rendered 
inoperable during a hard freeze.  A leghold trap can cut of 
blood circulation to the foot and can lead to frozen tissue 
during a hard freeze.  Concerns private trappers not use to 
methods used to limit trap injuries as they are not typically 
trapping for release. 

Commented [JM27]: Concerns over repeated trapping of 
red wolves. 
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units in field. Trapping effort will be quantified (trap nights), the effective sample area will be 203 

estimated, the encounter (detection) probability will be estimated using a Gaussian detection 204 

model (Amundson et al. 2014), and an estimate of density for coyotes will be calculated using a 205 

modified Huggins closed-capture estimator in program MARK, if sample size allows (Harris et al. 206 

2013, Ivan et al. 2013). 207 

Animal Handling 208 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines 209 

(Sikes et al. 2011) and will be performed at the capture site. Chemical immobilization agents 210 

may be used depending on the number of field staff during processing (i.e., three or more staff 211 

required during non-chemical immobilizations, Craft 2007, M. Morse, personal communication, 212 

2016).  213 

Chemical Immobilization 214 
Unless adequate numbers of personnel are available to safely employ mechanical 215 

restraint techniques, target animals will be anesthetized with the chemical immobilization 216 

agent BAM (Wildlife Pharmaceuticals, Inc., Windsor, CO 80550). BAM, a combination of 217 

Butorphanol tartrate, Azaperone tartrate and Medetomidine HCl., will be delivered by 218 

intramuscular injection by syringe pole to the hip. Dosage for canids is based on field trails 219 

performed by Wildlife Pharmaceuticals (Wildlife Pharmaceuticals, Inc. 2016) and the 220 

recommended dose for coyotes is 0.2CC and red wolves is 0.3CC, with adjunct doses of 0.1-221 

0.2CC delivered if initial dosages do not cause induction (S. Kirschner, personal communication, 222 

2017). Induction times for coyotes and wolves ranged from 5 to 10 minutes after initial and/or 223 

adjunct dosages (Wildlife Pharmaceuticals, Inc. 2016). After field handling is concluded the 224 

anesthesia will be reversed using two reversal agents, Atipamezole and Naltrexone, at double 225 

the CC of Atipamezole to BAM that was delivered (including adjunct doses, if given) and 0.5CC 226 

of Naltrexone. Recovery time from the reversal agents ranged from 10 to 25 minutes during 227 

field trails (Wildlife Pharmaceuticals, Inc. 2016). Field personnel will observe animals for signs of 228 

adverse effects for up to 30 minutes after reversal agents are delivered. 229 

Commented [JM28]: FWS personnel would like to be 
involved on the handling and collaring of all red wolves, 
whenever possible.   

Commented [JM29]: Two biologists and one note 
taker, if available.  We typically do not chemically 
immobilize red wolves during processing. 

Commented [JM30]: We have a better, cleaner and 
safer chemical immobilization protocol developed 
specifically for red wolves by the NCSU Vet 
School.   Butorphanol @ 0.4mg/kg w/ Dexmedetomide 
@ 0.04mg/kg 
Antagonist:  Naloxone @ 0.02mg/kg w/ atipamizole @ 
0.2mg/kg 
 

Commented [JM31]: We have had better luck restraining 
the head with a catch pole and hand injecting the animal 
instead of using a syringe pole. 
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Mechanical Immobilization 230 
Unlike other carnivore families, the submissive behavioral response of canids to 231 

perceived dominance reduces the need to use immobilization agents. Appropriate mechanical 232 

restraint techniques can reduce handling time of animals, allowing animals to reintegrate into 233 

social groups more quickly, subsequently reducing overall stress to the individual (Powell and 234 

Proulx 2003). Target canids will be mechanically restrained with a restraint pole, until two 235 

muzzles can be placed around the snout. While pinned with the restraint pole by one person, a 236 

second person will restrain the set of legs not in the trap against the ground and a third person 237 

will release the foot from the trap. This set of legs will then be restrained by the 3rd person as 238 

the restraint pole is removed. Once the restraint pole is removed the person restraining the 239 

front legs will also then restrain the head. The first person will then move forward with 240 

processing the captured animal.  241 

Each animal will be placed on a towel or blanket to provide thermal protection from the 242 

ground, with eyes covered and lubricated with eye ointment; temperature will be monitored 243 

with a rectal thermometer. Overheating occurs at approximately 104-105°F for canids (AZA 244 

Canid TAG 2012) and the animal handling crew will monitor temperature at 5-minute intervals; 245 

if a temperature reading reaches 104°F, corrective actions will be taken and temperature will 246 

be monitored at 1-minute intervals. Should overheating occur, the individual will be removed 247 

from insulation to expedite the natural evaporative cooling process. During days that approach 248 

80°F in temperature, measures will be taken to reduce heat stress, such as: wetting the animal 249 

with water, application of a cold pack to the groin area between the back legs, application of 250 

rubbing alcohol to foot pads, or immediate release (AZA Canid TAG 2012). If the injured 251 

individual is suspected to be a red wolf, based on morphometrics, USFWS staff will be 252 

contacted for a decision. In the event that trap caused injuries are determined to be life 253 

threatening through use of a trap injury score assessment (Frame and Meier 2007) the 254 

individual will be euthanized. In the event that NCWRC personnel cannot be present, trained 255 

USFWS personnel may collar and measure captured target animals and will provide data sheets 256 

to NCWRC staff. Target animals will not be vaccinated or otherwise treated for diseases, 257 

regardless of the presence of disease symptoms. 258 

Commented [JM32]: Morphometrics should not be the 
sole indicator of species.   

Commented [JM33]: As stated previously, FWS 
personnel should be notified whenever a red wolf or an 
animal that could possibly be a red wolf is captured and 
would like to be involved in the handling and immobilization 
of all red wolves, whenever possible.  No red wolves or 
animals suspected as possibly being red wolves should be 
euthanized without direct FWS involvement and an FWS 
decision to do so.    

Commented [JM34]: Due to the high value of each 
individual red wolf with such a low population, all red 
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risky for these animals and if we are going to undertake that 
risk we need to do whatever we can while they are in hand to 
give them the highest chance of survival and successful 
reproduction.    
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Non-target animals will be released on site. Captured domestic dogs will be immediately 259 

released from the trap set following an injury score assessment and only if no life-threatening 260 

injuries are present. If a domestic dog has sustained life threatening injuries and owner 261 

identification information is present on the dog, then the animal will be held in either a 262 

transportable kennel, or at a dog pen on a state game land that is equipped with such facilities, 263 

until the owner can retrieve the dog. The costs associated with injuries sustained to the dog will 264 

be the responsibility of the animals’ owner. Law enforcement may be requested to help 265 

communicate with the animal’s owner. If the animal does not have an identifiable owner and 266 

has incurred substantial life threatening injuries (i.e. compound fracture), the dog will be 267 

euthanized on site. Target animals showing signs of disease symptoms such as circling behavior, 268 

head tilt, muscle twitches, convulsions with jaw chewing movements and salivation (“chewing 269 

gum fits”), disorientation, incoordination, staggering caused by paralysis of the hind legs, 270 

seizures, and partial or complete paralysis will be euthanized and tested according to protocol 271 

set forth by the agency veterinarian, in order to determine if there may be a public health issue 272 

(M. Palamar, personal communication, 2016). USFWS will be contacted in cases of suspected 273 

red wolves. Staff involved in animal handling duties will have the pre-exposure rabies 274 

vaccination series completed prior to field work inception and will maintain rabies titer records 275 

through properly licensed medical services providers.  276 

If staff is bitten and skin is broken by an animal while performing handling duties, they 277 

will be advised to immediately visit a local hospital or clinic for evaluation by healthcare 278 

professionals. The field coordinator will immediately notify supervisory staff and an injury 279 

report and workers’ compensation claim will be opened for the incident. The animal will be 280 

euthanized and the head will be sent to the state lab for rabies testing; the body may be sent to 281 

the Southeastern Cooperative Wildlife Disease Study (SCWDS) laboratory for additional disease 282 

investigation. 283 

Capture Processing and Marking 284 

During canid handling, NCWRC personnel will record age class, sex, weight, total body 285 

length, head width, ear length, and tail length, visually assess ectoparasite load, look for and 286 

disinfect with betadine or iodine as needed any minor trap caused injuries, and affix GPS collars 287 

Commented [JM35]: Problematic on Refuges 

Commented [JM36]: FWS retains the decision making on 
euthanasia for red wolves. 

Commented [JM37]: It should not be automatic that staff 
being bitten during a capture should result in a red wolf 
being euthanized, particularly if that animal is displaying no 
signs of disease.  We can’t afford to lose any individuals in 
such a low population without sufficient cause.  And no 
euthanasia of a red wolf should occur without FWS 
involvement in the decision making process.  If needed, 
animals can be quarantined at Sandy Ridge. 
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(Knick 1990, Sikes et al. 2011). All captured canids will be fitted with appropriately-sized GPS 288 

collars in the field based on morphometrics previously indicated as reliable thresholds for 289 

species categorization: hind foot length, weight, width of head, and tail length (Hinton 2014); 290 

analysis of DNA samples collected during trapping efforts will help to assign captured canids to 291 

position along the species continuum post release. Age of individuals will be estimated based 292 

on physical characteristics, including weight and tooth replacement (Knick 1990, Hinton 2014, 293 

Gier 1968), and captured canids will be aged into one of three classes: > 2 years old as adults, < 294 

2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 2014). 295 

Reproductive status will be determined based on estimated age class and presence of gonadal 296 

descent during the breeding season for males and the presence of nipple swelling or previous 297 

suckling for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). 298 

Captured individuals will be ear marked using a button tag (model 410, Ketchum Mfg. 299 

Co. [or equivalent], PO Box 10, 11 Town Shed Road, Lake Luzerne, NY 12846) placed along the 300 

middle of the ear where they are most protected from loss, with a pin-type applicator (485sa 301 

Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). The puncture site will be 302 

treated with an antiseptic to deter infections. Each sympatric canid will also be marked with an 303 

individually-numbered, glass-encapsulated, passive integrated transponder (PIT model HPT12, 304 

12.5 mm, 134.2 kHz, Biomark, Inc., 703 South Americana Blvd., Suite 150, Boise, ID; Gannon et 305 

al. 2007), using a syringe-type implanter and replaceable needle (model MK10 [implanter], 306 

model N125 [needle], Biomark, Inc.). Successful PIT placement will be verified with a mini 307 

portable reader (model GPR Plus, Biomark, Inc.). The implantation site will be prepared by 308 

swabbing with 70% alcohol (Mrozek et al. 1995) and a sterilized new needle will be used for 309 

each injection. The standard implantation site for transponders is subcutaneously on the dorsal 310 

midline of the back, cranial to the shoulder blades (Ingwersen 2000).  311 

A skin biopsy will be taken from all captured target canids by puncturing the pinna of 312 

the ear with a biopsy punch in the same location where the ear tag will be placed (Palamar 313 

2014). The biopsied area will be disinfected with alcohol after sampling. The skin biopsy will be 314 

placed in a labeled (ID, date, and sample type) cryogenic tube filled with 95% ethanol as buffer 315 

and then stored in a freezer until sent out to a lab for genetic analysis (Palamar 2014, Tom 316 

Commented [JM38]: What is the purpose of the ear 
tags?  They’ve been used in the past, but were a source of 
infection and irritation, and were routinely pulled out.  With 
the use of PIT tags, ear tags are needed less. 

Commented [JM39]: To be consistent with existing red 
wolves and coyotes that have been captured it would be 
beneficial to use PIT tags by Trovan or to at least make sure 
whatever is used can be read by both agencies.   

Commented [JM40]: There is an existing protocol with 
the same lab you are using for obtaining genetic information 
from blood samples only, as we have always done, which 
makes it unnecessary to take a skin biopsy. 
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2012). A selection of hairs with the root bulla attached will be pulled from the belly and placed 317 

in paper envelopes (Janecka et al. 2007). Hair samples will serve as back up to tissue samples 318 

for genetic testing. All samples will be sent to the Laboratory for Ecological, Evolutionary and 319 

Conservation Genetics, at University of Idaho (875 Perimeter Drive, MS 1136, Moscow, ID 320 

83844) for genotyping to determine species as well as individual identification, hybridization 321 

presence, and parentage analysis following previously developed protocols (Adams et al. 2007, 322 

Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that examine the coyote-323 

hybrid-wolf species continuum will be performed. 324 

Blood will be collected from all juvenile and adult target canids by venipuncture of the 325 

brachial or jugular veins using a 22-28-gauge needle (M. Palamar, NCWRC veterinarian, 326 

personal communication, 2016). As per NCWRC veterinarian recommendations, approximately 327 

12 ml of blood will be collected for each animal for possible future testing for diseases of 328 

importance to sympatric canid species as well as the humans and domestic animals that they 329 

may come into contact with. A minimum of two 6 ml lavender top tube (for whole blood with 330 

EDTA) will be filled. Samples should be refrigerated at all times; a cooler with ice will suffice 331 

while in the field. Samples should be sent to the NCWRC within 48 hours or frozen for later 332 

shipping. Skin scrapes will be collected from animals presenting signs compatible with sarcoptic 333 

mange (lesions) for possible future diagnostic purposes. Lesions will be scraped until blood is 334 

drawn; the scrapings will be placed onto a slide and covered with a piece of clear tape for later 335 

visual confirmation. 336 

Should overheating occur, processing will be performed in the following prioritization 337 

order and the first five items will need to be completed before releasing any individuals: 1) trap 338 

injury evaluation, 2) collaring, 3) DNA (skin biopsy) sample collection, 4) morphometrics, 5) 339 

aging, 6) PIT tagging, 7) weight, 8) ear tagging, 9) reproductive status, 10) ectoparasite 340 

evaluation, 11) blood collection, and 12) skin scrape collection. 341 

Collaring 342 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study 343 

area, 10 of which will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-344 

Scheele-Str. 12, 12489 Berlin, Germany). Project staff will pilot test proximity sensor technology 345 

Commented [JM41]: FWS maintains blood samples for 
all captured red wolves.  

Commented [JM42]: Animals showing signs of mange 
should be held and treated before release to heal that 
individual and avoid spreading it to the surrounding canid 
population, particularly red wolves.  Conservation of red 
wolves needs to be the a priority. 

Commented [JM43]: Several people commented with 
concerns on the prioritization.  1) cool/assess injuries/ensure 
survival of the animal, 2) radio collar animal, 3) draw blood, 
then the rest only if you are able to do it safely.    
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for utility in analysis of spatial and temporal community dynamics. Proximity sensors trigger 346 

increased GPS location acquisition during those time intervals when two collared individuals 347 

come within a set distance from each other (http://www.vectronic-aerospace.com/wildlife-348 

monitoring/sensors/uhf-id-tags, accessed August 2016).  349 

To avoid instances of collar induced strangulation, only adult (>2 years old) male and 350 

female individuals will receive collars (Hinton 2014). ASM guidelines recommends a collar 351 

weight of <5-10% of a canids bodyweight, we will observe these guidelines (Sikes et al. 2011). 352 

Sympatric canids not releasable at a capture site will not be collared and will not become study 353 

animals. 354 

GPS radio-collars will have both VHF and GPS Iridium locational systems as well as store-355 

on-board capabilities. Radio-collar units will be programmed to record GPS coordinates once 356 

every 1.75 hours producing approximately 13 locations per day while cycling through the 24-357 

hour time cycle. These settings will allow for a GPS battery life of 300 to 552 days, averaging 358 

431 days. The VHF beacon will be in operation from 0800 – 1600 hours daily. GPS locations will 359 

be sent via satellite once per day and each transmission with contain 12 locations. The use of an 360 

integrated drop off firing mechanism should allow the collars to drop off within a maximum of 361 

approximately 548 days after deployment. The drop off schedule once set cannot be changed. 362 

The drop off firing mechanism is wired to a battery unit independent of the collar battery, 363 

therefore should the collar battery become depleted, the drop off mechanism will not be 364 

affected (C. Akakpo, Vectronic Aerospace GmbH, personal communication, 2016). Unless a 365 

collared individual is recaptured before the collar battery dies, the drop off mechanism will fire 366 

at the scheduled time frame post collar deployment.  367 

Observation of sympatric canid habitat use and movements will occur through GPS data 368 

obtained with combination GPS/VHF radio-collars. VHF relies on triangulation, the process of 369 

estimating the location of a transmitter by using two or more compass bearings obtained by 370 

using directional antennas at known locations remote from the transmitter’s position (White 371 

and Garrott 1990), whereas GPS uses a satellite based system to obtain location coordinates. 372 

There have been many published studies where one or both of these methods were used, with 373 

mixed success for determining various aspects of carnivore ecology throughout the United 374 

Commented [JM44]: As discussed in the meeting, FWS 
would like to collar all red wolves captured.  If effort and the 
potential risk of injury has already occurred such as is the 
case with any capture, then we would like to take advantage 
of having the red wolf in hand to place a VHF collar on it 
regardless of whether or not it meets the criteria for this 
project.   

Commented [JM45]: Needs clarification.  Why would 
trapping be occurring for this project in an area where a 
canid could not be released?    

Commented [JM46]: For ESA listed species, the VHF 
frequency range is 164-165 mHz.  Not only is this in keeping 
with policy, but it is consistent with the existing collars and 
allows for real time tracking of canids by FWS personnel for 
suspected depredations/complaints, reports of injuries, den 
locations, telemetry flights, etc.  Previous researchers 
utilizing GPS collars on canids within the NEP boundary 
have used VHF frequencies within the 164-165 mHz range. 

Commented [JM47]: Our recommendation based on our 
monitoring of red wolves is to set the VHF beacon to 12 
hour rotations, with it set on from 0700 to 1900 (0800 to 
2000 during daylight savings) because we have run into 
situations where we needed to do real time tracking past 
1600.   

Commented [JM48]: Concern over the short life span of 
the collars and need to recapture. 
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States (Hinton et al. 2012, Schrecengost et al. 2009, Sparkman et al. 2012). While GPS 375 

technology has developed rapidly in recent history, the real time functional advantage of VHF 376 

cannot be disregarded. When GPS technology falters or malfunctions, VHF can serve as 377 

replacement for data collection in addition to its use in real time monitoring of study animals. 378 

Canids will be minimally monitored for mortality approximately every 30 days by using VHF 379 

aerial telemetry techniques (Whitehouse and Steven 1977) as there may be a delay in satellite 380 

transmission of GPS location data due to weather, season, and animal behavior. Transient 381 

canids and individuals from breeding pairs that have lost a mate, have been found to use much 382 

larger areas versus paired residents, potentially increasing the opportunity for losing track of 383 

these individuals when GPS technology reaches its functional capacity or experiences 384 

malfunction. VHF data may also provide locations of canids in cover too dense for GPS units to 385 

function. Use of VHF telemetry techniques for data collection may be expanded as necessary 386 

for project needs.  387 

Spatial Data Analyses 388 
Both minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and 389 

core use areas (50% and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated 390 

from GPS data by using BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial 391 

Modelling Environment (Spatial Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems 392 

Research Institute, 2016) (Benson et al. 2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for 393 

comparison to older studies. These estimations can also be calculated using VHF data, provided 394 

data minimum requirements are met. Spatial distribution in relation to habitat will also be 395 

estimated by dynamic Brownian bridge movement models as described by Hinton (2014) with R 396 

statistical software (R Core Team 2016) using the moveud package with habitat covariates 397 

important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 398 

Proctor, personal communication, 2016). Additionally, recent research into how canids shift 399 

their ranges will also be investigated for populations on the AP (Morin and Kelly, in review). 400 

Spatial overlap and co-occurrence will be assessed using methods described by Shipley (2012). 401 

Habitat and cover types will be estimated from digitized maps created by the SEGAP (Hinton 402 

2014) or ortho files, as available (Shipley 2012). Percent composition of habitat and cover types 403 

within home ranges and core areas as well as edge density will be quantified (Shipley 2012). 404 

Commented [JM49]: FWS currently flies to monitor 
collard canids 1 to 2 times a week, partially to detect 
mortalities in a timely manner to more likely be able to 
determine the cause of death.   For any collared canids, we 
would like to add those frequencies to our flights so they can 
be monitored much more frequently.  Which is another 
reason the frequencies should be in the same range as the 
existing collars.  Does the VHF beacon on the GPS collars 
have a mortality mode? 
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Habitat selection and cover type use effects on spatial distribution will be estimated at both the 405 

population (2nd order) and individual (3rd order) spatial scales using resource selection functions 406 

(Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of seasonality and time of day 407 

activity will also be explored. The spatial and temporal patterns of space use by sympatric 408 

canids will be studied using data generated from the interaction GPS collar sensors, particularly 409 

distance between individuals and duration of proximity. 410 

Den Monitoring 411 

Project staff will attempt to locate den sites for sympatric canids to get pup counts, 412 

morphometric measurements, age estimates, and skin biopsies. Project staff will also attempt 413 

to monitor pup survival during the pup rearing season by using remote cameras placed around 414 

the den site (Harrison and Gilbert 1985, Parks 1979, Way et al. 2001). Pups will be weighed, 415 

measured, and PIT tagged during May and June of each year when they become active but are 416 

still den-obligated (Gier 1968). We will investigate the use of remote camera traps for 417 

monitoring den behavior with a two-camera array around the den (H. Garbe, personal 418 

communication, 2016, Kays and Slauson 2008). This method has been successfully used to 419 

monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 420 

sensitive to den site disturbance, there is a general lack of data in the literature regarding this 421 

approach for monitoring pup survival. Approaching an experimental methodology 422 

systematically will be important for determining which methods are effective and which are 423 

not. As a starting point for testing this methodology, remote cameras will be placed two to five 424 

meters from main den entrances and set to take photos using a passive infrared sensor trigger 425 

(a beam that when broken by movement through it, triggers the camera to take a series of 426 

photos) with a time restriction between photo intervals to limit the number of photos taken 427 

and maximize the space on the memory card for the time period between camera checks 428 

(Kluever et al. 2013). Cameras will be checked six days after deployment and will be redeployed 429 

(i.e. new batteries and memory card, if required); cameras will remain at each den site until 430 

radio-collar data indicates the den site has been moved (Kluever et al. 2013). Cameras will be 431 

not be redeployed to a new coyote den site during a season if that breeding pair has already 432 

moved the den once due to the disturbance of camera presence/deployment. 433 

Commented [JM50]: FWS personnel currently conduct 
red wolf den work and in order to eliminate the need for 
more than one disturbance to the den site, FWS personnel 
should be present for all red wolf den work.  

Commented [JM51]: Concerns over the need for skin 
biopsies on pups when needed information can be obtained 
from the blood draw. 

Commented [JM52]: As discussed at the meeting, there 
are a lot of concerns regarding den disturbance and placing 
cameras at a red wolf den site as it greatly increases the 
likelihood of den/litter abandonment, which we cannot 
afford in such a low population. 

Commented [JM53]: If the desire is to experiment with 
cameras at den sites, they should be deployed at coyote den 
sites.   
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Mortalities 434 

If a collared animal dies during the project, the carcass will be sent to SCWDS for 435 

necropsy. Red wolves will be sent to the SCWDS laboratory for necropsy, unless it is determined 436 

to be a law enforcement case. In potential law enforcement cases, the NCWRC Division of 437 

Wildlife Management Chief and USFWS Ecological Services Raleigh Field Office Field Supervisor 438 

will be contacted and requested to contact the appropriate law enforcement personnel, 439 

immediately after determining the need for law enforcement involvement. The carcass and all 440 

relevant information will then be turned over to law enforcement; the GPS-collar will be 441 

removed and genetic samples will be taken from the individual prior to release to law 442 

enforcement.  443 

E.  Project Personnel 444 

Andrea Shipley has worked for the North Carolina Wildlife Resources Commission as a Canid 445 
Biologist since February 2016. Prior to that, she worked as a Wildlife Biologist for a non-profit 446 
located in northeastern Nevada as well as in several different field biologist oriented positions. 447 
Andrea has a background in carnivore and spatial ecology, having earned her MS in Biological 448 
Sciences from Eastern Kentucky University and BS in Biological Sciences from Rutgers 449 
University; Andrea will act as project lead and coordinator.  450 

Brandon Sherrill has worked for the North Carolina Wildlife Resources Commission as a 451 
Mammalogist since December 2013. Prior to that, he worked as an educator at the North 452 
Carolina Museum of Natural Sciences and as a regional wildlife biologist for the South Carolina 453 
Department of Natural Resources. Brandon earned a BS and MS in Fisheries, Wildlife, and 454 
Conservation Biology from North Carolina State University; Brandon will act as project 455 
supervisor. 456 

Krishna Pacifici, Research Assistant Professor at NCSU, will be the quantitative analysis 457 
collaborator on the project. Krishna’s background and experience in quantitative ecology makes 458 
him well suited to consult and assist with advanced statistical analyses of spatial data. 459 

Lisette Waits, Department Head and Distinguished Professor at the University of Idaho, will be 460 
the DNA analysis collaborator for the project, responsible for all DNA related sample processing 461 
and subsequent analyses.   462 

Commented [JM54]: As discussed in the meeting, upon 
death of an ESA listed animal the carcass and parts must be 
retained in FWS custody until there has been a necropsy 
performed by the FWS Labs in either Madison, WI or 
Ashland, OR, if it is a law enforcement case.   

Commented [JM55]: The FWS office in Manteo should 
be contacted.  We contact LE for every red wolf mortality 
and they determine if it is an LE case or not and if they 
should take possession of the carcass.  LE will not allow 
genetic samples to be taken from the carcass until after the 
case is complete. 

Commented [JM56]: Since trapping is a big part of the 
project, it would be beneficial in the project personnel 
descriptions to give an indication of experience conducting 
capture operations. 
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F.  Schedule and Estimated Costs 463 

The project will run from soon after December 1, 2017 through June 30, 2020. The 464 

estimated timeline for major tasks is as follows: 465 

 466 

Year 1: Initiate field work soon after December 1, 2017 with assistance from 1-2 field 467 

technicians; 1 technician will be required for trapping and den monitoring efforts. Data 468 

collection will begin immediately after collar deployment and data will be managed by Andrea 469 

Shipley throughout the life of the project. Data analysis will be initiated after den monitoring 470 

season concludes, with guidance and assistance from Krishna Pacifici at North Carolina State 471 

University (NCSU). Report, manuscript and presentation production will be initiated 472 

concurrently with data analysis. 473 

Year 2: Continue field work and data collection with assistance from 1-2 field technicians. 474 

Continue data analysis with guidance and assistance from Krishna Pacifici at NCSU. Continue 475 

and finalize report and manuscript production, and presentation at professional working groups 476 

and/or meetings. 477 

GPS technology allows researchers to collect locational data at fine spatial and temporal 478 

scales through the deployment of collar units on wildlife study subjects. In this project, we 479 

propose to study a sample of sympatric canid populations with GPS radio-collars, in order to 480 

investigate the population parameters outlined in previous sections as well as species 481 

interactions. The purchase and use of this technology is critical to meeting the research 482 

objectives set forth in this document as well as in the document included in Attachment 1. 483 

While GPS technology has evolved over the past 20 years, the cost of technology has 484 

plateaued. Upfront cost per unit remains relatively high, however project savings occurs at the 485 

back end when compared to older telemetry technology such as very high frequency (VHF) 486 

Commented [JM57]: Need to make sure appropriate data 
is made available to FWS to maintain existing databases (e.g. 
studbook, mortality database, etc.). 



 

-18- 

which require intensive labor to collect data at similar spatial and temporal scales. Pilot testing 487 

the proximity sensor enabled GPS-collars will allow investigation of the utility of this relatively 488 

new tool for community dynamics analysis by providing an increased locational data acquisition 489 

when individuals come within a set distance, or closer, from each other. Additionally, these 490 

sensors record the identities of the interacting individuals and the duration of their 491 

interactions. Using a trigger to temporarily switch GPS fix schedules will enable us to collect 492 

very fine scale data while conserving battery life, achieving project objectives in an efficient 493 

manner. Exploring the efficaciousness of this technology has the potential to positively impact 494 

future research projects requiring use of GPS-collars for data collection. 495 

Aerial tracking will provide regular study animal surveillance useful to investigate cases 496 

of mortality, collar malfunction, or satellite data transmission delays, which can vary seasonally. 497 

In some situations, ground tracking could prove less expensive than aerial tracking. However, 498 

ground telemetry techniques require more than one biologist working in tandem to acquire 499 

accurate location estimates. This often translates to increased labor to collect data, particularly 500 

in large study areas. Aerial tracking will provide a more efficient and cost-effective method for 501 

surveilling study subjects in this large study area, requiring only one biologist and a contracted 502 

pilot. NCWRC personnel will perform aerial tracking along with the NCWRC pilot at a minimum 503 

frequency of every 30 days. 504 

Use of local trappers to assist with sampling efforts provides several benefits. Local 505 

trappers have established, long-term relationships with private land owners, thereby providing 506 

access to private lands that might be otherwise difficult to secure. This will enable project 507 

biologists to obtain a representative sample of sympatric canids in the study area, as well as to 508 

operate more trap lines concurrently. This is particularly important when using a SCR sample 509 

design, as it will have direct implications on the resulting analyses and inferences. 510 

As part of collaboration efforts, the project will contract the services of Krishna Pacifici, 511 

Research Assistant Professor in the Applied Ecology department at NCSU. Krishna’s expertise is 512 

in quantitative ecology; consultation and assistance services provided will allow project 513 

biologists to make appropriate statistically relevant inferences from collected data.  514 
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DNA analysis will be contracted to Lisette Wait’s lab at the University of Idaho. Lisette’s 515 

team at The Laboratory for Ecological, Evolutionary and Conservation Genetics has previous 516 

experience in analyzing red wolf and coyote hybrid molecular samples and has the most 517 

comprehensive DNA methodology for this sympatric canid species continuum in the nation. 518 

This expertise will facilitate expedient species identification on collared study animals besides 519 

landscape level population dynamics analysis. 520 

 521 

 522 

Commission In-kind Total
a.       Personnel 7,200.00$      -$    7,200.00$      
b.      Fringe Benefits -$                -$    -$                
c.       Travel 30,000.00$    -$    30,000.00$    
d.      Equipment 54,000.00$    -$    54,000.00$    
e.       Supplies 61,500.00$    -$    61,500.00$    
f.        Contractual 315,590.00$ -$    315,590.00$ 
g.      Construction -$                -$    -$                
h.      Other 6,000.00$      -$    6,000.00$      
i.        Total Direct Charges (sum of 
a – h) 474,290.00$ -$    474,290.00$ 
j.        Indirect Charges 4,800.00$      -$    4,800.00$      
k.      Totals (sum of i and j) 479,090.00$ -$    479,090.00$ 

Federal (75%) 359,317.50$ 
State (25%) 119,772.50$ 
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G.  Geographic Location 523 

Three counties of the Albemarle Peninsula of North Carolina (Dare, Hyde, and Tyrrell counties). 524 

H.  Related Federal Projects 525 

NC-W-F15AF00726 (W-72) NC-Division of Wildlife Management Cooperative Projects 526 

  527 

Commented [JM58]: Should be expanded to include 
Beaufort and Washington Counties since they are part of the 
NEP, if the only reason for excluding them is the assumption 
that the decision was already made to pull all red wolves 
back to Federal land in Dare and Hyde County. 
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I.  Glossary 528 

Abundance: Species abundance is the number of individuals per species, and relative abundance refers 529 
to the evenness of distribution of individuals among species in a community. 530 

Adaptive kernel (AK): A probabilistic home range estimator based on the distribution and density of 531 
locations that has been collected over a period of time. 532 

Adverse reactions: In pharmacology, any unexpected or dangerous reaction to a drug. 533 

Aerial: Existing, happening, or operating in the air. 534 

Annually: Once a year; every year. 535 

Anthropogenic: Caused or influenced by humans. 536 

Apex: Having no natural predators in its ecosystem. 537 

Ataxia: The loss of full control of bodily movements. 538 

Beacon: A radio beacon whose purpose is the investigation of the propagation of radio signals. 539 

Biopsy: The removal for diagnostic study of a piece of tissue from a living body. 540 

Brachial vein: One of a pair of veins accompanying the brachial artery and uniting with each other and 541 
with the basilic vein to form the axillary vein. 542 

 543 

Breeding pair: A pair of animals which cooperate over time to produce offspring with some form of a 544 
bond between the individuals. 545 

Carrying capacity: The maximum population size of the species that the environment can sustain 546 
indefinitely, given the food, habitat, water, and other necessities available in the environment. 547 

Compensatory immigration: Individuals emigrating from areas with lower mortality to those with higher 548 
mortality; filling a deficiency of individuals in a population experiencing higher mortality. The increase in 549 
size or activity of one part of an organism or organ that makes up for the loss or dysfunction of another.  550 

Composition: The combining of distinct parts or elements to form a whole. 551 
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Co-occurrence: Refers to observation of the spatial overlap between two (or more) different individuals 552 
over a period of time. 553 

Coordinates: Any of the scales or magnitudes that serve to define the position of a point. 554 

Core use areas: An area within a home range exhibited by a dense concentration of location points; 555 
commonly estimated at 50% of the location data points. 556 

Covariates: A variable that is possibly predictive of the outcome under study. 557 

Cranial: Pertaining to the cranium or to the anterior (in animals) or superior (in humans) end of the 558 
body. 559 

Cryogenic: Very low temperatures, e.g. -80oC. 560 

Den-obligated: Restricted to a particular condition of life, in this case restricted to a den site. 561 

Density: A measure of the number of organisms that make up a population in a defined area. 562 

Deployment: To organize and send out (people or things) to be used for a particular purpose. 563 

Depredation: The act of preying upon. 564 

Depressed respiration: A decrease in the ability to exhale and inhale; respiration that has a rate below 565 
12 breaths per minute or that fails to provide full ventilation and perfusion of the lungs. 566 

Diagnostic: The process of determining by examination the nature and circumstances of a diseased 567 
condition. 568 

Disorientation: Loss of one's sense of direction, position, or relationship with one's surroundings. 569 

Distribution: The manner in which a biological taxon is spatially arranged. 570 

DNA: (deoxyribonucleic acid) is a type of macromolecule known as a nucleic acid. It is shaped like a 571 
twisted double helix and is composed of long strands of alternating sugars and phosphate groups, along 572 
with nitrogenous bases (adenine, thymine, guanine and cytosine). 573 

Dorsal: Situated on or toward the upper side of the body, equivalent to the back, or posterior, in 574 
humans; situated on or toward the posterior plane in humans or toward the upper plane in quadrupeds. 575 

Duration: A continuous period of time. 576 

Dynamic Brownian bridge movement models: Incorporates temporal and behavioral characteristics of 577 
movement paths into estimation of home range. 578 

Ectoparasite: a parasite that lives on the outside of its host rather than within the hosts body; e.g. fleas 579 
and lice. 580 

Effective trap area: Calculated by buffering each trap site by half the mean maximum distance traveled, 581 
each of these boundaries are dissolved, creating a measurable area. 582 

Efficacious: Producing or capable of producing a desired effect. 583 
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Efficient: Accomplishment of or ability to accomplish a job with a minimum expenditure of time and 584 
effort. 585 

Euthanize: The act of putting to death painlessly or allowing to die, as by withholding extreme medical 586 
measures, a person or animal suffering from an incurable, especially a painful, disease or condition. 587 

Expedient: Suitable for achieving a particular end in a given circumstance. 588 

Evaporative cooling: reduction in temperature resulting from the evaporation of a liquid, which removes 589 
latent heat from the surface from which evaporation takes place. 590 

Facilitate: Make an action or process easy or easier. 591 

Genotyping: Investigate the genetic constitution of (an individual organism). 592 

Gonadal descent: The act or process of descending from a higher to a lower location; testicular descent 593 
occurs during the breeding season annually. 594 

GPS: Global Positioning System, is a radio navigation system that allows land, sea, and airborne users to 595 
determine their exact location, velocity, and time 24 hours a day, in all weather conditions, anywhere in 596 
the world. 597 

Home range: an area over which an animal or group of animals regularly travels in search of food or 598 
mates, and that may overlap with those of neighboring animals or groups of the same species. 599 

Hybridization: The result of mixing, through sexual reproduction, two animals or plants of different 600 
breeds, varieties, species or genera. 601 

Immobilization agent: An active force or substance capable of producing an effect. 602 

Implantation: To put or fix firmly. 603 

Inbreeding depression: The reduced biological fitness in a given population as a result of inbreeding, or 604 
breeding of related individuals. 605 

Inception: The establishment or starting point of an institution or activity. 606 

Interspecific: Existing or occurring between different species. 607 

Iridium: A satellite constellation providing voice and data coverage to satellite phones, pagers and 608 
integrated transceivers over the Earth's entire surface. 609 

Jugular vein: Any of several large veins in the neck, carrying blood from the head and face. 610 

Lacerations: A deep cut or tear in skin or flesh. 611 

Locational: A position or site occupied or available for occupancy or marked by some distinguishing 612 
feature. 613 

Malfunction: Fail to operate in the normal or usual manner 614 

Methodology: A system of methods used in a particular area of study or activity. 615 

Midline: A median line or plane of bilateral symmetry, especially that of the body. 616 



 

-24- 

Minimum convex polygon (MCP): Completely enclose all data points by connecting the outer locations in 617 
such a way as to create a convex polygon. 618 

Molecular samples: Genetic samples that may be used for investigation of genetic constitution of an 619 
individual. 620 

Morphometrics: The process of measuring the external shape and dimensions of landforms, living 621 
organisms, or other objects. 622 

Mortality: The state of being subject to death. 623 

Non-target bycatch: Animals caught by accident that are not the target species being sought. 624 

Parameters: A numerical or other measurable factor forming one of a set that defines a system or sets 625 
the conditions of its operation. 626 

Parentage: The origin of something; the state or relation of a parent. 627 

Passive integrated transponder: A microchip implant is an identifying integrated circuit placed under the 628 
skin of an animal. 629 

Pinna: The external part of the ear in humans and other mammals; the auricle. 630 

Plateaued: A period or state of little or no growth or decline. 631 

Population dynamics: The branch of life sciences that studies the size and age composition of 632 
populations as dynamic systems, and the biological and environmental processes driving them (such as 633 
birth and death rates, and by immigration and emigration). 634 

Population growth: The increase in the number of individuals in a population. 635 

Population size: A group of organisms of the same species that live in the same area. 636 

Population status:  637 

Population trend: Changes over time and can include changes in ranging behavior and distribution, 638 
biogeography and life-history. 639 

Population viability: The process that determines the probability that a population will go extinct within 640 
a given number of years. 641 

Proximity: Nearness in space, time, or relationship. 642 

Quantified: Express or measure the quantity of. 643 

Quantitative: Relating to, measuring, or measured by the quantity of something rather than its quality. 644 

Radio-telemetry: The use of radio waves for transmitting information from a distant instrument to a 645 
device that indicates or records the measurements. 646 

Recumbency: The state of leaning, resting, or reclining. 647 

Reintegrate: Restore (elements regarded as disparate) to unity. 648 
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Remnant: A small remaining quantity of something. 649 

Reproductive status: Relating to or effecting reproduction. 650 

Spatial: Relating to, occupying, or having the character of space. 651 

Spatial capture-recapture: A method commonly used in ecology to estimate an animal population's size. 652 
A portion of the population is captured, marked, and released. Marked animals are either recaptured or 653 
are tracked, each tracking location being considered a recapture. 654 

Species Continuum: An aggregate of species capable of interbreeding, resulting in fertile hybrid offspring 655 
whose genetic composition may represent a varying array of phenotypes and genotypes from the 656 
parental species, at which the extreme ends of the spectrum are distinct. 657 

Standardize: Cause (something) to conform to a standard. 658 

Statistically relevant inferences: the process of deducing properties of an underlying distribution by 659 
analysis of data. Inferential statistical analysis infers properties about a population: this includes testing 660 
hypotheses and deriving estimates. 661 

Stochastic population models: Ecological population modeling is concerned with the changes in 662 
population size and age distribution within a population as a consequence of interactions of organisms 663 
with the physical environment, with individuals of their own species, and with organisms of other 664 
species; stochasticity possesses some inherent randomness. In stochastic population models, the same 665 
set of parameter values and initial conditions will lead to an ensemble of different out puts. 666 

Strangulation: The condition in which circulation of blood to a part of the body is cut off by constriction. 667 

Stratifying: Form or arrange into strata, one of a number of portions or divisions likened to layers or 668 
levels. 669 

Surveillance: Continuous observation of a place, person, group, or ongoing activity in order to gather 670 
information. 671 

Survival: A living or continuing longer than, or beyond the existence of, another person, thing, or event. 672 

Sympatric: Occurring within the same geographical area; overlapping in distribution. 673 

Tachycardia: A heart rate that exceeds the normal resting rate. In general, a resting heart rate over 100 674 
beats per minute is accepted as tachycardia in human adults. 675 

Telemetry: See radio-telemetry. 676 

Temporal: Of or relating to time. 677 

Tooth replacement: The process of development of two successive sets of teeth, initially the deciduous 678 
set and consecutively the permanent set. 679 

Transmitter: A set of equipment used to generate and transmit electromagnetic waves carrying 680 
messages or signals, especially those of radio or television. 681 

Transponder: A device for receiving a radio signal and automatically transmitting a different signal. 682 
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Vaccinate: Treat with a vaccine to produce immunity against a disease; inoculate. 683 

Venipuncture: The puncture of a vein as part of a medical procedure, typically to withdraw a blood 684 
sample or for an intravenous injection. 685 

VHF: Very high frequency is the ITU designation for the range of radio frequency electromagnetic waves 686 
(radio waves) from 30 MHz to 300 MHz, with corresponding wavelengths of ten to one meters. 687 

  688 
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Attachment 1: Intra-service Section 7 Biological Evaluation Form 859 
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  864 

Commented [JM59]: Some of the information needs to 
be updated.   The estimated population is 25-40 individuals.  
There were 11 known mortalities in 2016.  There have been 
6 known mortalities in 2017 so far.  No trapping of red 
wolves in February as to not disrupt them during breeding 
season.  Some of the other language should be changed to 
reflect changes in the project proposal.   
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  868 

Commented [JM60]: Same comment as previously 
regarding including Beaufort and Washington Counties. 
 
Section VII. B. Actions to Mitigate/Minimize Impacts – 
Early morning daily trap checks, no trapping during freezing 
conditions, etc. 
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Contract in development. 890 



From: Benjamin, Pete
To: Wayne Waltz
Cc: Boynton, Allen
Subject: NCWRC AP Canid Study Proposal
Date: Thursday, January 4, 2018 2:56:20 PM
Importance: High

Hi Wayne,

In further regard to our phone conversation, the NCWRC is initiating a study of canids on the Albemarle
Peninsula of NC.  It will entail trapping and collaring coyotes, red wolves and hybrids.  We are
cooperating with them in this effort.  I understand that the study will be funding, in part, with PR
dollars.  

Normally, use of federal funds for a study such as this that would involve impacts to federally listed
species would require consultation under Section 7 of the ESA.  However, in this case the species
involved is the red wolf, which exist on Albemarle as a non-essential experimental population as
defined under Section 10(j) of the ESA.  Per Section 10(j)(2)(C)(i) of the ESA, members of a non-
essential experimental population, except when occurring on a National Wildlife Refuge or National
Park, are treated as a species proposed for listing for purposes of Section 7 of the ESA.  Federal
agencies are not required to consult under Section 7 regarding species proposed for listing.  

The NCWRC's work this year will be limited to non-Refuge lands.  As such, Section 7 consultation is not
required here.  I've copied Allen on this message so we are all on the same page.  I advise keeping this
communication in your files as documentation of compliance with Section 7.  Let me know if you have
any questions.  

Cheers,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Waltz, Wayne
To: Benjamin, Pete
Cc: Boynton, Allen
Subject: Re: NCWRC AP Canid Study Proposal
Date: Thursday, January 4, 2018 4:42:01 PM
Importance: High

Thanks for all you help.  This email will become part of the permanent grant records.

On Thu, Jan 4, 2018 at 2:56 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Wayne,

In further regard to our phone conversation, the NCWRC is initiating a study of canids on the
Albemarle Peninsula of NC.  It will entail trapping and collaring coyotes, red wolves and hybrids.  We
are cooperating with them in this effort.  I understand that the study will be funding, in part, with
PR dollars.  

Normally, use of federal funds for a study such as this that would involve impacts to federally listed
species would require consultation under Section 7 of the ESA.  However, in this case the species
involved is the red wolf, which exist on Albemarle as a non-essential experimental population as
defined under Section 10(j) of the ESA.  Per Section 10(j)(2)(C)(i) of the ESA, members of a non-
essential experimental population, except when occurring on a National Wildlife Refuge or National
Park, are treated as a species proposed for listing for purposes of Section 7 of the ESA.  Federal
agencies are not required to consult under Section 7 regarding species proposed for listing.  

The NCWRC's work this year will be limited to non-Refuge lands.  As such, Section 7 consultation is
not required here.  I've copied Allen on this message so we are all on the same page.  I advise
keeping this communication in your files as documentation of compliance with Section 7.  Let me
know if you have any questions.  

Cheers,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
Wayne Waltz
USFWS  ><((((*>
176 Croghan Spur Rd., S. 200
Charleston, SC 29407
843.727.4707 X 225



From: Benjamin, Pete
To: Tim Gestwicki
Subject: FWS/WRC Canid Agreement
Date: Wednesday, January 24, 2018 9:56:38 AM
Attachments: 2013.11.20.WRC-FWS AP Canid Agreement.pdf

Per your request. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.











From: McRae, Sarah
To: Benjamin, Pete
Subject: Fwd: [EXTERNAL] Section 7 BE for AP Canid Project
Date: Wednesday, July 18, 2018 8:05:02 AM
Attachments: Sympatric Canid Project Statement - Final Draft 2018-06-05.pdf

Sympatric Canid Project Approval Letter - 2018-07-10.pdf
Section 7 BE for Sympatric Canid Proposal Final Signed - 2018-03-19.pdf
Coop Agreement USFWS-WRC Dohner - Myers.pdf
Email to FWS Documenting RW Status on AP.pdf

Importance: High

Hi Pete.
Allen called me yesterday asking for help with this, so I'm checking in with you.  I understand
that the WRC canid project will not trap wolves on FWS or NPS lands (this is explicitly
mentioned on the ISS7 BE form), which makes the need for concurrence on the intraservice
section 7 not necessary based on the reasoning provided in the  email correspondence you
provided to Wayne Waltz.  As a courtesy, we usually go ahead and concur with projects that
either have a "no effect" determination or include candidate species (like the Magnificent
Ramshorn), primarily so the administrative record is complete.  I think that the Federal Aid
office has asked WRC to go ahead and seek concurrence from us so that the RO knows we are
fully aware of the projects.
This canid project is certainly unique in that there is an extensive record for it, and all parties
are aware of the activities going on.  But, is it possible for us to go ahead and send in a brief
memo and the ISS7 form to the RO, or do you prefer for us not to?  I'm sort of caught in the
middle here - Allen is asking that I talk to you and is hoping to get this paperwork processed. 
He believes that he needs to have this concurrence in order to proceed with the project, and
while WRC has been given "tentative" approval from the RO to proceed with the project, I
think the Federal Aid office has asked him to get the ISS7 form completed.  Is it problematic
to concur?

Thanks for your help with this - let me know how you'd like me to proceed.  I'm happy to draft
a quick memo for you to sign today.  Let me know if you prefer to chat over the phone.

Sarah

---------- Forwarded message ---------
From: Boynton, Allen <allen.boynton@ncwildlife.org>
Date: Tue, Jul 17, 2018 at 5:21 PM
Subject: [EXTERNAL] Section 7 BE for AP Canid Project
To: Sarah McRae (sarah_mcrae@fws.gov) <sarah_mcrae@fws.gov>
Cc: Pipkin, Kathryn A. <kathryn.pipkin@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>

Good afternoon, Sara:

 

Per our conversation by phone this morning, here are the grant narrative and Section 7 BE for
the AP canid project. I have also attached the relevant correspondence and the grant
amendment letter received recently from the Federal Aid office in Atlanta.



 

I will be back in the office next week and can answer any questions that you have.

 

Allen Boynton

Wildlife Diversity Program Coordinator

 

NC Wildlife Resources Commission

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699-1700

Office: 919-707-0069

 

ncwildlife.org

 

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

-- 
Sarah McRae
Aquatic Endangered Species Biologist
US Fish and Wildlife Service
PO Box 33726
Raleigh, NC  27636-3726

office phone: 919-856-4520x16 (Mon, Thurs)
telework phone: 919-400-5533 (Tues, Wed, Fri)
fax: 919-856-4556
email: sarah_mcrae@fws.gov
web: fws.gov/raleigh

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of



Information Act (FOIA) and may be disclosed to third parties.

"The love for all living creatures is the most noble attribute of man." - Charles Darwin
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Project Statement 

 

Name: 

Pilot Study – Using Fine Scale GPS Technology to Research Sympatric Canid Population Dynamics 

Cost: 

Total Estimated WSFR Federal Cost $342,023 
Total Estimated WSFR Non-Federal Match $114,008 
Total Estimated Other Cost $0 

 

Grant Funding: 

Wildlife Management 

 

Need Statement: 

The coyote (Canis latrans) is now abundant throughout all 100 counties in North Carolina (NC), and is 
managed as nongame with no closed season or bag limit (NC Wildlife Resources Commission 2016). 
Previously restricted to the West and Midwest regions of the United States, by the early 1990s coyotes 
had expanded their range into the Albemarle Peninsula (AP), which is situated in the northeast coastal 
plain region of NC (Hinton et al. 2012, Murray et al. 2014). Though a rural area, human land uses occupy 
a significant portion of space on the AP. The AP is comprised of approximately 30% agricultural fields, 
50% forest and coastal marshes, and 20% “other” land cover types on federal, state and private lands 
(Dellinger 2011). Telemetry data from coyotes on the AP suggests that about 70% of coyotes are 
residents (i.e., those that defend set territories) while the other 30% are transients, with most being 
dispersing juveniles (Hinton et al. 2015). Transient coyotes do not defend set territories. Coyotes can 
travel long distances and become transient even as adults, especially when they lose their mate. 
Recently described as using “compensatory immigration,” coyotes opportunistically fill spatial resource 
gaps by periodic transiency; when spots come open, individuals that do not yet have permanent 
territories and have been roaming in the area, are able to inhabit the new openings (Hinton 2016). 
These periods of transiency can sometimes bring coyotes into conflict with other canids and humans, 
especially when they are utilizing anthropogenic resources (e.g. crops, garbage, bird seed, etc.). The AP 
supports a continuum of sympatric canids whose recent spatial distribution overlaps in an interspecific 
manner, hereafter referred to as “sympatric canids.” Sympatric canids on the AP have a close biological 
relationship which developed in distant past as a result of similar sympatric distribution in other 
locations; an occurrence separate from current day distribution, but which is explanatory of the 
continuum of morphology and behavior that we see in populations on the AP.  

The United States Fish and Wildlife Service (USFWS) released a non-essential, experimental population 
(NEP) of captive-bred red wolves (Canis rufus) on the Alligator River National Wildlife Refuge (ARNWR) in 
1987 (Hinton et al. 2013). This population increased until 2008 and peaked at around 130 individuals 
(Group Solutions, Inc. 2016), short of the recovery goal of 220 individuals dispersed amongst 3 self-
sustaining mainland populations in the wild (USFWS Red Wolf Recovery Program 2013, Red Wolf 
Recovery Program 1984). The AP has an estimated carrying capacity of 140-150 wolves (Hinton et al. 
2013, Kelly et al. 1999, USFWS Red Wolf Recovery Program 2007). The exact number of red wolves is not 
known, but USFWS staff report a population estimate of 25-40 individuals with six recorded mortalities 
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in 2017 (J. Madison, personal communication, 2017). Hybridization with coyotes and inbreeding 
depression are suspected factors that have affected red wolf population growth and viability since the 
inception of the Red Wolf Recovery Program (RWRP), while vehicular and gunshot mortality are known 
factors (Hinton et al. 2013, Faust et al. 2016). As part of a recent program review, the USFWS halted 
many aspects of the RWRP adaptive management plan techniques in 2015 and discontinued the coyote 
sterilization program, potentially affecting the spatial distribution and population dynamics of sympatric 
canids.  

Concerns about fear of attacks on humans and domestic pets, the perceived effects of sympatric canids 
on white-tailed deer and other game populations, and homeowner property damage comprise many of 
the conflict calls regarding sympatric canids on the AP (Responsive Management, forthcoming data). In 
2015 the North Carolina Wildlife Resources Commission (“Commission”) established a Human-Wildlife 
Interaction (HWI) database to track and classify the different types of wildlife related calls the Wildlife 
Helpline receives. In the past 3 years wildlife managers working in the mainland AP region have received 
calls regarding observations (coyote and red wolf) and perceived or real threats to human, domestic 
pets, and livestock/chickens (coyote), and for information on how to deal with conflicts (C. Turner, 
personal communication, 2017).  

The changes in state and federal canid management rules for the AP have resulted in confusion 
regarding residents’ rights and options for management of property damage by canids (e.g. domestic 
pets, livestock, or chickens killed). As a result, some citizens are unsure of the legal and most effective 
methods for canid conflict management. Adding to management complexity is the need to manage 
canids for conservation purposes, such as reducing predation on at-risk ground nesting species (this may 
mean a need for higher or lower numbers of canids in an area) or reducing hybridization of listed canids. 
The Commission has identified expanding education and outreach to constituents regarding coyote life 
history and management strategies as the most valuable tool to mitigating canid conflicts within the 
state (Committee of the Whole meeting, 6 December 2017). Recommended management strategies for 
dealing with coyote conflict promote landowner prevention responsibilities and recommend lethal tools 
as secondary to prevention, on a case-by-case basis, dependent on local management goals. 
Depredation permits, one tool for wildlife management, are not the norm for dealing with conflict 
issues. During the three-year period of 2015 through 2017, only six depredation permits for coyotes 
were issued for mainland AP (NCWRC depredation permit database, C. Turner, personal communication, 
2017).  

In 2013, NCWRC and USFWS established a committee to oversee the collaborative management and 
conservation of sympatric canids on the AP. A USFWS and NCWRC joint memorandum (Memorandum) 
documented detailed action items for the joint management of sympatric canids on the AP, including 
specific research objectives which this proposal seeks to address in part (Attachment 2). The objectives 
outlined in the Memorandum were identified by consensus of the various USFWS and NCWRC staff as 
those that may “…promote the conservation and recovery of the red wolf and other canids on the AP.” 
As sympatric canids on the AP increase in number, monitoring their movements, particularly in relation 
to individuals of differing ancestry, could provide important data to NCWRC and USFWS staff for 
science-based local and landscape-level decisions about sympatric canid populations and conflict 
management. Collection of finer temporal scale location data could help managers in developing local 
strategies for collaborative education and outreach, prevention or resolution of negative interactions of 
sympatric canids with humans, as well as to support development of dynamic stochastic population 
models.  

This pilot project seeks to lay the groundwork toward meeting many of the identified Memorandum 
research objectives, should additional research be pursued post-pilot. Data collected during this pilot 
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could potentially be incorporated in analyses performed with collected data from additional targeted 
future prospective projects. Utilizing this pilot for initiating an understanding of the current state of 
hybridization between sympatric canid populations on the AP could aid USFWS staff with development 
of new approaches for managing hybridization in the red wolf NEP.  

The collaborative approach NCWRC seeks to take in the initiation, implementation, and finalization of 
this project is as equally important as the data collection itself for red wolf conservation and recovery. 
Though the two agencies have varying missions and stances regarding canid management, we believe 
this pilot will serve to also lay the groundwork for an ongoing, inclusive, working collaborative 
relationship. Overcoming the history of each agency’s stances and actions will be paramount to the 
long-term success of respective missions and canid management goals. Cultivation and maintenance of 
a collaborative relationship will help to foster trust between the two agencies and with the human 
population that reside within the AP, a portion of which may have established suspicious and negative 
views of state and federal agency activities, as well as guide ongoing research directions. Crafting an 
understanding between the differences and similarities of the two agencies missions and goals should 
help clarify where each agency can add value, initiate changes, and increase collaboration within and 
between each agency’s missions and goals. A dynamic process that should continue to be instituted well 
beyond the scope of this pilot project. 

Exploiting locally residing NCWRC field staff for development of relationships with landowners during 
the implementation of the project is an imperative goal for NCWRC. Engendering trust with landowners 
by practicing forthrightness, upholding landowner agreements in a transparent manner, and actively 
working with landowners on canid conflict issues is also significant for the long-term success of canid 
management on the AP. Dovetailing field operations during the trapping and den monitoring seasons, in 
addition to addressing landowner canid conflicts in a collaborative manner that involve suspected or 
known red wolves, with RWRP field staff would hopefully open minds and doors of previously resistant 
landowners to the value of the work that we are performing while expanding the data collection value 
of this pilot project. 

Purpose: 

The purpose of this grant is to conduct a 2.5-year pilot research project on the efficacy of fine-scale GPS 
data collection and use of proximity sensors on sympatric canids within the AP of North Carolina. Results 
from this project will help guide NCWRC coyote management and address issues related to red wolf 
recovery efforts. 

Objectives: 

1. Use GPS collar and proximity sensor technology to test performance under various conditions and 
evaluate the frequency and accuracy of the scheduled fix rates. 

2. Use fine scale GPS data collection for investigating annual and seasonal spatial dynamics of 
sympatric canids: home range and core area sizes, amount of overlap in home range and core areas, 
movement pathways and daily activity patterns, and cover type selection and preference. 

3. Use fine scale GPS data collection for investigating the number and age structure of offspring for 
family groups of collared sympatric canids. 

4. Use fine scale GPS data collection for investigating sources of mortality for sympatric canids. 

5. Use fine scale GPS data collection for preventing and mitigating canid conflicts with landowners. 

6. Determine genetic profiles of sympatric canids through DNA identification of all captured 
individuals, parentage, and presence of hybridization. 
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Expected Results and Benefits  

As part of a pilot study, we will monitor the status of collared individuals by using a finer scale 
assessment of space and habitat use than previous studies. Earlier research focused on many of the 
same objectives we suggest investigating here, but during a time of intense, active management. 
Specific management techniques are no longer being carried out and dynamics between sympatric 
canids are expected to have changed substantially. The uncertainty regarding current dynamics presents 
a need for additional research to inform actions for the management of sympatric canids. Information 
gained from research may impact management rules and landowner’s abilities to manage canids in 
some areas. Additionally, GPS technology has improved since earlier research was conducted allowing 
for more temporally detailed data collection and more nuanced analyses. Understanding how sympatric 
canids collectively use resources in areas of human-dominated landscapes will allow wildlife managers 
to tailor management options to local conditions. 

In conjunction with prior research, data collected will contribute to knowledge on sympatric canid 
population dynamics on the AP. Estimating population size will allow managers to monitor population 
trends of sympatric canids and to examine the long and short-term impacts of different management 
strategies on their populations. While it is unknown whether sample size will allow for population 
estimation, obtaining population estimates for coyotes would provide wildlife managers with baseline 
data, when paired with annual mortality estimates, for monitoring changes in population abundance 
over time. Information on changes in abundance, reproductive dynamics, and habitat use, could impact 
management strategies to influence long-term conservation outcomes. Results of this pilot study will 
allow managers to determine if future work will be necessary, what amount of effort will be required to 
achieve each objective, and whether or not population estimates will be an attainable goal. 

At the end of this 2.5-year pilot study, we will deliver a summary detailing the use of the GPS and sensor 
technology for spatial and population dynamics research on sympatric canids on the AP. 

 

Approach 

Distribution and Habitat Selection 

Telemetry Surveys 

Movement in relation to habitat, habitat selection, home range size, and denning ecology will be 
determined via radio-collared sympatric canids. Trapping efforts will follow a spatial capture-recapture 
(SCR) framework with a systematic targeted sampling design, focusing on areas that contain resources 
previously found to be used by sympatric canids (e.g. edge, agricultural fields, secondary roads, etc.) 
(Harris et al. 2013, Ivan et al. 2013), while attempting to sample a diversity of habitat types. While it is 
important to sample a wide range of habitats, the most important requirement for SCR is the number of 
collared individuals; this requirement provides flexibility in the other requirements for field sampling as 
needed (K. Pacifici, personal communication, 2016). Ideally, all federal and state lands would be 
accessible for trap and release (hereafter referred to as “capture”) of sympatric canids, but it is most 
important to be able to trap and release on Alligator River NWR and the Dare County Bombing Range as 
those encompass the newly proposed RWRP recovery area and comprise the majority of land area for 
Dare county. Capture on federal lands may require USFWS take permits and proposed activities may be 
subject to a compatibility assessment (P. Benjamin, personal communication, 2016). Capture will take 
place during the breeding season when the likelihood of capturing females in the later stages of 
gestation or whelping females is low. Capture efforts will be conducted from soon after 1 December 
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2017 – February 2018 and December 2018 – February 2019. Target canids will be captured by using 
Softcatch #3 Coyote 4x4 (Oneida Victor Inc. Ltd., P.O. Box 32398, Euclid, Ohio 44132, Hinton 2014, 
Schemnitz 1994), the EZ Grip #7 (Livestock Protection Company, P.O. Box 725, Alpine, Texas 79831, 
Frame and Meier 2007), or equivalent. Various lures and baits will be used to increase trapping 
efficiency (Frederick et al. 1989, Shipley 2012). Traps will be checked once daily at dawn, to reduce 
potential stress to trapped individuals and will not be operated on days where the temperature is 
expected to reach or exceed 80o F (R. Nordsven, personal communication, 2016) or during times of 
predicted inclement weather (e.g. snow, hail, high wind, etc., Sikes et al. 2011). Trapping effort will be 
quantified (trap nights), the effective sample area will be estimated, the encounter (detection) 
probability will be estimated using a Gaussian detection model (Amundson et al. 2014), and an estimate 
of density for coyotes will be calculated using a modified Huggins closed-capture estimator in program 
MARK, if sample size allows (Harris et al. 2013, Ivan et al. 2013). 

Handling of canids will follow American Society of Mammalogists (ASM) guidelines (Sikes et al. 2011) 
and will be performed at the capture site. Chemical immobilization agents may be used depending on 
the number of field staff during processing (i.e., three or more staff required during non-chemical 
immobilizations, Craft 2007, M. Morse, personal communication, 2016). Overheating occurs at 
approximately 104-105°F for canids (AZA Canid TAG 2012) and the animal handling crew will monitor 
temperature at 5-minute intervals; if a temperature reading reaches 104°F, corrective actions will be 
taken and temperature will be monitored at 1-minute intervals. Non-target animals will be released on 
site. During canid handling, NCWRC personnel will record age class, sex, weight, total body length, head 
width, ear length, and tail length, visually assess ectoparasite load, look for and disinfect with betadine 
or iodine as needed any minor trap caused injuries, and affix GPS collars (Knick 1990, Sikes et al. 2011). 
All captured canids will be fitted with appropriately-sized GPS collars in the field based on 
morphometrics previously indicated as reliable thresholds for species categorization: hind foot length, 
weight, width of head, and tail length (Hinton 2014); analysis of DNA samples collected during trapping 
efforts will help to assign captured canids to position along the species continuum post release. Age of 
individuals will be estimated based on physical characteristics, including weight and tooth replacement 
(Knick 1990, Hinton 2014, Gier 1968), and captured canids will be aged into one of three classes: > 2 
years old as adults, < 2 but > 1 year old as juveniles, and > 6 months but < 12 months old as pups (Hinton 
2014). Reproductive status will be determined based on estimated age class and presence of gonadal 
descent during the breeding season for males and the presence of nipple swelling or previous suckling 
for females (Hutson and Racey 2004, Magee 2008, Mengel 1971). Captured individuals will be ear 
marked using a button tag (model 410, Ketchum Mfg. Co. [or equivalent], PO Box 10, 11 Town Shed 
Road, Lake Luzerne, NY 12846) placed along the middle of the ear where they are most protected from 
loss, with a pin-type applicator (485sa Pow-R-ceps plier, Ketchum Mfg. Co. [or equivalent]) (Silvy 2012). 
A skin biopsy will be taken from all captured target canids by puncturing the pinna of the ear with a 
biopsy punch in the same location where the ear tag will be placed (Palamar 2014). All samples will be 
sent to the Laboratory for Ecological, Evolutionary and Conservation Genetics, at University of Idaho 
(875 Perimeter Drive, MS 1136, Moscow, ID 83844) for genotyping to determine species as well as 
individual identification, hybridization presence, and parentage analysis following previously developed 
protocols (Adams et al. 2007, Hinton 2014, Miller et al. 2003). The appropriate genetic analyses that 
examine the coyote-hybrid-wolf species continuum will be performed, as determined by the contracted 
lab. 

Vertex Plus GPS Collars will be attached to 25 sympatric canids captured on the study area, 10 of which 
will be equipped with proximity sensors (Vectronic Aerospace GmbH, Carl-Scheele-Str. 12, 12489 Berlin, 
Germany). Project staff will pilot test proximity sensor technology for utility in analysis of spatial and 
temporal community dynamics. Proximity sensors trigger increased GPS location acquisition during 
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those time intervals when two collared individuals come within a set distance from each other 
(http://www.vectronic-aerospace.com/wildlife-monitoring/sensors/uhf-id-tags, accessed August 2016). 
Radio-collar units will be programmed to record GPS coordinates once every 1.75 hours producing 
approximately 13 locations per day while cycling through the 24-hour time cycle. These settings will 
allow for a GPS battery life of 300 to 552 days, averaging 431 days. GPS locations will be sent via satellite 
once per day and each transmission with contain 12 locations. The use of an integrated drop off firing 
mechanism should allow the collars to drop off within a maximum of approximately 548 days after 
deployment.  

Project staff will attempt to locate den sites for sympatric canids to get pup counts, morphometric 
measurements, age estimates, and skin biopsies. Project staff will also attempt to monitor pup survival 
during the pup rearing season by using remote cameras placed around the den site (Harrison and Gilbert 
1985, Parks 1979, Way et al. 2001). Pups will be weighed, measured, and PIT tagged during May and 
June of each year when they become active but are still den-obligated (Gier 1968). We will investigate 
the use of remote camera traps for monitoring den behavior with a two-camera array around the den 
(H. Garbe, personal communication, 2016, Kays and Slauson 2008). This method has been successfully 
used to monitor kit fox pup survival (Kluever et al. 2013). Because coyotes have been found to be 
sensitive to den site disturbance, there is a general lack of data in the literature regarding this approach 
for monitoring pup survival. Cameras will be checked six days after deployment and will be redeployed 
(i.e. new batteries and memory card, if required); cameras will remain at each den site until radio-collar 
data indicates the den site has been moved (Kluever et al. 2013). Cameras will not be redeployed to a 
new coyote den site during a season if that breeding pair has already moved the den once due to the 
disturbance of camera presence/deployment. 

Observation of sympatric canid habitat use and movements will occur through GPS data obtained with 
combination GPS/VHF radio-collars. Canids will be minimally monitored for mortality approximately 
every 30 days by using VHF aerial telemetry techniques (Whitehouse and Steven 1977) as there may be 
a delay in satellite transmission of GPS location data due to weather, season, and animal behavior. Both 
minimum convex polygon (MCP) and adaptive kernel (AK) home ranges (95%) and core use areas (50% 
and 25%) (Seaman and Powell 1996, Seaman et al. 1999) will be calculated from GPS data by using 
BIOTAS (Ecological Software Solutions LLC, 2016) and Geospatial Modelling Environment (Spatial 
Ecology, LLC, 2016) for ArcGIS 10.2.2 (Environmental Systems Research Institute, 2016) (Benson et al. 
2006, Riley 2006, Tucker et al. 2008, Hinton 2014) for comparison to older studies. Spatial distribution in 
relation to habitat will also be estimated by dynamic Brownian bridge movement models as described 
by Hinton (2014) with R statistical software (R Core Team 2016) using the moveud package with habitat 
covariates important to each species (Bryne et al. 2014, Collier 2013, Kranstauber and Smolla 2013, C. 
Proctor, personal communication, 2016). Additionally, recent research into how canids shift their ranges 
will also be investigated for populations on the AP (Morin and Kelly, in review). Spatial overlap and co-
occurrence will be assessed using methods described by Shipley (2012). Habitat and cover types will be 
estimated from digitized maps created by the SEGAP (Hinton 2014) or ortho files, as available (Shipley 
2012). Percent composition of habitat and cover types within home ranges and core areas as well as 
edge density will be quantified (Shipley 2012). Habitat selection and cover type use effects on spatial 
distribution will be estimated at both the population (2nd order) and individual (3rd order) spatial scales 
using resource selection functions (Johnson et al. 2006, Manly et al. 2002, Shipley 2012). Effects of 
seasonality and time of day activity will also be explored. The spatial and temporal patterns of space use 
by sympatric canids will be studied using data generated from the interaction GPS collar sensors, 
particularly distance between individuals and duration of proximity. 
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GPS and Proximity Sensor Performance Testing 

Stationary performance testing of GPS and proximity sensor technology will be conducted throughout 
the study area over the course of the first year of the project. Stationary data will provide a baseline for 
performance comparison to data collected from collared individuals. Field and analysis methods will 
follow those outlined in Ironside et al. (2017).  

 

Useful Life 

No capital improvements over $10,000 will result from this project. 

 

Geographic Location 

The current NEP boundary covers approximately 6,900 square kilometers within Beaufort, Dare, Hyde, 

Tyrrell, and Washington counties (Wildlife Management Institute 2014). The USFWS has proposed the 

NEP boundary be constricted to the ARNWR and the Dare County Bombing Range in Dare county by the 

end of 2017; the associated National Environmental Policy Act (NEPA) process for this recommendation 

is ongoing (J. Madison, personal communication, 2017). This study proposes to capture and radio-collar 

20 coyotes, and their sympatric hybrids, within Dare, Hyde, and Tyrrell counties (“study area”); those 

counties being comprised of and adjacent to the center of the red wolf recovery effort at ARNWR.  

Principal Investigator(s), for Research Projects 

The federal aid coordinator, NCWRC field staff contact and principal investigators are listed below: 

Kathryn Pipkin (NCWRC Federal Aid Program Manager) 919-707-0065 
Brandon Sherrill (NCWRC Mammalogist) 919-707-0338 
Andrea Shipley (NCWRC Canid Biologist/field contact) 252-926-0266 
Dr. Krishna Pacifici (North Carolina State University) 919-515-8435 
 

Program Income 

None. 

 

Pre-Award Costs: Reimbursement of pre-award costs incurred on or after November 1, 2017 is 
requested for this grant amendment. 

Timeline 

Period of performance is January 1, 2018 through June 30, 2020.  
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General: 

The approaches set forth in this project are substantial in character and design and eligible for funding 
under 50 CFR 80.50 (a) Wildlife Management program (2) “Conduct research on the problems of 
managing wildlife and its habitat if necessary to administer wildlife resources efficiently.” 
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Figure 1. Map of proposed study areas. 
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Attachment 1. USFWS and NCWRC joint memorandum 
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Attachment 2: Field Work Decision Trees 
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Boynton, Allen

From: Boynton, Allen
Sent: Thursday, June 07, 2018 10:41 AM
To: Jerri Bonner
Cc: Pipkin, Kathryn A.
Subject: FW: [External] NCWRC AP Canid Study Proposal

Categories: Gov-Fed

Here is the email to which I referred. 
 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov]  
Sent: Thursday, January 04, 2018 2:56 PM 
To: Wayne Waltz <wayne_waltz@fws.gov> 
Cc: Boynton, Allen <allen.boynton@ncwildlife.org> 
Subject: [External] NCWRC AP Canid Study Proposal 
 

CAUTION: External email. Do not click links or open attachments unless verified. Send all suspicious email as an attachment to 
report.spam@nc.gov. 

 

Hi Wayne, 
 
In further regard to our phone conversation, the NCWRC is initiating a study of canids on the 
Albemarle Peninsula of NC.  It will entail trapping and collaring coyotes, red wolves and 
hybrids.  We are cooperating with them in this effort.  I understand that the study will be funding, 
in part, with PR dollars.   
 
Normally, use of federal funds for a study such as this that would involve impacts to federally listed 
species would require consultation under Section 7 of the ESA.  However, in this case the species 
involved is the red wolf, which exist on Albemarle as a non-essential experimental population as 
defined under Section 10(j) of the ESA.  Per Section 10(j)(2)(C)(i) of the ESA, members of a non-
essential experimental population, except when occurring on a National Wildlife Refuge or National 
Park, are treated as a species proposed for listing for purposes of Section 7 of the ESA.  Federal 
agencies are not required to consult under Section 7 regarding species proposed for listing.   
 
The NCWRC's work this year will be limited to non-Refuge lands.  As such, Section 7 consultation is 
not required here.  I've copied Allen on this message so we are all on the same page.  I advise 
keeping this communication in your files as documentation of compliance with Section 7.  Let me 
know if you have any questions.   
 
Cheers, 
 
Pete Benjamin  
Field Supervisor 
Raleigh ES Field Office 
U.S. Fish and Wildlife Service 
551F Pylon Drive 
Raleigh, NC 27606 
Office: (919) 856-4520 x 11 



2

Mobile: (919) 816-6408 
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of Information Act (FOIA) and 
may be disclosed to third parties. 



From: McRae, Sarah
To: Benjamin, Pete
Subject: Re: [EXTERNAL] Section 7 BE for AP Canid Project
Date: Monday, August 6, 2018 7:27:17 AM
Importance: High

Hey Pete.  Can we talk about how you'd like to respond to this?  It definitely isn't in my
wheelhouse, but WRC would like concurrence soon, if possible.  I'm available all morning.

On Wed, Jul 18, 2018 at 8:05 AM Sarah McRae <sarah_mcrae@fws.gov> wrote:
Hi Pete.
Allen called me yesterday asking for help with this, so I'm checking in with you.  I
understand that the WRC canid project will not trap wolves on FWS or NPS lands (this is
explicitly mentioned on the ISS7 BE form), which makes the need for concurrence on the
intraservice section 7 not necessary based on the reasoning provided in the  email
correspondence you provided to Wayne Waltz.  As a courtesy, we usually go ahead and
concur with projects that either have a "no effect" determination or include candidate species
(like the Magnificent Ramshorn), primarily so the administrative record is complete.  I think
that the Federal Aid office has asked WRC to go ahead and seek concurrence from us so that
the RO knows we are fully aware of the projects.
This canid project is certainly unique in that there is an extensive record for it, and all parties
are aware of the activities going on.  But, is it possible for us to go ahead and send in a brief
memo and the ISS7 form to the RO, or do you prefer for us not to?  I'm sort of caught in the
middle here - Allen is asking that I talk to you and is hoping to get this paperwork
processed.  He believes that he needs to have this concurrence in order to proceed with the
project, and while WRC has been given "tentative" approval from the RO to proceed with
the project, I think the Federal Aid office has asked him to get the ISS7 form completed.  Is
it problematic to concur?

Thanks for your help with this - let me know how you'd like me to proceed.  I'm happy to
draft a quick memo for you to sign today.  Let me know if you prefer to chat over the phone.

Sarah

---------- Forwarded message ---------
From: Boynton, Allen <allen.boynton@ncwildlife.org>
Date: Tue, Jul 17, 2018 at 5:21 PM
Subject: [EXTERNAL] Section 7 BE for AP Canid Project
To: Sarah McRae (sarah_mcrae@fws.gov) <sarah_mcrae@fws.gov>
Cc: Pipkin, Kathryn A. <kathryn.pipkin@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>

Good afternoon, Sara:

 

Per our conversation by phone this morning, here are the grant narrative and Section 7 BE
for the AP canid project. I have also attached the relevant correspondence and the grant



amendment letter received recently from the Federal Aid office in Atlanta.

 

I will be back in the office next week and can answer any questions that you have.

 

Allen Boynton

Wildlife Diversity Program Coordinator

 

NC Wildlife Resources Commission

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699-1700

Office: 919-707-0069

 

ncwildlife.org

 

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

-- 
Sarah McRae
Aquatic Endangered Species Biologist
US Fish and Wildlife Service
PO Box 33726
Raleigh, NC  27636-3726

office phone: 919-856-4520x16 (Mon, Thurs)
telework phone: 919-400-5533 (Tues, Wed, Fri)
fax: 919-856-4556
email: sarah_mcrae@fws.gov
web: fws.gov/raleigh



NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"The love for all living creatures is the most noble attribute of man." - Charles Darwin

-- 
Sarah McRae
Aquatic Endangered Species Biologist
US Fish and Wildlife Service
PO Box 33726
Raleigh, NC  27636-3726

office phone: 919-856-4520x16 (Mon, Thurs)
telework phone: 919-400-5533 (Tues, Wed, Fri)
fax: 919-856-4556
email: sarah_mcrae@fws.gov
web: fws.gov/raleigh

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

"The love for all living creatures is the most noble attribute of man." - Charles Darwin



From: Benjamin, Pete
To: Bonner, Jerri
Cc: Madison, Joseph S
Subject: NCWRC Sympatric Canid Project Section 7 compliance
Date: Tuesday, August 14, 2018 1:20:10 PM
Importance: High

Howdy,

This email documents compliance with Sections 7 and 10 of the Endangered Species Act regarding the
NC Wildlife Resources Commission project entitled: "Using Fine Scale GPS Technology to Research 
Sympatric Canid Population Dynamics”. 

Because the red wolves in the NEP are considered a threatened species where they occur on Service
lands, and as proposed for listing where they occur on other lands within the NEP, Service personnel,
and State conservation agency personnel (where a Section 6(c) Cooperative Agreement exist between
the State and the Service, as is the case here) may take red wolves acting in the course of their official
duties (50 CFR 17.31(b)) without a Section 10 permit.  Additionally, because work with red wolves in
association with this project will occur off Service lands, Consultation pursuant to Section 7 of the Act
is not required relative to the federal action of approving federal funding for the project.  

Let me know if you have any questions or require further assistance.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Bonner, Jerri
To: Benjamin, Pete
Subject: Re: NCWRC Sympatric Canid Project Section 7 compliance
Date: Tuesday, August 14, 2018 1:22:44 PM
Importance: High

Thank you so much for your quick attention to this issue.  I'll inform the NCWRC that
the condition has been met and allow implementation of their field-based activities.

Cheers,
LeAnne

On Tue, Aug 14, 2018 at 1:20 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Howdy,

This email documents compliance with Sections 7 and 10 of the Endangered Species Act regarding
the NC Wildlife Resources Commission project entitled: "Using Fine Scale GPS Technology to Research 
Sympatric Canid Population Dynamics”. 

Because the red wolves in the NEP are considered a threatened species where they occur on Service
lands, and as proposed for listing where they occur on other lands within the NEP, Service personnel,
and State conservation agency personnel (where a Section 6(c) Cooperative Agreement exist between
the State and the Service, as is the case here) may take red wolves acting in the course of their
official duties (50 CFR 17.31(b)) without a Section 10 permit.  Additionally, because work with red
wolves in association with this project will occur off Service lands, Consultation pursuant to Section 7
of the Act is not required relative to the federal action of approving federal funding for the
project.  

Let me know if you have any questions or require further assistance.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
LeAnne Bonner
Fish and Wildlife Biologist
Wildlife and Sport Fish Restoration Program
404.679.7357



From: Shipley, Andrea J
To: Madison, Joseph S; Benjamin, Pete; Morse, Michael L; Nordsven, Ryan; Olson, Shaun E
Cc: McAlister, John W; Schweitzer, Sara H; Cobb, David T.
Subject: [EXTERNAL] Canid Project Collaborative Meeting
Date: Monday, September 17, 2018 10:18:45 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Hi All,
 
With the winter rapidly approaching, I thought it would be good for us all to convene to get updated
on our respective work and to see how we may be able to support each other during this trapping
season.
 
I’ve put together a doodle poll with a range of dates from October into early November to see what
could possibly work with all of our schedules. Once we’ve got that sorted, I’ll set up a meeting place.
Last year we had a much larger group meeting, but I don’t believe that is necessary for this year.
Please feel free to chime in with differences of opinion.
 
https://doodle.com/poll/cz3y96y37czf6dgz
 
Hopefully most, if not all, of us will be able to meet before the trapping season opens.
 
Hope you all fared well with the hurricane,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 



 











From: Shipley, Andrea J
To: Madison, Joseph S; Benjamin, Pete; Morse, Michael L; Nordsven, Ryan; Olson, Shaun E
Cc: McAlister, John W; Schweitzer, Sara H; Cobb, David T.
Subject: [EXTERNAL] RE: Canid Project Collaborative Meeting
Date: Tuesday, September 25, 2018 8:47:09 AM
Attachments: image001.png
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Importance: High

Thank you all for responding so quickly! I’m waiting on a few more responses, but right now Nov 6th

is looking like the clear winner. I’ll send out the final word on Friday.
 
Thanks again,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Shipley, Andrea J 
Sent: Monday, September 24, 2018 10:24 AM
To: Joseph Madison <joseph_madison@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>;
Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>
Cc: McAlister, John W <john.mcalister@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>; David T. Cobb (david.cobb@ncwildlife.org)
<david.cobb@ncwildlife.org>
Subject: RE: Canid Project Collaborative Meeting
Importance: High



 
Doodle poll reminder since October is just around the corner.
 
I would like to get a date set by the end of the week. Please let me know if you have any questions or
concerns.
 
Thanks,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Shipley, Andrea J 
Sent: Monday, September 17, 2018 10:19 AM
To: Joseph Madison <joseph_madison@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>;
Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>
Cc: McAlister, John W <john.mcalister@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>; David T. Cobb (david.cobb@ncwildlife.org)
<david.cobb@ncwildlife.org>
Subject: Canid Project Collaborative Meeting
Importance: High
 
Hi All,
 
With the winter rapidly approaching, I thought it would be good for us all to convene to get updated
on our respective work and to see how we may be able to support each other during this trapping



season.
 
I’ve put together a doodle poll with a range of dates from October into early November to see what
could possibly work with all of our schedules. Once we’ve got that sorted, I’ll set up a meeting place.
Last year we had a much larger group meeting, but I don’t believe that is necessary for this year.
Please feel free to chime in with differences of opinion.
 
https://doodle.com/poll/cz3y96y37czf6dgz
 
Hopefully most, if not all, of us will be able to meet before the trapping season opens.
 
Hope you all fared well with the hurricane,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 











From: Shipley, Andrea J
To: Madison, Joseph S; Benjamin, Pete; Morse, Michael L; Nordsven, Ryan; Olson, Shaun E
Cc: McAlister, John W; Schweitzer, Sara H; Cobb, David T.
Subject: [EXTERNAL] RE: Canid Project Collaborative Meeting
Date: Thursday, September 27, 2018 1:26:58 PM
Attachments: image001.png

image002.png
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image004.png

Importance: High

Good Afternoon,
 

November 6th did end up rising to the top of the selection of dates, so I have booked us a meeting
space at Pocosin Lakes visitor center in Columbia from 1:30-3:30PM that day. We’ll be meeting in
the smaller classroom space since we are a smaller group this year.
 

Please let me know if there is any conflict with this time range on November 6th.
 
Thanks,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Shipley, Andrea J 
Sent: Tuesday, September 25, 2018 8:47 AM
To: Joseph Madison <joseph_madison@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>;
Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>
Cc: McAlister, John W <john.mcalister@ncwildlife.org>; Schweitzer, Sara H



<sara.schweitzer@ncwildlife.org>; David T. Cobb (david.cobb@ncwildlife.org)
<david.cobb@ncwildlife.org>
Subject: RE: Canid Project Collaborative Meeting
 

Thank you all for responding so quickly! I’m waiting on a few more responses, but right now Nov 6th

is looking like the clear winner. I’ll send out the final word on Friday.
 
Thanks again,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Shipley, Andrea J 
Sent: Monday, September 24, 2018 10:24 AM
To: Joseph Madison <joseph_madison@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>;
Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>
Cc: McAlister, John W <john.mcalister@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>; David T. Cobb (david.cobb@ncwildlife.org)
<david.cobb@ncwildlife.org>
Subject: RE: Canid Project Collaborative Meeting
Importance: High
 
Doodle poll reminder since October is just around the corner.
 
I would like to get a date set by the end of the week. Please let me know if you have any questions or



concerns.
 
Thanks,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Shipley, Andrea J 
Sent: Monday, September 17, 2018 10:19 AM
To: Joseph Madison <joseph_madison@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>;
Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>
Cc: McAlister, John W <john.mcalister@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>; David T. Cobb (david.cobb@ncwildlife.org)
<david.cobb@ncwildlife.org>
Subject: Canid Project Collaborative Meeting
Importance: High
 
Hi All,
 
With the winter rapidly approaching, I thought it would be good for us all to convene to get updated
on our respective work and to see how we may be able to support each other during this trapping
season.
 
I’ve put together a doodle poll with a range of dates from October into early November to see what
could possibly work with all of our schedules. Once we’ve got that sorted, I’ll set up a meeting place.



Last year we had a much larger group meeting, but I don’t believe that is necessary for this year.
Please feel free to chime in with differences of opinion.
 
https://doodle.com/poll/cz3y96y37czf6dgz
 
Hopefully most, if not all, of us will be able to meet before the trapping season opens.
 
Hope you all fared well with the hurricane,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 











From: Shipley, Andrea J
To: Madison, Joseph S; Benjamin, Pete; Morse, Michael L; Nordsven, Ryan; Olson, Shaun E
Cc: McAlister, John W; Schweitzer, Sara H; Cobb, David T.
Subject: [EXTERNAL] RE: Canid Project Collaborative Meeting
Date: Friday, November 2, 2018 6:51:56 AM
Attachments: image001.png

image002.png
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image004.png
USFWS x WRC Meeting Agenda 2018-11-06 (1).docx

Importance: High

Good morning,
 
Looking forward to seeing you all on Tuesday (hope everyone was able to vote early!) – I’ve attached
a one-sheet agenda for the meeting.
 
Please let me know if any questions or concerns come up between now and then.
 
All the best,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Shipley, Andrea J 
Sent: Monday, September 24, 2018 10:24 AM
To: Joseph Madison <joseph_madison@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>;
Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>



Cc: McAlister, John W <john.mcalister@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>; David T. Cobb (david.cobb@ncwildlife.org)
<david.cobb@ncwildlife.org>
Subject: RE: Canid Project Collaborative Meeting
Importance: High
 
Doodle poll reminder since October is just around the corner.
 
I would like to get a date set by the end of the week. Please let me know if you have any questions or
concerns.
 
Thanks,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Shipley, Andrea J 
Sent: Monday, September 17, 2018 10:19 AM
To: Joseph Madison <joseph_madison@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>;
Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Shaun Olson (shaun_olson@fws.gov) <shaun_olson@fws.gov>
Cc: McAlister, John W <john.mcalister@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>; David T. Cobb (david.cobb@ncwildlife.org)
<david.cobb@ncwildlife.org>
Subject: Canid Project Collaborative Meeting
Importance: High



 
Hi All,
 
With the winter rapidly approaching, I thought it would be good for us all to convene to get updated
on our respective work and to see how we may be able to support each other during this trapping
season.
 
I’ve put together a doodle poll with a range of dates from October into early November to see what
could possibly work with all of our schedules. Once we’ve got that sorted, I’ll set up a meeting place.
Last year we had a much larger group meeting, but I don’t believe that is necessary for this year.
Please feel free to chime in with differences of opinion.
 
https://doodle.com/poll/cz3y96y37czf6dgz
 
Hopefully most, if not all, of us will be able to meet before the trapping season opens.
 
Hope you all fared well with the hurricane,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 











Meeting Agenda 
06 Nov 2018 
1:30PM EST at Pocosin Lakes NWR Offices in Columbia, NC 

Meeting called by: Andrea Shipley 

 

FWS/WRC Collaborative Management of AP Canids  Sara Schweitzer, WRC Wildlife Diversity Program Coordinator     
Andrea Shipley, WRC Mammalogist 

Sympatric Canid Project Summary                                          
(Dec. 2017 – Nov. 2018) 

Andrea Shipley, WRC Mammalogist 
Worth McAlister, WRC Wildlife Diversity Biologist 

Next Steps 

• Implementation of Stationary GPS study 
• Hiring seasonal staff (3-Month Temporary) 
• Second field season collar deployment 
• Continued monitoring of collared canids 

Worth McAlister, WRC Wildlife Diversity Biologist 

Group Discussion All 

Project Summary: 
In 2013, NCWRC and USFWS established a committee to oversee the collaborative management and conservation of 
sympatric canids on the AP. A USFWS and NCWRC joint memorandum documented detailed action items, including 
specific research objectives which this proposal seeks to address. As sympatric canids on the AP increase in number, 
monitoring their movements in relation to individuals of differing ancestry will provide important data to NCWRC and 
USFWS staff for science-based local and landscape-level decisions about sympatric canid populations and conflict 
management. Collection of finer temporal scale location data will help to manage interactions of sympatric canids with 
humans, as well as to support development of dynamic stochastic population models. At the end of this two-year pilot 
study, we will deliver a summary report detailing the use of the GPS and sensor technology for spatial and population 
dynamics research on sympatric canids on the AP. 



From: Benjamin, Pete
To: Myers, Gordon S.; Miranda, Leopoldo
Cc: Arnold, Jack; Eversen, Michelle
Subject: Albemarle Pamlico Cooperative Canid Conservation Team - Redux
Date: Friday, March 29, 2019 11:00:20 AM

Hi folks,

Gordon and I discussed this briefly at the Coop. Unit meeting yesterday.  Quick aside: Leo, everyone
says "Hi".  Anyway, I think it would be a good time to get our canid team back together to update
everyone regarding the current moving parts and to collectively chart a path forward regarding canids
in eastern NC.  I'm starting with you guys (Gordon and Leo) as the Team's Executive Committee.  

If you agree the time is right, I'll take responsibility for starting google poll in search of a suitable April
date.  Also, most of the original team members have moved on (including you Leo).  So, could you
please advise on who you think should be the respective agency reps.  As a reminder, the original team
included Leo, Art and me from FWS.  I assume it will be me and Joe Madison now, but I don't know if
Leo wants to stay directly involved or delegate.  On the Commission side was Gordon, Maria, Cobb and
(I think) Brandon.  Let me know your wishes and I will do my best to carry them out.  

Cheers,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Fwd: [External] Re: Albemarle Pamlico Cooperative Canid Conservation Team - Redux
Date: Monday, April 8, 2019 4:55:42 PM

So, I need to know who is representing the FWS team.  Hopefully, it's you, me and Joe.  Can you
confirm that with Leo/Jack?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Myers, Gordon S. <gordon.myers@ncwildlife.org>
Date: Fri, Mar 29, 2019 at 4:52 PM
Subject: RE: [External] Re: Albemarle Pamlico Cooperative Canid Conservation Team -
Redux
To: Eversen, Michelle <michelle_eversen@fws.gov>, Benjamin, Pete
<pete_benjamin@fws.gov>
Cc: Leopoldo Miranda <leopoldo_miranda@fws.gov>, Jack Arnold <Jack_Arnold@fws.gov>

We would be delighted to work with Michelle if that works at your end.

Thank you and have a great weekend,

Gordon

 

From: Eversen, Michelle <michelle_eversen@fws.gov> 
Sent: Friday, March 29, 2019 11:31 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Leopoldo Miranda
<leopoldo_miranda@fws.gov>; Jack Arnold <Jack_Arnold@fws.gov>
Subject: [External] Re: Albemarle Pamlico Cooperative Canid Conservation Team - Redux

 

CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as
an attachment to report.spam@nc.gov



 

Pete,

 

Thank you very much for taking the initiative on this.  I fully agree that this group needs to
become operational again.  

 

Leo / Jack - I offer myself to replace Leo on the Team as that Area Supervisor for North
Carolina.  Let me know your thoughts.  But I think I am well positioned to take on this role if
you all so see fit and Gordon you are ok with working with me instead of directly with the
incoming ARD.  

 

Just a thought!

 

Michelle

 

On Fri, Mar 29, 2019 at 11:00 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Hi folks,

 

Gordon and I discussed this briefly at the Coop. Unit meeting yesterday.  Quick
aside: Leo, everyone says "Hi".  Anyway, I think it would be a good time to get our
canid team back together to update everyone regarding the current moving parts
and to collectively chart a path forward regarding canids in eastern NC.  I'm
starting with you guys (Gordon and Leo) as the Team's Executive Committee.  

 

If you agree the time is right, I'll take responsibility for starting google poll in
search of a suitable April date.  Also, most of the original team members have
moved on (including you Leo).  So, could you please advise on who you think
should be the respective agency reps.  As a reminder, the original team included
Leo, Art and me from FWS.  I assume it will be me and Joe Madison now, but I
don't know if Leo wants to stay directly involved or delegate.  On the Commission
side was Gordon, Maria, Cobb and (I think) Brandon.  Let me know your wishes
and I will do my best to carry them out.  

 



Cheers,

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

 

--

Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean

Southeast Region 

U.S. Fish and Wildlife Service

100 Conservation Way

Manteo, NC 27954

 

1-404-632-9331 (Mobile) 

 

 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: David Cobb
Subject: Fwd: Albemarle Pamlico Cooperative Canid Conservation Team - Redux
Date: Wednesday, April 10, 2019 12:33:42 PM

Hey David,

Not sure this is still in your wheel house, but I could us a bit of help.  From this chain you'll see that I'm
trying to reconstitute our AP3C Team.  Everyone seems amenable, but I need Leo and Gordon to advice
regarding appropriate representation.  I'm working on it on the FWS side.  Is there a way you or
someone could give Gordon a little nudge to see who he wants on the Team for WRC?  

Cheers,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Fri, Mar 29, 2019 at 11:00 AM
Subject: Albemarle Pamlico Cooperative Canid Conservation Team - Redux
To: Myers, Gordon S. <gordon.myers@ncwildlife.org>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>
Cc: Jack Arnold <Jack_Arnold@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>

Hi folks,

Gordon and I discussed this briefly at the Coop. Unit meeting yesterday.  Quick aside: Leo, everyone
says "Hi".  Anyway, I think it would be a good time to get our canid team back together to update
everyone regarding the current moving parts and to collectively chart a path forward regarding canids
in eastern NC.  I'm starting with you guys (Gordon and Leo) as the Team's Executive Committee.  

If you agree the time is right, I'll take responsibility for starting google poll in search of a suitable April
date.  Also, most of the original team members have moved on (including you Leo).  So, could you
please advise on who you think should be the respective agency reps.  As a reminder, the original team
included Leo, Art and me from FWS.  I assume it will be me and Joe Madison now, but I don't know if
Leo wants to stay directly involved or delegate.  On the Commission side was Gordon, Maria, Cobb and
(I think) Brandon.  Let me know your wishes and I will do my best to carry them out.  

Cheers,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service



551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Eversen, Michelle; Madison, Joseph S
Subject: AP Canid Team
Date: Wednesday, April 10, 2019 3:40:50 PM

I heard back from WRC and they'd like to have Gordon remain as the Executive, with Kyle, David, Sara
Schweitzer and Andrea as team members.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: AP Canid Team
Date: Wednesday, April 10, 2019 4:16:53 PM

Good.  So it's you, me and Joe.  I'll send out a doodle poll to try to get the team together this month. 
Are there dates that definitely out for you?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Apr 10, 2019 at 4:11 PM Michelle Eversen <michelle_eversen@fws.gov> wrote:
It will be me.  Got confirmation from Leo. 

Sent from my iPhone

On Apr 10, 2019, at 3:40 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I heard back from WRC and they'd like to have Gordon remain as the Executive, with
Kyle, David, Sara Schweitzer and Andrea as team members.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: AP Canid Team
Date: Monday, April 15, 2019 9:23:34 AM

It's a pretty good idea actually.  I'll run it up the chain. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Apr 12, 2019 at 11:23 AM Madison, Joseph <joseph_madison@fws.gov> wrote:
Pete,

I mentioned this group starting back up to Rebekah and she expressed interest in potentially
being a part of it, particularly with Pocosin remaining more in play at the moment.  Just
wanted to give you a heads up.  I am curious what your thinking is on who from FWS will
be involved.  

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Wed, Apr 10, 2019 at 4:37 PM Joseph Madison <joseph_madison@fws.gov> wrote:
Is that about the same number of folks they had on it before?  Just curious. And is our
goal/plan to have approximately a one to one match or not really?  In the past was it
entirely WRC and FWS folks?

Joe Madison
Assistant Field Supervisor
Red Wolf Recovery Program
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245



joseph_madison@fws.gov

On Apr 10, 2019, at 3:40 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I heard back from WRC and they'd like to have Gordon remain as the Executive, with
Kyle, David, Sara Schweitzer and Andrea as team members.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Myers, Gordon S.; Briggs, M. Kyle; David Cobb; Schweitzer, Sara H; andrea.shipley@ncwildlife.org; Eversen,

Michelle; Madison, Joseph S; Martin, Rebekah
Cc: Miranda, Leopoldo
Subject: Albemarle Peninsula Collaborative Canid Conservation Team - Meeting Poll
Date: Tuesday, April 16, 2019 8:47:04 AM
Attachments: FWS.WRC.AP3C.memo.PDF

2014.05.05.APCCC Charter.Final.docx

Greetings,

I'm not sure that you are all aware of it yet, but Congratulation, you are now members of the
reconstituted AP3C.  According to my records, the last AP3C meeting was held on May 5, 2014. 
Obviously, a lot has happened since then and there is much to discuss.  

I'd like to convene a meeting of the Team within the next few weeks.  Please follow the link below to a
doodle poll.  

https://doodle.com/poll/k59tgtnz5ct8zu8h

For reference, I've attached the memorandum signed by Gordon and Cindy Dohner in 2013 which
established the AP3C, and a copy of the Team Charter.  The overarching goals of Gordon's and Cindy's
memo remain highly relevant; though many of the specific actions have already been completed or
were overcome by events.  The Charter is good, but could do with a bit of updating.  I would suggest
we meet at the WRC building, if that's OK with folks.  Once we get a date and time nailed down, I'll
take responsibility for drafting an agenda.  

I think the purpose of this first meeting of the new team would be to get us all reoriented around the
vision laid out in the memo, share updates and perspectives, and get organized to chart a collective
path forward.  In my view, the only realistic chance for success for either agency regarding canids on
the AP is for FWS and WRC to be able to stand shoulder to shoulder as we engage landowners, NGO's,
and other stakeholders.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.











 
CHARTER 

 
 For the 

 
Albemarle Peninsula Collaborative Canid Conservation Team 

 
I. Mission  
 
The mission of the Albemarle Peninsula Collaborative Canid Conservation Team (APCCC) is to 
promote science based conservation and management of all wild canids, including the red wolf, 
on the Albemarle Peninsula while considering ecological variables and striving to meet social 
expectations.    
 
II. Executive Committee 
 
The work of the APCCC will be overseen by an Executive Committee comprised of the North 
Carolina Wildlife Resources Commission (NCWRC) Executive Director and the U.S. Fish and 
Wildlife Service (USFWS) Assistant Southeast Regional Director for Ecological Services.  The 
Executive Committee’s responsibility is to ensure that the APCCC is meeting the expectations 
identified in the November 20, 2013, memorandum establishing the APCCC (Exhibit A).  The 
Executive Committee appoints members to the Steering Committee and approves Steering 
Committee work products.   
 
III. Steering Committee  

 
Activities of the APCCC will be guided by the Steering Committee.  The primary responsibility 
of the Steering Committee will be to provide the necessary resources and guidance to accomplish 
the APCCC Mission.  The Steering Committee will establish, as needed, sub-committees of the 
Steering Committee and/or Working Groups comprised of members of the Steering Committee 
and other stakeholders, charged with developing various products that will comprise a 
comprehensive conservation strategy for Albemarle Peninsula canids.  Members of the Steering 
Committee will serve as a managing body for the Working Groups, resolve impasses in 
consensus within the Working Groups, and approve all final Working Group and sub-committee 
plans and products.  
 
IV. Membership 

 
Members of the Steering Committee include:  
 

• Dr. David Cobb, Wildlife Chief, NCWRC; 
• Dr. Maria Palamar, Wildlife Veterinarian, NCWRC; 
• Brandon Sherrill, Mammalogist, NCWRC; 
• Dr. David Rabon, Red Wolf Program Coordinator, USFWS; 
• Art Beyer, Red Wolf Field Coordinator, USFWS; 
• Pete Benjamin, Raleigh Ecological Services Field Office Supervisor, USFWS. 
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V.  Responsibilities of Members  
 
A. Attendance.  Members of the Steering Committee agree to attend all meetings.  

 
B.  Preparation for Meetings.  Members of the Steering Committee agree to read appropriate 
material and arrive prepared to work.  
 
C.  Representation.  Members represent their individual organization’s positions to the Steering 
Committee.  Members also represent the Steering Committee’s position to their associated 
organizations.  
 
D.  Members agree to support the mission of the APCCC.  
 
VI. Decision Process and Internal Organization  

 
Use of Consensus:  The Steering Committee will operate by consensus.  Steering Committee 
decisions will be made only with concurrence of all members represented at the meeting.  No 
member can be outvoted.  
 
Failure to Reach Consensus:  If the Steering Committee fails to reach consensus on an issue, the 
issue will be presented to the Executive Committee for resolution.  This will occur only after the 
Steering Committee members have agreed that consensus cannot be reached (i.e., there is 
consensus on the lack of consensus).   
  
Officers:  A Chair shall be selected annually from the members of the Steering Committee at the 
first meeting of each calendar year.  Members will serve as Chair for a one-year term.  A Vice 
Chair shall also be selected annually to function in the absence of the Chair.  When the Chair’s 
term ends, the Vice Chair will become the new Chair and a new Vice-Chair will be selected.   
  
Subcommittees:  The Steering Committee may establish subcommittees to address specific 
issues as needed.  Subcommittees may consult individuals with technical skills and information 
pertinent to the issue at hand.  Subcommittees are not authorized to make decisions for the 
Steering Committee unless the Steering Committee explicitly grants such authorization. 
Subcommittee findings will be forwarded to the Steering Committee Chair.   
 
Working Groups:  The Steering Committee may establish Working Groups comprised of 
APCCC members and non-member stakeholders to address specific issues, as needed.  Working 
Groups are not authorized to make decisions for the Steering Committee.  Working Group 
findings will be forwarded to the Steering Committee Chair.   
 
Agendas:  Prior to each scheduled meeting, a draft meeting agenda will be developed by the 
Steering Committee Chair for distribution to committee members for review and approval.  
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Meeting Summaries:  The Steering Committee Chair will distribute a draft meeting summary to 
all Steering Committee members for review prior to the next regular meeting.  The summary will 
include attendance record, a summary of actions taken at the meeting, and other information 
pertaining to the deliberations.  
 
Schedule: The Steering Committee will meet as needed or at least quarterly each year.  
 
VII.  Rules of Order:  
 
A. Ground rules:  Members of the Steering Committee (and all Subcommittees) agree to 

participate constructively in all meetings.  Ground rules for constructive interaction include:  
 

1.  Treat all members with courtesy and respect.  
2.  Speak one at a time.  
3.  Listen carefully.  
4.  Be clear and concise in your comments.  
5.  Stick to the agenda; avoid off-target discussions.  
6.  Be prepared to take part; be an active participant.  
7.  Be candid; it’s ok to disagree.  
8.  Ask relevant questions.  
9.  Focus on the problem, not finding fault.  
10.  Separate interests from positions.  
11.  Don’t bring hidden agendas.  
12.  Meetings adjourn on schedule or can be extended in duration by consensus.  
 
These ground rules may be amended at any meeting.  These ground rules will be provided to all 
subcommittees. 
 
B. Enforcement of Ground Rules:  Ground rules will be monitored and enforced by Steering 

Committee members and/or the Chair.  
 

VII:  Responsibilities of the Chair 
  
The primary task of the Chair is to guide the meetings of the Steering Committee, Sub-
committees, and Working Groups within the framework of the charter.  These responsibilities 
may include managing the meeting agenda, encouraging participation, helping the Steering 
Committee stay on task, and helping the Steering Committee reach consensus.  
 
VIII.  Changes to the Organizational Protocol  
 
Changes to this charter can be made at any scheduled meeting of the Steering Committee 
through a consensus procedure.  



From: Benjamin, Pete
To: Schweitzer, Sara H
Subject: Re: [External] Albemarle Peninsula Collaborative Canid Conservation Team - Meeting Poll
Date: Tuesday, April 30, 2019 4:45:11 PM

Tough bunch of cats to herd.  I'll probably try to extend the poll to find a date when everyone can
attend this first meeting.  I think that's really important, and I'd rather be patient as opposed to
rushing ahead like I normally do and leaving someone behind.  I know Andrea is gone after the 7th, but
I'm not sure when she's back.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Apr 30, 2019 at 4:41 PM Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>
wrote:

Hello Pete -

I hope all is well with you. Has a date been selected for this meeting? My schedule is filling
rapidly but I'd like to put this meeting high on my priority list. Would May 7th work?

Thank you! and

Best wishes,
Sara

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

S. H. Schweitzer, Ph.D.

Wildlife Diversity Program Coordinator

 

NC Wildlife Resources Commission

Wildlife Management Division

Office: 919-707-0069

Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org



From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Tuesday, April 16, 2019 8:47 AM
To: Myers, Gordon S.; Briggs, M. Kyle; Cobb, David T.; Schweitzer, Sara H; Shipley, Andrea J;
Michelle Eversen; Joseph Madison; Rebekah Martin
Cc: Leopoldo Miranda
Subject: [External] Albemarle Peninsula Collaborative Canid Conservation Team - Meeting Poll
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

Greetings,

I'm not sure that you are all aware of it yet, but Congratulation, you are now members of the
reconstituted AP3C.  According to my records, the last AP3C meeting was held on May 5, 2014. 
Obviously, a lot has happened since then and there is much to discuss.  

I'd like to convene a meeting of the Team within the next few weeks.  Please follow the link below
to a doodle poll.  

https://doodle.com/poll/k59tgtnz5ct8zu8h

For reference, I've attached the memorandum signed by Gordon and Cindy Dohner in 2013 which
established the AP3C, and a copy of the Team Charter.  The overarching goals of Gordon's and Cindy's
memo remain highly relevant; though many of the specific actions have already been completed or
were overcome by events.  The Charter is good, but could do with a bit of updating.  I would suggest
we meet at the WRC building, if that's OK with folks.  Once we get a date and time nailed down, I'll
take responsibility for drafting an agenda.  

I think the purpose of this first meeting of the new team would be to get us all reoriented around the
vision laid out in the memo, share updates and perspectives, and get organized to chart a collective
path forward.  In my view, the only realistic chance for success for either agency regarding canids on
the AP is for FWS and WRC to be able to stand shoulder to shoulder as we engage landowners, NGO's,
and other stakeholders.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Myers, Gordon S.; Briggs, M. Kyle; David Cobb; Schweitzer, Sara H; andrea.shipley@ncwildlife.org; Eversen,

Michelle; Madison, Joseph S; Martin, Rebekah
Cc: Miranda, Leopoldo
Subject: Re: Albemarle Peninsula Collaborative Canid Conservation Team - Meeting Poll
Date: Thursday, May 2, 2019 2:37:09 PM

Okay gang,

My first attempt to find a suitable meeting date has failed.  The first doodle poll didn't produce a date
that worked for everyone.  Because several members are new to the team and it has been so long since
the team last met, I think it is really important that we find a date for the next meeting that works for
everyone.  I also know that Andrea will be out of pocket for the next several weeks.  So, I've moved
things back to early June.  Please follow the link below to a new doodle poll and we'll see how it goes. 
Be advised that it only includes the first two weeks of June, because I plan to be out the last two
weeks of June.  

https://doodle.com/poll/y9uqi8ezda9qdt9m

Thanks for your patience,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Apr 16, 2019 at 8:47 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Greetings,

I'm not sure that you are all aware of it yet, but Congratulation, you are now members of the
reconstituted AP3C.  According to my records, the last AP3C meeting was held on May 5, 2014. 
Obviously, a lot has happened since then and there is much to discuss.  

I'd like to convene a meeting of the Team within the next few weeks.  Please follow the link below
to a doodle poll.  

https://doodle.com/poll/k59tgtnz5ct8zu8h

For reference, I've attached the memorandum signed by Gordon and Cindy Dohner in 2013 which
established the AP3C, and a copy of the Team Charter.  The overarching goals of Gordon's and Cindy's
memo remain highly relevant; though many of the specific actions have already been completed or
were overcome by events.  The Charter is good, but could do with a bit of updating.  I would suggest
we meet at the WRC building, if that's OK with folks.  Once we get a date and time nailed down, I'll
take responsibility for drafting an agenda.  

I think the purpose of this first meeting of the new team would be to get us all reoriented around the
vision laid out in the memo, share updates and perspectives, and get organized to chart a collective
path forward.  In my view, the only realistic chance for success for either agency regarding canids on
the AP is for FWS and WRC to be able to stand shoulder to shoulder as we engage landowners, NGO's,
and other stakeholders.  



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Myers, Gordon S.; Briggs, M. Kyle; David Cobb; Schweitzer, Sara H; andrea.shipley@ncwildlife.org; Eversen,

Michelle; Madison, Joseph S; Martin, Rebekah
Cc: Miranda, Leopoldo
Subject: Re: Albemarle Peninsula Collaborative Canid Conservation Team - Meeting Poll
Date: Friday, May 10, 2019 10:00:00 AM

Hey guys,

This is a quick update.  Based on the doodle poll the 2 possible dates for our meeting are June 11 and
13.  I'm trying to tie up a couple loose ends before making a final call, but wanted to ask that you try
your best to hold those 2 dates.  I should be able to make a determination by early next week.  

Thanks, and have a great weekend.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, May 2, 2019 at 2:37 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Okay gang,

My first attempt to find a suitable meeting date has failed.  The first doodle poll didn't produce a
date that worked for everyone.  Because several members are new to the team and it has been so
long since the team last met, I think it is really important that we find a date for the next meeting
that works for everyone.  I also know that Andrea will be out of pocket for the next several weeks. 
So, I've moved things back to early June.  Please follow the link below to a new doodle poll and we'll
see how it goes.  Be advised that it only includes the first two weeks of June, because I plan to be
out the last two weeks of June.  

https://doodle.com/poll/y9uqi8ezda9qdt9m

Thanks for your patience,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



On Tue, Apr 16, 2019 at 8:47 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Greetings,

I'm not sure that you are all aware of it yet, but Congratulation, you are now members of the
reconstituted AP3C.  According to my records, the last AP3C meeting was held on May 5, 2014. 
Obviously, a lot has happened since then and there is much to discuss.  

I'd like to convene a meeting of the Team within the next few weeks.  Please follow the link below
to a doodle poll.  

https://doodle.com/poll/k59tgtnz5ct8zu8h

For reference, I've attached the memorandum signed by Gordon and Cindy Dohner in 2013 which
established the AP3C, and a copy of the Team Charter.  The overarching goals of Gordon's and
Cindy's memo remain highly relevant; though many of the specific actions have already been
completed or were overcome by events.  The Charter is good, but could do with a bit of updating. 
I would suggest we meet at the WRC building, if that's OK with folks.  Once we get a date and time
nailed down, I'll take responsibility for drafting an agenda.  

I think the purpose of this first meeting of the new team would be to get us all reoriented around
the vision laid out in the memo, share updates and perspectives, and get organized to chart a
collective path forward.  In my view, the only realistic chance for success for either agency
regarding canids on the AP is for FWS and WRC to be able to stand shoulder to shoulder as we
engage landowners, NGO's, and other stakeholders.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Myers, Gordon S.
Cc: Briggs, M. Kyle; Cobb, David T.; Schweitzer, Sara H; Shipley, Andrea J; Eversen, Michelle; Madison, Joseph S;

Martin, Rebekah; Miranda, Leopoldo
Subject: Re: [External] Re: Albemarle Peninsula Collaborative Canid Conservation Team - Meeting Poll
Date: Thursday, May 16, 2019 12:21:49 PM

Thank you Gordon.  So, let's go ahead and meet on June 11 at 9:00am.  If memory serves, Cobb and I
were the co-chairs of the Steering committee when this team last met, so I'm asking him to work with
me to come up with a draft agenda.  I'm hoping we can meet at the WRC HQ?

Thanks all,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, May 14, 2019 at 10:56 AM Myers, Gordon S. <gordon.myers@ncwildlife.org>
wrote:

I will be out of town at the NAWCC meeting, but if these dates work for everyone  else, I
have no objections to moving forward without me.

Thanks,

Gordon

 

 

 

Gordon Myers

Executive Director

 

N.C. Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0151  



mobile: 919-810-5271

 

ncwildlife.org 

 

 

 

 

 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Friday, May 10, 2019 10:00 AM
To: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Schweitzer,
Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Joseph
Madison <joseph_madison@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>
Cc: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Subject: [External] Re: Albemarle Peninsula Collaborative Canid Conservation Team -
Meeting Poll

 

CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email
as an attachment to report.spam@nc.gov

 

Hey guys,

 

This is a quick update.  Based on the doodle poll the 2 possible dates for our
meeting are June 11 and 13.  I'm trying to tie up a couple loose ends before
making a final call, but wanted to ask that you try your best to hold those 2
dates.  I should be able to make a determination by early next week.  

 

Thanks, and have a great weekend.  



 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

 

 

On Thu, May 2, 2019 at 2:37 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Okay gang,

 

My first attempt to find a suitable meeting date has failed.  The first doodle
poll didn't produce a date that worked for everyone.  Because several members
are new to the team and it has been so long since the team last met, I think it
is really important that we find a date for the next meeting that works for
everyone.  I also know that Andrea will be out of pocket for the next several
weeks.  So, I've moved things back to early June.  Please follow the link below
to a new doodle poll and we'll see how it goes.  Be advised that it only includes
the first two weeks of June, because I plan to be out the last two weeks of
June.  

 

https://doodle.com/poll/y9uqi8ezda9qdt9m

 

Thanks for your patience,

 



Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom
of Information Act (FOIA) and may be disclosed to third parties.

 

 

 

On Tue, Apr 16, 2019 at 8:47 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Greetings,

 

I'm not sure that you are all aware of it yet, but Congratulation, you are now
members of the reconstituted AP3C.  According to my records, the last AP3C
meeting was held on May 5, 2014.  Obviously, a lot has happened since then
and there is much to discuss.  

 

I'd like to convene a meeting of the Team within the next few weeks.  Please
follow the link below to a doodle poll.  

 

https://doodle.com/poll/k59tgtnz5ct8zu8h

 

For reference, I've attached the memorandum signed by Gordon and Cindy
Dohner in 2013 which established the AP3C, and a copy of the Team Charter. 
The overarching goals of Gordon's and Cindy's memo remain highly relevant;
though many of the specific actions have already been completed or were
overcome by events.  The Charter is good, but could do with a bit of
updating.  I would suggest we meet at the WRC building, if that's OK with



folks.  Once we get a date and time nailed down, I'll take responsibility for
drafting an agenda.  

 

I think the purpose of this first meeting of the new team would be to get us
all reoriented around the vision laid out in the memo, share updates and
perspectives, and get organized to chart a collective path forward.  In my
view, the only realistic chance for success for either agency regarding canids
on the AP is for FWS and WRC to be able to stand shoulder to shoulder as we
engage landowners, NGO's, and other stakeholders.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Draft AP3C agenda
Date: Thursday, June 6, 2019 9:20:07 AM
Attachments: 20190612.AP3C.agenda.docx

Hey, look this over and let me know what you think.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



Agenda 

Albemarle Pamlico Collaborative Canid Conservation Team Meeting 

June 12, 2019 

9:00 am to noon 

NC Wildlife Resource Headquarters – 5th floor conference room 

 

I. Introductions and meeting objectives 
 

II. Review of AP3C purpose and foundational documents 
a. AP3C Interagency Memorandum 
b. AP3C Charter 

 
III. Program Updates 

a. Status of NENC NEP red wolves 
i. Population status 

ii. On-going and planned management 
iii. Rule-making 

b. Update on broader red wolf recovery activities 
i. NAS taxonomy review 

ii. Captive population 
iii. Louisiana and Texas 
iv. Recovery planning 

c. Update on WRC canid study 
d. Update on WRC coyote management plan 

 
IV. Open discussion of future direction of the AP3C 



From: Benjamin, Pete
To: Myers, Gordon S.; Briggs, M. Kyle; David Cobb; andrea.shipley@ncwildlife.org; Schweitzer, Sara H; Madison,

Joseph S; Eversen, Michelle; Martin, Rebekah
Cc: Miranda, Leopoldo
Subject: Draft agenda for June 11 AP3C meeting
Date: Thursday, June 6, 2019 12:41:58 PM
Attachments: 20190612.AP3C.agenda.docx

2014.05.05.APCCC Charter.Final.docx
FWS.WRC.AP3C.memo.PDF

Hey everyone,

Attached is a draft agenda for next Tuesday's Albemarle Pamlico Collaborative Canid Conservation
meeting.  We'll start at 9:00 in the 5th floor conference room of the WRC Headquarters in Raleigh.  Let
me know if you have any suggestions regarding the agenda.  Also, attached again for reference is the
interagency memorandum establishing the AP3C and the Team's charter.  We'll be reviewing and
discussing both these documents during the meeting. 

Cheers,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



Agenda 

Albemarle Pamlico Collaborative Canid Conservation Team Meeting 

June 12, 2019 

9:00 am to noon 

NC Wildlife Resource Headquarters – 5th floor conference room 

 

I. Introductions and meeting objectives 
 

II. Review of AP3C purpose and foundational documents 
a. AP3C Interagency Memorandum 
b. AP3C Charter 

 
III. Program Updates 

a. Status of NENC NEP red wolves 
i. Population status 

ii. On-going and planned management 
iii. Rule-making 

b. Update on broader red wolf recovery activities 
i. NAS taxonomy review 

ii. Captive population 
iii. Louisiana and Texas 
iv. Recovery planning 

c. Update on WRC canid study 
d. Update on WRC coyote management plan 

 
IV. Open discussion of future direction of the AP3C 



 
CHARTER 

 
 For the 

 
Albemarle Peninsula Collaborative Canid Conservation Team 

 
I. Mission  
 
The mission of the Albemarle Peninsula Collaborative Canid Conservation Team (APCCC) is to 
promote science based conservation and management of all wild canids, including the red wolf, 
on the Albemarle Peninsula while considering ecological variables and striving to meet social 
expectations.    
 
II. Executive Committee 
 
The work of the APCCC will be overseen by an Executive Committee comprised of the North 
Carolina Wildlife Resources Commission (NCWRC) Executive Director and the U.S. Fish and 
Wildlife Service (USFWS) Assistant Southeast Regional Director for Ecological Services.  The 
Executive Committee’s responsibility is to ensure that the APCCC is meeting the expectations 
identified in the November 20, 2013, memorandum establishing the APCCC (Exhibit A).  The 
Executive Committee appoints members to the Steering Committee and approves Steering 
Committee work products.   
 
III. Steering Committee  

 
Activities of the APCCC will be guided by the Steering Committee.  The primary responsibility 
of the Steering Committee will be to provide the necessary resources and guidance to accomplish 
the APCCC Mission.  The Steering Committee will establish, as needed, sub-committees of the 
Steering Committee and/or Working Groups comprised of members of the Steering Committee 
and other stakeholders, charged with developing various products that will comprise a 
comprehensive conservation strategy for Albemarle Peninsula canids.  Members of the Steering 
Committee will serve as a managing body for the Working Groups, resolve impasses in 
consensus within the Working Groups, and approve all final Working Group and sub-committee 
plans and products.  
 
IV. Membership 

 
Members of the Steering Committee include:  
 

• Dr. David Cobb, Wildlife Chief, NCWRC; 
• Dr. Maria Palamar, Wildlife Veterinarian, NCWRC; 
• Brandon Sherrill, Mammalogist, NCWRC; 
• Dr. David Rabon, Red Wolf Program Coordinator, USFWS; 
• Art Beyer, Red Wolf Field Coordinator, USFWS; 
• Pete Benjamin, Raleigh Ecological Services Field Office Supervisor, USFWS. 
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V.  Responsibilities of Members  
 
A. Attendance.  Members of the Steering Committee agree to attend all meetings.  

 
B.  Preparation for Meetings.  Members of the Steering Committee agree to read appropriate 
material and arrive prepared to work.  
 
C.  Representation.  Members represent their individual organization’s positions to the Steering 
Committee.  Members also represent the Steering Committee’s position to their associated 
organizations.  
 
D.  Members agree to support the mission of the APCCC.  
 
VI. Decision Process and Internal Organization  

 
Use of Consensus:  The Steering Committee will operate by consensus.  Steering Committee 
decisions will be made only with concurrence of all members represented at the meeting.  No 
member can be outvoted.  
 
Failure to Reach Consensus:  If the Steering Committee fails to reach consensus on an issue, the 
issue will be presented to the Executive Committee for resolution.  This will occur only after the 
Steering Committee members have agreed that consensus cannot be reached (i.e., there is 
consensus on the lack of consensus).   
  
Officers:  A Chair shall be selected annually from the members of the Steering Committee at the 
first meeting of each calendar year.  Members will serve as Chair for a one-year term.  A Vice 
Chair shall also be selected annually to function in the absence of the Chair.  When the Chair’s 
term ends, the Vice Chair will become the new Chair and a new Vice-Chair will be selected.   
  
Subcommittees:  The Steering Committee may establish subcommittees to address specific 
issues as needed.  Subcommittees may consult individuals with technical skills and information 
pertinent to the issue at hand.  Subcommittees are not authorized to make decisions for the 
Steering Committee unless the Steering Committee explicitly grants such authorization. 
Subcommittee findings will be forwarded to the Steering Committee Chair.   
 
Working Groups:  The Steering Committee may establish Working Groups comprised of 
APCCC members and non-member stakeholders to address specific issues, as needed.  Working 
Groups are not authorized to make decisions for the Steering Committee.  Working Group 
findings will be forwarded to the Steering Committee Chair.   
 
Agendas:  Prior to each scheduled meeting, a draft meeting agenda will be developed by the 
Steering Committee Chair for distribution to committee members for review and approval.  
 



3 
 

Meeting Summaries:  The Steering Committee Chair will distribute a draft meeting summary to 
all Steering Committee members for review prior to the next regular meeting.  The summary will 
include attendance record, a summary of actions taken at the meeting, and other information 
pertaining to the deliberations.  
 
Schedule: The Steering Committee will meet as needed or at least quarterly each year.  
 
VII.  Rules of Order:  
 
A. Ground rules:  Members of the Steering Committee (and all Subcommittees) agree to 

participate constructively in all meetings.  Ground rules for constructive interaction include:  
 

1.  Treat all members with courtesy and respect.  
2.  Speak one at a time.  
3.  Listen carefully.  
4.  Be clear and concise in your comments.  
5.  Stick to the agenda; avoid off-target discussions.  
6.  Be prepared to take part; be an active participant.  
7.  Be candid; it’s ok to disagree.  
8.  Ask relevant questions.  
9.  Focus on the problem, not finding fault.  
10.  Separate interests from positions.  
11.  Don’t bring hidden agendas.  
12.  Meetings adjourn on schedule or can be extended in duration by consensus.  
 
These ground rules may be amended at any meeting.  These ground rules will be provided to all 
subcommittees. 
 
B. Enforcement of Ground Rules:  Ground rules will be monitored and enforced by Steering 

Committee members and/or the Chair.  
 

VII:  Responsibilities of the Chair 
  
The primary task of the Chair is to guide the meetings of the Steering Committee, Sub-
committees, and Working Groups within the framework of the charter.  These responsibilities 
may include managing the meeting agenda, encouraging participation, helping the Steering 
Committee stay on task, and helping the Steering Committee reach consensus.  
 
VIII.  Changes to the Organizational Protocol  
 
Changes to this charter can be made at any scheduled meeting of the Steering Committee 
through a consensus procedure.  











From: Benjamin, Pete
To: Shipley, Andrea J
Subject: Re: [EXTERNAL] AP3C Meeting?
Date: Wednesday, August 14, 2019 10:41:20 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Summer is flying by, and I can't believe it is already mid-August!  I'm hoping for an AP3C meeting in mid
to late September (before field season kicks into high gear).  I'm going to try to get a doodle poll out to
the Team this week.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Aug 14, 2019 at 9:05 AM Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hey Pete,

 

Hope your summer is going well!  Just curious about when the next AP3C meeting is slated
to happen? Sara and I are planning out our respective year and the next few months ahead
are getting really swamped already…

 

Take care,

 

Andrea

 

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

Andrea J. Shipley

Mammalogist, Wildlife Diversity Program

 



NC Wildlife Resources Commission

Mailing Address: PO Box 209

Castalia, North Carolina 27816

office: 919-495-4001

mobile: 919-208-9200

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and
may be disclosed to third parties.

 

 

 











From: Benjamin, Pete
To: Schweitzer, Sara H
Subject: Re: [External] Scheduling the next meeting of the AP3C
Date: Thursday, September 5, 2019 2:19:28 PM

It will be September 30.  I just need to crank out an email to the team.  I'll try to do it today.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Sep 5, 2019 at 1:35 PM Schweitzer, Sara H <sara.schweitzer@ncwildlife.org> wrote:
Hi Pete -

I hope all is well with you! Have you chosen a date for the APC3 meeting? The poll
indicates that Sept. 30th is the best day, but I'm not sure if people's calendars have become
filled or not. I've saved that day so far, just in case.

Thanks! and best wishes,
Sara

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

S. H. Schweitzer, Ph.D.

Wildlife Diversity Program Coordinator

 

NC Wildlife Resources Commission

Wildlife Management Division

Office: 919-707-0069

Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Thursday, August 15, 2019 11:10 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Joseph Madison



<joseph_madison@fws.gov>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Michelle
Eversen <michelle_eversen@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>; Howard,
Bradley W <brad.howard@ncwildlife.org>
Cc: Myers, Gordon S. <gordon.myers@ncwildlife.org>
Subject: [External] Scheduling the next meeting of the AP3C
 
Hey all,

I'm trying to get the next AP3C meeting on the calendar.  I'm looking at the last couple weeks in
September.  Please follow this link to a doodle poll and we'll see what happens.  

https://doodle.com/poll/49kwkmu6p77wpmmc

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Briggs, M. Kyle; Schweitzer, Sara H; Howard, Bradley W; andrea.shipley@ncwildlife.org; David Cobb; Myers,

Gordon S.; Madison, Joseph S; Eversen, Michelle; Martin, Rebekah
Subject: Save the Date - September 30, 10:00 to noon - AP3C meeting
Date: Thursday, September 5, 2019 3:03:05 PM

Hey all,

I know several of us are busy with hurricane prep, but I just wanted to get this quick note out to say
that the next meeting of the AP3C is set for September 30 at 10:00.  Please send me your agenda topic
ideas (a couple folks already have - thanks).  I'll get a draft agenda out after the storm.  

Thanks and I hope all our folks and facilities stay safe.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Schweitzer, Sara H
Subject: Re: [External] Save the Date - September 30, 10:00 to noon - AP3C meeting
Date: Thursday, September 5, 2019 4:09:36 PM

Well, WRC seems the most convenient if it's available.  It might be fun to have a winter meeting on the
Albemarle.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Sep 5, 2019 at 4:04 PM Schweitzer, Sara H <sara.schweitzer@ncwildlife.org> wrote:
Thank you, Pete. Will the meeting be at the WRC offices or somewhere else?

take care,
Sara

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

S. H. Schweitzer, Ph.D.

Wildlife Diversity Program Coordinator

 

NC Wildlife Resources Commission

Wildlife Management Division

Office: 919-707-0069

Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Thursday, September 5, 2019 3:03 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>; Howard, Bradley W <brad.howard@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Myers,
Gordon S. <gordon.myers@ncwildlife.org>; Joseph Madison <joseph_madison@fws.gov>;



Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>
Subject: [External] Save the Date - September 30, 10:00 to noon - AP3C meeting
 

Hey all,

I know several of us are busy with hurricane prep, but I just wanted to get this quick note out to say
that the next meeting of the AP3C is set for September 30 at 10:00.  Please send me your agenda
topic ideas (a couple folks already have - thanks).  I'll get a draft agenda out after the storm.  

Thanks and I hope all our folks and facilities stay safe.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Cobb, David T.
Subject: Re: [EXTERNAL] AP3C
Date: Thursday, September 5, 2019 4:32:02 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Sorry Dude, it was a simple numbers game.  That date had everyone but you available and the next
best date would have costs us three or more.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Sep 5, 2019 at 4:26 PM Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Pete,

 

Kyle is asking why we are having the meeting on the 30th when I (co-chair)
can’t be there.  I am not sure what answer to give him......

David

 

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow



 

Research Director

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.











From: Benjamin, Pete
To: Cobb, David T.
Subject: Re: [EXTERNAL] AP3C
Date: Thursday, September 5, 2019 5:06:39 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Okay.  I'm open to alternatives.  I would like your input on the agenda. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Sep 5, 2019 at 4:53 PM Cobb, David T. <david.cobb@ncwildlife.org> wrote:

I hear you and honestly (and just between us)  I’m OK with it, but I do not
think Kyle will be.  Perhaps you and he should talk directly.

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Research Director

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051



ncwildlife.org 

 

 

         

 

 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Thursday, September 05, 2019 4:32 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Re: [EXTERNAL] AP3C

 

CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email
as an attachment to report.spam@nc.gov

 

Sorry Dude, it was a simple numbers game.  That date had everyone but you
available and the next best date would have costs us three or more.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 



 

 

On Thu, Sep 5, 2019 at 4:26 PM Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Pete,

 

Kyle is asking why we are having the meeting on the 30th when I (co-chair)
can’t be there.  I am not sure what answer to give him......

David

 

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Research Director

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         



 

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.











From: Benjamin, Pete
To: David Cobb
Subject: AP3C
Date: Tuesday, September 24, 2019 9:02:06 AM

Hey Dude,

Do you have a few minutes to talk about the agenda for the AP3C meeting?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Madison, Joseph S
Subject: AP3C
Date: Tuesday, September 24, 2019 9:02:51 AM

What do you think should be on the agenda for the AP3C meeting?  We need to talk about the plan for
this winter, but other than that?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Cobb, David T.
Subject: Re: [External] AP3C
Date: Tuesday, September 24, 2019 9:14:53 AM

Yep, still on for Monday.  I'm open all afternoon today.  Call at your convenience.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 9:12 AM Cobb, David T. <david.cobb@ncwildlife.org> wrote:
This afternoon? Note that our computer network is down so be adaptable. Is meeting still
next week?

Get Outlook for iOS

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Tuesday, September 24, 2019 9:02:06 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: [External] AP3C
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

Hey Dude,

Do you have a few minutes to talk about the agenda for the AP3C meeting?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: AP3C
Date: Tuesday, September 24, 2019 10:48:08 AM
Attachments: 20190930_AP3C_agenda.docx

So, something like this?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 10:46 AM Madison, Joseph <joseph_madison@fws.gov> wrote:
Discussion on sterilization, any updates on their resolutions, update on our 10(j) - not that
there is one, but just so that both sides update, their plan for this winter.  At some point we
probably need to discuss the hunter reimbursements, but I'm not sure the timing is right or if
we are prepared enough for that conversation.  There was one more that I had in my mind
and was wondering if we should go there or not, but it has escaped me now. I'll let you know
if it comes to me.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Sep 24, 2019 at 9:03 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
What do you think should be on the agenda for the AP3C meeting?  We need to talk about the plan
for this winter, but other than that?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of



Information Act (FOIA) and may be disclosed to third parties.



Agenda 

Albemarle Pamlico Collaborative Canid Conservation Team Meeting 

September 30, 2019 

10:00 am to noon 

NC Wildlife Resource Headquarters – 5th floor conference room 

 

I. Introductions and meeting objectives 
 

II. Coyotes 
a. Fox and Coyote Management Advisory Committee (FACMAC) Update – Brad 

and Pete 
b. WRC plans for this coming field season (and beyond) 
c. Coyote Sterilization on the Albemarle (Sharing agency perspectives) - All 

 
III. Red Wolves 

a. Population status update - Joe 
b. Rule-making update – Pete 
c. Rangewide update - Pete 
d. Management plans for this winter - Joe 

 
IV. Open discussion of future direction of the AP3C 



From: Benjamin, Pete
To: Madison, Joseph S; Eversen, Michelle
Subject: Draft AP3C Agenda
Date: Tuesday, September 24, 2019 1:49:30 PM
Attachments: 20190930_AP3C_agenda.docx

Hi guys,

I talked with Joe and David Cobb and have come up with this draft agenda.  Joe- I rearranged the
topics after talking with David.  I think our plans for this winter will need a lot of discussion.  Let me
know what y'all think.  I'd like to send this to the Team today if possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



Agenda 

Albemarle Pamlico Collaborative Canid Conservation Team Meeting 

September 30, 2019 

10:00 am to noon 

NC Wildlife Resource Headquarters – 5th floor conference room 

 

I. Introductions  
II. Updates 

a. Fox and Coyote Management Advisory Committee (FACMAC) Update – Brad 
and Pete 

b. NCWRC Canid Study Update and plans for this coming field season 
c. Red Wolf Population status update - Joe  
d. Red Wolf Rule-making update – Pete  
e. Rangewide Red Wolf update - Pete 

 
III. Red Wolf Management plans for this winter - Joe 

 
IV. Open discussion of future direction of the AP3C 



From: Benjamin, Pete
To: Madison, Joseph S
Cc: Eversen, Michelle
Subject: Re: Draft AP3C Agenda
Date: Tuesday, September 24, 2019 4:05:30 PM

David wants to talk about it, but he won't be at this meeting.  Also, he agreed that the topic of our
plans for the winter would likely generate a lot of discussion and we should probably allow plenty of
time for that to happen, so I thought we'd put the sterilization conversation off to next meeting.  I
think you're right about the level of detail about our plan for the releases.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 2:11 PM Madison, Joseph <joseph_madison@fws.gov> wrote:
The revised agenda makes sense, but I am wondering if David specifically did not want to
talk about sterilization?

Also, in my mind I was going to discuss the general plan of how, when, and where we are
moving red wolves to and from this winter without going into the specifics of the individual
wolf numbers we are proposing to move or other details.  Is that suffice or do you want me
to convey more of the specifics?     

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Sep 24, 2019 at 1:49 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi guys,

I talked with Joe and David Cobb and have come up with this draft agenda.  Joe- I rearranged the
topics after talking with David.  I think our plans for this winter will need a lot of discussion.  Let
me know what y'all think.  I'd like to send this to the Team today if possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office



U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Eversen, Michelle
Cc: Madison, Joseph S
Subject: Re: Draft AP3C Agenda
Date: Tuesday, September 24, 2019 4:53:23 PM

I'm not sure.  I know that David has informed up his chain regarding the potential agenda topics, so
Gordon knows by now what we want to talk about. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 4:52 PM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Is Gordon still coming????

On Tue, Sep 24, 2019 at 1:49 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi guys,

I talked with Joe and David Cobb and have come up with this draft agenda.  Joe- I rearranged the
topics after talking with David.  I think our plans for this winter will need a lot of discussion.  Let
me know what y'all think.  I'd like to send this to the Team today if possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 



This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: Draft AP3C Agenda
Date: Tuesday, September 24, 2019 4:54:52 PM

Yep.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 4:54 PM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Hmm...  Good opportunity for a call from me I think..

On Tue, Sep 24, 2019 at 4:53 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I'm not sure.  I know that David has informed up his chain regarding the potential agenda topics, so
Gordon knows by now what we want to talk about. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 4:52 PM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Is Gordon still coming????

On Tue, Sep 24, 2019 at 1:49 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi guys,

I talked with Joe and David Cobb and have come up with this draft agenda.  Joe- I rearranged
the topics after talking with David.  I think our plans for this winter will need a lot of
discussion.  Let me know what y'all think.  I'd like to send this to the Team today if possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive



Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may
be disclosed to third parties

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: Draft AP3C Agenda
Date: Tuesday, September 24, 2019 4:55:47 PM

Remember also that we are wanting to chat with him about the whole Ramshorn 10(j) v. CCAA/SHA
thing.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 4:54 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Yep.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 24, 2019 at 4:54 PM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Hmm...  Good opportunity for a call from me I think..

On Tue, Sep 24, 2019 at 4:53 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I'm not sure.  I know that David has informed up his chain regarding the potential agenda topics,
so Gordon knows by now what we want to talk about. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



On Tue, Sep 24, 2019 at 4:52 PM Eversen, Michelle <michelle_eversen@fws.gov>
wrote:

Is Gordon still coming????

On Tue, Sep 24, 2019 at 1:49 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi guys,

I talked with Joe and David Cobb and have come up with this draft agenda.  Joe- I
rearranged the topics after talking with David.  I think our plans for this winter will need a
lot of discussion.  Let me know what y'all think.  I'd like to send this to the Team today if
possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom
of Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and
may be disclosed to third parties

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 



This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Benjamin, Pete
To: David Cobb
Subject: AP3C Agenda
Date: Wednesday, September 25, 2019 12:27:29 PM
Attachments: 20190930_AP3C_agenda.docx

Does this capture what we talked about?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



Agenda 

Albemarle Pamlico Collaborative Canid Conservation Team Meeting 

September 30, 2019 

10:00 am to noon 

NC Wildlife Resource Headquarters – 5th floor conference room 

 

I. Introductions  
II. Updates 

a. Fox and Coyote Management Advisory Committee (FACMAC) Update  
b. NCWRC Canid Study Update and plans for this coming field season  
c. Red Wolf Population status update  
d. Red Wolf Rule-making update  
e. Rangewide Red Wolf update  

 
III. Red Wolf Management plans for this winter  

 
IV. Open discussion of future direction of the AP3C 



From: Benjamin, Pete
To: Myers, Gordon S.; Briggs, M. Kyle; Schweitzer, Sara H; andrea.shipley@ncwildlife.org; David Cobb; Madison,

Joseph S; Eversen, Michelle; Martin, Rebekah; Howard, Bradley W
Subject: Draft Agenda for AP3C meeting
Date: Wednesday, September 25, 2019 3:07:38 PM
Attachments: 20190930_AP3C_agenda.docx

Hello all,

Attached is a draft agenda for Monday's AP3C meeting, scheduled for 10:00am to noon in the WRC 5th
floor conference room.  I know we'll be missing David, but I think we'll have a good meeting anyway.  If
you have any questions or ideas for changes to the agenda let me know.  

Cheers,
  
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



Agenda 

Albemarle Pamlico Collaborative Canid Conservation Team Meeting 

September 30, 2019 

10:00 am to noon 

NC Wildlife Resources Commission Headquarters – 5th floor conference room 

 

I. Introductions  
II. Updates 

a. Fox and Coyote Management Advisory Committee (FACMAC) Update  
b. NCWRC Canid Study Update and plans for this coming field season  
c. Red Wolf Population status update  
d. Red Wolf Rule-making update  
e. Rangewide Red Wolf update  

 
III. Red Wolf Management plans for this winter  

 
IV. Open discussion of future direction of the AP3C 



From: Shipley, Andrea J
To: Benjamin, Pete
Cc: Schweitzer, Sara H
Subject: RE: [External] Draft Agenda for AP3C meeting
Date: Friday, September 27, 2019 11:42:56 AM
Attachments: image001.png

image002.png
image003.png
image004.png
Large Canid Messaging Survey Email from C. Bova 27Aug2019.pdf
Large Canid Messaging Survey Email to C. Bova 20Aug2019.pdf
Techniques to Identify Themes in Qualitative Data.pdf

Importance: High

Hi Pete,
 
I will also not be able to attend this meeting, but I have sent Sara some materials related to the
agenda item I suggested. Hopefully, computers at HQ will be back up by Monday, but just in case,
I’m also attaching them here.
 
Thanks,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, September 25, 2019 3:08 PM
To: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Joseph Madison



<joseph_madison@fws.gov>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Howard, Bradley W <brad.howard@ncwildlife.org>
Subject: [External] Draft Agenda for AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Hello all,
 
Attached is a draft agenda for Monday's AP3C meeting, scheduled for 10:00am to
noon in the WRC 5th floor conference room.  I know we'll be missing David, but I
think we'll have a good meeting anyway.  If you have any questions or ideas for
changes to the agenda let me know.  
 
Cheers,
  
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
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Shipley, Andrea J

From: Bova, Christopher
Sent: Monday, August 26, 2019 4:21 PM
To: Shipley, Andrea J
Subject: Comparing and Contrasting Themes

Here is a link to something that may help you evaluate what criteria are contained in a message. 
http://www.analytictech.com/mb870/Readings/ryan‐bernard_techniques_to_identify_themes_in.htm 
An important component is identifying themes. 
In this case comparing and contrasting messaging themes. 
 
Criteria that I would suggest you assign objective values to would be: 
Theme: What are the themes in the messages (will require you to look through a few messages).  There can be one 
theme or multiple themes. (Ie: pro‐wolf (1), anti‐wolf (2), anti‐wolf/pro‐conservation (3), pro‐wolf/anti‐conservation (4) 
etc.) (arbitrary coding) 
Message Accuracy: An objective measure of the quality of the message portrayed (1=misinformation, 3=kind of true but 
not, 5=very accurate) ranked scale 
Message method: Online (1), classroom (2), pamphlet (3), magazine (4) etc. (arbitrary number coding) 
Then you can have several categories you come up with for themes included in a message: 
Did they mention population trend?: (1/0)‐dichotomous coding 
Did the mention hybridization?: (1/0) 
Did they mention (re)introduction?: (1/0) 
Did they mention who introduced it? (1/0) 
Did they mention temperament of red wolf?: (1/0) 
Etc.. (Come up with some things that an informative message about wolves would include… the gold standard message)
 
Example criteria scoring matrix 

Program  Theme  Accuracy  Method  Pop. 
Trend? 

Hybrids?  Indroduced? Who 
Introduced 

Wolf 
Temprament?

Museum  3   4  3  1  1  1  1  0 

WWF  1  3  2  0  1  1  0  0 

Wolf 
Cons. 

2  1  2  1  1  1  0  1 

Based on these results we would see significant differences with info about introduction and temperament. 
While insignificant (statistically) we can still determine differences with the other criteria if deemed important. 
 
This isn’t something you can really learn from a text book in short time, however, its not that complicated that 
you  shouldn’t be able to do. 
 
At the end you should have some objective measures of the differences (if any) between messages based on the criteria 
that YOU get to define. 
Hope this helps. 
If you need anything else, feel free to ask 
 
Regards, 
Chris 
 
Christopher S. Bova, PhD 
Social Scientist/Resource Economist 
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NC Wildlife Resources Commission 
Director’s Office 
1722 Mail Service Center 
Raleigh, North Carolina 27699-1700 
office: 919-707-0057   //   fax: 919-707-0067   
www.ncwildlife.org  
 
 

 
Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties. 
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Shipley, Andrea J

From: Shipley, Andrea J
Sent: Tuesday, August 20, 2019 12:32 PM
To: Bova, Christopher
Cc: Schweitzer, Sara H
Subject: AP Large Sympatric Canid Message Surveying

Importance: High

Hi Chris, 
 
Sara recommended that I get in touch with you for some assistance and guidance in developing a survey that I’d like to 
initiate  this winter. The Albemarle Peninsula Canid Conservation Committee (AP3C) met this past June and one of the 
resulting action items that resulted from that meeting was to create inter‐agency and external partner alignment 
regarding large sympatric canids on the AP.  
 
The need for this survey effort is to gather information on the messaging NCWRC, USFWS, and other external partners 
disseminates to the general public, in order to delineate where the similarities and differences lie, and where outdated 
and/or incorrect information is being used in outreach and education programs in the state. The information gathered 
and analyzed will need to inform the AP3C members on where and in which ways misalignment is occurring, so that the 
committee can take current information dissemination into consideration when making recommendations for and 
developing new aligned messaging. 
 
My initial thoughts are for this survey to be performed in person by staff in plain clothes, utilizing direct observation and 
data gathering with a data sheet, at outreach and educational events. I am open to different survey options though and 
having no experience in human dimensions surveying, would probably benefit from understanding what the different 
survey options are and their benefits and limitations. 
 
Looking forward to hearing your thoughts on this, 
 
Andrea 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Andrea J. Shipley 
Mammalogist, Wildlife Diversity Program 
  
NC Wildlife Resources Commission 
Mailing Address: PO Box 209 
Castalia, North Carolina 27816 
office: 919‐495‐4001 
mobile: 919‐208‐9200 
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Abstract

Theme identification is one of the most fundamental tasks in qualitative research. It also one of the most mysterious.
Explicit descriptions of theme discovery are rarely described in articles and reports and if so are often regulated to
appendices or footnotes. Techniques are shared among small groups of social scientists and are often impeded by
disciplinary or epistemological boundaries. During the proposal-writing phase of a project, investigators struggle to
clearly explain and justify plans for discovering themes. These issues are particularly cogent when funding reviewers are
unfamiliar with qualitative traditions. In this article we have outlined a dozen techniques that social scientists have used to
discover themes in texts. The techniques are drawn from across epistemological and disciplinary boundaries. They range
from quick word counts to laborious, in-depth, line-by-line scrutiny. Some methods work well for short answers to open-
ended questions while others are more appropriate for rich, complex narratives. Novices and non-native speakers may
find some techniques easier than others. No single technique is does it all. To us, these techniques are simply tools to help
us do better research.
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Introduction

At the heart of qualitative data analysis is the task of discovering themes. By themes, we mean abstract, often fuzzy,
constructs which investigators identify before, during, and after data collection. Where do these themes come from?

They come from reviewing the literature, of course. Richer literatures produce more themes. They come from the
characteristics of the phenomena being studied. And they come from already-agreed-upon professional definitions, from
local common-sense constructs, and from researchers’ values, theoretical orientation, and personal experience with the
subject matter (Bulmer 1979; Strauss 1987; Maxwell 1996).

Mostly, though, researchers who consider themselves part of the qualitative tradition in social science induce themes from
texts. This is what grounded theorists call open coding, and what classic content analysts call qualitative analysis
(Berleson 1952) or latent coding (Shapiro and Markoff 1997). There are many variations on these methods.
Unfortunately, however, they are (a) scattered across journals and books that are read by disparate groups of specialists;
and (b) often entangled in the epistemological wars that have divided the social sciences. Our goal in this paper is to cross
these boundaries and lay out a variety of theme-dredging methods so that all researchers who deal with texts can use them
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to solve common research problems.

We outline here a dozen helpful techniques for discovering themes in texts. These techniques are based on: (1) an analysis
of words (word repetitions, key-indigenous terms, and key-words-in contexts); (2) a careful reading of larger blocks of
texts (compare and contrast, social science queries, and searching for missing information); (3) an intentional analysis of
linguistic features (metaphors, transitions, connectors); and (4) the physical manipulation of texts (unmarked texts,
pawing, and cut and sort procedures).

The list is by no means exhaustive. Social scientists are an enterprising lot. Over the last century they have invented
solutions to all kinds of problems for managing and analyzing texts, and they will continue to do so. These bursts of
methodological creativity, however, are commonly described perfunctorily, or are relegated to footnotes, and get little
notice by colleagues across disciplines. The dozen methods we describe here come from across the social sciences and
have been used by positivists and interpretivists alike.

1. Word repetitions

We begin with word-based techniques. Word repetitions, key-indigenous terms, and key-words-in-contexts (KWIC) all
draw on a simple observation—if you want to understand what people are talking about, look at the words they use.

Words that occur a lot are often seen as being salient in the minds of respondents. D'Andrade notes that "perhaps the
simplest and most direct indication of schematic organization in naturalistic discourse is the repetition of associative
linkages" (1991:294). He observes that "indeed, anyone who has listened to long stretches of talk, whether generated by a
friend, spouse, workmate, informant, or patient, knows how frequently people circle through the same network of ideas"
(1991:287).

Word repetitions can be analyzed formally and informally. In the informal mode, investigators simply read the text and
note words or synonyms that people use a lot. For example, while conducting multiple in-depth interviews with Tony, a
retired blue collar worker in Connecticut, Claudia Strauss (1992) found that Tony repeatedly referred to ideas associated
with greed, money, businessmen, siblings, and "being different." These repetitions indicated to Strauss that these ideas
were important, recurring themes in Tony’s life. Strauss displayed the relationships among these ideas by writing the
concepts on a page of paper and connecting them with lines and explanations. Computer programs such as ATLAS.ti and
Nud*ist let you do this kind of connect-the-dots exercise by computer.1

A more formal analysis of word frequencies can be done by generating a list of all the unique words in a text and counting
the number of times each occurs. Computers can easily generate word-frequency lists from texts and are a quick and easy
way to look for themes. Ryan and Weisner (1996) asked fathers and mothers of adolescents: "Describe your children. In
your own words, just tell us about them." Ryan and Weisner produced a list of all the unique words in the set of responses
and the number of times each word was used by mothers and by fathers. Mothers were more likely than fathers to use
words like friends, creative, time, and honest; fathers were more likely than mothers to use words like school, good, lack,
student, enjoys, independent, and extremely. Ryan and Weisner used this information as clues for themes that they would
use later in actually coding the texts.

2. Indigenous categories

Another way to find themes is to look for local terms that may sound unfamiliar or are used in unfamiliar ways. Patton
(1990:306, 393-400) refers to these as "indigenous categories" and contrasts them with "analyst-constructed typologies."
Grounded theorist refer to the process of identifying local terms as in vivo coding (Strauss 1987:28-32, Strauss and Corbin
1990:61-74).

Understanding indigenous categories and how they are organized has long been a goal of cognitive anthropologists. The
basic idea in this area of research is that experience and expertise are often marked by specialized vocabulary. For
example, Spradley (1972) recorded conversations among tramps at informal gatherings, meals, card games, and bull
sessions. As the men talked to each other about their experiences, there were many references to making a flop.

Spradley combed through his recorded material and notes looking for verbatim statements made by informants about his
topic. On analyzing the statements, he found that most of the statements could fit into subcategories such as kinds of
flops, ways to make flops, ways to make your own flop, kinds of people who bother you when you flop, ways to make a
bed, and kinds of beds. Spradley then returned to his informants and sought additional information from them on each of

Techniques to Identify Themes in Qualitative Data http://www.analytictech.com/mb870/Readings/ryan-bernard_techniques_...

2 of 11 8/27/2019, 3:13 PM



the subcategories. For other classic examples of coding for indigenous categories see Becker’s (1993) description of
medical students use of the word crock, and Agar’s (1973) description of drug addicts’ understandings of what it means to
shoot up.

3. Key-words-in-context (KWIC)

Key-words-in-context (KWIC) are closely associated with indigenous categories. KWIC is based on a simple observation:
if you want to understand a concept, then look at how it is used. In this technique, researchers identify key words and then
systematically search the corpus of text to find all instances of the word or phrase. Each time they find a word, they make
a copy of it and its immediate context. Themes get identified by physically sorting the examples into piles of similar
meaning.

The concept of deconstruction is an abstract and often incomprehensible term used by social scientists, literary critics and
writers in the popular press. Jacques Derrida, who coined the term, refused to define it. To Derrida, the meaning of any
text is inherently unstable and variable. Wiener (1997) was curious as to how the concept of deconstruction was used in
the popular press. He used a text-based data set (such as Lexis/Nexis), to find instances of the word in popular
publications. He found the term used in by everything from Entertainment Weekly to the American Banker. Wiener
concludes that:

Most often writers use "deconstruction" as a fancy word for "analysis" or "explanation," or else
as an upscale synonym for "destruction." But in some genres, like rock music writing, the term
isn't negative at all; it has become a genuinely floating signifier, a verbal gesture that implies a
kind of empty intellectual sophistication.

Word-based techniques are typically a fast and efficient ways to start looking for themes. We find that they are
particularly useful at early stages of theme identification. These techniques are also easy for novice researchers to apply.
Nothing, however, beats a careful scrutiny of the texts for finding themes that may be more subtle or that don’t get
signified directly in the lexicon of the text. Scrutiny-based techniques are more time-intensive and require a lot of
attention to details and nuances.

4. Compare and contrast

The compare and contrast approach is based on the idea that themes represent the ways in which texts are either similar or
different from each other. Glazer and Strauss (1967:101_116) refer to this as the "constant comparison method." [For
other good descriptions of the technique see Glazer (1978:56_72) and Strauss and Corbin (1990:84_95).] Typically,
grounded theorists begin by conducting a careful line-by-line analysis. They read each line or sentence and ask
themselves, "What is this about?" and "How does it differ from the preceding or following statements?" This kind of
detailed work keeps the researcher focused on the data themselves rather than on theoretical flights of fancy (Charmaz
1990).

This approach is like interviewing the text and is remarkably similar to the ethnographic interviewing style that Spradley
talks about using with his informants (1979:160_172). Researchers compare pairs of texts by asking "How is this text
different from the preceding text?" and "What kinds of things are mentioned in both?" They ask hypothetical questions
like "What if the informant who produced this text had been a woman instead of a man?" and "How similar is this text to
my own experiences?" Bogdan and Biklen (1982:153) recommend reading through passages of text and asking "What
does this remind me of?" Like a good journalist, investigators compare answers to questions across people, space, and
time.

5. Social science queries

Besides identifying indigenous themes—themes that characterize the experience of informants—researchers are interested
in understanding how textual data illuminate questions of importance to social science. Spradley (1979:199–201)
suggested searching interviews for evidence of social conflict, cultural contradictions, informal methods of social control,
things that people do in managing impersonal social relationships, methods by which people acquire and maintain
achieved and ascribed status, and information about how people solve problems. Bogdan & Bilken (1982:156-162)
suggested examining the setting and context, the perspectives of the informants, and informants’ ways of thinking about
people, objects, processes, activities, events, and relationships. "Moving across substantive areas," says Charmaz, "fosters
developing conceptual power, depth, and comprehensiveness" (1990:1163).
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Strauss and Corbin (1990:158_175) urge investigators to be more sensitive to conditions, actions/interactions, and
consequences of a phenomenon and to order these conditions and consequences into theories. To facilitate this, they offer
a useful tool called the conditional matrix. The conditional matrix is a set of concentric circles, each level corresponding
to a different unit of influence. At the center are actions and interactions. The inner rings represent individual and small
group influences on these actions, and the outer rings represent international and national effects.

Querying the text as a social scientist is a powerful technique because investigators concentrate their efforts on searching
for specific kinds of topics – any of which are likely to generate major social and cultural themes. By examining the data
from a more theoretical perspective, however, researchers must be careful that they do not overfit the data – that is, find
only that for which they are looking. There is a trade-off between bringing a lot of prior theorizing to the theme-
identification effort and going at it fresh. Prior theorizing, as Charmaz says (1990), can inhibit the forming of fresh ideas
and the making of surprising connections. Assiduous theory-avoidance brings the risk of not making the connection
between data and important research questions. Novice researchers may be more comfortable with the tabula rasa
approach. More seasoned researchers, who are more familiar with theory issues, may find the social science query
approach more compatible with their interests.

6. Searching for missing information

The final scrutiny-based approach we describe works in reverse from typical theme identification techniques. Instead of
identifying themes that emerge from the text, investigators search for themes that are missing in the text.

Much can be learned from a text by what is not mentioned. As early as 1959, propaganda analysts found that material not
covered in political speeches were sometimes more predictive that material that was covered (George 1959). Sometimes
silences indicate areas that people are unwilling or afraid to discuss. For instance, women with strong religious
convictions may fail to mention abortion during discussions of birth control. In power-laden interviewers, silence may be
tied to implicit or explicit domination (Gal 1991). In a study of birth planning in China, Greenhalgh (1994) surveyed
1,011ever-married women, gathered social and economic histories from 150 families. She conducted in-depth interviews
with present and formal officials (known as cadres), and collected documentary evidence from local newspapers, journals
and other sources. Greenhalgh notes that "Because I was largely constrained from asking direct questions about
resistance, the informal record of field notes, interview transcripts, and questionnaire data contains few overt challenges
to state policy (1994:9)." Greenhalgh concludes, however, that

I believe that in their conversations with us, both peasants and cadres made strategic use of
silence to protest aspects of the policy they did not like. Cadres, for example were loathe to
comment on birth-planning campaigns; peasant women were reluctant to talk about sterilization.
These silences form one part of the unofficial record of birth planning in the villages. More
explicit protests were registered in informal conversations. From these interactions emerged a
sense of profound distress of villagers forced to choose between a resistance that was politically
risky and a compliance that violated the norms of Chinese culture and of practical reason
(1994:9).

Other times, absences may indicate primal assumptions made by respondents. Spradley (1987:314) noted that when
people tell stories, they assume that their listeners share many assumptions about how the world works and so they leave
out information that "everyone knows." He called this process abbreviating. Price (1987) takes this observation and builds
on it. Thus, she looks for what is not said in order to identify underlying cultural assumptions. Price finds the missing
pieces by trying to translate what people say in the stories into something that the general public would understand.

Of all the scrutiny-based techniques, searching for missing information is the most difficult. There are many reasons
people do not mention topics. In addition to avoiding sensitive issues or assuming investigator already knows about the
topic, people may not trust the interviewer, may not wish to speak when others are present, or may not understand the
investigator’s questions. Distinguishing between when informants are unwilling to discuss topics and when they assume
the investigator already knows about the topic requires a lot of familiarity with the subject matter.

In addition to word- and scrutiny-based techniques, researchers have used linguistic features such as metaphors, topical
transitions, and keyword connectors to help identify themes.

7. Metaphors and analogies
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Schema analysts suggest searching through text for metaphors, similes, and analogies (D’Andrade 1995, Quinn and
Strauss 1997). The emphasis on metaphor owes much to the pioneering work by Lakoff and Johnson (1980) and the
observation that people often represent their thoughts, behaviors, and experiences with analogies.

Naomi Quinn (1997) has analyzed hundreds of hours of interviews to discover concepts underlying American marriage
and to show how these concepts are tied together. She began by looking at patterns of speech and at the repetition of key
words and phrases, paying particular attention to informants' use of metaphors and the commonalities in their reasoning
about marriage. Nan, one of her informants, says that "marriage is a manufactured product." This popular metaphor
indicates that Nan sees marriages as something that has properties, like strength and staying power, and as something that
requires work to produce. Some marriages are "put together well," while others "fall apart" like so many cars or toys or
washing machines (Quinn 1987:174).

The object is to look for metaphors in rhetoric and deduce the schemas, or underlying principles, that might produce
patterns in those metaphors. Quinn found that people talk about their surprise at the breakup of a marriage by saying that
they thought the couple’s marriage was "like the Rock of Gibraltar" or that they thought the marriage had been "nailed in
cement." People use these metaphors because they assume that their listeners know that cement and the Rock of Gibraltar
are things that last forever.

But Quinn reasons that if schemas or scripts are what make it possible for people to fill in around the bare bones of a
metaphor, then the metaphors must be surface phenomena and cannot themselves be the basis for shared understanding.
Quinn found that the hundreds of metaphors in her corpus of texts fit into just eight linked classes that she calls:
lastingness, sharedness, compatibility, mutual benefit, difficulty, effort, success (or failure), and risk of failure. For
example, Quinn’s informants often compared marriages (their own and those of others) to manufactured and durable
products ("it was put together pretty good") and to journeys ("we made it up as we went along; it was a sort of do-it-
yourself project"). Quinn sees these metaphors, as well as references to marriage as "a lifetime proposition," as exemplars
of the overall expectation of lastingness in marriage.

Other examples of the search for cultural schemas in texts include Holland’s (1985) study of the reasoning that Americans
apply to interpersonal problems, Kempton’s (1987) study of ordinary Americans’ theories of home heat control, and
Claudia Strauss’s (1997) study of what chemical plant workers and their neighbors think about the free enterprise system.

8. Transitions

Another linguistic approach is to look for naturally occurring shifts in thematic content. Linguistic forms of transition
vary between oral and written texts. In written texts, new paragraphs are often used by authors to indicate either subtle or
abrupt shifts in topics. In oral speech, pauses, change in tone, or particular phrases may indicate thematic transitions.
Linguists who have worked with precisely recorded texts in Native American languages have noticed the recurrence of
elements like "Now," "Then," "Now then," and "Now again." These often signal the separation of verses and "once such
patterning has been discovered in cases with such markers, it can be discerned in cases without them" (Hymes 1977:439).

For example, Sherzer (1994) presents a detailed analysis of a two-hour performance by Chief Olopinikwa of a traditional
San Blas Kuna chant. The chant was recorded in 1970. Like many linguistic anthropologists, Sherzer had taught an
assistant, Alberto Campos, to use a phonetic transcription system. After the chant, Sherzer asked Campos, to transcribe
and translate the tape. Campos put Kuna and Spanish on left- and right-facing pages (1994:907). By studying Campos’s
translation against the original Kuna, Sherzer was able to pick out certain recurrent features. Campos left out the chanted
utterances of the responding chief (usually something like "so it is"), which turned out to be markers for verse endings in
the chant. Campos also left out so-called framing words and phrases (like "Thus" at the beginning of a verse and "it is
said, so I pronounce" at the end of a verse). These contribute to the line and verse structure of the chant. Finally, "instead
of transposing metaphors and other figurative and allusive language into Spanish" Campos "explains them in his
translation" (Sherzer 1994:908). Researchers

In two-party and multiparty speech, transitions occur naturally. Conversation or discourse analysts closely examine
linguistic features such as turn-taking and speaker interruptions to identify transitions in speech sequences. For a good
overview, see Silverman (1993:114-143).

9. Connectors

A third linguistic approach is to look carefully at words and phrases that indicate relationships among things. For
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example, causal relationships are often indicated by such words and phrases as, because, since, and as a result. Words
such as if or then, rather than, and instead of often signify conditional relationships. The phrase is a is often associated
with taxonomic categories. Time-oriented relationships are expressed with words such as before, after, then, and next.
Typically negative characteristics occur less often than positive characteristics. Simply searching for the words not, no,
none, or the prefix non may be a quick way to identify themes. Investigator can discover themes by searching on such
groups of word and looking to see what kinds of things the words connect.

What other kinds of relationships might be of interest to social scientists? Casagrande and Hale (1967) suggest looking
for: attributes (e.g., X is Y), contingencies (e.g., if X, then Y), functions (e.g., X is a means of affecting Y), spatial
orientations (e.g., X is close to Y), operational definitions (e.g., X is a tool for doing Y), examples (e.g., X is an instance
of Y), comparisons (e.g., X resembles Y), class inclusions (X is a member of class Y), synonyms (e.g., X is equivalent to
Y), antonyms (e.g., X is the negation of Y), provenience (e.g., X is the source of Y), and circularity (e.g., X is defined as
X). [For lists of kinds of relationships that may be useful for identifying themes see Burton and Kirk (1980:271), Werner
and Schoepfle (1987) and Lindsay and Norman (1972).]

Investigators often use the linguistic features described above unconsciously. Metaphors, transitions, and connectors are
all part of a native speaker’s ability to grasp meaning in a text. By making these features more explicit, we sharpen our
ability to find themes.

Finally, we turn to more tactile approaches for theme discovery. Each of the next three techniques requires some physical
manipulation of the text itself.

10. Unmarked texts

One way to identify new themes is to examine any text that is not already associated with a theme (Ryan 1999). This
technique requires multiple readings of a text. On the first reading, salient themes are clearly visible and can be quickly
and readily marked with different colored pencils or highlighters. In the next stage, the search is for themes that remain
unmarked. This tactic–marking obvious themes early and quickly—forces the search for new, and less obtrusive themes.

11. Pawing

We highly recommend pawing through texts and marking them up with different colored highlighter pens. Sandelowski
(1995a:373) observes that analysis of texts begins with proofreading the material and simply underlining key phrases
"because they make some as yet inchoate sense." Bernard (2000) refers to this as the ocular scan method, otherwise
known as eyeballing. In this method, you get a feel for the text by handling your data multiple times. [Bogdan and Biklen
(1982:165) suggest reading over the text at least twice.] Researchers have been known to spread their texts out on the
floor, tack bunches of them to a bulletin board, and sort them into different file folders. By living with the data,
investigators can eventually perform the interocular percussion test—which is where you wait for patterns to hit you
between the eyes.

This may not seem like a very scientific way to do things, but it is one of the best ways we know of to begin hunting for
patterns in qualitative data. Once you have a feel for the themes and the relations among, then we see no reason to
struggle bravely on without a computer. Of course, a computer is required from the onset if the project involves hundreds
of interviews, or if it’s part of a multi-site, multi-investigator effort. Even then, there is no substitute for following
hunches and intuitions in looking for themes to code in texts (Dey 1993).

12. Cutting and sorting

Cutting and sorting is a more formal way of pawing and a technique we both use quite a bit. It is particularly useful for
identifying subthemes. The approach is based on a powerful trick most of us learned in kindergarten and requires paper
and scissors. We first read through the text and identify quotes that seem somehow important. We cut out each quote
(making sure to maintain some of the context in which it occurred) and paste the material on small index cards. On the
back of each card, we then write down the quote’s reference—who said it and where it appeared in the text. Then we lay
out the quotes randomly on a big table and sort them into piles of similar quotes. Then we name each pile. These are the
themes. This can be done with tag and search software, but we find that nothing beats the ability to manually sort and
group the cards.

There are many variations on this pile-sorting technique. The principle investigator on a large project might ask several
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team members to sort the quotes into named piles independently. This is likely to generate a longer list of possible themes
than would be produced by a group discussion. In really large projects, pairs of coders could sort the quotes together and
decide on the names for the piles. The pile-sorting exercise should be video- or audiotaped and investigators should pay
close attention to discussions—between themselves and coders or between coders—about which quotes belong together
and why. These conversations are about as close as we will ever get to witnessing the emergence of themes.

Barkin et al. (1999) interviewed clinicians, community leaders, and parents about what physicians could and did do to
prevent violence among youth. These were long, complex interviews, so Barkin et al. broke the coding process into two
steps. They started with three major themes that they developed from theory. The principle investigator went through the
transcripts and cut out all the quotes that pertained to each of the major themes. Then four other coders independently
sorted the quotes from each major theme into piles. Then, the pile sort data were analyzed with multidimensional scaling
and cluster analysis to identify subthemes shared across coders. [See Patterson et al. (1993) for another example.]

Jehn and Doucet (1997) had short answers to open-ended questions. They found that several coders could easily sort these
paragraph-length descriptions of inter and intra-ethnic conflict. Then, like Barkin et al., Jehn and Doucet then used
multidimensional scaling and cluster analysis to identify subthemes of conflict.

Another advantage to the cutting and sorting technique is that the data can be used to systematically describe how such
themes are distributed across informants. After the piles have been formed and themes have been named, simply turn over
each quote and identify who mentioned each theme. (If the people sorting the quotes are unaware of who the quotes came
from, this is an unbiased way of coding.)

Discussion

The variety of methods available for coding texts raises some obvious questions:

(1) Which technique generates more themes?

Frankly, we don’t know. There are just too many factors that influence the number of themes that are generated, including
the technique itself, who and how many people are looking for themes, and the kind and amount of texts being analyzed.
If the goal is to generate as many themes as possible—which is often the case in initial exploratory phases of research—
then more is better. This means using multiple techniques, investigators, and texts.

Nowhere is a multiple technique approach better exemplified than in the work of Jehn and Doucet (1996, 1997). Jehn and
Doucet asked 76 U.S. managers who had worked in Sino_American joint ventures to describe recent interpersonal
conflicts with business partners. Each person described a situation with a same_culture manager and a different_cultural
manger. First they generated separate lists of words from the intercultural and intracultural conflict narratives. They asked
3 expatriate managers to act as judges and to identify all the words that were related to conflict. They settled on a list of
542 conflict words from the intercultural list and 242 words from the intracultural list.

Jehn and Doucet then asked the three judges to sort the words into piles or categories. The experts identified 15
subcategories for the intercultural data—things like conflict, expectations, rules, power, and volatile—and 15 categories
for the intracultural data—things like conflict, needs, standards, power, contentious, and lose. Taking into consideration
the total number of words in each corpus, conflict words were used more in intracultural interviews and resolution terms
were more likely to be used in intercultural interviews.

Jehn and Doucet (1996, 1997) also used traditional content analysis on their data. The had two coders read the 152
conflict scenarios (76 intracultural and 76 intercultural) and evaluated (on a 5_point scale) each on 27 different themes
they had identified from the literature. This produced two 76x27 scenario_by_theme profile matrices—one for the
intracultural conflicts and one for the intercultural conflicts. The first three factors from the intercultural matrix reflect: (1)
interpersonal animosity and hostility; (2) aggravation; and (3) the volatile nature of the conflict. The first two factors from
the intracultural matrix reflect: (1) hatred and animosity with a volatile nature and (2) conflicts conducted calmly with
little verbal intensity.

Finally, Jehn and Doucet identified the 30 intracultural and the 30 intercultural scenarios that they felt were the most clear
and pithy. They recruited fifty more expatriate managers to assess the similarities (on a 5_point scale) of 60–120
randomly selected pairs of scenarios. When combined across informants, the managers judgments produced two
aggregate, scenario_by_scenario, similarity matrices—one for the intracultural conflicts and one for the intercultural
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conflicts.

Multidimensional scaling of the intercultural similarity data identified four dimensions: (1) open versus resistant to
change, (2) situational causes versus individual traits, (3) high_ versus low_resolution potential based on trust, and (4)
high_ versus low_resolution potential based on patience. Scaling of the intracultural similarity data identified four
different dimensions: (1) high versus low cooperation, (2) high versus low confrontation, (3) problem_solving versus
accepting, and (4) resolved versus ongoing.

The work of Jehn and Doucet is impressive because the analysis of the data from these tasks produced different sets of
themes. All three emically induced theme sets have some intuitive appeal and all three yield analytic results that are
useful. They could have also used the techniques of grounded theory or schema analysis to discover even more themes.

(2) When are the various techniques most appropriate?

The choice of techniques depends minimally on the kind and amount of text, the experience of the researcher, and the
goals of the project. Word-based techniques (e.g., word repetitions, indigenous categories, and KWIC) are probably the
least labor intensive. Computer software such as Anthropac and Code-a-text have little trouble in generating frequency
counts of key words.2 A careful look at the frequency list and maybe some quick pile sorts are often enough to identify
quite a few themes. Word-based techniques are also the most versatile. They can easily be used with complex texts such
as the complete works of Shakespear or the Bible, as well as, with simple short answers to open-ended questions. They
can also be used relatively easily by novice and expert investigators alike. Given their very nature, however, they are best
used in combination with other approaches.

Scrutiny-based techniques (e.g., compare and contrast, querying the text, and examining absences) are most appropriate
for rich textual accounts and tend to be overkill for analyzing short answer responses. Investigators who are just
beginning to explore a new topical area might want to start with compare-and-contrast techniques before moving on to the
more difficult tasks of querying the text or searching for missing information. We do not advise using the latter two
techniques unless the investigator is fluent in the language in which the data are collected. If the primary goal of the this
portion of the investigation is to discover as many themes as possible, then nothing beats using these techniques on a line-
by-line basis.

Like scrutiny-based techniques, linguist-based approaches are better used on narrative style accounts rather than short
answer responses. Looking for transitions is the easiest technique to use, especially if the texts are actually written by
respondents themselves (rather than transcribed from tape recordings of verbal interviews). Searching for metaphors is
also relatively easy once novices have been trained on what kind of things to look for in the texts. Looking for connecting
words and phrases is best used as a secondary wave of finding themes, once the investigator has a more definite idea of
what kinds of themes he or she finds most interesting.

In the early stages of exploration, nothing beats a thorough reading and pawing through of the data. This approach is the
easiest for novice researchers to master and is particularly good for identifying major themes. As the exploration
progresses, investigators often find themselves looking for subthemes within these major themes. The cutting and sorting
techniques are most helpful here. Investigators can identify all text passages that are related to a major theme, cut them
out, and sort them into subthematic categories. Likewise, if they are marking texts for each newly discovered theme, then
they can apply the unmarked text technique as they go. We have seen these three techniques applied successfully to both
rich narrative data as well as simple responses to open-ended questions.

An even more powerful strategy would be to combine multiple techniques in a sequential manner. For example,
investigators might begin by pawing through the data to see what kinds of themes just stick out. As part of this process,
they might want to make comparisons between paragraphs and across informants. A quick analysis of word repetitions
would also be appropriate for identifying themes at such an early stage of the analysis. If key words or indigenous phrases
are present, researchers might followed-up by conducting more focused KWIC analyses. If the project is examining issues
of equality, investigators might also look for texts that are indicative of power differentials and access to resources. Texts
representing major themes can be marked either on paper or by computer. Investigators can then search areas that are not
already marked for additional themes or cut and sort marked texts into subthemes.

Researchers also might consider beginning by looking for identifying all metaphors and similes, marking them, cutting
them out and sorting them into thematic categories. There is no single way to discover themes. In theme discovery, we
assume that more is always better.
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(3) When do you know when you’ve found all the themes?

There is no magic formula to answer this question. The problem is similar to asking members of a population to list all the
illnesses they know. One can never be sure of the full range of illnesses without interviewing the entire population. This is
true because there is always the possibility that the last person interviewed will mention a new disease. We can simplify
the process considerably, however, if we are willing to miss rarely-mentioned illness. One strategy would be to interview
people until some number of respondents in a row (say five or more) fail to mention any new illnesses.

In text analysis, grounded theorists refer to the point at which no new themes are being identified as theoretical saturation
(Strauss and Corbin 1990:188). When and how theoretical saturation is reached, however, depends the number of texts
and their complexity, as well as on investigator experience and fatigue, and the number of investigators examining the
texts. Again, more is better. Investigators who have more experience finding themes are likely to reach saturation latter
than novices. Wilson and Hutchinson warn against premature closure where the researcher "fails to move beyond the face
value of the content in the narrative (1990:123)."

Summary

Theme identification is one of the most fundamental tasks in qualitative research. It also one of the most mysterious.
Explicit descriptions of theme discovery are rarely described in articles and reports and if so are often regulated to
appendices or footnotes. Techniques are shared among small groups of social scientists and are often impeded by
disciplinary or epistemological boundaries. The lack of clear methodological descriptions is most evident during the
grant-writing phase of research. Investigators (ourselves included) struggle to clearly explain and justify plans for
discovering themes in the qualitative data. These issues are particularly cogent when funding reviewers are unfamiliar
with qualitative traditions.

In this article we have outlined a dozen techniques that social scientists have used to discover themes in texts. The
techniques are drawn from across epistemological and disciplinary boundaries. They range from quick word counts to
laborious, in-depth, line-by-line scrutiny. Some work well for short answers to open-ended questions while others are
more appropriate for rich, complex narratives. Novices and non-native speakers may find some techniques easier than
others. No single technique is does it all. To us, these techniques are simply tools to help us do better research.

Notes

1 ATLAS.ti (Scientific Software Development) and Nud•ist (Qualitative Solutions & Research) are qualitative analysis packages distributed in the
United States by SCOLARI, Sage Publications, Inc., 2455 Teller Road, Thousand Oaks, CA 91320. Tel: (805) 499 1325. Fax: (805) 499 0871.
E_mail: atlasti@scolari.com. Web: www.scolari.com.

2 Anthropac (Analytic Technologies) and Coda-A-Text (Cartwright) are software packages that have the capacity to convert free flowing texts into word-by-document matrices.
Code-A-Text is distributed in the United States by SCOLARI, Sage Publications. Anthropac is created and distributed by Analytic Technologies, Inc., Analytic Technologies,
Inc., 11 Ohlin Lane, Harvard, MA 01451. Tel: (978) 456_7372. Fax: (978) 456_7373. E_mail: sales@analytictech.com. Web: www.analytictech.com.
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From: Shipley, Andrea J
To: Benjamin, Pete
Cc: Schweitzer, Sara H
Subject: RE: [External] Draft Agenda for AP3C meeting
Date: Friday, September 27, 2019 11:42:56 AM
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Importance: High

Hi Pete,
 
I will also not be able to attend this meeting, but I have sent Sara some materials related to the
agenda item I suggested. Hopefully, computers at HQ will be back up by Monday, but just in case,
I’m also attaching them here.
 
Thanks,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, September 25, 2019 3:08 PM
To: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Joseph Madison



<joseph_madison@fws.gov>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Howard, Bradley W <brad.howard@ncwildlife.org>
Subject: [External] Draft Agenda for AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Hello all,
 
Attached is a draft agenda for Monday's AP3C meeting, scheduled for 10:00am to
noon in the WRC 5th floor conference room.  I know we'll be missing David, but I
think we'll have a good meeting anyway.  If you have any questions or ideas for
changes to the agenda let me know.  
 
Cheers,
  
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
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Shipley, Andrea J

From: Bova, Christopher
Sent: Monday, August 26, 2019 4:21 PM
To: Shipley, Andrea J
Subject: Comparing and Contrasting Themes

Here is a link to something that may help you evaluate what criteria are contained in a message. 
http://www.analytictech.com/mb870/Readings/ryan‐bernard_techniques_to_identify_themes_in.htm 
An important component is identifying themes. 
In this case comparing and contrasting messaging themes. 
 
Criteria that I would suggest you assign objective values to would be: 
Theme: What are the themes in the messages (will require you to look through a few messages).  There can be one 
theme or multiple themes. (Ie: pro‐wolf (1), anti‐wolf (2), anti‐wolf/pro‐conservation (3), pro‐wolf/anti‐conservation (4) 
etc.) (arbitrary coding) 
Message Accuracy: An objective measure of the quality of the message portrayed (1=misinformation, 3=kind of true but 
not, 5=very accurate) ranked scale 
Message method: Online (1), classroom (2), pamphlet (3), magazine (4) etc. (arbitrary number coding) 
Then you can have several categories you come up with for themes included in a message: 
Did they mention population trend?: (1/0)‐dichotomous coding 
Did the mention hybridization?: (1/0) 
Did they mention (re)introduction?: (1/0) 
Did they mention who introduced it? (1/0) 
Did they mention temperament of red wolf?: (1/0) 
Etc.. (Come up with some things that an informative message about wolves would include… the gold standard message)
 
Example criteria scoring matrix 

Program  Theme  Accuracy  Method  Pop. 
Trend? 

Hybrids?  Indroduced? Who 
Introduced 

Wolf 
Temprament?

Museum  3   4  3  1  1  1  1  0 

WWF  1  3  2  0  1  1  0  0 

Wolf 
Cons. 

2  1  2  1  1  1  0  1 

Based on these results we would see significant differences with info about introduction and temperament. 
While insignificant (statistically) we can still determine differences with the other criteria if deemed important. 
 
This isn’t something you can really learn from a text book in short time, however, its not that complicated that 
you  shouldn’t be able to do. 
 
At the end you should have some objective measures of the differences (if any) between messages based on the criteria 
that YOU get to define. 
Hope this helps. 
If you need anything else, feel free to ask 
 
Regards, 
Chris 
 
Christopher S. Bova, PhD 
Social Scientist/Resource Economist 
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NC Wildlife Resources Commission 
Director’s Office 
1722 Mail Service Center 
Raleigh, North Carolina 27699-1700 
office: 919-707-0057   //   fax: 919-707-0067   
www.ncwildlife.org  
 
 

 
Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties. 
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Shipley, Andrea J

From: Shipley, Andrea J
Sent: Tuesday, August 20, 2019 12:32 PM
To: Bova, Christopher
Cc: Schweitzer, Sara H
Subject: AP Large Sympatric Canid Message Surveying

Importance: High

Hi Chris, 
 
Sara recommended that I get in touch with you for some assistance and guidance in developing a survey that I’d like to 
initiate  this winter. The Albemarle Peninsula Canid Conservation Committee (AP3C) met this past June and one of the 
resulting action items that resulted from that meeting was to create inter‐agency and external partner alignment 
regarding large sympatric canids on the AP.  
 
The need for this survey effort is to gather information on the messaging NCWRC, USFWS, and other external partners 
disseminates to the general public, in order to delineate where the similarities and differences lie, and where outdated 
and/or incorrect information is being used in outreach and education programs in the state. The information gathered 
and analyzed will need to inform the AP3C members on where and in which ways misalignment is occurring, so that the 
committee can take current information dissemination into consideration when making recommendations for and 
developing new aligned messaging. 
 
My initial thoughts are for this survey to be performed in person by staff in plain clothes, utilizing direct observation and 
data gathering with a data sheet, at outreach and educational events. I am open to different survey options though and 
having no experience in human dimensions surveying, would probably benefit from understanding what the different 
survey options are and their benefits and limitations. 
 
Looking forward to hearing your thoughts on this, 
 
Andrea 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
Andrea J. Shipley 
Mammalogist, Wildlife Diversity Program 
  
NC Wildlife Resources Commission 
Mailing Address: PO Box 209 
Castalia, North Carolina 27816 
office: 919‐495‐4001 
mobile: 919‐208‐9200 
  
ncwildlife.org  
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Abstract

Theme identification is one of the most fundamental tasks in qualitative research. It also one of the most mysterious.
Explicit descriptions of theme discovery are rarely described in articles and reports and if so are often regulated to
appendices or footnotes. Techniques are shared among small groups of social scientists and are often impeded by
disciplinary or epistemological boundaries. During the proposal-writing phase of a project, investigators struggle to
clearly explain and justify plans for discovering themes. These issues are particularly cogent when funding reviewers are
unfamiliar with qualitative traditions. In this article we have outlined a dozen techniques that social scientists have used to
discover themes in texts. The techniques are drawn from across epistemological and disciplinary boundaries. They range
from quick word counts to laborious, in-depth, line-by-line scrutiny. Some methods work well for short answers to open-
ended questions while others are more appropriate for rich, complex narratives. Novices and non-native speakers may
find some techniques easier than others. No single technique is does it all. To us, these techniques are simply tools to help
us do better research.

Authors’ Statement

Gery W. Ryan is an Associate Behavioral Scientist at RAND in Santa Monica, California. H. Russell Bernard is professor
of anthropology at the University of Florida. The research on which this article is based is part of a National Science
Foundation Grant, on "Methods for Conducting Systematic Text Analysis" (SRB-9811166). We wish to thank Stephen
Borgatti for his helpful suggestions and two anonymous reviewers for their invaluable comments on earlier drafts of this
paper.

Introduction

At the heart of qualitative data analysis is the task of discovering themes. By themes, we mean abstract, often fuzzy,
constructs which investigators identify before, during, and after data collection. Where do these themes come from?

They come from reviewing the literature, of course. Richer literatures produce more themes. They come from the
characteristics of the phenomena being studied. And they come from already-agreed-upon professional definitions, from
local common-sense constructs, and from researchers’ values, theoretical orientation, and personal experience with the
subject matter (Bulmer 1979; Strauss 1987; Maxwell 1996).

Mostly, though, researchers who consider themselves part of the qualitative tradition in social science induce themes from
texts. This is what grounded theorists call open coding, and what classic content analysts call qualitative analysis
(Berleson 1952) or latent coding (Shapiro and Markoff 1997). There are many variations on these methods.
Unfortunately, however, they are (a) scattered across journals and books that are read by disparate groups of specialists;
and (b) often entangled in the epistemological wars that have divided the social sciences. Our goal in this paper is to cross
these boundaries and lay out a variety of theme-dredging methods so that all researchers who deal with texts can use them
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to solve common research problems.

We outline here a dozen helpful techniques for discovering themes in texts. These techniques are based on: (1) an analysis
of words (word repetitions, key-indigenous terms, and key-words-in contexts); (2) a careful reading of larger blocks of
texts (compare and contrast, social science queries, and searching for missing information); (3) an intentional analysis of
linguistic features (metaphors, transitions, connectors); and (4) the physical manipulation of texts (unmarked texts,
pawing, and cut and sort procedures).

The list is by no means exhaustive. Social scientists are an enterprising lot. Over the last century they have invented
solutions to all kinds of problems for managing and analyzing texts, and they will continue to do so. These bursts of
methodological creativity, however, are commonly described perfunctorily, or are relegated to footnotes, and get little
notice by colleagues across disciplines. The dozen methods we describe here come from across the social sciences and
have been used by positivists and interpretivists alike.

1. Word repetitions

We begin with word-based techniques. Word repetitions, key-indigenous terms, and key-words-in-contexts (KWIC) all
draw on a simple observation—if you want to understand what people are talking about, look at the words they use.

Words that occur a lot are often seen as being salient in the minds of respondents. D'Andrade notes that "perhaps the
simplest and most direct indication of schematic organization in naturalistic discourse is the repetition of associative
linkages" (1991:294). He observes that "indeed, anyone who has listened to long stretches of talk, whether generated by a
friend, spouse, workmate, informant, or patient, knows how frequently people circle through the same network of ideas"
(1991:287).

Word repetitions can be analyzed formally and informally. In the informal mode, investigators simply read the text and
note words or synonyms that people use a lot. For example, while conducting multiple in-depth interviews with Tony, a
retired blue collar worker in Connecticut, Claudia Strauss (1992) found that Tony repeatedly referred to ideas associated
with greed, money, businessmen, siblings, and "being different." These repetitions indicated to Strauss that these ideas
were important, recurring themes in Tony’s life. Strauss displayed the relationships among these ideas by writing the
concepts on a page of paper and connecting them with lines and explanations. Computer programs such as ATLAS.ti and
Nud*ist let you do this kind of connect-the-dots exercise by computer.1

A more formal analysis of word frequencies can be done by generating a list of all the unique words in a text and counting
the number of times each occurs. Computers can easily generate word-frequency lists from texts and are a quick and easy
way to look for themes. Ryan and Weisner (1996) asked fathers and mothers of adolescents: "Describe your children. In
your own words, just tell us about them." Ryan and Weisner produced a list of all the unique words in the set of responses
and the number of times each word was used by mothers and by fathers. Mothers were more likely than fathers to use
words like friends, creative, time, and honest; fathers were more likely than mothers to use words like school, good, lack,
student, enjoys, independent, and extremely. Ryan and Weisner used this information as clues for themes that they would
use later in actually coding the texts.

2. Indigenous categories

Another way to find themes is to look for local terms that may sound unfamiliar or are used in unfamiliar ways. Patton
(1990:306, 393-400) refers to these as "indigenous categories" and contrasts them with "analyst-constructed typologies."
Grounded theorist refer to the process of identifying local terms as in vivo coding (Strauss 1987:28-32, Strauss and Corbin
1990:61-74).

Understanding indigenous categories and how they are organized has long been a goal of cognitive anthropologists. The
basic idea in this area of research is that experience and expertise are often marked by specialized vocabulary. For
example, Spradley (1972) recorded conversations among tramps at informal gatherings, meals, card games, and bull
sessions. As the men talked to each other about their experiences, there were many references to making a flop.

Spradley combed through his recorded material and notes looking for verbatim statements made by informants about his
topic. On analyzing the statements, he found that most of the statements could fit into subcategories such as kinds of
flops, ways to make flops, ways to make your own flop, kinds of people who bother you when you flop, ways to make a
bed, and kinds of beds. Spradley then returned to his informants and sought additional information from them on each of
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the subcategories. For other classic examples of coding for indigenous categories see Becker’s (1993) description of
medical students use of the word crock, and Agar’s (1973) description of drug addicts’ understandings of what it means to
shoot up.

3. Key-words-in-context (KWIC)

Key-words-in-context (KWIC) are closely associated with indigenous categories. KWIC is based on a simple observation:
if you want to understand a concept, then look at how it is used. In this technique, researchers identify key words and then
systematically search the corpus of text to find all instances of the word or phrase. Each time they find a word, they make
a copy of it and its immediate context. Themes get identified by physically sorting the examples into piles of similar
meaning.

The concept of deconstruction is an abstract and often incomprehensible term used by social scientists, literary critics and
writers in the popular press. Jacques Derrida, who coined the term, refused to define it. To Derrida, the meaning of any
text is inherently unstable and variable. Wiener (1997) was curious as to how the concept of deconstruction was used in
the popular press. He used a text-based data set (such as Lexis/Nexis), to find instances of the word in popular
publications. He found the term used in by everything from Entertainment Weekly to the American Banker. Wiener
concludes that:

Most often writers use "deconstruction" as a fancy word for "analysis" or "explanation," or else
as an upscale synonym for "destruction." But in some genres, like rock music writing, the term
isn't negative at all; it has become a genuinely floating signifier, a verbal gesture that implies a
kind of empty intellectual sophistication.

Word-based techniques are typically a fast and efficient ways to start looking for themes. We find that they are
particularly useful at early stages of theme identification. These techniques are also easy for novice researchers to apply.
Nothing, however, beats a careful scrutiny of the texts for finding themes that may be more subtle or that don’t get
signified directly in the lexicon of the text. Scrutiny-based techniques are more time-intensive and require a lot of
attention to details and nuances.

4. Compare and contrast

The compare and contrast approach is based on the idea that themes represent the ways in which texts are either similar or
different from each other. Glazer and Strauss (1967:101_116) refer to this as the "constant comparison method." [For
other good descriptions of the technique see Glazer (1978:56_72) and Strauss and Corbin (1990:84_95).] Typically,
grounded theorists begin by conducting a careful line-by-line analysis. They read each line or sentence and ask
themselves, "What is this about?" and "How does it differ from the preceding or following statements?" This kind of
detailed work keeps the researcher focused on the data themselves rather than on theoretical flights of fancy (Charmaz
1990).

This approach is like interviewing the text and is remarkably similar to the ethnographic interviewing style that Spradley
talks about using with his informants (1979:160_172). Researchers compare pairs of texts by asking "How is this text
different from the preceding text?" and "What kinds of things are mentioned in both?" They ask hypothetical questions
like "What if the informant who produced this text had been a woman instead of a man?" and "How similar is this text to
my own experiences?" Bogdan and Biklen (1982:153) recommend reading through passages of text and asking "What
does this remind me of?" Like a good journalist, investigators compare answers to questions across people, space, and
time.

5. Social science queries

Besides identifying indigenous themes—themes that characterize the experience of informants—researchers are interested
in understanding how textual data illuminate questions of importance to social science. Spradley (1979:199–201)
suggested searching interviews for evidence of social conflict, cultural contradictions, informal methods of social control,
things that people do in managing impersonal social relationships, methods by which people acquire and maintain
achieved and ascribed status, and information about how people solve problems. Bogdan & Bilken (1982:156-162)
suggested examining the setting and context, the perspectives of the informants, and informants’ ways of thinking about
people, objects, processes, activities, events, and relationships. "Moving across substantive areas," says Charmaz, "fosters
developing conceptual power, depth, and comprehensiveness" (1990:1163).

Techniques to Identify Themes in Qualitative Data http://www.analytictech.com/mb870/Readings/ryan-bernard_techniques_...

3 of 11 8/27/2019, 3:13 PM



Strauss and Corbin (1990:158_175) urge investigators to be more sensitive to conditions, actions/interactions, and
consequences of a phenomenon and to order these conditions and consequences into theories. To facilitate this, they offer
a useful tool called the conditional matrix. The conditional matrix is a set of concentric circles, each level corresponding
to a different unit of influence. At the center are actions and interactions. The inner rings represent individual and small
group influences on these actions, and the outer rings represent international and national effects.

Querying the text as a social scientist is a powerful technique because investigators concentrate their efforts on searching
for specific kinds of topics – any of which are likely to generate major social and cultural themes. By examining the data
from a more theoretical perspective, however, researchers must be careful that they do not overfit the data – that is, find
only that for which they are looking. There is a trade-off between bringing a lot of prior theorizing to the theme-
identification effort and going at it fresh. Prior theorizing, as Charmaz says (1990), can inhibit the forming of fresh ideas
and the making of surprising connections. Assiduous theory-avoidance brings the risk of not making the connection
between data and important research questions. Novice researchers may be more comfortable with the tabula rasa
approach. More seasoned researchers, who are more familiar with theory issues, may find the social science query
approach more compatible with their interests.

6. Searching for missing information

The final scrutiny-based approach we describe works in reverse from typical theme identification techniques. Instead of
identifying themes that emerge from the text, investigators search for themes that are missing in the text.

Much can be learned from a text by what is not mentioned. As early as 1959, propaganda analysts found that material not
covered in political speeches were sometimes more predictive that material that was covered (George 1959). Sometimes
silences indicate areas that people are unwilling or afraid to discuss. For instance, women with strong religious
convictions may fail to mention abortion during discussions of birth control. In power-laden interviewers, silence may be
tied to implicit or explicit domination (Gal 1991). In a study of birth planning in China, Greenhalgh (1994) surveyed
1,011ever-married women, gathered social and economic histories from 150 families. She conducted in-depth interviews
with present and formal officials (known as cadres), and collected documentary evidence from local newspapers, journals
and other sources. Greenhalgh notes that "Because I was largely constrained from asking direct questions about
resistance, the informal record of field notes, interview transcripts, and questionnaire data contains few overt challenges
to state policy (1994:9)." Greenhalgh concludes, however, that

I believe that in their conversations with us, both peasants and cadres made strategic use of
silence to protest aspects of the policy they did not like. Cadres, for example were loathe to
comment on birth-planning campaigns; peasant women were reluctant to talk about sterilization.
These silences form one part of the unofficial record of birth planning in the villages. More
explicit protests were registered in informal conversations. From these interactions emerged a
sense of profound distress of villagers forced to choose between a resistance that was politically
risky and a compliance that violated the norms of Chinese culture and of practical reason
(1994:9).

Other times, absences may indicate primal assumptions made by respondents. Spradley (1987:314) noted that when
people tell stories, they assume that their listeners share many assumptions about how the world works and so they leave
out information that "everyone knows." He called this process abbreviating. Price (1987) takes this observation and builds
on it. Thus, she looks for what is not said in order to identify underlying cultural assumptions. Price finds the missing
pieces by trying to translate what people say in the stories into something that the general public would understand.

Of all the scrutiny-based techniques, searching for missing information is the most difficult. There are many reasons
people do not mention topics. In addition to avoiding sensitive issues or assuming investigator already knows about the
topic, people may not trust the interviewer, may not wish to speak when others are present, or may not understand the
investigator’s questions. Distinguishing between when informants are unwilling to discuss topics and when they assume
the investigator already knows about the topic requires a lot of familiarity with the subject matter.

In addition to word- and scrutiny-based techniques, researchers have used linguistic features such as metaphors, topical
transitions, and keyword connectors to help identify themes.

7. Metaphors and analogies
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Schema analysts suggest searching through text for metaphors, similes, and analogies (D’Andrade 1995, Quinn and
Strauss 1997). The emphasis on metaphor owes much to the pioneering work by Lakoff and Johnson (1980) and the
observation that people often represent their thoughts, behaviors, and experiences with analogies.

Naomi Quinn (1997) has analyzed hundreds of hours of interviews to discover concepts underlying American marriage
and to show how these concepts are tied together. She began by looking at patterns of speech and at the repetition of key
words and phrases, paying particular attention to informants' use of metaphors and the commonalities in their reasoning
about marriage. Nan, one of her informants, says that "marriage is a manufactured product." This popular metaphor
indicates that Nan sees marriages as something that has properties, like strength and staying power, and as something that
requires work to produce. Some marriages are "put together well," while others "fall apart" like so many cars or toys or
washing machines (Quinn 1987:174).

The object is to look for metaphors in rhetoric and deduce the schemas, or underlying principles, that might produce
patterns in those metaphors. Quinn found that people talk about their surprise at the breakup of a marriage by saying that
they thought the couple’s marriage was "like the Rock of Gibraltar" or that they thought the marriage had been "nailed in
cement." People use these metaphors because they assume that their listeners know that cement and the Rock of Gibraltar
are things that last forever.

But Quinn reasons that if schemas or scripts are what make it possible for people to fill in around the bare bones of a
metaphor, then the metaphors must be surface phenomena and cannot themselves be the basis for shared understanding.
Quinn found that the hundreds of metaphors in her corpus of texts fit into just eight linked classes that she calls:
lastingness, sharedness, compatibility, mutual benefit, difficulty, effort, success (or failure), and risk of failure. For
example, Quinn’s informants often compared marriages (their own and those of others) to manufactured and durable
products ("it was put together pretty good") and to journeys ("we made it up as we went along; it was a sort of do-it-
yourself project"). Quinn sees these metaphors, as well as references to marriage as "a lifetime proposition," as exemplars
of the overall expectation of lastingness in marriage.

Other examples of the search for cultural schemas in texts include Holland’s (1985) study of the reasoning that Americans
apply to interpersonal problems, Kempton’s (1987) study of ordinary Americans’ theories of home heat control, and
Claudia Strauss’s (1997) study of what chemical plant workers and their neighbors think about the free enterprise system.

8. Transitions

Another linguistic approach is to look for naturally occurring shifts in thematic content. Linguistic forms of transition
vary between oral and written texts. In written texts, new paragraphs are often used by authors to indicate either subtle or
abrupt shifts in topics. In oral speech, pauses, change in tone, or particular phrases may indicate thematic transitions.
Linguists who have worked with precisely recorded texts in Native American languages have noticed the recurrence of
elements like "Now," "Then," "Now then," and "Now again." These often signal the separation of verses and "once such
patterning has been discovered in cases with such markers, it can be discerned in cases without them" (Hymes 1977:439).

For example, Sherzer (1994) presents a detailed analysis of a two-hour performance by Chief Olopinikwa of a traditional
San Blas Kuna chant. The chant was recorded in 1970. Like many linguistic anthropologists, Sherzer had taught an
assistant, Alberto Campos, to use a phonetic transcription system. After the chant, Sherzer asked Campos, to transcribe
and translate the tape. Campos put Kuna and Spanish on left- and right-facing pages (1994:907). By studying Campos’s
translation against the original Kuna, Sherzer was able to pick out certain recurrent features. Campos left out the chanted
utterances of the responding chief (usually something like "so it is"), which turned out to be markers for verse endings in
the chant. Campos also left out so-called framing words and phrases (like "Thus" at the beginning of a verse and "it is
said, so I pronounce" at the end of a verse). These contribute to the line and verse structure of the chant. Finally, "instead
of transposing metaphors and other figurative and allusive language into Spanish" Campos "explains them in his
translation" (Sherzer 1994:908). Researchers

In two-party and multiparty speech, transitions occur naturally. Conversation or discourse analysts closely examine
linguistic features such as turn-taking and speaker interruptions to identify transitions in speech sequences. For a good
overview, see Silverman (1993:114-143).

9. Connectors

A third linguistic approach is to look carefully at words and phrases that indicate relationships among things. For
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example, causal relationships are often indicated by such words and phrases as, because, since, and as a result. Words
such as if or then, rather than, and instead of often signify conditional relationships. The phrase is a is often associated
with taxonomic categories. Time-oriented relationships are expressed with words such as before, after, then, and next.
Typically negative characteristics occur less often than positive characteristics. Simply searching for the words not, no,
none, or the prefix non may be a quick way to identify themes. Investigator can discover themes by searching on such
groups of word and looking to see what kinds of things the words connect.

What other kinds of relationships might be of interest to social scientists? Casagrande and Hale (1967) suggest looking
for: attributes (e.g., X is Y), contingencies (e.g., if X, then Y), functions (e.g., X is a means of affecting Y), spatial
orientations (e.g., X is close to Y), operational definitions (e.g., X is a tool for doing Y), examples (e.g., X is an instance
of Y), comparisons (e.g., X resembles Y), class inclusions (X is a member of class Y), synonyms (e.g., X is equivalent to
Y), antonyms (e.g., X is the negation of Y), provenience (e.g., X is the source of Y), and circularity (e.g., X is defined as
X). [For lists of kinds of relationships that may be useful for identifying themes see Burton and Kirk (1980:271), Werner
and Schoepfle (1987) and Lindsay and Norman (1972).]

Investigators often use the linguistic features described above unconsciously. Metaphors, transitions, and connectors are
all part of a native speaker’s ability to grasp meaning in a text. By making these features more explicit, we sharpen our
ability to find themes.

Finally, we turn to more tactile approaches for theme discovery. Each of the next three techniques requires some physical
manipulation of the text itself.

10. Unmarked texts

One way to identify new themes is to examine any text that is not already associated with a theme (Ryan 1999). This
technique requires multiple readings of a text. On the first reading, salient themes are clearly visible and can be quickly
and readily marked with different colored pencils or highlighters. In the next stage, the search is for themes that remain
unmarked. This tactic–marking obvious themes early and quickly—forces the search for new, and less obtrusive themes.

11. Pawing

We highly recommend pawing through texts and marking them up with different colored highlighter pens. Sandelowski
(1995a:373) observes that analysis of texts begins with proofreading the material and simply underlining key phrases
"because they make some as yet inchoate sense." Bernard (2000) refers to this as the ocular scan method, otherwise
known as eyeballing. In this method, you get a feel for the text by handling your data multiple times. [Bogdan and Biklen
(1982:165) suggest reading over the text at least twice.] Researchers have been known to spread their texts out on the
floor, tack bunches of them to a bulletin board, and sort them into different file folders. By living with the data,
investigators can eventually perform the interocular percussion test—which is where you wait for patterns to hit you
between the eyes.

This may not seem like a very scientific way to do things, but it is one of the best ways we know of to begin hunting for
patterns in qualitative data. Once you have a feel for the themes and the relations among, then we see no reason to
struggle bravely on without a computer. Of course, a computer is required from the onset if the project involves hundreds
of interviews, or if it’s part of a multi-site, multi-investigator effort. Even then, there is no substitute for following
hunches and intuitions in looking for themes to code in texts (Dey 1993).

12. Cutting and sorting

Cutting and sorting is a more formal way of pawing and a technique we both use quite a bit. It is particularly useful for
identifying subthemes. The approach is based on a powerful trick most of us learned in kindergarten and requires paper
and scissors. We first read through the text and identify quotes that seem somehow important. We cut out each quote
(making sure to maintain some of the context in which it occurred) and paste the material on small index cards. On the
back of each card, we then write down the quote’s reference—who said it and where it appeared in the text. Then we lay
out the quotes randomly on a big table and sort them into piles of similar quotes. Then we name each pile. These are the
themes. This can be done with tag and search software, but we find that nothing beats the ability to manually sort and
group the cards.

There are many variations on this pile-sorting technique. The principle investigator on a large project might ask several
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team members to sort the quotes into named piles independently. This is likely to generate a longer list of possible themes
than would be produced by a group discussion. In really large projects, pairs of coders could sort the quotes together and
decide on the names for the piles. The pile-sorting exercise should be video- or audiotaped and investigators should pay
close attention to discussions—between themselves and coders or between coders—about which quotes belong together
and why. These conversations are about as close as we will ever get to witnessing the emergence of themes.

Barkin et al. (1999) interviewed clinicians, community leaders, and parents about what physicians could and did do to
prevent violence among youth. These were long, complex interviews, so Barkin et al. broke the coding process into two
steps. They started with three major themes that they developed from theory. The principle investigator went through the
transcripts and cut out all the quotes that pertained to each of the major themes. Then four other coders independently
sorted the quotes from each major theme into piles. Then, the pile sort data were analyzed with multidimensional scaling
and cluster analysis to identify subthemes shared across coders. [See Patterson et al. (1993) for another example.]

Jehn and Doucet (1997) had short answers to open-ended questions. They found that several coders could easily sort these
paragraph-length descriptions of inter and intra-ethnic conflict. Then, like Barkin et al., Jehn and Doucet then used
multidimensional scaling and cluster analysis to identify subthemes of conflict.

Another advantage to the cutting and sorting technique is that the data can be used to systematically describe how such
themes are distributed across informants. After the piles have been formed and themes have been named, simply turn over
each quote and identify who mentioned each theme. (If the people sorting the quotes are unaware of who the quotes came
from, this is an unbiased way of coding.)

Discussion

The variety of methods available for coding texts raises some obvious questions:

(1) Which technique generates more themes?

Frankly, we don’t know. There are just too many factors that influence the number of themes that are generated, including
the technique itself, who and how many people are looking for themes, and the kind and amount of texts being analyzed.
If the goal is to generate as many themes as possible—which is often the case in initial exploratory phases of research—
then more is better. This means using multiple techniques, investigators, and texts.

Nowhere is a multiple technique approach better exemplified than in the work of Jehn and Doucet (1996, 1997). Jehn and
Doucet asked 76 U.S. managers who had worked in Sino_American joint ventures to describe recent interpersonal
conflicts with business partners. Each person described a situation with a same_culture manager and a different_cultural
manger. First they generated separate lists of words from the intercultural and intracultural conflict narratives. They asked
3 expatriate managers to act as judges and to identify all the words that were related to conflict. They settled on a list of
542 conflict words from the intercultural list and 242 words from the intracultural list.

Jehn and Doucet then asked the three judges to sort the words into piles or categories. The experts identified 15
subcategories for the intercultural data—things like conflict, expectations, rules, power, and volatile—and 15 categories
for the intracultural data—things like conflict, needs, standards, power, contentious, and lose. Taking into consideration
the total number of words in each corpus, conflict words were used more in intracultural interviews and resolution terms
were more likely to be used in intercultural interviews.

Jehn and Doucet (1996, 1997) also used traditional content analysis on their data. The had two coders read the 152
conflict scenarios (76 intracultural and 76 intercultural) and evaluated (on a 5_point scale) each on 27 different themes
they had identified from the literature. This produced two 76x27 scenario_by_theme profile matrices—one for the
intracultural conflicts and one for the intercultural conflicts. The first three factors from the intercultural matrix reflect: (1)
interpersonal animosity and hostility; (2) aggravation; and (3) the volatile nature of the conflict. The first two factors from
the intracultural matrix reflect: (1) hatred and animosity with a volatile nature and (2) conflicts conducted calmly with
little verbal intensity.

Finally, Jehn and Doucet identified the 30 intracultural and the 30 intercultural scenarios that they felt were the most clear
and pithy. They recruited fifty more expatriate managers to assess the similarities (on a 5_point scale) of 60–120
randomly selected pairs of scenarios. When combined across informants, the managers judgments produced two
aggregate, scenario_by_scenario, similarity matrices—one for the intracultural conflicts and one for the intercultural
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conflicts.

Multidimensional scaling of the intercultural similarity data identified four dimensions: (1) open versus resistant to
change, (2) situational causes versus individual traits, (3) high_ versus low_resolution potential based on trust, and (4)
high_ versus low_resolution potential based on patience. Scaling of the intracultural similarity data identified four
different dimensions: (1) high versus low cooperation, (2) high versus low confrontation, (3) problem_solving versus
accepting, and (4) resolved versus ongoing.

The work of Jehn and Doucet is impressive because the analysis of the data from these tasks produced different sets of
themes. All three emically induced theme sets have some intuitive appeal and all three yield analytic results that are
useful. They could have also used the techniques of grounded theory or schema analysis to discover even more themes.

(2) When are the various techniques most appropriate?

The choice of techniques depends minimally on the kind and amount of text, the experience of the researcher, and the
goals of the project. Word-based techniques (e.g., word repetitions, indigenous categories, and KWIC) are probably the
least labor intensive. Computer software such as Anthropac and Code-a-text have little trouble in generating frequency
counts of key words.2 A careful look at the frequency list and maybe some quick pile sorts are often enough to identify
quite a few themes. Word-based techniques are also the most versatile. They can easily be used with complex texts such
as the complete works of Shakespear or the Bible, as well as, with simple short answers to open-ended questions. They
can also be used relatively easily by novice and expert investigators alike. Given their very nature, however, they are best
used in combination with other approaches.

Scrutiny-based techniques (e.g., compare and contrast, querying the text, and examining absences) are most appropriate
for rich textual accounts and tend to be overkill for analyzing short answer responses. Investigators who are just
beginning to explore a new topical area might want to start with compare-and-contrast techniques before moving on to the
more difficult tasks of querying the text or searching for missing information. We do not advise using the latter two
techniques unless the investigator is fluent in the language in which the data are collected. If the primary goal of the this
portion of the investigation is to discover as many themes as possible, then nothing beats using these techniques on a line-
by-line basis.

Like scrutiny-based techniques, linguist-based approaches are better used on narrative style accounts rather than short
answer responses. Looking for transitions is the easiest technique to use, especially if the texts are actually written by
respondents themselves (rather than transcribed from tape recordings of verbal interviews). Searching for metaphors is
also relatively easy once novices have been trained on what kind of things to look for in the texts. Looking for connecting
words and phrases is best used as a secondary wave of finding themes, once the investigator has a more definite idea of
what kinds of themes he or she finds most interesting.

In the early stages of exploration, nothing beats a thorough reading and pawing through of the data. This approach is the
easiest for novice researchers to master and is particularly good for identifying major themes. As the exploration
progresses, investigators often find themselves looking for subthemes within these major themes. The cutting and sorting
techniques are most helpful here. Investigators can identify all text passages that are related to a major theme, cut them
out, and sort them into subthematic categories. Likewise, if they are marking texts for each newly discovered theme, then
they can apply the unmarked text technique as they go. We have seen these three techniques applied successfully to both
rich narrative data as well as simple responses to open-ended questions.

An even more powerful strategy would be to combine multiple techniques in a sequential manner. For example,
investigators might begin by pawing through the data to see what kinds of themes just stick out. As part of this process,
they might want to make comparisons between paragraphs and across informants. A quick analysis of word repetitions
would also be appropriate for identifying themes at such an early stage of the analysis. If key words or indigenous phrases
are present, researchers might followed-up by conducting more focused KWIC analyses. If the project is examining issues
of equality, investigators might also look for texts that are indicative of power differentials and access to resources. Texts
representing major themes can be marked either on paper or by computer. Investigators can then search areas that are not
already marked for additional themes or cut and sort marked texts into subthemes.

Researchers also might consider beginning by looking for identifying all metaphors and similes, marking them, cutting
them out and sorting them into thematic categories. There is no single way to discover themes. In theme discovery, we
assume that more is always better.
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(3) When do you know when you’ve found all the themes?

There is no magic formula to answer this question. The problem is similar to asking members of a population to list all the
illnesses they know. One can never be sure of the full range of illnesses without interviewing the entire population. This is
true because there is always the possibility that the last person interviewed will mention a new disease. We can simplify
the process considerably, however, if we are willing to miss rarely-mentioned illness. One strategy would be to interview
people until some number of respondents in a row (say five or more) fail to mention any new illnesses.

In text analysis, grounded theorists refer to the point at which no new themes are being identified as theoretical saturation
(Strauss and Corbin 1990:188). When and how theoretical saturation is reached, however, depends the number of texts
and their complexity, as well as on investigator experience and fatigue, and the number of investigators examining the
texts. Again, more is better. Investigators who have more experience finding themes are likely to reach saturation latter
than novices. Wilson and Hutchinson warn against premature closure where the researcher "fails to move beyond the face
value of the content in the narrative (1990:123)."

Summary

Theme identification is one of the most fundamental tasks in qualitative research. It also one of the most mysterious.
Explicit descriptions of theme discovery are rarely described in articles and reports and if so are often regulated to
appendices or footnotes. Techniques are shared among small groups of social scientists and are often impeded by
disciplinary or epistemological boundaries. The lack of clear methodological descriptions is most evident during the
grant-writing phase of research. Investigators (ourselves included) struggle to clearly explain and justify plans for
discovering themes in the qualitative data. These issues are particularly cogent when funding reviewers are unfamiliar
with qualitative traditions.

In this article we have outlined a dozen techniques that social scientists have used to discover themes in texts. The
techniques are drawn from across epistemological and disciplinary boundaries. They range from quick word counts to
laborious, in-depth, line-by-line scrutiny. Some work well for short answers to open-ended questions while others are
more appropriate for rich, complex narratives. Novices and non-native speakers may find some techniques easier than
others. No single technique is does it all. To us, these techniques are simply tools to help us do better research.

Notes

1 ATLAS.ti (Scientific Software Development) and Nud•ist (Qualitative Solutions & Research) are qualitative analysis packages distributed in the
United States by SCOLARI, Sage Publications, Inc., 2455 Teller Road, Thousand Oaks, CA 91320. Tel: (805) 499 1325. Fax: (805) 499 0871.
E_mail: atlasti@scolari.com. Web: www.scolari.com.

2 Anthropac (Analytic Technologies) and Coda-A-Text (Cartwright) are software packages that have the capacity to convert free flowing texts into word-by-document matrices.
Code-A-Text is distributed in the United States by SCOLARI, Sage Publications. Anthropac is created and distributed by Analytic Technologies, Inc., Analytic Technologies,
Inc., 11 Ohlin Lane, Harvard, MA 01451. Tel: (978) 456_7372. Fax: (978) 456_7373. E_mail: sales@analytictech.com. Web: www.analytictech.com.
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From: Schweitzer, Sara H
To: Shipley, Andrea J; Benjamin, Pete
Subject: Re: [External] Draft Agenda for AP3C meeting
Date: Friday, September 27, 2019 12:04:52 PM
Attachments: image001.png

image002.png
image003.png
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Importance: High

Hello, Andrea and Pete -

I was just back in the Raleigh office yesterday after 2 1/2 weeks of travel for meetings, so I
had to surrender my computer to IT. I'm working on my personal computer and will only work
in the Office 365 cloud, and will upload the document to it. I cannot use the printers in Raleigh
so I will not have handouts for Monday.

Regardless of this inconvenience, I think the meeting on Monday will be productive. I'll take
notes for those who cannot attend in person.

Best wishes,
Sara

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

S. H. Schweitzer, Ph.D.
Wildlife Diversity Program Coordinator
 
NC Wildlife Resources Commission
Wildlife Management Division
Office: 919-707-0069
Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org

From: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Sent: Friday, September 27, 2019 11:42 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>
Subject: RE: [External] Draft Agenda for AP3C meeting
 
Hi Pete,
 
I will also not be able to attend this meeting, but I have sent Sara some materials related to the
agenda item I suggested. Hopefully, computers at HQ will be back up by Monday, but just in case,
I’m also attaching them here.
 
Thanks,
 
Andrea
 



---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, September 25, 2019 3:08 PM
To: Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Joseph Madison
<joseph_madison@fws.gov>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Howard, Bradley W <brad.howard@ncwildlife.org>
Subject: [External] Draft Agenda for AP3C meeting
 
 
Hello all,
 
Attached is a draft agenda for Monday's AP3C meeting, scheduled for 10:00am to
noon in the WRC 5th floor conference room.  I know we'll be missing David, but I
think we'll have a good meeting anyway.  If you have any questions or ideas for
changes to the agenda let me know.  
 
Cheers,
  
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 



NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 











From: Benjamin, Pete
To: Howard, Bradley W; Briggs, M. Kyle; David Cobb; Schweitzer, Sara H; andrea.shipley@ncwildlife.org; Madison,

Joseph S; Eversen, Michelle
Subject: AP3C Call next week to plan upcoming stakeholder outreach
Date: Wednesday, November 6, 2019 1:11:33 PM

Hi Team,

I'd like to hold a 1-hour call next week to coordinate our upcoming AP canid stakeholder outreach
effort.  I know that not everyone will be available for a call on short notice, but I'm hoping we can get
a couple folks from each agency on the phone to do the planning and then report out to the rest of the
group.  Please follow the link below to a doodle poll and we'll see what happens.  Thanks,

https://doodle.com/poll/4773xx5ddipn4zy4

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Martin, Rebekah
Subject: Fwd: AP3C Call next week to plan upcoming stakeholder outreach
Date: Thursday, November 7, 2019 8:27:39 AM

Hi Rebekah,

Joe pointed out to me that I left you off this distribution.  Given that we are hoping to host this
outreach event at one of your facilities (Pocosin Lakes), Joe noted that it would be 'bad form' if we
didn't let you know about it.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Nov 6, 2019 at 1:11 PM
Subject: AP3C Call next week to plan upcoming stakeholder outreach
To: Howard, Bradley W <brad.howard@ncwildlife.org>, Briggs, M. Kyle
<kyle.briggs@ncwildlife.org>, David Cobb <david.cobb@ncwildlife.org>, Schweitzer, Sara
H <sara.schweitzer@ncwildlife.org>, <andrea.shipley@ncwildlife.org>, Joseph Madison
<joseph_madison@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>

Hi Team,

I'd like to hold a 1-hour call next week to coordinate our upcoming AP canid stakeholder outreach
effort.  I know that not everyone will be available for a call on short notice, but I'm hoping we can get
a couple folks from each agency on the phone to do the planning and then report out to the rest of the
group.  Please follow the link below to a doodle poll and we'll see what happens.  Thanks,

https://doodle.com/poll/4773xx5ddipn4zy4

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.





From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: AP3C Call next week to plan upcoming stakeholder outreach
Date: Thursday, November 7, 2019 12:00:49 PM
Importance: High

Pete I am going to miss this one.  But I fully trust that you all have it. 

On Wed, Nov 6, 2019 at 1:11 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Team,

I'd like to hold a 1-hour call next week to coordinate our upcoming AP canid stakeholder outreach
effort.  I know that not everyone will be available for a call on short notice, but I'm hoping we can
get a couple folks from each agency on the phone to do the planning and then report out to the rest
of the group.  Please follow the link below to a doodle poll and we'll see what happens.  Thanks,

https://doodle.com/poll/4773xx5ddipn4zy4

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Benjamin, Pete
To: David Cobb; andrea.shipley@ncwildlife.org; Schweitzer, Sara H; Madison, Joseph S; Martin, Rebekah; Howard,

Bradley W
Subject: AP3C call next week
Date: Friday, November 8, 2019 2:18:58 PM

Hey guys, 

It looks like next Wednesday (November 13) at 1:00 works for our call (at least for Sara, David, Joe and
me).  So, let's the four of us get together to hash out a plan that we can then share with the larger
team.  I'm thinking the call will take about an hour.  We need a conference call line (mine is already
reserved for another call).  Anyone got one?  

Have a great weekend,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Martin, Rebekah
To: Benjamin, Pete
Cc: David Cobb; andrea.shipley@ncwildlife.org; Schweitzer, Sara H; Madison, Joseph S; Howard, Bradley W
Subject: Re: AP3C call next week
Date: Friday, November 8, 2019 3:31:48 PM
Importance: High

Wednesday at 1pm works for me as well. I have a conference line we can use: 877.996.1467,
3017069. 

Rebekah

Sent from my iPhone

On Nov 8, 2019, at 2:18 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Hey guys, 

It looks like next Wednesday (November 13) at 1:00 works for our call (at least for Sara,
David, Joe and me).  So, let's the four of us get together to hash out a plan that we can
then share with the larger team.  I'm thinking the call will take about an hour.  We need
a conference call line (mine is already reserved for another call).  Anyone got one?  

Have a great weekend,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Schweitzer, Sara H
To: Benjamin, Pete
Subject: Re: [External] AP3C call next week
Date: Tuesday, November 12, 2019 9:52:59 AM
Importance: High

Hello, Pete -

Do you have an agenda for tomorrow's call/meeting? Or are we focusing on the shareholder
meeting planning only?

Thanks!
Sara

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

S. H. Schweitzer, Ph.D.
Wildlife Diversity Program Coordinator
 
NC Wildlife Resources Commission
Wildlife Management Division
Office: 919-707-0069
Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Friday, November 8, 2019 2:18 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>;
Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Joseph Madison <joseph_madison@fws.gov>;
Rebekah Martin <rebekah_p_martin@fws.gov>; Howard, Bradley W <brad.howard@ncwildlife.org>
Subject: [External] AP3C call next week
 

Hey guys, 

It looks like next Wednesday (November 13) at 1:00 works for our call (at least for Sara, David, Joe and
me).  So, let's the four of us get together to hash out a plan that we can then share with the larger
team.  I'm thinking the call will take about an hour.  We need a conference call line (mine is already
reserved for another call).  Anyone got one?  

Have a great weekend,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Schweitzer, Sara H
Subject: Re: [External] AP3C call next week
Date: Tuesday, November 12, 2019 10:08:23 AM

Just the stakeholder outreach plan. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Nov 12, 2019 at 9:53 AM Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>
wrote:

Hello, Pete -

Do you have an agenda for tomorrow's call/meeting? Or are we focusing on the shareholder
meeting planning only?

Thanks!
Sara

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

S. H. Schweitzer, Ph.D.
Wildlife Diversity Program Coordinator
 
NC Wildlife Resources Commission
Wildlife Management Division
Office: 919-707-0069
Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Friday, November 8, 2019 2:18 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Joseph
Madison <joseph_madison@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>; Howard,
Bradley W <brad.howard@ncwildlife.org>
Subject: [External] AP3C call next week
 



Hey guys, 

It looks like next Wednesday (November 13) at 1:00 works for our call (at least for Sara, David, Joe
and me).  So, let's the four of us get together to hash out a plan that we can then share with the
larger team.  I'm thinking the call will take about an hour.  We need a conference call line (mine is
already reserved for another call).  Anyone got one?  

Have a great weekend,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Shipley, Andrea J
To: Martin, Rebekah; Benjamin, Pete
Cc: Cobb, David T.; Schweitzer, Sara H; Madison, Joseph S; Howard, Bradley W
Subject: RE: [External] Re: AP3C call next week
Date: Tuesday, November 12, 2019 10:31:03 AM
Attachments: image001.png
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image004.png

Importance: High

I’ll be on the road, but I’ll try to call in just to listen.
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Rebekah Martin <rebekah_p_martin@fws.gov> 
Sent: Friday, November 08, 2019 3:32 PM
To: Benjamin, Pete <pete_benjamin@fws.gov>
Cc: Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>;
Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Joseph Madison <joseph_madison@fws.gov>;
Howard, Bradley W <brad.howard@ncwildlife.org>
Subject: [External] Re: AP3C call next week
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Wednesday at 1pm works for me as well. I have a conference line we can use: 877.996.1467,
3017069. 
 
Rebekah



 
Sent from my iPhone

On Nov 8, 2019, at 2:18 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Hey guys, 
 
It looks like next Wednesday (November 13) at 1:00 works for our call (at
least for Sara, David, Joe and me).  So, let's the four of us get together
to hash out a plan that we can then share with the larger team.  I'm
thinking the call will take about an hour.  We need a conference call line
(mine is already reserved for another call).  Anyone got one?  
 
Have a great weekend,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.
 











From: Schweitzer, Sara H
To: Benjamin, Pete
Subject: Re: [External] AP3C call next week
Date: Tuesday, November 12, 2019 10:55:35 AM
Importance: High

Thanks, Pete! Have a nice, rainy day!

Sara

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

S. H. Schweitzer, Ph.D.
Wildlife Diversity Program Coordinator
 
NC Wildlife Resources Commission
Wildlife Management Division
Office: 919-707-0069
Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Tuesday, November 12, 2019 10:08 AM
To: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>
Subject: Re: [External] AP3C call next week
 

Just the stakeholder outreach plan. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Nov 12, 2019 at 9:53 AM Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>
wrote:

Hello, Pete -

Do you have an agenda for tomorrow's call/meeting? Or are we focusing on the shareholder
meeting planning only?

Thanks!
Sara



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

S. H. Schweitzer, Ph.D.
Wildlife Diversity Program Coordinator
 
NC Wildlife Resources Commission
Wildlife Management Division
Office: 919-707-0069
Cell: 252-639-8435   //   sara.schweitzer@ncwildlife.org    

www.ncwildlife.org

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Friday, November 8, 2019 2:18 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Joseph
Madison <joseph_madison@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>; Howard,
Bradley W <brad.howard@ncwildlife.org>
Subject: [External] AP3C call next week
 

Hey guys, 

It looks like next Wednesday (November 13) at 1:00 works for our call (at least for Sara, David, Joe
and me).  So, let's the four of us get together to hash out a plan that we can then share with the
larger team.  I'm thinking the call will take about an hour.  We need a conference call line (mine is
already reserved for another call).  Anyone got one?  

Have a great weekend,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
Bcc: Jamin Simmons; Argrowers@gmail.com; gwteal1@gmail.com; pintailhunters@embarqmail.com; Rick Webb;

rosemarie@thedoshierteam.com; Aaron J. McCall; robert.montgomery.1@us.af.mil; mhart@hrsd.com;
wade@rsnet.org; dhubers@zoho.com; scbrm@yahoo.com; kel.cb.davis@gmail.com;
jocelyn.wilson@weyerhaeuser.com; wes@seegarsfence.som; robert.wayne@ncwildlife.org;
waggs.mg@gmail.com; woodard@darenc.com; middletownfarms@embarqmail.com; neverett@tyrrellcounty.net;
David Clegg; jerry.evans@co.beaufort.nc.us; jbennett@washconc.org; Sarah Loeffler; Kim Wheeler;
carly@wildlandsnetwork.org; Ben Prater; Howard, Bradley W; David Cobb; Schweitzer, Sara H;
andrea.shipley@ncwildlife.org; Briggs, M. Kyle; Madison, Joseph S; Martin, Rebekah; Phillips, Howard; Boling,
Greg; Heather Clarkson

Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US Fish and Wildlife Service
and NC Wildlife Resources Commission

Date: Tuesday, December 3, 2019 1:39:31 PM

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources Commission invite you to
attend an informational meeting to learn about red wolf and coyote management activities on the
Albemarle Peninsula.  

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205 South
Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and Commission, followed by
question and answer sessions.  

We hope to see you there.  If you would like more information regarding red wolf and coyote
management, but are unable to attend the informational meeting, please contact me or Joe Madison of
the Service at 252-473-1132 x 245 or Brad Howard of the Commission at 919-707-0054.

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: wes@seegarsfence.com
Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by the US Fish and Wildlife

Service and NC Wildlife Resources Commission
Date: Tuesday, December 3, 2019 1:47:29 PM

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources Commission invite you to
attend an informational meeting to learn about red wolf and coyote management activities on the
Albemarle Peninsula.  

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205 South
Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and Commission, followed by
question and answer sessions.  

We hope to see you there.  If you would like more information regarding red wolf and coyote
management, but are unable to attend the informational meeting, please contact me or Joe Madison of
the Service at 252-473-1132 x 245 or Brad Howard of the Commission at 919-707-0054.

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Jerry Evans
To: Benjamin, Pete
Subject: [EXTERNAL] Re: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US Fish

and Wildlife Service and NC Wildlife Resources Commission
Date: Tuesday, December 3, 2019 1:58:18 PM
Importance: High

Sorry, I will be unable to attend.  I really hate that I am going to miss this presentation.

Sincerely,

Jerry Evans
Chairman
Beaufort County Commissioners

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Tuesday, December 3, 2019 2:39 PM
Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US
Fish and Wildlife Service and NC Wildlife Resources Commission
 
CAUTION: This email originated from outside of the Beaufort County system. Do not click links or open attachments
unless you recognize the sender and know the content is safe.

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources Commission invite you to
attend an informational meeting to learn about red wolf and coyote management activities on the
Albemarle Peninsula.  

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205 South
Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and Commission, followed by
question and answer sessions.  

We hope to see you there.  If you would like more information regarding red wolf and coyote
management, but are unable to attend the informational meeting, please contact me or Joe Madison of
the Service at 252-473-1132 x 245 or Brad Howard of the Commission at 919-707-0054.

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.





From: bcs@mmc-nc.com
To: Benjamin, Pete
Subject: [EXTERNAL] RE: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US Fish

and Wildlife Service and NC Wildlife Resources Commission
Date: Tuesday, December 3, 2019 2:06:38 PM
Importance: High

thanks Pete I will try to attend

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Invitation - Albemarle Peninsula Canid Management Information
Session - Hosted by US Fish and Wildlife Service and NC Wildlife
Resources Commission
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Tue, December 03, 2019 1:39 pm
To: undisclosed-recipients:;

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources
Commission invite you to attend an informational meeting to learn about red wolf and coyote
management activities on the Albemarle Peninsula.  

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205
South Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and Commission,
followed by question and answer sessions.  

We hope to see you there.  If you would like more information regarding red wolf and coyote
management, but are unable to attend the informational meeting, please contact me or Joe
Madison of the Service at 252-473-1132 x 245 or Brad Howard of the Commission at 919-707-
0054.

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender
are subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.



From: Benjamin, Pete
To: Jerry Evans
Subject: Re: [EXTERNAL] Re: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US

Fish and Wildlife Service and NC Wildlife Resources Commission
Date: Tuesday, December 3, 2019 2:15:48 PM

Hi Commissioner Evans,

We are planning for these types of information sessions to be more of a regular thing (perhaps
quarterly) and we'll likely move the location around to make it easier for folks to get to one near
them.  So, hopefully you can make the next one.  In the meantime, if you have any questions or
concerns you should always feel free to call me.  

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Dec 3, 2019 at 1:58 PM Jerry Evans <Jerry.Evans@co.beaufort.nc.us> wrote:
Sorry, I will be unable to attend.  I really hate that I am going to miss this presentation.

Sincerely,

Jerry Evans
Chairman
Beaufort County Commissioners

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Tuesday, December 3, 2019 2:39 PM
Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US
Fish and Wildlife Service and NC Wildlife Resources Commission
 

CAUTION: This email originated from outside of the Beaufort County system. Do not click links or open
attachments unless you recognize the sender and know the content is safe.

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources Commission invite you to
attend an informational meeting to learn about red wolf and coyote management activities on the



Albemarle Peninsula.  

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205 South
Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and Commission, followed by
question and answer sessions.  

We hope to see you there.  If you would like more information regarding red wolf and coyote
management, but are unable to attend the informational meeting, please contact me or Joe Madison
of the Service at 252-473-1132 x 245 or Brad Howard of the Commission at 919-707-0054.

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: David Clegg
To: Benjamin, Pete
Subject: [EXTERNAL] RE: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US Fish

and Wildlife Service and NC Wildlife Resources Commission
Date: Tuesday, December 3, 2019 3:19:35 PM
Importance: High

I doubt I will be able to attend given the notice. Please keep me in the loop as to any matters
that need my attention. I am very interested.
 
David Clegg
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Tuesday, December 03, 2019 1:40 PM
To: undisclosed-recipients:
Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US
Fish and Wildlife Service and NC Wildlife Resources Commission
 
The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources
Commission invite you to attend an informational meeting to learn about red wolf
and coyote management activities on the Albemarle Peninsula.  
 
The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors
Center, 205 South Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday
December 10, 2019.  
 
There will be short presentations by representatives from the Service and
Commission, followed by question and answer sessions.  
 
We hope to see you there.  If you would like more information regarding red wolf
and coyote management, but are unable to attend the informational meeting,
please contact me or Joe Madison of the Service at 252-473-1132 x 245 or Brad
Howard of the Commission at 919-707-0054.
 
Sincerely,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 



From: Benjamin, Pete
To: David Clegg
Subject: Re: [EXTERNAL] RE: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US

Fish and Wildlife Service and NC Wildlife Resources Commission
Date: Tuesday, December 3, 2019 4:25:08 PM

Hi David,

Yeah, sorry about the notice.  I'm way behind, as usual.  We are planning for these information sessions
to become a regular thing (maybe quarterly) as a means to engage folks and let everyone know what's
going on.  So, hopefully you can make the next one.  At this meeting, and the phone calls I've been
making, we're telling folks that we are planning to move some wolves around on Alligator River and
Pocosin Lakes NWRs in the hope of re-establishing some breeding pairs on the Refuges (currently there
are no breeding pairs of red wolves in the wild).  I plan to use these meetings, emails, phone calls, and
website to do a better job of communicating our on-going and planned activities to the public.  

By the way, I was very glad to see the Visitor Center and Red Wolf Center open and active this past
weekend while we were in town for Thanksgiving.  That seems to be working much better.  I hope we
can continue to build on it.  

Hope you are doing well.  I'll definitely keep you in the loop.  Let me know if you need anything from
me. 

Cheers, 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Dec 3, 2019 at 3:21 PM David Clegg <dclegg@tyrrellcounty.net> wrote:

I doubt I will be able to attend given the notice. Please keep me in the loop as to any matters
that need my attention. I am very interested.

 

David Clegg

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Tuesday, December 03, 2019 1:40 PM
To: undisclosed-recipients:
Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by US
Fish and Wildlife Service and NC Wildlife Resources Commission



 

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources
Commission invite you to attend an informational meeting to learn about red wolf
and coyote management activities on the Albemarle Peninsula.  

 

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors
Center, 205 South Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on
Tuesday December 10, 2019.  

 

There will be short presentations by representatives from the Service and
Commission, followed by question and answer sessions.  

 

We hope to see you there.  If you would like more information regarding red wolf
and coyote management, but are unable to attend the informational meeting,
please contact me or Joe Madison of the Service at 252-473-1132 x 245 or Brad
Howard of the Commission at 919-707-0054.

 

Sincerely,

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 



From: Benjamin, Pete
To: jburl5375@gmail.com
Subject: Invitation - Canid Management Meeting Hosted By US FWS and NC WRC
Date: Monday, December 9, 2019 10:29:15 AM

Hello Mr. Burleson,

Worth McAlister told me he spoke with you this weekend regarding the public information session we
are hosting with the Wildlife Resources Commission tomorrow.  Here is the email invitation we've been
sending out.  You are welcome to attend.  Sorry to have left you off the original invite list.  

"The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources Commission invite you to
attend an informational meeting to learn about red wolf and coyote management activities on the
Albemarle Peninsula.  

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205 South
Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and Commission, followed by
question and answer sessions.  

We hope to see you there.  If you would like more information regarding red wolf and coyote
management, but are unable to attend the informational meeting, please contact me or Joe Madison of
the Service at 252-473-1132 x 245 or Brad Howard of the Commission at 919-707-0054."

Hope you can make it.  We are planning to host such sessions on a regular basis from now on (maybe
once a quarter).  I'll keep you on the list to get future notifications.  

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Peters, Kristen E
Subject: Fwd: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by the US Fish and

Wildlife Service and NC Wildlife Resources Commission
Date: Monday, December 9, 2019 11:42:10 AM

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Tue, Dec 3, 2019 at 1:47 PM
Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by
the US Fish and Wildlife Service and NC Wildlife Resources Commission
To: <wes@seegarsfence.com>

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources Commission invite you to
attend an informational meeting to learn about red wolf and coyote management activities on the
Albemarle Peninsula.  

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205 South
Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and Commission, followed by
question and answer sessions.  

We hope to see you there.  If you would like more information regarding red wolf and coyote
management, but are unable to attend the informational meeting, please contact me or Joe Madison of
the Service at 252-473-1132 x 245 or Brad Howard of the Commission at 919-707-0054.

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Peters, Kristen E
To: Lewis, Trey (Tillis); Shepheard, Betty Jo (Burr)
Cc: Benjamin, Pete
Subject: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by the US Fish and Wildlife

Service and NC Wildlife Resources Commission
Date: Monday, December 9, 2019 12:07:58 PM
Importance: High

Hi Trey and Betty Jo, 

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources Commission are
hosting an informational meeting tomorrow night to update the local community about red
wolf and coyote management activities on the Albemarle Peninsula.  I recognize this is very
short notice but we welcome you to attend if your schedule allows.       

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors Center, 205
South Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on Tuesday December 10, 2019.
 

There will be short presentations by representatives from the Service and Commission,
followed by question and answer sessions.  

If you have questions about this informational meeting or would like more information
regarding red wolf and coyote management, please contact FWS Field Supervisor Pete
Benjamin, who is copied on this email (or by cell phone: 919-816-6408). 

Regards,

Kristen

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
U.S.Fish and Wildlife Service
1875 Century Blvd.
Atlanta, Georgia 30345
(404) 679-7172
kristen_peters@fws.gov



From: Shepheard, Betty Jo (Burr)
To: Peters, Kristen E
Cc: Lewis, Trey (Tillis); Benjamin, Pete; Bowlen, Joshua (Burr); Regan, Garth (Burr)
Subject: [EXTERNAL] Re: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by the US

Fish and Wildlife Service and NC Wildlife Resources Commission
Date: Monday, December 9, 2019 1:11:48 PM
Importance: High

Kristen

This is very short notice and I have a huge event tomorrow night in Durham.
However, I would like to know what spearheaded this meeting.

How long has it been planned?
Did the Governor’s recent interest have anything to do with this?

Are you trying to meet some type of time deadline?
I talked with some folks in Hyde County this morning who have been very
Involved in the Red Wolf project and this was never mentioned.

Please respond.  I would appreciate it so much.

Best regards,
Betty Jo

Betty Jo Shepheard
Eastern Regional Field Rep.
Office of U. S. Senator Richard Burr
100 Coast Line Street/Suite 210
Rocky Mount, NC  27804
Tel. # (252) 977-9522
Cell # (919) 368-8512
 

On Dec 9, 2019, at 12:09 PM, Peters, Kristen <kristen_peters@fws.gov> wrote:

Hi Trey and Betty Jo, 

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources
Commission are hosting an informational meeting tomorrow night to update the
local community about red wolf and coyote management activities on the
Albemarle Peninsula.  I recognize this is very short notice but we welcome you to
attend if your schedule allows.       

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors
Center, 205 South Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on
Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and
Commission, followed by question and answer sessions.  



If you have questions about this informational meeting or would like more
information regarding red wolf and coyote management, please contact FWS
Field Supervisor Pete Benjamin, who is copied on this email (or by cell
phone: 919-816-6408). 

Regards,

Kristen

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
U.S.Fish and Wildlife Service
1875 Century Blvd.
Atlanta, Georgia 30345
(404) 679-7172
kristen_peters@fws.gov



From: Lewis, Trey (Tillis)
To: Shepheard, Betty Jo (Burr); Peters, Kristen E
Cc: Benjamin, Pete; Bowlen, Joshua (Burr); Regan, Garth (Burr); Temple, Courtney (Tillis)
Subject: [EXTERNAL] RE: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by the US

Fish and Wildlife Service and NC Wildlife Resources Commission
Date: Monday, December 9, 2019 1:25:57 PM
Attachments: image002.png
Importance: High

Kristen,
 
Unfortunately, I am committed tomorrow night as well. I am interested in the questions asked by
Mrs. Betty Jo Shepheard as well. Any info that you can provide would be helpful.
 
Best,
Trey Lewis
Northeast Regional Representative
Office of U.S. Senator Thom Tillis
Cell: 252-515-4087

 
 

From: Shepheard, Betty Jo (Burr) <BettyJo_Shepheard@burr.senate.gov> 
Sent: Monday, December 9, 2019 1:12 PM
To: Peters, Kristen <kristen_peters@fws.gov>
Cc: Lewis, Trey (Tillis) <Trey_Lewis@tillis.senate.gov>; Pete Benjamin <pete_benjamin@fws.gov>;
Bowlen, Joshua (Burr) <Joshua_Bowlen@burr.senate.gov>; Regan, Garth (Burr)
<Garth_Regan@burr.senate.gov>
Subject: Re: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by
the US Fish and Wildlife Service and NC Wildlife Resources Commission
 
Kristen
 
This is very short notice and I have a huge event tomorrow night in Durham.
However, I would like to know what spearheaded this meeting.
 
How long has it been planned?
Did the Governor’s recent interest have anything to do with this?
 
Are you trying to meet some type of time deadline?
I talked with some folks in Hyde County this morning who have been very
Involved in the Red Wolf project and this was never mentioned.
 
Please respond.  I would appreciate it so much.
 
Best regards,



Betty Jo

Betty Jo Shepheard
Eastern Regional Field Rep.
Office of U. S. Senator Richard Burr
100 Coast Line Street/Suite 210
Rocky Mount, NC  27804
Tel. # (252) 977-9522
Cell # (919) 368-8512
 

On Dec 9, 2019, at 12:09 PM, Peters, Kristen <kristen_peters@fws.gov> wrote:

Hi Trey and Betty Jo, 
 
The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources
Commission are hosting an informational meeting tomorrow night to update the
local community about red wolf and coyote management activities on the
Albemarle Peninsula.  I recognize this is very short notice but we welcome you to
attend if your schedule allows.       

The meeting will be held at the Pocosin Lakes National Wildlife Refuge Visitors
Center, 205 South Ludington Dr, Columbia, NC, from 7:00pm to 9:00pm on
Tuesday December 10, 2019.  

There will be short presentations by representatives from the Service and
Commission, followed by question and answer sessions.  

If you have questions about this informational meeting or would like more
information regarding red wolf and coyote management, please contact FWS
Field Supervisor Pete Benjamin, who is copied on this email (or by cell
phone: 919-816-6408). 

Regards,
 
Kristen
 
 
                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
U.S.Fish and Wildlife Service
1875 Century Blvd.
Atlanta, Georgia 30345
(404) 679-7172
kristen_peters@fws.gov
 





From: Benjamin, Pete
To: Shepheard, Betty Jo (Burr)
Cc: Peters, Kristen E; Lewis, Trey (Tillis); Bowlen, Joshua (Burr); Regan, Garth (Burr)
Subject: Re: [EXTERNAL] Re: Invitation - Albemarle Peninsula Canid Management Information Session - Hosted by the US

Fish and Wildlife Service and NC Wildlife Resources Commission
Date: Monday, December 9, 2019 3:34:18 PM

Hi Betty Jo and All,

The meeting tomorrow evening in Columbia NC is a Public Information Session Hosted by USFWS and
the NC WRC to provide updates regarding our on-going and planned canid management activities on the
Albemarle Peninsula.  NC WRC will provide information regarding coyote management and we will do
the same regarding red wolves.  We intend this to be the first of regular updates (perhaps quarterly) as
we (USFWS) strive to do a better job informing folks about what's going on with canids on the
Albemarle.  The meeting is open to anyone, but we sent specific invitations to landowners adjacent to
Alligator River and Pocosin Lakes NWR near where some specific red wolf management activities are
planned to occur on-refuge this winter.  NC WRC also requested that we invite landowners who have
been working with them on their coyote research.  We developed a shared list of initial stakeholders
and I attempted to call everyone on that joint list.  I then followed up with email invitations.  As these
meetings evolve and different topics emerge, our list of interested stakeholders will expand.  We will
also be posting information on our website, so that everyone has access to this information.  

The timing of this meeting is driven by our desire to get information out, particularly related to the red
wolf management activities we (USFWS) have planned for this winter before those
activities commence.  Specifically, we are going to be moving wolves around on and between the
Refuges this winter in an attempt to re-establish some breeding pairs on the refuges (currently there
are no breeding pairs of red wolves in the wild).  This will involve moving one male red wolf from
Alligator River NWR to Pocosin Lakes NWR to pair it with a female red wolf currently residing on
Pocosin Lakes.  We also intend to translocate two sub-adult male red wolves from St. Vincent NWR in
Florida to Alligator River NWR in an attempt to pair them with two female red wolves currently
residing there.  This all assumes we are successful in capturing the targeted wolves.  We must capture
the wolves we intend to move as well as the wolves we intend to pair them with.  Once caught, the
target animals will be held on acclimation pens on the refuges for at least 30 days to ensure they are
getting along prior to re-releasing them.  For successful pairing, all this needs to happen by the start of
red wolf breeding season, which is very soon.  Some members of the public have already noticed the
orange temporary acclimation pens we put in place on the refuges a week or so ago.  In answer to
Betty Jo's question - these activities and the associated outreach were planned before we got the
letter from the Governor.  

Like I said, my intent is that we (USFWS) do a better job communicating our activities related to red
wolf management.  We will use meetings such as this, emails, phone calls, and our website toward that
end.  I'd like to move these meetings around the Peninsula so as to make it easier for folks to get to
one near them from time to time.  We'll continue to reach out to expand our list of interested
stakeholders.  This first meeting was really tailored for those folks nearest to the parts of the Refuges
where this winter's management activities are planned.  I also sent invites to the chair of each county
commission last week.  Should have included you guys then.  That's on me. I recognize that you were
given short notice of tomorrow's meeting and will be happy to send you a summary later this week.  I'll
commit to doing a better job in communicating with you all too and provide advance notice of future
meetings so that you may have the opportunity to attend. 

I'd be happy to answer any questions you have.  

Sincerely,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606



Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Dec 9, 2019 at 1:12 PM Shepheard, Betty Jo (Burr)
<BettyJo_Shepheard@burr.senate.gov> wrote:

Kristen

This is very short notice and I have a huge event tomorrow night in Durham.
However, I would like to know what spearheaded this meeting.

How long has it been planned?
Did the Governor’s recent interest have anything to do with this?

Are you trying to meet some type of time deadline?
I talked with some folks in Hyde County this morning who have been very
Involved in the Red Wolf project and this was never mentioned.

Please respond.  I would appreciate it so much.

Best regards,
Betty Jo

Betty Jo Shepheard
Eastern Regional Field Rep.
Office of U. S. Senator Richard Burr
100 Coast Line Street/Suite 210
Rocky Mount, NC  27804
Tel. # (252) 977-9522
Cell # (919) 368-8512
 

On Dec 9, 2019, at 12:09 PM, Peters, Kristen <kristen_peters@fws.gov> wrote:

Hi Trey and Betty Jo, 

The U.S. Fish and Wildlife Service and North Carolina Wildlife Resources
Commission are hosting an informational meeting tomorrow night to update the
local community about red wolf and coyote management activities on the
Albemarle Peninsula.  I recognize this is very short notice but we welcome you
to attend if your schedule allows.       

The meeting will be held at the Pocosin Lakes National Wildlife Refuge
Visitors Center, 205 South Ludington Dr, Columbia, NC, from 7:00pm to
9:00pm on Tuesday December 10, 2019.  



There will be short presentations by representatives from the Service and
Commission, followed by question and answer sessions.  

If you have questions about this informational meeting or would like more
information regarding red wolf and coyote management, please contact FWS
Field Supervisor Pete Benjamin, who is copied on this email (or by cell
phone: 919-816-6408). 

Regards,

Kristen

                                                                                    
Kristen Peters
Congressional and Legislative Affairs Specialist
U.S.Fish and Wildlife Service
1875 Century Blvd.
Atlanta, Georgia 30345
(404) 679-7172
kristen_peters@fws.gov



From: Benjamin, Pete
To: Briggs, M. Kyle; David Cobb; Schweitzer, Sara H; Howard, Bradley W; andrea.shipley@ncwildlife.org; Eversen,

Michelle; Martin, Rebekah; Madison, Joseph S
Subject: Scheduling the next AP3C meeting
Date: Wednesday, December 11, 2019 4:09:36 PM
Attachments: Seidler_et_al_2014_Sterilization_to_change_predation_rates_coyotes.pdf

Seidler_2009_Surgical_sterilization_of_coyotes_to_reduce_predation.pdf
Seidler_and_Gese_2012_Territory_fedelity_space_use_survival_coyotes_after_sterilization.pdf
Rutledge_et_al_2011_Intense_harvesting _of_eastern_wolves_facilitated_hybridization_with_coyotes.pdf
Hinton_et_al_2015_Coyote_space_use_residents_transients.PDF
Roth_et_el_2008_Spatial_dynamics_coyotes_on_red_wolves.pdf
Sparkman_et_al_2012_Pack dynamics_inbreeding_avoidance_red_wolf.pdf
Mitchell_et_al_2004_Coyote_depredation_management_sterilization.pdf
Hinton_et_al_2017_Survival_and_population_estimates_red_wolves.pdf
Conner_et_al_2008_Coyote_mgmt_using_spatial_individual_social_pop_model.pdf
Gese_and_Terletzky_2015_Using_placeholder concept_to_reduce_introgression.pdf
Bromley_and_Gese_2001_Sterilization_as_method_of_reducing_coyote_predation_on_domestic_sheep.pdf
DeLiberto_et_al_1998_Fertility_control_coyotes_potential_management_tool.pdf
Bromley_and_Gese_2001_Effects_of_sterliziation_on_territory_pairs_survival_in_coyotes.pdf
Fredrickson_and_Hedrick_2006_Dynamics_of_hybridization_intogression_coyotes_red_wolves .pdf
Gese_et_al_2015_Managing_hybridization_red_wolf.pdf

Howdy,

Good to see most of you last night.  I'd like to get a date on the calendar in January for our next AP3C
meeting.  I think a primary focus of that meeting (if not the sole focus) should be coyote sterilization,
as we (FWS) could be needing to do some of that on-refuge depending on how our plans to form some
breeding pairs plays out.  Attached are the assembled scientific literature that addresses the use of
placeholders.  

In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30.  Please reply-
all to this message with your respective availabilities.  

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
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a  b  s  t  r  a  c  t

Surgical  sterilization  of  coyotes  (Canis  latrans)  reduced  their  predation  rate  on  domestic
sheep.  We  investigated  whether  sterilizing  coyotes  would  similarly  change  coyote  pre-
dation rates  on  pronghorn  antelope  (Antilocapra  americana)  neonates.  From  May  2006  to
March 2008,  we  radio-collared  71  pronghorn  fawns  to determine  survival  rates  in  south-
east Colorado,  USA.  During  the first year  of  the study,  all coyotes  were  reproductively  intact.
During  the  second  year,  we  surgically  sterilized  15  coyotes  from  10  packs  in  the  southern
half  of  the  study  area,  while  nine  coyotes  from  seven  packs  in the  northern  half  were  given
sham  sterilizations  (i.e., remained  reproductively  intact).  In  addition,  we estimated  the
availability  of  alternative  prey and  coyote  density  on both  areas  to  evaluate  predator–prey
factors  that  could  interact  with  the  sterilization  treatment.  Using  the  known  fate  model  in
Program  Mark, we constructed  models  with  and without  a treatment  effect,  plus  year,  area,
individual covariates,  alternative  prey indices,  and  predator  density  to  estimate  pronghorn
fawn  survival  rates.  Results  from  model  averaged  parameter  estimates  and  cumulative  sum-
mer survival  indicated  coyote  sterilization  increased  survival  rates  of pronghorn  fawns  by
reducing predation  rates  of  fawns.  While  fawn  survival  was  higher  overall  in the  north
area,  after  treatment  was applied,  cumulative  pronghorn  fawn  survival  during  the  summer
of 2007  in  the south  area  was  242%  higher  for  pronghorn  fawns  captured  in  sterile  coyote
territories  (0.44;  79-day  interval  survival  rate)  compared  to  fawns  captured  in  intact  coyote
territories  (0.18).  There  was  also  a significant  local  area  effect,  but no  relationship  between
fawn survival  and  individual  fawn  covariates  of sex,  birth  weight,  birth  date,  or age.  No
relationship  was  detected  between  fawn  survival  and  lagomorph  abundance  index,  rodent
abundance  index,  or coyote  density.  Surgical  sterilization  of  coyotes  was useful  in reducing
predation  rates  on pronghorn  fawns.

Published by Elsevier  B.V.

1. Introduction

Coyotes (Canis latrans) are considered an abundant and
expanding native species in North America. Their popula-
tion  expansion has been enhanced by altered landscapes

∗ Corresponding author. Tel.: +1 435 797 2542; fax: +1 435 797 3796.
E-mail  address: eric.gese@usu.edu (E.M. Gese).

and the loss of top carnivores (Gompper, 2002; Berger and
Gese,  2007). One concern with the expansion of native
predators is their impact on prey species. In North Amer-
ica,  predation of ungulate neonates can be the primary
cause of mortality (Linnell et al., 1995). Coyotes are espe-
cially  adept at killing pronghorn (Antilocapra americana)
fawns (Byers, 1997). Studies have shown coyote-caused
mortality of pronghorn neonates exceeds 75% of total mor-
tality  (Gerlach and Vaughan, 1990; Dunbar and Giordano,

http://dx.doi.org/10.1016/j.applanim.2014.02.006
0168-1591/Published by Elsevier B.V.
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2003) and can lead to fawn:doe ratios <1:100 (Dunbar and
Giordano,  2003). Where ungulate populations are declin-
ing  or critically low, limited fawn recruitment can affect the
persistence  of local populations (Bright and Hervert, 2005;
Berger  et al., 2008). Under these circumstances, coyote
management may  be required to sustain ungulate popu-
lations. Coyote control in areas of fawn birthing could
increase chances of fawn recruitment into the population
(Smith et al., 1986; Bright and Hervert, 2005).

Management of coyote predation for domestic ani-
mals is complex and involves using several techniques
(Knowlton et al., 1999). There are added challenges for
coyote  management for wild ungulate populations, such
as  pronghorn or mule deer (Odocoileus hemionus), due to
unrestricted animal movements, extent of the landscape,
cost of the effort, and lack of public support. Non-lethal
management techniques for domestic animals, such as
animal  husbandry, guard animals, repellents, or aversive
conditioning, are impractical for wildlife management.
Habitat management is often the most obvious non-lethal
method by which to influence ungulate population dynam-
ics  (Gaillard et al., 2000; Ballard et al., 2001; Forrester
and Wittmer, 2013) with the interaction of forage quality
and  predation often being mediated by climate (Hopcraft
et  al., 2010). Lethal control of coyotes is frequently the
only  method available for managers to cope with preda-
tion.  However, lethal control is a source of controversy
to the public (Kellert, 1985; Messmer et al., 2001) and in
some  cases may  not be biologically effective, particularly in
cases  where predation is not a limiting factor to the ungu-
late  population (Ballard et al., 2001; Hurley et al., 2011;
Forrester and Wittmer, 2013).

One non-lethal method to control coyote predation is
changing predatory behavior through reproductive inter-
ference  (i.e., reduce the energetic demands of provisioning
pups). Till and Knowlton (1983) showed removing coy-
ote  pups from a den reduced predation on domestic
sheep and hypothesized that the absence of pups reduced
energetic needs of the pack, thus reducing predation
on larger food items. Sacks et al. (1999) found offend-
ing coyotes responsible for sheep predation were the
breeding, territorial animals and recommended that con-
trol  efforts focus on these individuals. Zemlicka (1995)
demonstrated sterilization of captive coyotes did not affect
social  or territorial behaviors. Bromley and Gese (2001a)
found surgical sterilization of coyotes resulted in an eight-
fold  reduction of predation on lambs. In addition, results
from  a modeling study comparing sterilization and other
lethal  strategies, indicated sterilization offered the most
lasting  impact on coyote population dynamics (Conner
et  al., 2008). Surgical sterilization is less objectionable
to the public and has the potential to be more success-
ful biologically because it can persist for several years,
whereas lethal control generally is applied annually. In
addition, sterilized wild coyote pairs continued to defend
their  territory against neighboring coyotes and maintain
pair bonds (Bromley and Gese, 2001b; Seidler and Gese,
2012).

Since  coyote predation on lambs can be reduced using
sterilization (Bromley and Gese, 2001a), then it may
work in a wildlife application as well. In this study,

we  tested the hypothesis that surgical sterilization of
coyotes would increase survival rates of pronghorn fawns
by  decreasing coyote predation rates on fawns, using
a  Before-After-Control-Impact paired (BACIP) field study
design  (Stewart-Oaten et al., 1986; Smith, 2002; Gotelli
and  Ellison, 2004). To evaluate factors impacting coyote
predation on pronghorn fawns, we also examined levels
of  alternative prey availability and coyote density, as well
as  individual fawn covariates of sex, birth weight, and birth
date.  Our study is the first to examine the use of steriliza-
tion on coyotes as a non-lethal management tool to reduce
predation on wild neonates.

2.  Methods

2.1. Description of study area

We conducted this research on the 1,040 km2 Piñon
Canyon Maneuver Site (PCMS) in Las Animas County, Col-
orado,  USA. The study area encompassed the home-range
boundaries of radio-collared coyotes and the locations of
radio-collared fawns involved in the study (approximately
350 km2). Average elevation on the PCMS was 1520 m,
mean  temperatures ranged from 1 ◦C in January to 24 ◦C
in  July (Shaw and Diersing, 1990), and mean annual pre-
cipitation was  305 mm  (Milchunas et al., 1999). Harvest
of  coyotes was not permitted for the duration of the
study. Nearly 60% of the PCMS was  identified as short-
grass prairie dominated by blue grama (Bouteloua gracilis),
galleta  (Hilaria jamesii), and western wheatgrass (Agropy-
ron  smithii) (Shaw et al., 1989). Many shrub communities
occurred within the grassland communities along allu-
vial  fans, waterways, and slopes. These were characterized
by black greasewood (Sarcobatus vermiculatus), fourwing
saltbush (Atriplex canescens), Bigelow sagebrush (Artemisia
bigelovii), winterfat (Krascheninnikovia lanata), small soap-
weed  (Yucca glauca), and tree cholla (Opuntia imbricata).
Woodland communities were composed primarily of one-
seed  juniper (Juniperus monsperma) and pinyon pine (Pinus
edulis)  mixed with grassland or shrubland species. Wood-
lands  dominated the canyons and breaks. Areas that were
defined  as burned had natural or prescribed fires during or
after  2004.

2.2.  Description of study design

This study was designed to test the prediction that
fawns born in territories of sterile coyotes (i.e., no pups)
would have higher survival rates than fawns born in
territories of intact coyotes (i.e., with pups). Using a Before-
After-Control-Impact paired (BACIP) field study design
(Stewart-Oaten et al., 1986; Smith, 2002; Gotelli and
Ellison, 2004), the first year of the study was  a baseline
year in which no treatment (i.e., sterilization) was  applied.
We  captured and radio-collared fawns in two  sites (north,
south)  and determined survival rates in both sites for the
baseline  survival rate estimates. During the second year of
the  study, we  sterilized coyotes in the south area, while
sham-operating coyotes in the north area (i.e., remained
reproductively intact). To maintain hormone levels, female
coyotes  were tubal ligated and males were vasectomized,
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thereby insuring maintenance of territorial boundaries and
pair  bonds (Bromley and Gese, 2001a; Seidler and Gese,
2012).  However, some fawns in the south were captured
outside the territorial boundaries of our sterile packs and
these  fawns were considered to be within the range of
intact  packs. Therefore our comparisons were across two
areas  (north, south) and two treatments (sterile, intact). To
evaluate  additional factors impacting survival rates other
than  sterilization, we also included variables that measured
levels  of prey availability, coyote density, as well as indi-
vidual  pronghorn fawn covariates of sex, birth weight, and
birth  date.

2.3.  Capture and monitoring of pronghorn fawns

We observed solitary pronghorn does during the fawn-
ing  season (mid-May through early June) with spotting
scopes to locate hidden fawns (Autenrieth and Fichter,
1975). Newborn fawns were permitted to bond with their
mother  for >4 h before capture. We  captured fawns by
hand  or with a long-handled salmon net, then blindfolded
and handled them with latex gloves. We  outfitted fawns
with  ≤75 g expandable radio-collars with a 6 h mortality
mode and precise event transmitter (Advanced Teleme-
try  Systems, Isanti, Minnesota, USA). The transmitter was
programmed to convey the amount of time elapsed post-
mortality mode. We  measured fawn mass, and noted the
presence  and state of the umbilicus (Byers and Moodie,
1990), sex, and health of fawns. Research protocols were
approved by the Institutional Animal Care and Use Com-
mittees at the National Wildlife Research Center and Utah
State  University.

We  monitored fawns daily from the ground with
telemetry from mid-May through July, weekly through
August, and monthly through March of the following
year. We  located mortalities immediately and the body, if
present,  and surrounding area was carefully examined. We
classified  predation events as coyote, eagle (Aquila chrysae-
tos),  or unknown, based upon tracks, scat, hair, hemorrhage
patterns, and caching characteristics (O’Gara, 1978; Wade
and  Bowns, 1984; Acorn and Dorrance, 1998). We  collected
DNA  evidence from fatal puncture wounds on carcasses
that had evidence of hemorrhaging (Blejwas et al., 2006).
When  in doubt about the species of predator responsible for
the  mortality, we attempted to identify the species through
genotyping (Wildlife Genetics International, Nelson, British
Columbia,  Canada). Unless otherwise noted, all statistics
were calculated in SPSS 10.0.5 (SPSS Inc., Chicago, IL).

2.4.  Capture and monitoring of coyotes

We selected a contiguous area to treat as opposed to
randomizing our treatment area based on coyote home
ranges. If the treatment had been randomly applied at the
scale  of the home range we would have had the issue of
radio-collared fawns moving across the landscape through
treated  and non-treated areas. In addition, a broad spec-
trum  application of coyote sterilization best simulated
what would be conducted in a true management setting.
Coyotes were sterilized in December 2006 in half of the
study  site in a BACIP study design. We  attempted to capture

all  coyotes present in the study area with a net-gun fired
from  a helicopter (Barrett et al., 1982; Gese et al., 1987). We
sterilized  animals captured in the southern portion of the
study  area (treated), while animals captured in the north-
ern  portion were sham-operated (i.e., remained intact).
We  transported captured animals by vehicle or helicopter
to  a central processing location. A veterinarian sterilized
females by tubal ligation and males by vasectomy, thereby
allowing hormonal systems and social behaviors to remain
unaffected (Asa, 1995; Zemlicka, 1995). All animals other-
wise  received the same treatment: they were anesthetized,
incised and sutured, radio-collared, allowed to recover, and
released  at the capture site within 24 h. Effects of surgi-
cal  sterilization on coyote social and spatial ecology (pair
bonds,  territory maintenance, space use, and survival rates)
are  addressed in Seidler and Gese (2012).

To determine with greater certainty that treated coyote
packs were indeed sterile, we conducted howling surveys
(Harrington and Mech, 1982; Fuller and Sampson, 1988)
and  searched for dens and pups of radio-collared individ-
uals. Howling surveys were conducted from 4 June 2007
to  13 August 2007, with one to two  field teams going to
high  points, howling, and recording whether the response
included pups or not. Concurrently, all radio-collared indi-
viduals  in the pack were detected with telemetry. Packs
with  pups were considered intact. Visual observations of
radio-collared individuals allowed us to gain information
on pup presence as well as minimum group sizes. We  con-
ducted  these surveys from 8 June 2007 to 5 December
2007. One to two  people would home in on a radio-collared
coyote on foot. We attempted to approach animals from
downwind in a stealthy manner to reduce disturbance
of pack members. We noted coyote group size, location,
and the presence of pups. We  estimated pre-whelping
coyote density by dividing the minimum pack size
observed by the pack’s home-range size (Gese et al., 1989;
Gese,  2001).

2.5.  Home range analysis

We  monitored coyotes with telemetry from December
2006 to March 2008, primarily at dawn and dusk to obtain
locations during the highest activity periods (Andelt and
Gipson,  1979). Telemetry locations were attempted every 2
days.  We calculated locations using ≥3 bearings in Program
Locate  II (Pacer, Ltd., Truro, Nova Scotia, Canada). To reduce
estimation errors when assigning fawn capture locations to
specific  coyote home ranges, we  only used locations with
95%  error areas ≤0.10 km2. We  used data locations gath-
ered  from April 2007 to September 2007 to define seasonal
pack  home ranges used in assigning pronghorn fawns to
sterile  or intact coyote packs. We chose this time period
to  include the coyote pup-rearing season when energetic
needs for the pack were highest and pronghorn fawns were
vulnerable to predation. We  used observation-area curves
(Odum  and Kuenzler, 1955) to determine whether we col-
lected  enough locations to adequately estimate seasonal
home ranges for radio-collared coyotes.

We plotted home ranges of coyote packs with the
ArcMap (ArcGIS 9.2, Environmental Systems Research
Institute, Inc., Redlands, California, USA) extension,
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Hawth’s Tools 3.27. We  used the fixed kernel density esti-
mator  (Worton, 1989) with point locations to describe
resident pack home ranges because it is less biased to small
sample  sizes and outliers (Millspaugh and Marzluff, 2001).
We  used a 95% contour to describe a pack’s home range
(Shivik and Gese, 2000). To determine bandwidths, we
adapted  an ad hoc method which prevents undersmooth-
ing, is relatively unaffected by sample size, and reduces
Type I errors. Initially, we plotted home ranges using h
(bandwidth) = 1000 and then incrementally reduced the
bandwidth by 10% until we had the smallest bandwidth
that did not create disjoint polygons.

We calculated the amount of each habitat type present
in  each coyote pack home range to compute indices for
alternative prey available to each coyote pack. Vegetation
layers were provided by the Directorate of Environmental
Compliance and Management, Fort Carson, Colorado, USA.
These  layers were merged into four habitat types: grass-
land,  shrubland, woodland, or burned area. Coyote pack
home  ranges were overlaid with the habitat layers to esti-
mate  the amount of each habitat type present within each
pack’s  home range.

2.6.  Estimates of prey availability

We  conducted surveys to determine the relative
abundance of rodents (trapping grids) and lagomorphs
(spotlight surveys) available within each coyote pack home
range  (Bromley and Gese, 2001a) during June and July of
both  years. We  used 7.6 × 7.6 × 25.4 cm Sherman live traps
(H.B. Sherman Traps, Tallahassee, Florida, USA) baited with
chicken–scratch–grain mix  and peanut butter to capture
small mammals. Traps were set in a 5 × 7 grid design with
10  m spacing across all four different habitats in a nested
design of three replicates per habitat in both the ster-
ile  (treated) and intact (sham) areas; traps were run for
three  consecutive nights (Valone et al., 2002; Thibault et al.,
2010;  Allington et al., 2013). We  checked the traps each
morning and captured animals were marked, recorded, and
released.  To calculate the rodent index, all catchable species
were  grouped by genus and the median mass for each
species (Fitzgerald et al., 1994) was then averaged across
all  species captured in that genus. The average mass was
then  multiplied by the total number of unique individuals
of  that genus captured on each grid. A rodent index value
was  assigned to each habitat type as rodent kg/km2. We
then  extrapolated the rodent index to each coyote home
range  based upon the amount of habitat type in the home
range  (Bromley and Gese, 2001a).

Lagomorph spotlight surveys (Smith and Nydegger,
1985) were conducted in replicates of three per habitat
type over three consecutive nights in both the sterile and
intact  areas. Cottontail (Sylvilagus audubonii) and black-
tailed  jackrabbit (Lepus californicus) numbers were counted
for  each habitat and replicates were averaged together. The
mean  number of lagomorphs/km was multiplied by the
average  mass of the species and used to assign a lagomorph
index value to each habitat type. These index values were
then  extrapolated into each coyote home range (Bromley
and  Gese, 2001a).

2.7.  Pronghorn fawn survival analyses

We estimated semi-monthly fawn survival rates over
five  time intervals (14 May–31 July) using known fate mod-
els  in Program MARK (White and Burnham, 1999). Survival
rates  for unequal time intervals (18, 15, 15, 15, 16 days)
were  standardized to semi-monthly rates for compari-
son (White and Burnham, 1999) and encounter histories
were censored for the year the fawn was  not monitored.
We  compared models using the Akaike Information Crite-
ria  corrected for small sample size (AICc; Burnham and
Anderson, 2002).

Due  to small sample sizes, a priori models were care-
fully designed to avoid detection of spurious correlations
(Burnham and Anderson, 2002). We grouped the data by
area  (north or south). Our models included eight covari-
ates: fawn sex, birth weight (kg), estimated age at capture
(days), birth date, treatment (captured in an intact or
sterile  coyote home range), relative coyote density, lago-
morph  abundance index, and rodent abundance index. We
assigned  values for the last four covariates based upon the
coyote  home range in which the fawn was captured. We
did  not use a fawn’s mortality location to test the effects
of  the covariates because not all fawns died. Fawns cap-
tured  outside of a known coyote home range were classed
as  intact and assigned an average coyote density, rodent
abundance, and lagomorph abundance value.

The primary goal of our study was  to estimate the effect
of  coyote sterilization on pronghorn fawn survival. There-
fore,  we  examined a dual model set with and without the
treatment effect (Bishop et al., 2008) allowing us to use
model  averaging (White et al., 1999); that is, each model
had  a structure with and without a treatment effect. If there
was  no treatment effect, then there would be no differ-
ence in the model averaged fawn survival estimates on
intact  and sterile coyote home ranges; that is, the model-
averaged estimated effect-size would be small and the
confidence interval would cover 0. To minimize the num-
ber  of models, we constructed models of fawn survival in
a  three-phase process. First, we  constructed models with
only  temporal effects (Table 1, models 1a,b–6a,b). We  pre-
dicted  survival of fawns over a 79-day period would be
variable  because their vulnerability to predation changes as
they  develop (Barrett, 1978; Von Gunten, 1978). To model
these  hypothesized temporal differences in survival, we
ran  the following four models: (1) a linear time trend model
based  on the hypothesis that fawn survival increases after
birth;  (2) a non-linear time trend model (i.e., a threshold
model using the natural logarithm) based on the hypothe-
sis  that fawn survival increases to a maximum value then
plateaus; (3) a model which held the first three and the
last  two  time intervals equal based on the hypothesis that
survival  increases in stages as fawns age; and (4) a model
which allowed the first three time intervals to vary but held
the  last two intervals constant based on the hypothesis that
survival  is variable when fawns are the youngest and most
vulnerable to predation (Table 1, models 3a,b–6a,b). We
then  combined the best time model of fawn survival with
area  and year effects (Table 1, models 7a,b–9a,b). Area was
different from treatment because, although we attempted
to  capture and sterilize coyote packs throughout the entire
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Table 1
Models used to evaluate the influence of coyote sterilization and other covariates on pronghorn fawn survival (S), Piñon Canyon Maneuver Site, Colorado,
USA,  May  2006–March 2008.

Model
no.

Model structure Model hypothesis

1a S(area × time) + treatment Survival varied by an interactive effect of area and time, plus treatment
1b  S(area × time) Survival varied by an interactive effect of area and time
2a  S(treatment) Survival varied only by treatment
2b  S(.) Survival was constant
3a  S(time + treatment) Survival varied by a linear trend in time, plus treatment
3b  S(time) Survival varied by a linear trend in time
4a S(ln(time) + treatment) Survival varied by a nonlinear trend in time, plus treatment
4b  S(ln(time)) Survival varied by a nonlinear trend in time
5a S((t1 = t2 = t3, t4 = t5) + treatment)a Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5, plus treatment
5b  S(t1 = t2 = t3, t4 = t5) Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5
6a  S((t4 = t5) + treatment) Survival was constant in time intervals 4 and 5, plus treatment
6b  S(t4 = t5) Survival was constant in time intervals 4 and 5
7a  S((t4 = t5) + area + treatment) Survival was constant in time intervals 4 and 5 but varied by area (north

and south) and treatment
7b  S((t4 = t5) + area) Survival was constant in time intervals 4 and 5 but varied by area (north

and south)
8a  S((t4 = t5) + year + treatment) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007) and treatment
8b  S((t4 = t5) + year) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007)
9a  S((t4 = t5) + area + year + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

and treatment
9b  S((t4 = t5) + area + year) Survival was constant in time intervals 4 and 5 but varied by area and year
10a S((t4 = t5) + area + sex + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

sex, and treatment
10b  S((t4 = t5) + area + sex) Survival was constant in time intervals 4 and 5 but varied by area and

fawn sex
11a  S((t4 = t5) + area + birth weight + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth weight, and treatment
11b  S((t4 = t5) + area + birth weight) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth weight
12a  S((t4 = t5) + area + age + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

age, and treatment
12b  S((t4 = t5) + area + age) Survival was constant in time intervals 4 and 5 but varied by area and

fawn age
13a  S((t4 = t5) + area + birth date + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth date, and treatment
13b  S((t4 = t5) + area + birth date) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth date
14a  S((t4 = t5) + area + coyote + treatment) Survival was constant in time intervals 4 and 5 but varied by area, coyote

density, and treatment
14b  S((t4 = t5) + area + coyote) Survival was constant in time intervals 4 and 5 but varied by area and

coyote density
15a  S((t4 = t5) + area + year + lago + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

lagomorph density, and treatment
15b S((t4 = t5) + area + year + lago) Survival was constant in time intervals 4 and 5 but varied by area, year,

and lagomorph density
16a  S((t4 = t5) + area + year + rodent + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

rodent density, and treatment
16b  S((t4 = t5) + area + year + rodent) Survival was constant in time intervals 4 and 5 but varied by area, year,

and rodent density

a t = time interval.
For each model structure, two versions of the model were run; one with a treatment effect (a) and one without a treatment effect (b), for a total of 32
models.

southern portion of the study site, some fawns in the south
were  not captured within a radio-collared coyote home
range  and could not be assigned to the treatment group.

For  the last phase of model building, we added all other
covariates to the best model from phase one and two. We
included  sex, birth weight, age at capture, and birth date
to  account for potentially important sources of individual
variation of fawn survival (Fairbanks, 1993; Byers, 1997;

Table  1, models 10–13), and coyote density, lagomorph
abundance index, and rodent abundance index to account
for  predator–prey factors (Table 1, models 14a,b–16a,b).

Age at capture was estimated using a constant for
growth rate derived from Byers (1997). Mean known birth
weight  was  estimated from fawns known to have been born
the  day of capture. We  knew <1-day-old fawns because
either we witnessed their birth or they had a wet umbilicus
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(Byers and Moodie, 1990). Because there was a difference
between prey index estimates in the 2 years, we always
included year in models with an alternative prey covariate.
Using model averaged estimates, we performed a Z-test for
differences  in survival rates to compare survival between
areas and years. A Wald’s test (Agresti, 1990) was  used to
determine significance of covariates.

We estimated model averaged cumulative summer sur-
vival  (White et al., 1999) to evaluate the overall impact
of  sterilization on fawn survival over the 79-day study
period. We  estimated overall summer survival from the five
semi-monthly model averaged survival estimates (ŝ1–ŝ5) as
ŝ1 × ŝ2 × ··· × ŝ5 and used the delta method to estimate its
variance (on the natural-log scale; Franklin et al., 2004).

3.  Results

3.1. Coyote home range and density

We captured 30 coyotes: nine coyotes from seven
resident home ranges in the north were captured and
sham-operated (i.e., intact), while we sterilized 15 coyotes
from  10 resident home ranges in the south; although two
of  the sterile packs were later assigned to intact due to sus-
pected  presence of pups. Four radio-collared coyotes (two
intact  and two sterile) were transient (their home range
encompassed multiple resident home ranges) and one ster-
ile  and two intact resident coyotes began dispersing in the
summer  of 2007. One intact coyote could not be accurately
tracked due to her home range being on private land.

We  used 485 locations (x̄ = 28.5, 95% CI = 23.5–33.5 per
home range) to define seasonal pack home ranges. The
mean  telemetry error was 328 m (95% CI = 231–425) based
on  14 blind tests of randomly placed transmitters. The
total  area considered sterile was 125.1 km2. Mean home
range  size of all radio-collared coyotes was 16.1 km2 (95%
CI  = 12.7–19.5) and the mean minimum pack size was 2.2
coyotes  (95% CI = 2.0–2.4). Coyote density was not different
in  the north (0.15 coyotes/km2, 95% CI = 0.10–0.20, n = 9)
and  south (0.18 coyotes/km2, 95% CI = 0.14–0.22, n = 8;
t14 = −0.816, P = 0.428) areas.

3.2.  Alternative prey indices

The  lagomorph abundance index was 22.7 kg/km (95%
CI  = 18.0–27.4) in 2006, and 5.0 kg/km (95% CI = 3.4–6.6) in
2007  (t20 = 7.034, P < 0.001). The rodent abundance index
was  1235.2 kg/km2 (95% CI = 1,007.1–1,463.3) in 2006, and
282.2  kg/km2 (95% CI = 211.4–353.0) in 2007 (t20 = 7.819,
P  < 0.001). We  detected no difference in overall availabil-
ity  of alternative prey between the north and south areas
(lagomorph index, t32 = −0.349, P = 0.730; rodent index,
t32 = 0.038, P = 0.970).

3.3.  Pronghorn fawn survival

We  captured and radio-collared 31 fawns in 2006 and
40  fawns in 2007. Coyote predation was the primary cause
of  death in both years. In 2006, 26 of 31 fawns died by
July;  16 (61.5%) fawns were killed by coyotes, one mortal-
ity  was due to eagle predation, and nine mortalities were

by  unknown predators; DNA analysis attributed the cause
of  death to coyote predation in one out of two  question-
able mortalities. In 2007, 25 of 40 fawns died by July. In
both  sterile and intact areas, deaths were primarily due to
coyote  predation (76%) while six mortalities were due to
unknown  causes. DNA analysis attributed cause of death to
coyote  predation in five out of six questionable mortalities.
A  simple determination of the 78-day survival rate (Heisey
and  Fuller, 1985) using accumulated radio-days and the
number  of deaths (Trent and Rongstad, 1974) showed that
during  2006, the 78-day interval survival rate was 0.04 (10
of  14 fawns died) and 0.01 (16 of 17 fawns died) for the
north  and south areas, respectively (both areas contained
intact coyote packs). In 2007, the 78-day interval survival
rate  was  0.25 in the north area (again all coyotes were
intact in the north). However, in the south area, the inter-
val  fawn survival rate was 0.07 in the intact coyote home
ranges, but 0.24 in the sterile home ranges, generating over
a  3× increase in fawn survival in the sterile home ranges
compared to the intact ranges in the southern study site.

The  best model of fawn survival, S(t4 = t5) + area + year,
was  only slightly better than the model
S(t4 = t5) + area + treatment (Table 2, models 9 and 7).
Based upon a criterion of �AICc < 2 (Burnham and
Anderson, 2002), 11 models were competitive (Table 2).
All  competing models included area and semi-monthly
time interval (modeled as varying in the first three
intervals but constant in the last two; Table 2). Based
on model averaged parameter estimates, there was a
significant treatment effect at  ̨ = 0.10 (ˇtreat = 0.543, 90%
CI  = −0.361–1.447, 1-sided Wald test, P = 0.098; Fig. 1A
and  B), which suggested fawn survival was higher for
fawns captured in treated (sterile) coyote home ranges
when compared to fawns captured in untreated (intact)
coyote home ranges in the south area. Overall survival
differences were consistent between years (Fig. 1A and
B);  model averaged parameter estimates of fawn sur-
vival  in 2006 were similar to 2007 (ˇyear = 0.135, 90%
CI = −0.673–0.397, 1-sided Wald test, P = 0.289). Overall,
survival was  higher in the north control than in the south
control area (ˇarea = 0.763, 90% CI = 0.023–1.549, 1-sided
Wald test, P = 0.018). In spite of this area difference, the
treatment effect was evidenced by increased survival on
the  south treatment area (sterile) compared to the south
control area (intact) in 2007 (Fig. 1B). None of the other
model covariates (i.e., lagomorph index, rodent index,
fawn sex, fawn birth weight, fawn birth date, fawn age at
capture)  were significant (P > 0.110 for all tests, 1-sided
Wald test).

The  treatment effect was  also manifested in model aver-
aged  cumulative summer survival rates (Fig. 2). In 2007,
cumulative summer survival for the north area was 2.4×
higher  than for the south control area, while cumulative
survival on the south sterile area was  2.4× higher than for
the  south intact area (P = 0.032 and P = 0.068, respectively;
Table 3). After accounting for treatment, model averaged
cumulative survival of fawns differed by area (Table 3).
Fawn  survival showed the same pattern for years, areas,
and  treatment groups; after declining over the first two
time  intervals, the probability of fawn survival stabilized
in  the third week of June (Fig. 2).



R.G. Seidler et al. / Applied Animal Behaviour Science 154 (2014) 83–92 89

Table 2
Model selection results for pronghorn fawn survival (S) with five semi-monthly time (t) intervals, Piñon Canyon Maneuver Site, Colorado, USA, May
2006–March  2008.

Model no. Model structure Ka �AICcb AICc Weights Deviance

9b S((t4 = t5) + area + year) 6 0.00 0.12 173.06
7a  S((t4 = t5) + area + treatment) 6 0.40 0.10 173.47
9a  S((t4 = t5) + area + year + treatment) 7  0.67 0.08 171.58
10a  S((t4 = t5) + area + sex + treatment) 7 1.06 0.07 171.97
8b  S((t4 = t5) + year) 5 1.64 0.05 176.84
10b S((t4 = t5) + area + sex) 6 1.74 0.05 174.80
11a S((t4 = t5) + area + birthweight + treatment) 7 1.80 0.05 172.71
7b  S((t4 = t5) + area) 5 1.82 0.05 177.02
16b S((t4 = t5) + area + year + rodent) 7 1.88 0.05 172.79
13a S((t4 = t5) + area + birthdate + treatment) 7 1.92 0.05 172.83
15b S((t4 = t5) + area + year + lago) 7 1.94 0.04 172.84
13b S((t4 = t5) + area + birthdate) 6 2.34 0.04 175.41
16a S((t4 = t5) + area + year + rodent + treatment) 8 2.45 0.03 171.17
12a S((t4 = t5) + area + age + treatment) 7 2.53 0.03 173.43
15a S((t4 = t5) + area + year + lago + treatment) 8 2.55 0.03 171.27
14a S((t4 = t5) + area + coyote + treatment) 7 2.56 0.03 173.46
6b  S((t4 = t5)) 4 3.28 0.02 180.59
11b  S((t4 = t5) + area + birthweight) 6 3.41 0.02 176.48
8a  S((t4 = t5) + year + treament) 6 3.63 0.02 176.70
14b S((t4 = t5) + area + coyote) 6 3.69 0.02 176.75
12b S((t4 = t5) + area + age) 6 3.89 0.02 176.95
6a  S((t4 = t5) + treatment) 5 4.35 0.01 179.55
5b  S((t1 = t2 = t3, t4 = t5)) 2 4.69 0.01 186.16
5a  S((t1 = t2 = t3, t4 = t5) + treatment) 3  5.89 0.01 185.29
3b  S(T) 2 20.73 0.00 202.19
3a  S(T + treatment) 3 21.88 0.00 201.27
1b  S(area x t) 20 25.94 0.00 166.44
4b  S(ln(T)) 2 26.89 0.00 208.35
1a  S(area x t) + treatment 21 27.34 0.00 165.31
4a  S(ln(T) + treatment) 3 27.98 0.00 207.37
2b  S(.) 1 32.36 0.00 215.86
2a  S(treatment) 2 33.20 0.00 214.66

a Number of estimable parameters.
b Minimum AICc = 185.53.

Table 3
Difference in model-averaged cumulative pronghorn fawn summer survival rates (interval: May  14–31 July; 79 days), based on five semi-monthly intervals,
Piñon  Canyon Maneuver Site, Colorado, USA.

Year Area Treatment Cumulative ŝ SE Diff  Diff

ŝintact−ŝintact) SE P (ŝsterile−ŝintact) SE P

2006 North Intact 0.416 0.129 0.243 0.152 0.055 – – –
–  South Intact 0.173 0.081 – – – – – –
2007 North Intact 0.439 0.105 0.250 0.135 0.032 0.254 0.170 0.068
–  South Intact 0.183 0.085 – – – – – –
–  South Sterile 0.443 0.147 – – – – – –

Models with no treatment effect were used for model averaged survival estimates in 2006 and for north and south intact in 2007. Models with a treatment
effect  were used for model averaged survival estimates for south sterile in 2007.

4. Discussion

Our results from model averaged parameter estimates
and cumulative summer survival indicated coyote ster-
ilization changed the predatory behavior of coyotes as
evidenced by reducing predation rates on pronghorn
fawns. While fawn survival was higher overall in the north
area,  after treatment was  applied, cumulative pronghorn
fawn survival during the summer of 2007 was 2.42× higher
for  fawns captured in sterile packs compared to fawns cap-
tured  in intact packs in the southern area. Indeed, despite
the  fact that pronghorn fawn survival was 2.40× higher in
the  north area than the south area during pre-treatment
in 2006, the treatment effect was evidenced by increased

survival in sterile packs compared to no increase in intact
packs  in 2007, nor any increase on the north intact area
from  2006 to 2007. That is, cumulative fawn survival in
the  sterile packs on the south was  raised to northern lev-
els,  while remaining low in southern intact packs. For
wildlife managers seeking an alternative to lethal removal
of  coyotes, acquiring a 242% increase in pronghorn fawn
survival by using coyote sterilization is biologically signif-
icant  and relevant for management actions in areas where
lethal  control is undesirable.

None  of the individual covariates we tested (fawn sex,
birth  weight, birth date, age at capture) were statistically
important. The lack of difference between male and female
fawn  survival was  similar to other studies (Fairbanks, 1993;
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Fig. 1. Model averaged pronghorn fawn survival rates (±95% CI) in semi-
monthly intervals, 14 May–31 July (79 days), (A) before treatment in 2006,
and (B) after treatment in 2007, Piñon Canyon Maneuver Site, Colorado,
USA. Models with no treatment effect were used for model averaged sur-
vival  estimates in 2006 and for north and south intact in 2007. Models
with a treatment effect were used for model averaged survival estimates
for south sterile in 2007. Note in (B) that three survival curves are present.

Fig. 2. Model averaged estimates of cumulative summer pronghorn fawn
survival, 14 May–31 July (79 days), for north and south study areas in
2006 and 2007, Piñon Canyon Maneuver Site, Colorado, USA. Models with
no  treatment effect were used for model averaged survival estimates in
2006  and for north and south intact in 2007. Models with a treatment
effect were used for model averaged survival estimates for south sterile
in  2007.

Byers, 1997). However, this pattern may  be variable; in the
Greater  Yellowstone Ecosystem, female fawn survival was
higher  than males (Berger et al., 2008). We  found fawn sur-
vival  was lowest in the second semi-monthly time interval,
and  after the first 6 weeks of life the probability of fawn
survival increased to 100%. This is similar to results from

previous studies (Barrett, 1978; Von Gunten, 1978; Byers,
1997).

While  we  found no significant individual covariates,
there were large survival differences between the local
areas  (i.e., between the north and south), and this differ-
ence  was  as large as the treatment difference (i.e., intact
versus sterile in the south). We  attempted to account for
these  differences by including prey abundance and coyote
density in the models. However, these relationships were
not  significant. The lack of significance in these results may
be  due to small sample sizes of small mammals or differ-
ences in detection probability for lagomorph surveys in
the  second year that resulted from dramatically different
weather conditions (higher winter and spring precipita-
tion) and the consequent increase in vegetation height and
density.

The  north and south sites were close enough so
that average precipitation amounts were similar (approx-
imately 27.5 and 30.2 cm for north and south sites,
respectively; Stevens et al., 2008); in accordance with
the  requirement that sites for BACIPs need to be close
enough to be influenced by the same range of environ-
mental phenomena (Stewart-Oaten et al., 1986). Besides
similar environmental conditions, the north and south
were  comprised primarily of grassland species. However,
distributions of vegetation types within the grasslands
in the two  areas were different, which may  explain the
differences in survival between the two areas. Predom-
inant species in the north (i.e., western wheatgrass and
needle-and-thread (Stipa comata)) tend to grow taller than
predominant species in the south (i.e., grama species),
potentially providing more escape cover for fawns in the
northern  area. In addition, a recent burn regime had been
used  in the southern part of the study area in 2004–2006,
and not in the north. Although fires are often used to
improve shortgrass prairie habitats to benefit species such
as  pronghorn (Yoakum, 1979; Wright and Bailey, 1982;
Courtney, 1989), recent burns could compromise immedi-
ate  fawn survival by reducing cover. Cover has been shown
to  be an important correlate in fawn survival (Barrett, 1984;
Alldredge et al., 1991). It is possible that higher fawn sur-
vival  in the north resulted from its higher vegetation height
and  the escape cover it provided.

In addition to survival differences by area, there were
slight differences between years. The winter of 2006–2007
was  the second highest total winter snowfall on record
since 1947 (Western Regional Climate Center, Reno,
Nevada). Although extreme winter weather can adversely
affect fawn survival by affecting the condition of the doe
(Verme, 1977), the extreme snowfalls of 2006–2007 did
not  reduce fawn survival on the PCMS. In fact, fawn sur-
vival  following the winter of 2006–2007 was  slightly higher
than  the previous year for the entire study area (although
not statistically significant). It is possible that winter snow-
fall  and spring precipitation (in 2007, heavier rain patterns
occurred in April, May, and June) boosted fawn survival
in  2007 by increasing vegetation biomass. Anecdotally, we
noted  an increase in vegetative cover across the study area
in  2007. Coyotes are reported to use visual cues to detect
pronghorn fawns (Wells, 1978), so high vegetation would
make  it difficult for them to find fawns (Barrett, 1981).
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Additionally, increased vegetation would provide impor-
tant  forage for lactating does, subsequently increasing fawn
survival.

We  recommend coyote sterilization be considered
as a non-lethal tool to boost pronghorn fawn sur-
vival in pronghorn populations where predation is a
limiting factor. This non-lethal tool is applicable where
lethal management of coyotes is controversial, unaccept-
able, or not an option (i.e., national parks, sites near
urban areas). Costs to perform this technique (helicopter
captures + sterilization = $900/coyote) were approximately
12% higher than cost estimates to trap and kill coyotes
($805; Wagner and Conover, 1999). Adjusting the cost
from  Smith et al. (1986) to current rates for helicopter
flying ($1100/h), we estimated aerial gunning would cost
$600/coyote. The fact that surgical sterilization will last for
many  years (Bromley and Gese, 2001a, b) offers promise of
lower  long-term costs than lethal control and is considered
to  be economically feasible.

5.  Conclusion

Pronghorn have been present in North America since
the  Pleistocene and have been sympatric with coyotes
since the evolution of Canis latrans (Kurtén and Anderson,
1980). Because coyote predation on pronghorn reflects an
evolved  relationship unlike the predatory relationship with
domestic  sheep, we were concerned that sterilization of
coyotes  may  not decrease ungulate neonate predation as
it  did in sheep. However, we observed a substantial effect
(Figs.  1 and 2) which was significant at  ̨ = 0.10, even with
the  number of parameters included in our models and the
relatively  small sample size. Certainly, these results indi-
cate  biological significance (i.e., a 242% increase in fawn
survival in sterile packs compared to intact packs in the
south  area). In addition, our estimates of fawn survival
reflect biologically relevant population changes (i.e., cumu-
lative  fawn survival rates in the south more than doubled
from 0.18 to 0.44 for fawns captured in sterile coyote home
ranges);  an increase which could influence fawn recruit-
ment and provide important demographic changes for a
pronghorn  population, particularly in areas where coyote
predation is a limiting factor on population growth and
predation is additive to natural mortality.
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ABSTRACT 

Surgical Sterilization of Coyotes to Reduce 

Predation on Pronghorn Fawns 

by 

Renee Seidler, Master of Science 

Utah State University, 2009 

Major Professor: Eric M. Gese 
Department: Wildland Resources 

 Coyote (Canis latrans) predation accounts for the majority of neonatal pronghorn 

(Antilocapra americana) mortality in many areas and may influence local population 

declines. Current techniques used to manage coyote predation on wildlife species 

generally focus on lethal control methods. However, these methods may be controversial 

to the general public. Coyote sterilization is an alternative predation control method 

which is more acceptable to the public and has been shown to be effective in reducing 

sheep predation. We hypothesized that surgical sterilization of coyotes may increase 

pronghorn fawn survival; in the same way it reduces coyote predation on domestic sheep. 

Sterilization reduces the energetic need to provision coyote pups, which may decrease the 

predation rate on fawns by sterile coyotes.  We employed tubal ligation and vasectomy of 

captured coyotes to maintain pair bonds and territoriality.  We monitored pronghorn 

fawns by radio telemetry for one year pre-treatment and coyotes and pronghorn fawns 

one year post-treatment. We also examined the effects of sterilization on coyote territorial 



 

 

iv
maintenance and survival. Survival of fawns captured in sterile coyote home ranges was 

higher than survival of fawns captured in intact home ranges (P = 0.078). We also found 

that fawn survival was consistently higher in the northern part of the study site (P = 

0.081). A severe winter followed by a wet spring in 2007 did not reduce fawn survival 

and may have increased fawn survival (P = 0.364); however, our sample sizes did not 

allow us to detect significance in this relationship. Our results also supported the 

hypothesis that sterilization, while keeping hormonal systems intact, did not change 

coyote territorial behaviors. Sterile coyote packs were the same size as intact packs (P = 

0.554). Sterile and intact coyote packs maintained similar home range sizes in all seasons 

tested (P ≥ 0.556). We found differences between home range and core area overlap of 

sterile and intact packs in some seasons, but this trend appeared to exist before the 

coyotes were treated. Residency rates were similar for sterile and intact coyotes (P = 

0.406). We recommend coyote sterilization as a tool to boost pronghorn fawn survival in 

areas where fawn survival is a critical factor in pronghorn population persistence. 

Because these techniques have been tested under few circumstances, we recommend 

careful monitoring in future coyote sterilization programs. 

(101 pages) 
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PREFACE 

 Chapter 2, The effects of coyote sterilization on pronghorn fawn survival, will be 

submitted to the Journal of Wildlife Management. Coauthors will be Eric Gese and Mary 

Conner. Chapter 3, The effects of tubal ligation and vasectomy on coyote home range 

maintenance, will also be submitted to the Journal of Wildlife Management. The sole 

coauthor will be Eric Gese.
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CHAPTER 1 

INTRODUCTION 

 Pronghorn (Antilocapra americana) are a species endemic to North America and 

are the sole surviving member of the family Antilocapridae (Byers 1997a). Pronghorn 

evolved to escape the fastest predators of the Pleistocene period and remain the fastest 

land mammal in North America. In addition to swiftness, pronghorn evolved complex 

behavioral adaptations to avoid predation (Byers 1997a). Neonates not yet fast enough to 

escape predators, rely on the ability to hide from predators between nursing bouts. This 

hiding strategy, coupled with the doe’s behavior, may fool predators regarding the 

location or presence of fawns; however, high mortality of fawns due to predation still 

occurs (Byers 1997a, Gregg et al. 2001, Dunbar and Giordano 2003). 

Coyotes (Canis latrans) are well-adapted for searching for hidden pronghorn 

fawns because they are designed for tireless trotting and exhibit cooperative social 

behavior during hunting (Byers 1997a). Typically, pups need to be provisioned in May 

and June, when pronghorn fawns are born. A pronghorn fawn represents approximately 

1.5-2.25 days worth of the energy requirements for a coyote (Byers 1997a). When 

coyotes are provisioning pups, caloric demands increase and larger prey items can 

provide a greater source of energy than smaller alternative prey (i.e., rodents; Bekoff and 

Gese 2003). Fawns can be an order of 16-120 times larger in mass than a rodent (mass 

estimates are based on Neotoma and Peromyscus species) and 1.3 times larger than a 

black-tailed jackrabbit (Lepus californicus). According to Byers (1997a: 54), “the annual 

production of pronghorn fawns represents an energy bonanza available to coyotes during 

a short season when additional food is essential.” 
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Pronghorn fawn mortality generally ranges from 40-80% in North America 

(Byers 1997a) with Von Gunten (1978) reporting fawn mortality as high as 90% in 

Montana. In Alberta over a two-year period, 67% of fawn mortality was due to predation 

and 78% of this predation was due to coyotes (Barrett 1984). Average yearly fawn 

mortality on the National Bison Range in Montana was 87% and decreases in fawn 

mortality were correlated with the number of coyotes removed (Byers 1997a). On the 

Hart Mountain National Antelope Refuge, Oregon, 60-85% of pronghorn fawn 

mortalities were attributed to coyote predation (Dunbar and Giordano 2003). Coyotes 

were responsible for at least half of the predation events in Wind Cave National Park, 

South Dakota (Jacques et al. 2007). In southeastern Colorado on the Piñon Canyon 

Maneuver Site, coyote predation accounted for 79% of fawn mortality over 4 years 

(Gerlach and Vaughan 1990). After coyote control in 1987 and 1988, fawn mortality was 

significantly reduced (Gerlach and Vaughan 1990). 

High coyote-caused fawn mortality has the potential to lower recruitment of 

fawns into the adult population, thereby contributing to local population declines. 

Predator management directed at boosting fawn survival can be difficult to implement. 

Non-lethal coyote control techniques, i.e., husbandry practices, fencing, frightening 

devices, guard animals, and repellents (Knowlton et al. 1999), often used to discourage 

livestock depredation, are generally costly in money, time, and effort (Gese et al. 2005). 

Coyotes often habituate to these deterrents and their tolerance may increase with limited 

alternative prey or the presence of pups. In addition, because game species are usually not 

confined to fenced pastures, implementing non-lethal techniques in wildlife management 

situations can be impractical due to animal movement and dispersion. 
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Lethal control of coyotes has been employed as a management tool to boost 

native ungulate populations where the coyote is the cause of low fawn survival and 

potentially low fawn recruitment (Kie et al. 1979, Neff et al. 1985, Smith et al. 1986, 

Byers 1997b). Although short-term benefits have been documented, lethal control may 

not be biologically or economically effective over the long term. For instance, control 

efforts on Anderson Mesa, Arizona, effectively reduced the coyote population over a 3-

year period from 1981-1983 (Smith et al. 1986) and resulted in a concomitant increase in 

the pronghorn population size by >400%. This increase was the result of greater fawn 

survival and recruitment and evidence suggested that the higher survival was correlated 

with coyote control. In addition, the year after coyote removal ceased, fawn:doe ratios 

declined from 0.67 in 1983 to 0.47 in 1984 and 0.26 in 1985, which suggests that 

continued application of lethal coyote control would be necessary to maintain this 

pronghorn population at management level goals. However, yearly application of lethal 

control could be financially costly. Wagner and Conover (1999) estimated that aerial 

gunning of coyotes would cost $185/coyote and trapping and killing from the ground 

would cost $805/coyote. 

 Management agencies choosing to employ lethal coyote control to boost 

ungulate numbers also run into political and social resistance. The general public 

contends that lethal control of coyotes is an unacceptable strategy for predation 

management (Knowlton et al. 1999). In 1996 and 1998, the Predator Defense and the 

Oregon Natural Desert Association legally prevented Hart Mountain National Antelope 

Refuge from using lethal control of coyotes to boost pronghorn fawn survival (Belsky 

1999). The U.S. Fish and Wildlife Service was attempting to solve the 29% decline in 
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pronghorn numbers coupled with a <1:100 fawn:doe ratio in July, 1995 (Dunbar et al. 

1999). Similarly, Friends of Animals and Predator Defense halted lethal control of 

coyotes on the Julia Butler Hansen Refuge, Washington, in 1998 (U.S. Fish and Wildlife 

Service 1998). The goal on this refuge was to boost Columbian white-tailed deer 

(Odocoileus virginianus leucurus) fawn survival, which is a federally-listed endangered 

species. In 2002, after being denied the ability to remove coyotes, fawn survival was 

considered too low to contribute to overall increases in the population (Ricca et al. 2002). 

As an alternative to lethal control of coyotes, Bromley and Gese (2001a) focused 

on biological mechanisms to alter predatory behaviors of coyotes. They followed the vein 

of Till and Knowlton (1983) who explored the possibility of reducing domestic sheep 

depredations by removing coyote pups from the dens of sheep-killing coyotes. In the 

week following treatment (pup removal), they found the total number of predation 

incidents decreased by >87% when pups were removed from dens of sheep-killing adult 

pairs. No changes in predation incidents were seen in the control group where sheep-

killing coyotes did not have their pups removed from the den. Although data were 

collected for only a short period following treatment, the results suggest that adult 

coyotes killed fewer sheep when they did not have pups to feed. 

Consequently, Bromley and Gese (2001a) sterilized coyotes to prevent 

reproduction. They hypothesized that without pups, the energetic demands of the alpha 

pair would decrease and, hence, so would depredations on domestic sheep. They used 

tubal ligation and vasectomy to sterilize coyotes, leaving hormonal systems intact. Over 

the 3-year study, non-sterile coyote packs with pups killed 6 times more sheep than 

sterile packs without pups. In addition, the surgically sterilized coyotes had higher 
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survival rates, remained pair-bonded and territorial, and sterile dyads had a significantly 

higher association score than sham-operated dyads in the second year (Bromley and Gese 

2001b). Given sterile coyotes retained their territorial behavior, it is likely they will 

exclude non-sterile, reproductive coyotes through territory defense. In a comparison of 

costs versus benefits, this study suggested that surgical sterilization of coyotes is a cost 

effective means of reducing domestic lamb loss due to coyote depredation, even after one 

year of application (Bromley and Gese 2001a, b). 

We hypothesized this same sterilization technique could increase pronghorn fawn 

survival where coyote predation is a significant contributor to fawn mortality. Because 

surveys have shown fertility control is more acceptable among the general public than 

traditional lethal techniques (Arthur 1981, Kellert 1985, Andelt 1987, Messmer et al. 

2001), we believed this to be an important non-lethal alternative to explore. We 

conducted our study on the Piñon Canyon Maneuver Site in southeastern Colorado, 

where coyote predation on fawns was historically high in the absence of coyote control 

(Firchow 1986, Gerlach and Vaughan 1990). Our questions were twofold: 1) Do tubal 

ligation and vasectomy of coyotes increase pronghorn fawn survival? and 2) Do 

surgically sterilized coyotes exhibit normal social behaviors and biology; specifically, do 

sterilized pairs associate the same as intact pairs and do sterilized coyotes remain 

members of a pack at the same rate as intact coyotes? If evidence confirms increases in 

fawn survival and no change in coyote behaviors when coyotes are sterilized, then 

surgical sterilization could be an effective option for wildlife managers. Sterilization 

offers the advantages of biological and economical effectiveness as well as public 

acceptance. 
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CHAPTER 2 

THE EFFECTS OF COYOTE STERILIZATION ON PRONGHORN FAWN 

SURVIVAL1 

 
 Abstract. Sterilization of coyotes (Canis latrans) has been shown to reduce 

predation of domestic sheep. We investigated whether sterilizing coyotes would similarly 

reduce predation on pronghorn (Antilocapra americana) neonates in southeastern 

Colorado. In a study from May 2006 to March 2008, we radio-collared 71 pronghorn 

fawns to determine survival rates and causes of death. During the first year of the study, 

all coyotes were intact. During the second year, we captured and sterilized coyotes in the 

southern half of the study area, while coyotes in the northern half were given sham 

sterilizations. In addition, we surveyed the availability of alternative prey and examined 

the influence of snowfall and precipitation on fawn survival and small mammal detection. 

Using the known fate model in Program Mark, we constructed models that included a 

treatment effect, plus year, area, alternative prey, and individual covariates to estimate 

fawn survival. Fawn survival was higher for fawns captured in sterile coyote home ranges 

than for fawns captured in intact coyote home ranges (P = 0.078). Subtle differences in 

locale affected fawn survival; fawn survival was higher in the north than in the south in 

both years (P = 0.081). Lagomorph abundance was not influential on fawn survival (P = 

0.293) nor was rodent abundance (P = 0.264), but increased vegetation may have 

impaired prey detection probabilities. We did not detect any relationship between fawn 

survival and fawn gender, fawn birth weight, fawn birth date, fawn age, or coyote density 

                                                 
 
1 Co-authored by Eric Gese and Mary Conner. 
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(P > 0.110). Although in the second year of the study we experienced record winter 

conditions, this did not reduce fawn survival and may have contributed to increased fawn 

survival (P = 0.364). Our results indicate that sterilization of coyotes may be a useful tool 

for wildlife managers to reduce coyote predation on pronghorn fawns. 

 
INTRODUCTION 

 Coyotes (Canis latrans) are considered an abundant and expanding native species 

in much of North America (Garrott et al. 1993, Goodrich and Buskirk 1995). Their 

population expansion has been enhanced by altered landscapes and the loss of top 

carnivores (Gompper 2002, Berger and Gese 2007). Coyotes can have considerable 

effects on prey populations and in particular, the effects of coyote predation on ungulate 

neonate survival can be significant (Linnell et al. 1995). Where ungulate populations are 

declining or critically low, limited fawn recruitment can affect the persistence of local 

populations (Bright and Hervert 2005, Berger et al. 2008). Under these circumstances, 

coyote management may be required to sustain ungulate populations. For instance, in 

Grand Teton National Park, Wyoming, a tenuous balance exists between a declining 

pronghorn (Antilocapra americana) population and development along their migration 

corridor (Berger 2003). Mitigation in the form of immediate coyote control may help to 

preserve this population while conservation efforts address long-term stability. However, 

traditional control methods cannot be used in a national park. As another example, 

Sonoran pronghorn (A. a. sonoriensis) in Arizona face an estimated 23% probability of 

extinction in <100 years (Bright and Hervert 2005). In 2002, only 21 animals were 
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estimated to occur. Coyote control in areas of fawn birthing could increase chances of 

fawn recruitment into the population (Smith et al. 1986, Bright and Hervert 2005).   

 Predation of North American ungulate neonates can be the primary cause of 

mortality in many ungulate populations, on average accounting for 67% of total mortality 

(Linnell et al. 1995). Coyotes are especially adapted for pronghorn fawn predation (Byers 

1997). Studies have shown coyote-caused mortality of pronghorn neonates to exceed 

75% of total mortality (Gerlach and Vaughan 1990, Dunbar and Giordano 2003). The 

latter population had fawn:doe ratios in mid-July of <1:100 (Dunbar and Giordano 2003). 

Losses such as these may not sustain declining pronghorn populations, despite efforts in 

habitat preservation or ecosystem restoration (Goodrich and Buskirk 1995). 

 Management of coyote predation is complex and generally involves employment 

of several techniques (Knowlton et al. 1999). In the wild where protection of game 

species or species of concern is the goal, management becomes a greater challenge due to 

unrestricted animal movements, extent of the landscape, cost of the effort, and lack of 

public support. Management techniques that gain more public acceptance (such as animal 

husbandry, guard animals, repellents, or aversive conditioning; Mitchell et al. 2004) are 

impractical and often impossible in these settings. Lethal control of coyotes is frequently 

the only method available for managers to cope with predation. However, lethal control is 

a source of controversy to the public (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001) and in some cases may not be biologically effective (Ballard et al. 2001).

 Till and Knowlton (1983) showed removing coyote pups from a den reduced 

predation on domestic sheep over a short-time interval. They hypothesized that the lack 

of pups reduced the energetic needs of the pack, thus reducing predation on larger food 



 

 

13
items. Corroborating evidence from Sacks et al. (1999) showed the offending coyotes 

responsible for sheep predation were breeding, territorial animals and recommended 

control efforts be focused on these individuals. After Zemlicka (1995) demonstrated 

sterilization of captive coyotes did not affect social or territorial behaviors, Bromley and 

Gese (2001a) introduced coyote sterilization as an alternative method to coyote removal 

for protection of domestic sheep. They found surgical sterilization of coyotes reduced 

predation on domestic lambs by up to eightfold. In addition, Conner et al. (2008) 

simulated several management scenarios for lethal and non-lethal control of coyote-

livestock predation. They determined that coyote sterilization was the most effective 

strategy to reduce coyote numbers and so may be the most practical method to reduce 

predation. 

 Surgical sterilization is less objectionable to the public and has the potential to be 

more successful biologically because it can persist for several years. Lethal control has to 

be applied annually. The surgical technique used in previous studies kept the endocrine 

systems intact (ovaries and testes remained in the animals) and preserved social 

behaviors. Sterilized wild coyote pairs continued to defend their territory against 

neighboring coyotes (Bromley and Gese 2001b). In addition, they showed this 

management technique to be economically feasible (Bromley and Gese 2001a). 

 If predation can be reduced on domestic lambs with this technique, then it may 

have the potential to work in a wildlife application as well. We tested the hypothesis that 

surgical sterilization of coyotes would reduce predation on pronghorn fawns in 

southeastern Colorado. We evaluated baseline pronghorn fawn survival and cause-

specific mortality during the first year, and then sterilized coyotes during the second year 
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on approximately half the study site. Subsequently, we compared fawn survival and 

cause-specific mortality in the treatment area and the control area where coyotes were 

given sham surgeries. Survival estimates of fawns were also compared between the first 

(pre-treatment) and second (post-treatment) years. We examined levels of alternative 

prey availability and relative coyote density in addition to other individual fawn 

covariates in the survival analysis. 

 
METHODS 

Study site 

 We conducted this research on the 1,040-km2 Piñon Canyon Maneuver Site 

(PCMS) in Las Animas County, Colorado. The study area encompassed the home-range 

boundaries of radio-collared coyotes and the locations of radio-collared fawns involved 

in the study (approximately 350 km2). Average elevation on the PCMS was 1520 m, 

average temperatures ranged from 1ºC in January to 24ºC in July (Shaw and Diersing 

1990), and mean annual precipitation was 305 mm at the nearest long-term weather 

station in Delhi, Colorado (Milchunas et al. 1999). Harvest of coyotes was not permitted 

for the duration of the study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 

sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 
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(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. Areas that had been burned were defined as natural or prescribed 

fires occurring either during or after 2004. 

 
Capture and monitoring of fawns 

 We observed solitary pronghorn does during the fawning season with spotting 

scopes in order to locate hidden fawns (Autenrieth and Fichter 1975). Newborn fawns 

were permitted to bond with their mother for >4 hours before capture. We captured fawns 

by hand or with a long-handled salmon net, then blindfolded and handled them with latex 

gloves. We outfitted fawns with ≤75 g expandable radio-collars with a 6-hour mortality 

mode and precise event transmitter (Advanced Telemetry Systems, Isanti, Minnesota). 

The transmitter was programmed to convey the amount of time elapsed post-mortality 

mode. We measured fawn mass with a spring scale and sling, and noted the presence and 

state of the umbilicus (Byers and Moodie 1990), sex, and health of fawns. Research 

protocols were approved by the Institutional Animal Care and Use Committees at the 

USDA/National Wildlife Research Center (QA-1350) and Utah State University (IACUC 

#1269). 

 We monitored fawns daily from the ground with telemetry through July, weekly 

through August, and monthly through March of the following year. We located 

mortalities immediately and the body, if present, and surrounding area was carefully 

examined. We classified predation events as coyote, eagle, or unknown, based upon 
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tracks, scat, hair, hemorrhage patterns, and caching characteristics (O’Gara 1978, Wade 

and Bowns 1984, Acorn and Dorrance 1998). We collected DNA evidence from fatal 

puncture wounds on carcasses that had evidence of hemorrhaging (Blejwas et al. 2006). 

When doubt remained about the species of predator responsible for the mortality, we 

attempted to identify the species through genotyping (Wildlife Genetics International, 

Nelson, BC, Canada). Unless otherwise noted, all statistics were calculated in SPSS 

10.0.5 (SPSS Inc., Chicago, IL). 

 
Capture and monitoring of coyotes 

 Coyotes were sterilized in December 2006 in half the study site in a Before-After, 

Control-Impact (BACI) study design (Stewart-Oaten et al. 1986, Gotelli and Ellison 

2004). We attempted to capture all coyotes present in the study area with a net-gun fired 

from a helicopter (Barrett et al. 1982, Gese et al. 1987). We sterilized animals captured in 

the southern portion of the study area, while animals captured in the northern portion of 

the study area were sham-operated. We transported captured animals by vehicle or 

helicopter to a central processing location. A veterinarian sterilized females by tubal 

ligation and males by vasectomy. All animals otherwise received the same treatment: 

they were given a combination of a sedative and dissociative, incised and sutured, radio-

collared, allowed to recover, and released at the capture site within 24 hours. 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from the pack were 

detected with telemetry. Packs with pups were considered intact. 

 Visual observations of radio-collared individuals allowed us to gain information 

on pup presence as well as minimum group sizes. We conducted these surveys 8 June 

2007 to 5 December 2007. One to two people would home in on a radio-collared coyote 

on foot. We attempted to approach animals from downwind in a stealthy manner to 

reduce disturbance of potential additional pack members that may have been present. We 

noted coyote group size, location, and the presence of pups. We estimated pre-whelping 

coyote density by dividing the minimum pack size observed by the pack’s home-range 

size (Gese 2001). 

 
Home range analysis 

 We monitored coyotes with telemetry from December 2006 to March 2008, 

primarily at dawn and dusk to obtain locations during the highest activity periods (Andelt 

and Gipson 1979). Telemetry was performed using a hand-held antenna and receiving 

unit from a vehicle. Locations were attempted every two days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). To reduce estimation 

errors when assigning fawn capture locations to specific coyote home ranges, we only 

used locations with 95% error areas ≤0.10 km2 and we did not include extra-territorial 

forays as part of the home range. The mean telemetry error was 328 ± 97.133 (95%CI) m 

based on 14 blind tests on randomly placed radio-collars. The average 95% error area 

estimated for reference collars was 26,419 m2. We used data locations gathered from 

April 2007 to September 2007 to define seasonal pack home ranges used in assigning 
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pronghorn fawns to sterile or intact coyote packs. We chose this time period to include 

the coyote pup-rearing season when energetic needs for the pack were highest and 

pronghorn fawns were vulnerable to predation. 

  We used observation-area curves (Odum and Kuenzler 1955) to determine 

whether we had enough locations to adequately estimate seasonal home ranges for radio-

collared coyotes. The curves reached an asymptote at an average of 22 locations (for 

curves which reached an asymptote). Since some curves (7/17) had not reached an 

asymptote with all locations gathered that season, some home range boundaries may have 

been underestimated. 

 We plotted home ranges of coyote packs with the ArcMap (ArcGIS 9.2- 

Environmental Systems Research Institute, Inc., Redlands, CA) extension, Hawth’s Tools 

3.27. We used the fixed kernel density estimator (Worton 1989) with point locations to 

describe resident pack home ranges because it is less biased to small sample sizes and 

outliers (Millspaugh and Marzluff 2001). We used a 95% contour to describe a pack’s 

home range (Shivik and Gese 2000). To determine bandwidths, we adapted an ad hoc 

method which prevents undersmoothing, is relatively unaffected by sample size, and 

reduces Type I errors (J. G. Kie, unpublished data). Initially, we plotted home ranges 

using h = 1000 and then incrementally reduced the bandwidth by 10% until we had the 

smallest bandwidth that did not create disjoint polygons and did not contain lacuna. 

Additionally, because we wanted home ranges to not only be contiguous but also reflect 

ground-truthed observations, we up-smoothed the bandwidth if long, narrow channels 

persisted in the home range that were not justified by topographic or anthropogenic 

features. We also up-smoothed the bandwidth if an unjustified gap was amid two 
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contiguous home ranges. In this case, we used the same methods as before, but 

increased each home range bandwidth involved in the gap by 10% until the gap was 

closed with minimal overlap. 

 We calculated the amount of each habitat type present in each coyote pack home 

range to compute indices for alternative prey available to each coyote pack. Vegetation 

layers were provided by the Directorate of Environmental Compliance and Management 

(DECAM), Fort Carson, Colorado, as geospatial data. These layers were merged into four 

habitat types: grassland, shrubland, woodland, or burn. Coyote pack home ranges were 

clipped over the habitat layers in ArcGIS to estimate the amount of each habitat type 

present within each pack’s home range. 

 
Estimation of available alternative prey 

 We conducted surveys to determine the relative abundance of rodents and 

lagomorphs available within each coyote pack home range. We used small mammal 

trapping grids and spotlight surveys in June and July of both years. We used 7.6 x 7.6 x 

25.4 cm Sherman live traps baited with chicken-scratch-grain mix and peanut butter to 

catch small mammals. Traps were set in a 5 x 7 grid design with 10 m spacing across all 

four different habitat types in a nested design of three replicates per habitat in the north 

half and south half of the study area. Traps were run for three consecutive nights. We 

checked the traps each morning and captured animals were marked, recorded, and 

released. To calculate the rodent index, all catchable species were grouped by genus and 

the median mass for each species (Fitzgerald et al. 1994) was then averaged across all 

species captured in that genus. The average mass was then multiplied by the total number 
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of unique individuals of that genus captured on each grid. A rodent index value was 

assigned to each habitat type as rodent kg/km2. We then extrapolated the rodent index to 

each coyote home range based upon the amount of each habitat type in the home range 

(Bromley and Gese 2001a). 

 Lagomorph spotlight surveys (Smith and Nydegger 1985) were conducted in 

replicates of three per habitat type over three consecutive nights. Cottontail (Sylvilagus 

audubonii) and black-tailed jackrabbit (Lepus californicus) numbers were counted per 

kilometer for each habitat type and replicates were averaged together. The mean number 

of lagomorphs/km was multiplied by the average mass of the species and used to assign a 

lagomorph index value to each habitat type. These index values were then extrapolated 

into each coyote home range. 

 
Fawn survival analysis 

 We estimated semi-monthly fawn survival rates over five time intervals (14 May 

to 31 July) using known fate models in Program MARK (White and Burnham 1999). 

This program estimates model parameters using the numerical maximum likelihood 

techniques of Akaike’s Information Criterium (AIC, Akaike 1973). We compared 

differences between models using the change in AIC corrected for small sample size bias 

(∆AICc, Burnham and Anderson 2002). We used the logistic (logit-link) function when 

running our models in order to express the probability of survival as a linear function of 

the explanatory variables. 

 Due to small sample sizes, a priori models were carefully designed to avoid 

detection of spurious correlations (Burnham and Anderson 2002). Survival rates for 
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unequal time intervals (18, 15, 15, 15, 16 days, sequentially) were standardized to semi-

monthly rates for comparison (White and Burnham 1999) and encounter histories were 

censored for the year the fawn was not monitored (i.e., fawns captured in 2006 had 

encounter history formats of LDLDLDLDLD0000000000 and fawns captured in 2007 

had encounter history formats of 0000000000LDLDLDLDLD). We then grouped the 

data by area (north or south). Our models included eight covariates: fawn sex, birth 

weight (kg), estimated age at capture (days), birth date, treatment (intact or sterile), 

relative coyote density, lagomorph relative abundance index, and rodent relative 

abundance index. We assigned values for the last four covariates based upon the coyote 

home range in which the fawn was captured. If a fawn was captured outside of any 

known coyote home range, then it was assigned an average coyote, rodent, and 

lagomorph index value. 

 Because the primary goal of our study was to evaluate the effect of coyote 

sterilization on pronghorn fawn survival, we included the sterilization treatment effect in 

every model. This allowed us to determine a parameter estimate for treatment using 

model averaging (White et al. 1999). The sterilization treatment effect was modeled by 

the covariate called treatment which separated fawns captured in the south into sterile and 

intact treatments. To minimize the number of models, we constructed models of fawn 

survival in a 3-phase process. First we constructed models with just temporal effects.  

Survival of fawns over a 79-day period should show variance between semi-monthly 

intervals as the fawns’ vulnerability to predation changes (Barrett 1978, Von Gunten 

1978). To model hypothesized temporal differences in survival, we ran the following 4 

models: a linear time trend model based on the hypothesis that fawn survival increases 
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after birth, a non-linear time trend model (i.e., a threshold model using the natural 

logarithm) based on the hypothesis that fawn survival increases to a maximum value then 

plateaus, a model which held the first three and the last two time intervals equal based on 

the hypothesis that survival increases in stages as fawns age, and a model which allowed 

the first 3 time intervals to vary but held the last two intervals constant based on the 

hypothesis that survival is variable when fawns are the youngest and most vulnerable to 

predation (Table 2-1, models 3 - 6).   

 Once we had established the appropriate temporal component of the models, we 

combined the best time model of fawn survival with area and year effects (Table 2-1, 

models 7-9).  The area effect was considered different from treatment because, although 

we attempted to capture and sterilize coyote packs throughout the entire southern portion 

of the study site, some fawns in the south were not captured within a radio-collared 

coyote home range and so could not be assigned to the treatment regime.   

 For the last phase of model building, we added all other covariates to the best 

model from phase 1 and 2.  We included the fawn covariates sex, birth weight, age, and 

birth date to address important variation known to occur in other fawn survival studies 

(Fairbanks 1993, Byers 1997, Gregg et al. 2001; Table 2-1, models 10-13). Estimated age 

at capture was calculated using a constant for growth rate derived from Byers (1997). We 

used the formula: 

 

estimated age at capture = (weight at capture – mean of known birth weights) / 0.2446. 

 

Known birth weights were taken from fawns known to have been born the day of capture. 

We knew <1-day old fawns because either we witnessed their birth or they had a wet 
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umbilicus (Byers and Moodie 1990). Birth weight was then estimated using the fawn’s 

estimated age.  Lastly, because fawn survival could be related to predator-prey factors, 

we also added coyote density, lagomorph abundance index, and rodent abundance index 

(Table 1, models 14-16) covariates to the best model from phase 1 and 2.  Due to a 

significant difference between alternative prey index estimates in the two years, we 

always included year in models with an alternative prey covariate. Using real and derived 

model averaged estimates, we performed a z-test for differences in survival rates to 

compare significance between areas and years. A Wald’s test (Agresti 1990) was used to 

determine significance of covariates. 

 
Weather 

 Weather patterns may influence fawn production and survival. Maternal condition 

has been shown to be an important correlate with fawn survival in many ungulate species 

and severe winters may reduce maternal condition (Verme 1977, Guinness et al. 1978, 

Andersen and Linnell 1998). Due to record snowfall events in the second winter of our 

study, we compared weather parameters between the two years. Estimates of 

precipitation in the north and south were compared within each year to investigate 

potential influences on fawn survival. We used data from the U.S. Geological Survey 

weather stations on the PCMS to compare 2006 and 2007 spring precipitation; monthly 

totals from 12 meteorological stations were averaged. The nearest recorded snowfall data 

to the PCMS were from the National Weather Service in Trinidad, Colorado (50 km 

southwest of the PCMS). These data were used to compare monthly snowfall amounts 

between the two winters. 
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RESULTS 

Coyote home ranges and densities 

 We captured 30 coyotes and outfitted them with transmitters. Nine coyotes from 7 

resident (areas <35 km2) home ranges in the north were captured and sham sterilized 

(Figure 2-1). We captured and sterilized 15 coyotes from 10 resident home ranges in the 

south; 2 of the sterile packs were later assigned to the intact treatment regime due to 

suspected presence of pups (Figure 2-1). In one of these packs, 2 males were captured 

and sterilized, but pups were later heard during June howling surveys. In another pack, a 

single female had been captured and upon sterilization she was found to be senescent. 

Her age was approximated to be 7+ years both by tooth wear and because she had a 

friable uterus. Although she remained a resident in her home range for the duration of the 

study, the potential for another reproductive female in her pack prompted us to treat the 

home range as intact. While most of our pup-presence efforts were focused on the 

sterilized coyote packs, we occasionally surveyed the sham packs for pups as well in 

order to validate our methods. Coyote pups were confirmed in 3 of the 7 intact sham-

operated packs. 

 Four radio-collared coyotes (two intact and two sterile) were transient (their home 

range encompassed multiple resident home ranges) and one sterile and two intact resident 

coyotes began dispersals in the summer of 2007. One intact coyote could not be 

accurately tracked due to her home range being off the study area. Four radio-collared 

coyotes died during the study. Three mortalities were due to gunshot and one was due to 

unknown causes during dispersal. 
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 We used 485 locations (x̄  = 28.53 ± 5.00 (95%CI) per home range) to define 

seasonal pack home ranges. The total area considered sterile was 125.1 km2. Mean home 

range area of all radio-collared coyotes was 16.13 ± 3.38 (95%CI) km2 and the mean 

minimum pack size was 2.19 ± 0.20 (95%CI) coyotes. Coyote densities were not 

different in the north (0.15 ± 0.05 (95%CI) coyotes/km2) and south (0.18 ± 0.04 

coyotes/km2, t14 = -0.816, P = 0.428) areas of the study site. 

 
Alternative prey indices 

 Alternative prey indices decreased in the second year. Lagomorph relative 

abundance index was 22.70 ± 4.69 (95%CI) kg/km in 2006 compared to 4.96 ± 1.56 

kg/km in 2007 (t20 = 7.034, P ≤ 0.001). Rodent relative abundance index was 1235.18 ± 

228.12 kg/km2 in 2006 and 282.22 ± 70.82 kg/km2 in 2007 (t20 = 7.819, P ≤ 0.001). We 

detected no difference in overall availability of alternative prey between the north and 

south (lagomorph index, t32 = -0.349, P = 0.730; rodent index, t32 = 0.038, P = 0.970). 

 
Fawn survival 

 We captured and radio-collared 31 fawns in 2006 and 40 fawns in 2007 (Figure 2-

1). Coyote predation was the primary cause of death in both years. In 2006, 26 fawns 

died or lost their collars by July. In the north, most deaths were due to coyote predation, 

followed by unknown predation, then eagle predation (Table 2-2). In the south, most 

deaths were also due to coyote predation, followed by unknown predation, then unknown 

causes. DNA analysis attributed the cause of death to coyote predation in one out of two 

questionable mortalities. 
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 In 2007, 25 fawns died or lost their collars by July. In the north, most deaths 

were due to coyote predation, followed by unknown causes (Table 2-2). In the intact area 

in the south, most deaths were due to coyote predation and a few to unknown causes. In 

the sterile area, most deaths were due to coyote predation, followed by unknown causes. 

DNA analysis attributed cause of death to coyote predation in four out of five 

questionable mortalities. We failed to detect a difference in the frequency of fawns killed 

by coyotes when analyzed by year (χ
2
1 = 0.579, P = 0.447, Pearson’s chi-square), area 

(χ2
1 = 0.002, P = 0.963), or treatment (χ2

1 = 0.019, P = 0.889). 

 The best model of fawn survival, S{(t4=t5)+area+treatment}, was only slightly 

better than many other models tested (Table 2-3, model 7). Based upon a criterion of 

∆AICc < 2 (Burnham and Anderson 2002), five models were competitive (Table 2-3, 

models 7, 9, 10, 11, and 13). Not counting treatment, which was in every model, all 

competing models included area and semi-monthly time interval (modeled as varying in 

the first three intervals but constant in the last two; Table 2-3). 

 Based on model averaged values (White et al. 1999), the probability of a fawn 

surviving the duration of the study in the north (0.183, 95%CI = 0.071-0.396) was higher 

than the probability of a fawn surviving the duration of the study in the south (0.034, 

95%CI = 0.008-0.139, z = 1.744, 2-sided z-test, P = 0.080). This pattern was consistent 

between the years (Figure 2-2A, B). Model averaged parameter estimates for year 

showed fawn survival in 2006 to be the same as fawn survival in 2007 (β = 0.110 ± 

0.635, 1-sided Wald test, P = 0.364). 

 Model averaged fawn survival was higher for fawns captured in treated (sterile) 

coyote home ranges when compared to fawns captured in untreated (intact) coyote home 
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ranges in the south (β = 0.904 ± 1.247, 1-sided Wald test, P = 0.078). To more 

thoroughly evaluate the effect of treatment using model averaged values, we ran our set 

of models with user-specified treatment values of zero and one (Figure 2-2A, B). Overall, 

survival was higher in the north control area than in the south control area. In spite of this 

difference, increased survival on the treatment area was evident; that is, survival on the 

south treatment area increased substantially more than on the south control area in 2007 

(Figure 2-2B). None of the other covariates tested were statistically significant (P > 

0.110, 1-sided Wald test). 

 We also calculated model averaged cumulative summer survival rates of fawns in 

each area for 2006 and 2007 by treatment (Figure 2-3). After declining over the first 2 

time intervals, the probability of fawn survival stabilized in the third week of June. In 

2006 at the end of the 79-day period, cumulative summer survival rates of fawns were 

0.16 in the south and 0.39 in the north. In 2007, cumulative summer survival rates of 

fawns were 0.18 for southern control fawns, 0.43 for northern control fawns, and 0.44 for 

southern treatment fawns. 

 
Weather 

 During severe winter weather, pronghorn malnutrition and fetal resorption can 

increase (Martinka 1967, Barrett 1982) which may lead to low fawn survival for neonates 

born to does that survive to parturition the following spring. Because weather patterns 

were remarkably different in the two years of this study, the covariate year, which 

showed an insignificant yet increasing fawn survival trend between the years, could be 

viewed as a proxy for weather in our fawn survival analysis. In the winter of 2005-06, the 
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highest recorded monthly snowfall in Trinidad was 35.56 cm in January with a total 

snowfall of 78.74 cm over the winter (Figure 2-4). In the winter of 2006-07, snowfall in 

Trinidad peaked in December with 125.73 cm and total winter snowfall was 205.99 cm. 

This was the highest snowfall amount recorded in December and the second highest total 

winter snowfall on record since 1947 (Western Regional Climate Center, Reno, NV). In 

the spring of 2006, 21.59 cm of snow fell in March. In spring 2007, the latest snowfall 

recorded was 20.32 cm in April. 

 Precipitation in the spring and summer months on the PCMS also showed 

variation between the two years (Figure 2-5). In 2006, heavy rain did not fall until July, 

well after the peak of fawning season. From our survival estimates, this was also beyond 

the period of fawns’ vulnerability to mortality. In 2007, heavier rain patterns occurred in 

April, May, and June contributing to a subsequent increase in vegetative cover across the 

study area (R. Seidler, personal observation; Figure 2-6). However, we found no 

difference in mean precipitation amounts between the north (1.21 ± 0.10 (95%CI) cm) 

and south (1.16 ± 0.16 cm) in 2006 (t10 = 0.462, P = 0.654) nor in 2007 (north = 0.99 ± 

0.11 cm, south = 1.13 ± 0.15 cm, t10 = 1.573, P = 0.147). 

 
DISCUSSION 

Was sterilization of coyotes correlated with increased fawn survival? 

 Coyote predation on domestic sheep was reduced up to 8-fold when coyotes were 

experimentally sterilized (Bromley and Gese 2001a). Given the success of Bromley and 

Gese’s study (2001a), we hypothesized that sterilized coyotes would prey less on 

pronghorn fawns than intact coyotes. Thus, we designed an experiment to evaluate 
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whether pronghorn fawn survival could be increased via experimental sterilization of 

coyotes. The applicability of such a tool could alleviate pressures on pronghorn 

populations that are at critical thresholds while reducing public concerns about lethal 

management of coyotes. In the face of the many factors that influence fawn survival, we 

found a significant treatment effect. Over the course of a summer, cumulative fawn 

survival was 2.4 times higher for fawns captured in treatment areas compared to fawns 

captured in control areas. 

 There are undoubtedly many factors influencing fawn survival on the PCMS. We 

investigated the variables we believed would be most influential on coyote predation 

rates. Since the predator-prey relationship between coyotes and pronghorn is potentially 

quite different than between coyotes and domestic sheep, it was important to quantify the 

influence of intrinsic and extrinsic factors such as fawn sex, birth weight, birth date, age 

at capture, coyote density, alternative prey abundance, and weather. We found local area 

and coyote sterilization (treatment) to be the most influential covariates on fawn survival 

rates. We found no significant correlations between the other covariates and fawn 

survival rates. 

 Pronghorn have been present in North America since the Pleistocene and have 

likely been sympatric with coyotes since the evolution of Canis latrans (Kurtén and 

Anderson 1980). Because coyote predation on pronghorn reflects an evolved relationship 

unlike the predatory relationship with domestic sheep, we had concern that sterilization 

of coyotes may not change ungulate neonate predation. Coyotes also may have different 

hunting strategies dependent upon the behavioral response of the prey which could 

influence management efforts. Sheep have been bred to be docile and may even flee in 
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the presence of coyotes, stimulating an attack response from the predator (Connolly et 

al. 1976, Lehner 1976). In contrast, pronghorn neonates remain bedded and motionless in 

the threat of coyote predation (Byers and Byers 1983). Does with fawns are observant of 

nearby coyotes until the coyote comes too close to their fawn’s bed site, at which point 

she will defensively charge the coyote (Byers 1997; R. Seidler, personal observation). 

Given the vastly different predatory strategies employed with these prey, it is an 

important finding that coyote sterilization can increase fawn survival. 

 The significance level of our results suggests that our conclusions should be 

interpreted cautiously. More importantly, our study represents only one replicate and it 

could be that we sampled an unusual population. However, given that we observed a 

substantial effect (Fig. 2-2 and 2-3) and that treatment was significant at α = 0.10 even 

with the number of parameters included in our models and the relatively low number of 

fawns in the analysis, it is our opinion that this result is biologically significant. In 

addition, our estimates of fawn survival reflect biologically relevant population changes 

(i.e., cumulative fawn survival rates in the south more than doubled from 0.18 to 0.44 for 

fawns captured in sterile coyote home ranges); an increase which could influence fawn 

recruitment and provide important demographic changes for pronghorn populations 

considered critical. We evaluated whether the changes in fawn survival on the PCMS 

were reflected in fawn recruitment. At the end of our semi-monthly fawn survival 

analysis (31 July), 8/22 southern fawns captured in 2007 were alive; 9/18 fawns were 

alive in the north. In December of 2007, 6/22 fawns captured in the south were still alive 

and 6/18 fawns captured in the north were still alive (2 northern animals were censored 

due to collar failure). In February 2008, all 6 fawns were still alive in the south. All but 1 



 

 

31
animal in the north was censored due to collar failure; the remaining fawn was still alive 

in February. 

 
The influence of other variables 

 Although the relationship was not significant, we found a positive correlation 

between fawn survival and alternative prey abundance; specifically, lagomorph 

abundance. We were only able to see this relationship by modeling prey abundance with 

year present in the same model because overall prey indices dropped from 2006 to 2007 

while fawn survival rates increased. By modeling these variables together, we found 

higher alternative prey abundance was correlated with higher fawn survival rates. The 

lack of significance in these results may be due to small sample sizes of small mammals 

or differences in detection probability in the second year. 

 The observed decreases in alternative prey abundance may be due to the severe 

winter in 2006-07. Stoddart (1985) described severe winter conditions (unusually low 

temperatures, high snow accumulation, high wind velocities) over a <3-day period, which 

resulted in the mortality of 34% of 59 instrumented jack rabbits. Many of the carcasses 

were still intact, suggesting the cause of death was related to the weather. 

 Alternatively, severe winter weather may have created apparent decreases in 

alternative prey abundance on the PCMS in 2007 due to decreased detectability during 

our surveys. Increased vegetation height and density on the PCMS was noted after heavy 

winter snows and a wet spring. Tall, dense vegetation could make it difficult to detect 

small mammals during surveys. Dense vegetation can make it difficult for some rodent 

species to travel (Rowland and Turner 1964, Rosenzweig and Winakur 1969). If rodents 
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are moving shorter distances, their trap-ability will decrease during surveys. This would 

be reflected in mark-recapture studies as decreased density estimates. In addition, 

spotlight surveys for lagomorphs can also be compromised by issues of visibility. 

Lagomorphs may have been easier to detect in 2006 because the vegetation was lower in 

height and less dense. If alternative prey abundances were actually higher in 2007 (and 

went undetected), increases in alternative prey abundance might then act as a buffer for 

pronghorn fawns (Stoddart et al. 2001, Bartel and Knowlton 2005). Hamlin et al. (1984) 

found that coyote populations were highest when fawn mortality was lowest. 

 Of the covariates we tested, fawn birth weight, birth date, and age at capture, none 

were statistically important in our models. We found that subtle differences in local areas 

(i.e., between the north and south) influenced fawn survival. We attempted to account for 

these differences by comparing average precipitation amounts between the north and 

south, but found no differences. Although both the north and south were comprised 

primarily of grassland species, the distributions of vegetation types within the grasslands 

in the two areas were different (B. Smart, personal communication). Predominant species 

in the north (i.e., western wheatgrass and needle-and-thread (Stipa comata)) tend to grow 

taller than predominant species in the south (i.e., grama species) potentially influencing 

fawn survival. In addition, a recent burn regime had been used in the south part of the 

study area in 2004-2006, and not in the north. Although fires are often used to improve 

shortgrass prairie habitats to benefit species such as pronghorn (Yoakum 1979, Wright 

and Bailey 1982, Courtney 1989), recent burns could compromise immediate fawn 

survival by reducing canopy cover. Canopy cover has been shown to be an important 

correlate in fawn survival (Barrett 1984, Alldredge et al. 1991). We attempted to compare 
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fawn survival between fawns which were captured in burn areas and fawns which were 

not. The sample size of fawns captured in burn areas was small (n = 6) and we were not 

able to detect a difference in 115-day survival rates (t69 = 0.647, P = 0.520), however the 

means indicated a trend toward lower survival for fawns captured in burned areas (burn: 

mean = 0.17 ± 0.33 (95%CI); non-burn: mean = 0.29 ±0.11). 

 We found that fawn survival was lowest in the second semi-monthly time interval 

and that after the first 6 weeks of life, the probability of fawn survival increased to 100%. 

This is supported by previous studies which have shown fawn mortality to be highest at 

ages 11-20 days (Von Gunten 1978, Barrett 1978, Byers 1997). We found no difference 

in survival between male and female fawns. This is similar to other studies which 

reported no difference between the sexes (Fairbanks 1993, Byers 1997). In the Greater 

Yellowstone Ecosystem, female fawn survival was higher than male fawn survival 

(Berger et al. 2008). 

 Although extreme winter weather can adversely affect fawn survival by affecting 

the condition of the doe (Verme 1977), the extreme snowfalls of 2006-07 in southeastern 

Colorado did not reduce fawn survival on the PCMS. In fact, fawn survival following the 

winter of 2006-07 was higher in both the north and south than fawn survival in the same 

areas the previous year (although not statistically significant). Because the effect of 

treatment was of most importance to us, we concentrated our capture efforts on treatment 

animals and focused our analyses on the effect of treatment. This focus probably masked 

a real influence of weather changes over the years. The winter snowfall and spring 

precipitation likely boosted fawn survival in 2007 directly by increasing vegetation 

biomass. Coyotes probably initially use visual cues to detect pronghorn fawns (Wells 
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1978) and high vegetation would make it difficult for them to find fawns (Barrett 1981). 

Increased vegetation would also provide important forage for lactating does (Smyser et 

al. 2005), subsequently increasing fawn survival. 

  Our study results were not as clear as Bromley and Gese’s (2001a) study in Utah 

(i.e., they reported a significance level of P = 0.026 when comparing kill-rates between 

intact and sterile packs). This may be due to sample size variation or it may be due to the 

differing dynamic of coyote predation and different prey types (e.g., domestic versus 

native). Further research may be able to elucidate the relationship between coyotes and 

native prey and determine if there is a more tightly coupled dependency between coyotes 

and neonatal ungulates versus domestic sheep. Future studies should focus on differences 

in coyote behaviors given different prey types. 

 
Study limitations 

 We chose not to randomize our treatment area based on coyote home ranges. 

Instead, we selected one contiguous area to treat. We believe this was the best way to test 

our hypothesis because if the treatment had been randomly applied we would have been 

presented with the issue of fawns moving across the landscape through treated and non-

treated areas. In addition, a broad spectrum application of coyote sterilization best 

simulated what would be conducted in a true management setting. We also did not use a 

fawn’s mortality location in order to test the effects of the covariates because not all 

fawns died in this study. If we had used mortality locations (instead of fawn capture 

locations), then all the fawns that had survived would have been assigned average values 

for covariates, biasing our sample.  



 

 

35
 Our statistical power could have increased with a larger sample size and longer 

study duration but we were limited by our ability to capture coyotes and fawns. And 

although the extraordinary winter in 2006-07 provided important insight into pronghorn 

ecology in southeastern Colorado, it may have influenced our ability to interpret the 

effects of coyote sterilization on pronghorn fawn survival. Because fawn survival rates 

changed between the 2 years, there may have been an interaction between some of the 

covariates that we were not able to detect (i.e., the severe winter may have influenced our 

ability to accurately assess alternative prey abundances). 

 
Management implications 

 We recommend coyote sterilization be considered as a tool to boost pronghorn 

fawn survival in areas where fawn survival is a critical factor in pronghorn population 

persistence. This non-lethal tool is especially applicable in situations where lethal 

management of coyotes is controversial, unacceptable, or not an option. Costs to perform 

this technique (helicopter captures + sterilization = $900/coyote) are not very different 

from estimates made to trap and kill coyotes ($805; Wagner and Conover 1999). The fact 

that sterilization lasts the lifetime of the coyote offers promise of lower costs than lethal 

control over the long-term. 

 We do not recommend the use of coyote sterilization alone to boost pronghorn 

numbers where populations are critically low. The importance of multiple or concurrent 

management strategies in reducing coyote predation or increasing prey survival has been 

demonstrated many times. Management should also continue to use the current successful 
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tools to boost fawn survival, such as habitat enhancement. Careful monitoring of any 

program which uses these techniques will be insightful for future management. 
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Figure 2-2. Model averaged pronghorn fawn survival rates (± 95%CI) in semi-monthly 
intervals for 79-days, (A) before treatment in 2006, and (B) after treatment in 2007, 
Piñon Canyon Maneuver Site, Colorado. Note in (B) that 3 survival curves are present; 
upper curve represents 2 survival curves, south treatment, 2007, and north, 2007. 
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Figure 2-3. Model averaged estimates of cumulative summer fawn survival for the north 
and south study areas in 2006 and 2007, Piñon Canyon Maneuver Site, Colorado. 
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Figure 2-4. Snowfall amounts for the winter of 2005-2006 and 2006-2007, Trinidad, 
Colorado (data provided by the National Weather Service).
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Figure 2-5. Monthly precipitation averaged across 12 stations (± 95%CI) on the Piñon 
Canyon Maneuver Site, Colorado (data provided by the U.S. Geological Service).
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A.  

B.  

Figure 2-6. Photos taken from similar locations on the Piñon Canyon Maneuver Site, 
Colorado on (A) 15 July 2006 and (B) 26 June 2007. 
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CHAPTER 3 

THE EFFECTS OF TUBAL LIGATION AND VASECTOMY ON COYOTE HOME 

RANGE MAINTENANCE2 

 
 Abstract. Sterilization of wild canids is being used experimentally in many 

management applications. Few studies have clearly demonstrated that vasectomized and 

tubal ligated canids will retain pair-bonding and territorial behaviors. We tested whether 

behaviors of surgically sterilized coyote packs were different from sham-sterilized coyote 

packs. We captured and radio-collared 30 coyotes in December 2006. Sixteen of these 

animals were sterilized via vasectomy or tubal ligation, 14 were given sham-surgeries. 

We monitored these animals using telemetry and visual observations through 2 breeding 

seasons from December 2006-March 2008. Pack sizes were the same for sterile and intact 

coyotes (P = 0.554).  We found no difference in home range size between sterile and 

intact coyotes (P ≥ 0.556).  We found differences in home range and core area overlap 

between sterile and intact coyote packs in some seasons, however it is likely this 

difference was pre-existing before treatment. Home range fidelity was the same for sterile 

and intact coyotes (P = 0.406).  All coyotes had higher residency rates during the 

breeding season, with no differences between sterile and intact coyotes. Survival rates 

were correlated with biological season, but may have been confounded by human 

presence on the site; there were no differences between sterile and intact coyote survival 

rates. We conclude that surgical sterilization of coyotes did not affect pair-bonding or 

home range maintenance. 

                                                 
 
2 Co-authored by Eric Gese. 
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INTRODUCTION 

 Sterilization of canids is being tested for various management purposes including 

population control of native and non-native species, predation control, and to reduce 

genetic introgression with other canids (Haight and Mech 1997, Kelly et al. 1999, Spence 

et al. 1999, Bromley and Gese 2001a, Saunders et al. 2002). Surgical sterilization in 

particular is a promising approach because hormonal systems remain intact with 

vasectomy and tubal ligation. Canid reproductive strategies (e.g., monogamy and 

pseudopregnancy in subordinate pack members) and physiology (e.g. monestrum and 

prolonged proestrus and estrus) favor pair and pack cohesion (Asa 1997). Without 

hormonal signals, these characteristics may not be preserved (Asa 1995). For most 

management purposes, retaining social structure of the pack is critical. If the social 

structure of a sterilized pack fails, then a vacant territory becomes open to colonization 

by intact animals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 

1998, Gese 1998). 

 In 1987 and 1988, Mech et al. (1996) vasectomized 5 wolves (Canis lupus) to 

determine if sterilization of wolves was a viable method for controlling population sizes. 

They determined that the vasectomized wolves’ social behaviors were not altered. 

Subsequently, state management agencies predicted that wolf control may be necessary 

where wolves colonize close to human settlement. Due to the success of this study, wolf 

sterilization is one of several proposed methods to control populations in the Lake 

Superior region (Haight and Mech 1997). 

 In the Yukon, Canada, wolves had been implicated in the decline of caribou 

(Rangifer tarandus) and moose (Alces alces) calf survival (Spence et al. 1999). Due to 
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the economic costs, effort, and public concern of the use of lethal control, fertility 

control was tested as an alternative tool to manage wolves (Spence et al. 1999). In studies 

to determine the applicability of such a tool, territorial behaviors were again examined. 

Using aerial telemetry, the study reported that the sterilized wolves maintained pair bonds 

and remained in their territories (Spence et al. 1999). 

 Red foxes (Vulpes vulpes) in Australia are an introduced species from Europe and 

have had destructive impacts on native fauna (Saunders et al. 1995). Native mammals 

lack the appropriate anti-predator behaviors and, hence, are susceptible to fox predation 

(Kinnear et al. 1988). In addition, the foxes may pose a threat to livestock producers 

(Saunders et al. 2002). Consequently, female foxes were experimentally sterilized. The 

sterile vixens retained pair-bonding and territorial behaviors, although they became more 

tolerant of home range overlap (Saunders et al. 2002). 

 The sheep industry in the western United States has a long history of conflict with 

coyote (Canis latrans) predation (Wagner 1988). When warranted, ranchers and wildlife 

management agencies utilize various lethal methods to control coyote predation on 

livestock and wildlife species (Knowlton et al. 1999). The public, concerned with animal 

rights, continually voices concern over the use of lethal management (Arthur 1981, 

Kellert 1985, Andelt 1987, Messmer et al. 2001). One alternative method being 

considered to reduce predation on sheep is surgical sterilization of coyotes (Knowlton et 

al. 1999). Bromley and Gese (2001a) sterilized coyotes in Utah and found that they could 

reduce coyote predation on domestic sheep by up to eight-fold. This technique is thought 

to be effective because it reduces the energetic needs of the pack (Till and Knowlton 
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1983, Bromley and Gese 2001a). Bromley and Gese (2001b) further demonstrated that 

the sterile coyotes’ territorial and pack affiliative behaviors were not modified. 

 Coyote sterilization is also being used as part of an endangered species recovery 

program in the eastern United States. In North Carolina, red wolf (Canis rufus) recovery 

is being threatened by genetic introgression with coyotes. Coyotes and red wolves can 

hybridize (Nowak 1992) which jeopardizes the persistence of the red wolf gene pool 

(Fredrickson and Hedrick 2006). After consideration by the U.S. Fish and Wildlife 

Service and The Conservation Breeding Specialist Group (Kelly et al. 1999), coyotes 

were sterilized in various areas across the recovery zone (Beck 2005). Sterilization has 

reduced the incidences of coyotes breeding with red wolves, while maintaining a space 

for the future placement of newly released red wolves (Beck 2005). 

 Although sterilization has been used in many canid species, only Bromley and 

Gese’s (2001b) study has demonstrated that free-ranging coyotes will maintain territorial 

and breeding-pair behaviors. If coyote sterilization continues to be used as a management 

tool, it is important to validate that territorial maintenance and pair-bonding behaviors are 

retained across different circumstances (Asa 1995). Without this assurance, intact animals 

can displace sterile packs and threaten the success of the management practice (Till and 

Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 1998, Gese 1998). As part 

of a study to test whether coyote sterilization could increase pronghorn fawn survival 

(Chapter 2), we tested the hypothesis that coyote sterilization will not affect home range 

maintenance. We examined similar behavioral criteria as Bromley and Gese (2001b). We 

compared pack size of sterilized coyotes to intact coyotes. We also evaluated home range 

size and overlap as well as home range fidelity. We used the home range as our 
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measurement of space use instead of the territory because we did not collect any data 

that we believed would constitute a territorial analysis (i.e., we did not make visual 

observations of coyote behaviors such as urinating, defecating, or howling at territory 

boundaries) and the methods we used were designed to match previous studies. Finally, 

we made a comparison of survival rates between sterile and intact animals. We were not 

able to compare association indices between treatment groups due to a small sample size 

of intact coyote pairs. 

 
METHODS 

Study site 

 We conducted this study on the 1,040 km2 Piñon Canyon Maneuver Site (PCMS) 

in Las Animas County, ~50 km northeast of Trinidad, Colorado. The study area within 

the PCMS encompassed the home range boundaries of radio-collared coyotes involved in 

the study. Average elevation on the PCMS was 1520 m, average temperatures ranged 

from 1ºC in January to 24ºC in July (Shaw and Diersing 1990), and mean annual 

precipitation was 305 mm at the nearest long-term weather station in Delhi, Colorado 

(Milchunas et al. 1999). Harvest of coyotes was not permitted for the duration of the 

study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included species of black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 
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sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 

(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. 

 
Capture and monitoring of coyotes 

 We captured coyotes in December 2006 using a net-gun fired from a helicopter 

(Barrett et al. 1982, Gese et al. 1987). Animals captured in the southern portion of the 

study area were sterilized, while animals captured in the northern portion of the study 

area were sham-sterilized. We used this clustered experimental design in an effort to 

swamp a single area with the treatment and to simulate actual management practices 

(Chapter 2). We transported captured animals by vehicle or helicopter to a central 

processing location. A veterinarian sterilized females by tubal ligation and males by 

vasectomy. All animals otherwise received the same treatment: they were given a 

combination of a sedative and dissociative, incised and sutured, radio-collared, allowed to 

recover, and released at the capture site within 24 hours. Research protocols were 

approved by the Institutional Animal Care and Use Committees at the USDA/National 

Wildlife Research Center (QA-1350) and Utah State University (IACUC #1269). 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from nearby packs 

were detected with telemetry. Visual observations of radio-collared individuals allowed 

us to gain information on pup presence as well as minimum group sizes. We considered 

packs with pups as intact. 

 
Pack size 

 We compared pack sizes between sterile and intact packs using the minimum 

pack size observed. We made multiple visual observations of radio-collared individuals 

to count associated pack members. Packs were surveyed from 8 June 2007 to 5 December 

2007. One or two people would track a radio-collared animal on foot. We attempted to 

approach animals from down wind in a stealthy manner to reduce disturbance of potential 

additional pack members that may have been present. Group size, location, and pup 

presence were noted. We did not include pups in pack size estimations; we used pre-

whelping pack size estimates. 

 
Home range size and overlap 

 We performed telemetry primarily at dawn and dusk to obtain point locations 

during the highest activity periods (Andelt and Gipson 1979) using a hand-held antenna 

and receiving unit. We attempted to locate animals every 2 days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). All home ranges were 

computed using locations with error <0.10 km2. We calculated home range size using the 

95% fixed kernel (FK) density estimator and core area with the 50% FK density estimator 

in ArcGIS 9.2 (Environmental Systems Research Institute, Inc., Redlands, CA) with the 
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Hawth’s Tools extension (Hawth’s Analysis Tools). Bandwidths were set to h = 1000 

for consistency and each home range and core area was calculated separately. Due to 

limited location sample sizes, we calculated estimates for 3 seasons: first winter 

(December 2006-March 2007), summer (April 2007-September 2007), and second winter 

(October 2007-March 2008). 

 We compared percent overlap among adjacent packs for the 95% and 50% FK 

contours using analysis of variance (ANOVA). We used only adjacent packs to calculate 

percent overlap, including adjacent packs with zero overlap. Packs were considered 

adjacent if their home range boundaries were <2 km apart. This figure represents the 

radius of the smallest home range and was the minimum area we used to exclude the 

potential presence of a home range in which the pack members were not radio-collared. 

We made comparisons of home range overlap among adjacent sterile-sterile packs, intact-

intact packs, and sterile-intact packs. Tests for differences between each pair were 

performed with a Tukey’s honestly significant difference (HSD) test. All statistical tests 

were performed using SPSS 10.0.5 (SPSS Inc., Chicago, Illinois, USA). 

 Because availability of alternative prey could affect the percentage of tolerated 

overlap between coyote home ranges, we monitored rodent and lagomorph abundance 

and applied an index for each to all coyote home ranges. We used small mammal 

trapping grids run for three consecutive nights in four different habitat types (grasslands, 

shrublands, woodlands, and burned areas) to estimate rodent abundance. An average 

mass was calculated based upon the unique individuals captured and the median mass for 

each species (Fitzgerald et al. 1994). These estimates were then extrapolated to each 

coyote home range given the amount of habitat types in that home range. Lagomorphs 
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were surveyed using spotlight surveys conducted in replicates of three per habitat type 

over three consecutive nights. An average mass was calculated using the number of 

lagomorphs seen/km times the mean mass of the species. These estimates were then also 

extrapolated to each coyote home range given the amount of habitat types in that home 

range. A regression was then performed using the amount of available alternative prey 

(rodents or lagomorphs) and the amount of coyote home range overlap. 

 
Home range fidelity 

 We tested home range fidelity of resident coyotes using known fate models in 

Program MARK (White and Burnham 1999). Animals were censored after dispersal. We 

compared models of residency rates between sterile and intact coyotes with Akaike’s 

Information Criterium (AIC, Akaike 1973) corrected for small sample size bias (∆AICc, 

Burnham and Anderson 2002).  

 We grouped coyotes by treatment (sterile or intact) and encounter occasions were 

expressed as 15 1-month intervals. Because treatment was of primary interest, all models 

included this variable. Hypotheses tested included residency varying by treatment alone, 

treatment and 4-month season, or treatment and 1-month time interval (Table 3-1, models 

1, 2, and 3). We based 4-month seasons on biological changes in coyote behavior, 

including the breeding season (December-March), pup-rearing season (April-July), and 

dispersal season (August-November; adapted from Gese and Ruff 1998). We also tested a 

model which examined the interactive effect between treatment and time (the most 

parameterized model, Table 3-1, model 4). We censored animals which were transient 
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when captured from the analysis unless and until they resettled as residents later in the 

study. 

 
Survival 

 We compared estimates of survival rates between sterile and intact coyotes in 

Program MARK using the numerical maximum likelihood model approach and known 

fate analysis (White and Burnham 1999). We compared models of survival rates using 

∆AICc (Akaike 1973, Burnham and Anderson 2002). Coyotes were grouped by treatment 

and models included 3 covariates: gender, age, and weight. We analyzed survival over 15 

1-month occasions. We created models based on gender, age, weight, coyote season, or 

monthly time interval and always included the variable treatment since this was our 

variable of interest (Table 3-2, models 1-6). Except a global model (Table 3-2, model 7), 

all hypothesized models were restricted to additive models due to a limited sample size.  

 
RESULTS 

Pack size 

 We captured and radio-collared 30 coyotes across the PCMS. We sterilized 16 

animals from the southern portion of the study area and sham-operated 14 from the 

northern portion. Defined home ranges contained 1-2 radio-collared individuals because 

we were not consistently able to capture pairs. The first winter and summer seasons we 

defined 8 sterile home ranges. After the dispersal season, we defined 6 sterile home 

ranges in the second winter. We defined 10 intact home ranges in the first winter, 9 in the 

summer, and 8 in the second winter. Most of the control (intact) coyote home ranges 
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contained sham-operated coyotes. Two of the control home ranges contained sterilized 

coyotes but due to the detection of pups in these packs, we considered them intact. Mean 

pack size of sterile coyotes (2.3 ± 0.3 (95%CI)) was similar to the mean pack size of 

intact coyotes (2.10 ± 0.3; t9 = 0.607, 2-sided t-test, P = 0.554). 

 
Home range size and overlap 

 Home range sizes were not different between sterile and intact coyotes in any 

season. In the first winter season, mean home range size of intact (n = 10) and sterile (n = 

8) coyotes was 24.0 ± 3.8 (95%CI) km2 and 22.3 ± 3.9 km2, respectively (t16 = 0.601, 2-

sided t-test, P = 0.556; Figure 3-1A). In the summer, home range size of intact (n = 9) 

coyotes was 26.4 ± 6.8 km2 and sterile (n = 8) coyotes was 24.7 ± 4.4 km2 (t15 = 0.405, 2-

sided t-test, P = 0.692; Figure 3-1B). In the second winter season, home range size of 

intact 7) and sterile (n = 6) coyotes was 20.6 ± 4.9 km2 and 22.0 ± 4.0 km2, respectively 

(t11 = -0.421, 2-sided t-test, P = 0.682; Figure 3-1C). Equal variances were assumed in all 

cases by Levene’s test (P ≥ 0.082). 

 All overlaps of home ranges were expressed as a proportion of total home range 

area, not an area per se. In the first winter season, mean overlap between adjacent sterile 

home ranges was 0.251 ± 0.081 (95%CI) and mean overlap between adjacent intact home 

ranges was 0.139 ± 0.076. Mean overlap between adjacent sterile and intact home ranges 

was 0.060 ± 0.069. During the first winter season, core areas of adjacent sterile home 

ranges had an average overlap of 0.033 ± 0.032 (SD). Core areas of adjacent intact home 

ranges overlapped by 0.001 ± 0.001 and core areas of adjacent sterile-intact home ranges 

had no overlap. We found differences in overlap of adjacent sterile core areas compared 
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to adjacent intact core areas (P = 0.020). This relationship appears to be mainly due to 

the overlap of core areas between only 2 sets of sterile home range pairs (Figure 3-1A). 

We did not find any other differences in overlap in the first winter season (Table 3-3A). 

 Mean summer home range overlap among adjacent sterile home ranges (0.266 ± 

0.073 (95%CI)) was different from the mean overlap among adjacent intact home ranges 

(0.113 ± 0.061; P = 0.006). Differences in overlap among adjacent sterile home ranges 

and adjacent sterile-intact home ranges were also significant (0.057 ± 0.074, P = 0.007). 

However, there was no evidence of difference in the overlap among adjacent intact home 

ranges and adjacent sterile-intact home ranges (P = 0.639). Core area overlaps in the 

summer were also different among adjacent sterile home ranges (0.028 ± 0.030) and 

adjacent intact home ranges (no overlap, P = 0.043). No other differences in core area 

overlap were found in the summer (Table 3-3B).  

 Mean overlap of adjacent sterile home ranges (0.208 ± 0.074 (95%CI)) in the 

second winter season was different from adjacent intact home ranges (0.012 ± 0.017, P < 

0.001). We also found a difference among mean overlap of adjacent sterile home ranges 

and adjacent sterile-intact home ranges (no overlap, P = 0.011). No other differences in 

overlap in the second winter season were found (Table 3-3C). 

 Because age differences may influence dispersal which could affect apparent 

overlap, we also tested for differences in age between sterilize and intact coyotes. We 

found no difference in age between sterile and intact coyotes (t28 = -0.976, P = 0.337) nor 

did we find a difference between sample sizes used to define home ranges for sterile and 

intact coyotes (first winter: t16 = -0.429, P = 0.674, summer: t15 = -0.249, P = 0.807, 

second winter: t13 = -0.147, P = 0.885) which may also influence home range overlap. 
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We also found no correlation between home range sample size and percent overlap of 

home ranges (first winter: R2 = 0.013, F53 = 0.676, P = 0.415, summer: R2 = 0.013, F45 = 

0.601, P = 0.442, second winter: R2 = 0.017, F29 = 0.480, P = 0.494). 

 In order to better determine what may have caused differences in overlap between 

sterile and intact home ranges, we performed a regression of alternative prey availability 

against home range overlap. Relative rodent abundance was not strongly correlated with 

home range overlap (R2 = 0.135, F = 2.340, P = 0.147), nor was relative lagomorph 

abundance (R2 = 0.000, F = 0.001, P = 0.974). 

 
Home range fidelity 

 Six coyotes (20%) dispersed during the study. Three of these dispersals occurred 

during the pup-rearing season and 3 during the dispersal season. No dispersals occurred 

during the breeding seasons. 

 The best fit model for coyote residency was R{treatment+season} (Table 3-4, 

model 2). This model was 2.2 times as plausible as the second-best model R{treatment} 

(Table 3-4, model 1). Models 3 (R{treatment+time}) and 4 (R{treatment*time}) were not 

very likely candidates (evidence ratios = 927.04 and NA, respectively, Table 3-4). 

Residency was highest during the breeding seasons and dropped during the pup-rearing 

and dispersal season (Figure 3-2). Model averaging showed that derived residency rates 

(the probability of remaining a resident through the duration of the study) were not 

different between sterile (r̂ = 0.779, 95%CI = 0.496-0.927) and intact (r̂ = 0.738, 95%CI 

= 0.432-0.913) coyotes (z = 0.239, 1-sided z-test, P = 0.406). 
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Coyote survival rates 

 We analyzed survival rates of 17 male and 13 female coyotes. Eight of the males 

and eight of the females were sterilized. Ages (as assessed by tooth-wear; Gier 1968) 

ranged from 1-7 years old and weights ranged from 8.16-16.33 kg. Four coyotes perished 

during the study: 3 due to gunshot wounds, 1 due to unknown causes. 

 Many of the models used to analyze coyote survival rates were competitive. The 

first 5 models were within <2.016 ∆AICc values from each other, indicating that all 5 

were plausible (Burnham and Anderson 2002). The best-fit model, S{treatment} (Table 

3-5, model 1), suggested that sterile coyotes had lower survival rates than intact coyotes, 

but statistics did not support this hypothesis (sterile: ŝ = 0.805, 95%CI = 0.540-0.936, 

intact: ŝ = 0.923, 95%CI = 0.608-0.989, z = -0.940, 1-sided z-test, P = 0.174). The 

second-ranked model, S{treatment+season} (Table 3-5, model 5), showed an increasing 

trend in survival over the seasons and higher survival in intact coyotes, but the 

confidence intervals between the groups overlapped (Figure 3-3). Model averaged 

derived estimates of survival rates (i.e., the probability of surviving the duration of the 

study) of sterile and intact coyotes were not different (sterile: ŝ = 0.809, 95%CI = 0.544-

0.938; intact: ŝ = 0.924, 95%CI = 0.611-0.990; z = -0.926, P = 0.177). When we 

calculated statistics for the third-, fourth-, and fifth-ranked models, S{treatment+age}, 

S{treatment+weight}, and S{treatment+sex}, we found the covariates were not 

significant (P > 0.280). Other models had ∆AICc values > 2.016. 
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DISCUSSION 

 As surgical sterilization becomes more widely used in canid research and 

management practices, we must confirm that territorial maintenance and pair-bonding 

behaviors are retained. Without these behaviors, the social structure of the pack will 

dissolve leading to an unguarded, open territory and management efforts would fail. We 

found no evidence to suggest that territorial behaviors among coyotes were altered by 

sterilization. Pack size, home range size, home range fidelity, and coyote survival rates 

were the same for sterilized and sham-operated coyotes. We did find that sterile packs 

exhibited greater home range overlap than intact packs, but it is questionable whether this 

was due to the effects of sterilization. 

 Similar to our results, sterile red fox vixens also displayed increases in home 

range overlap when compared to non-sterile vixens (Saunders et al. 2002). In contrast, 

coyotes in Utah did not display differences in home range overlap between sterile and 

intact packs (Bromley and Gese 2001b). Average overlap between coyote territories in 

Utah was 21%, greater than the overall average overlap in our study (13.8%). It appeared 

that sterile coyote packs on the PCMS were more tolerant of home range overlap than 

intact coyote packs. However, the degree of home range overlap that we found within the 

sterilized coyote packs appears to have existed at the time the animals were sterilized. 

 Overlap in the sterilized home ranges was greatest during the first winter and 

summer seasons. It then declined in the second winter season, but there were no real 

differences between any of the seasons (F2,47 = 0.426, P = 0.656, ANOVA). This 

consistent temporal trend implies that greater overlap was typical for the treatment area 

before we captured and sterilized coyotes. We also tested for age and location sample 
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size differences between the sterile and intact packs to try and account for the 

differences in overlap. Younger, low-ranking pack members disperse when resources are 

not abundant (Gese et al. 1996). If coyotes in the sterile group were younger than coyotes 

in the intact group and location sample sizes were not large enough to accurately detect 

pre-dispersal forays then we might mistake these forays for home range overlap. 

However, we did not detect differences in dispersal rates between the groups. Further, we 

found no difference in age between the groups nor did we find a difference between 

sample sizes used to define home ranges for the 2 groups suggesting that pre-dispersal 

forays were not occurring differentially between sterile and intact coyotes. Varying home 

range sample sizes also did not account for differences in overlap of home ranges. 

 Potentially, food resources were better is sterile home ranges (Atwood and Weeks 

2003), however we found no correlation between alternative prey availability and coyote 

home range overlap. Perhaps kinship was higher (Kitchen et al. 2005) in the sterilized 

area allowing for greater home range overlap, but we did not test for this. Additionally, 

two dispersals in the second winter of previously resident coyotes in the intact area may 

account for differences observed between home range overlap in this season. One of the 

dispersers was an adult male coyote that was located in the center of the intact part of the 

study area. His initial home range had contributed to overlap in previous seasons. His 

dispersal was associated with the expansion of adjacent coyote pack home ranges into his 

previous home range area and may have been the result of displacement (Carbyn 1981, 

Gese et al. 1996). However, the expansion of the neighboring pack’s home range was not 

enough to compensate for the lost overlap. Given consistently high overlap in the sterile 

home ranges and dispersal events which reduced overlap in the intact home ranges, we 
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believe that the disparity in home range overlaps was not prompted by sterilization, but 

most likely had high pre-existing overlap among home ranges in that area. 

 Home range fidelity of coyotes varied by season and declined during the pup-

rearing and dispersal seasons. This is not surprising; pack sizes gradually decline after 

whelping due to dispersals of non-breeding associated pack members (Bekoff and Gese 

2003). We found no evidence that dispersals were influenced by sterilization. This 

corroborates with Bromley and Gese’s (2001b) results; they found no difference between 

residency rates of sterile and sham-operated animals. 

 Although our results suggested many variables were important to coyote survival, 

sterilization had no significant influence. In addition, a post hoc analysis using the model 

S{.} (coyote survival rate was not influenced by any of the variables), ranked this model 

at the top when run with the previously described models,  further suggesting none of the 

other variables captured the true effects. Indeed, the Wald’s test confirmed them as 

insignificant. Season, as modeled as a coyote biological interval, may have been 

influential on coyote survival. A further post hoc analysis ranked this model (S{season}) 

as second only to S{.}. However, we must also consider confounding variables such as 

human persecution. Three of four coyote mortalities were caused by gunshot and the 

fourth mortality suggested human involvement. This mortality was discovered >12 km 

from its home range and >2 km off the PCMS. This death was recorded as “unknown 

causes” because the carcass was too decayed, but it was discovered <4 m from a gravel 

road, implicating human-related causes. Although shooting of coyotes was not permitted 

during the study, 3 of the 4 mortalities were detected during or shortly after military 

maneuvers involving armed personnel. 
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 Results from this study add to the small body of knowledge that we have 

regarding the effects of sterilization on wild canids. We did not find any results that were 

in contradiction to other studies on coyotes or wolves. One component that is lacking in 

all peer-reviewed studies of coyote sterilization is an assessment of the long-term stability 

of territorial and social behaviors following sterilization. Mech et al. (1996) monitored 

vasectomized wolves for seven years, but their sample size was small and females were 

not sterilized. Zemlicka (1995) monitored sterilized captive coyotes for 1 year and 

Bromley and Gese (2001b) followed their sterilized coyotes for 3 years. Despite 

functioning endocrine systems, it is possible that after multiple, sequential years of no 

reproductive success sterile coyotes could sever their pair-bond and search for a more 

successful mate. Hence, we recommend a study of sterilized, free-ranging, male and 

female coyotes which follows treated and untreated animals into senescent years. With 

this method, dispersals by “breeding” individuals (dominant animals which had been 

sterilized) due to a lack of reproduction may be detected. Also, by following sterile and 

intact coyotes to senescence, changes in survival rates may be detected. Because home 

range overlap of red fox vixens was reported (Saunders et al. 2002) and this study found 

apparently pre-existing home range overlap in sterile coyotes, disruption of territory 

boundaries may be an important avenue to explore further. Tolerance of trespassers into 

territories may complicate interpretation of experimental results and could result in failed 

measures for canid management. 
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Table 3-3. Tukey's Honestly Significant Difference comparison of home range 
and core area overlap between sterile and intact coyote home ranges on the 
Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008. 

A. First Winter Group Comparison P
Sterile-Intact 0.118

95% Home Range: Sterile-Both 0.181
Intact-Both 0.734

Sterile-Intact 0.020
50% Core Area: Sterile-Both 0.343

Intact-Both 0.999

B. Summer Group Comparison P
Sterile-Intact 0.006

95% Home Range: Sterile-Both 0.007
Intact-Both 0.639

Sterile-Intact 0.043
50% Core Area: Sterile-Both 0.200

Intact-Both 1.000

C. Second Winter Group Comparison P
Sterile-Intact <0.001

95% Home Range: Sterile-Both 0.011
Intact-Both 0.982

Sterile-Intact 0.312
50% Core Area: Sterile-Both 0.733

Intact-Both 1.000
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Figure 3-2. Coyote residency rates (± 95%CI) from the top model, R{treatment+season}, 
in 4-month coyote season increments for sterile and intact coyotes on the Piñon Canyon 
Maneuver Site, Colorado, December 2006-March 2008. 
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Figure 3-3. Coyote survival rates (± 95%CI) from the second-ranked model, 
S{treatment+season}, in 4-month coyote season increments for sterile and intact coyotes 
on the Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008.
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CHAPTER 4 
 

SUMMARY 

 Coyote (Canis latrans) management in the U.S. has a long and contentious history 

that began with the settling of the West (Reynolds and Tapper 1996). Initial efforts to 

reduce predation on livestock focused on lethal control of canid populations (Reynolds 

and Tapper 1996). Today, public outcry challenges the use of lethal control and solicits 

more humane management practices (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001). However, methods which are used in confined agricultural settings such as 

animal husbandry, guard dogs, and aversive conditioning (Mitchell et al. 2004) are not 

practical with wild, free-ranging ungulates. Recently, coyote predatory behaviors toward 

sheep have been changed using surgical sterilization (Bromley and Gese 2001a). This 

approach is more acceptable to the public (Arthur 1981, Kellert 1985, Andelt 1987, 

Messmer et al. 2001) and has the potential to be more effective than lethal control 

(Conner et al. 2008) because it leaves territorial coyote packs essentially guarding a pup-

less, sterile home range (Bromley and Gese 2001b). The lack of pups in sterile coyote 

packs is believed to be the mechanism which has reduced predation on domestic sheep 

(Till and Knowlton 1983, Knowlton et al. 1999, Bromley and Gese 2001a). 

 Key to the implementation of sterilization is that the coyotes’ hormone systems 

remain viable. Without functional physiological stimuli, coyotes are likely to lose 

motivation to maintain pair-bonds and territorial behaviors (Asa 1995). If these behaviors 

are not maintained, then intact coyotes are likely to displace the pup-less pack, defeating 
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the management goals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto 

et al. 1998, Gese 1998). 

 Surgical sterilization of canids is being contemplated under several management 

scenarios. Studies have focused on population reduction, sterilization as a model for 

immunocontraception, prevention of genetic introgression, and reducing predation on 

livestock (Haight and Mech 1997, Kelly et al. 1999, Bromley and Gese 2001a, Saunders 

et al. 2002). In some of these situations, the goal was a simple reduction in population 

size (Haight and Mech 1997, Saunders et al. 2002). But there is also evidence that 

surgical sterilization can change the predatory behaviors of canids. In Utah, sterile coyote 

packs killed 8-fold fewer sheep than intact coyote packs (Bromley and Gese 2001a). The 

results of this study led us to hypothesize that surgical sterilization of coyotes may also 

reduce predation on ungulate neonates; a circumstance where management typically has 

only been able to practice lethal control. We chose to focus our efforts on pronghorn 

(Antilocapra americana) fawn survival due to high fawn mortality rates associated with 

coyote predation (Gerlach and Vaughan 1990, Linnell et al. 1995, Byers 1997, Dunbar 

and Giordano 2003). 

 Our study was designed in such a way as to compare not only changes in 

pronghorn fawn survival between a treatment and control group, but to also compare 

changes in fawn survival between years before and after treatment. This approach 

allowed us to detect a difference in fawn survival rates that existed between the north 

(0.183, 95%CI = 0.071-0.396) and south areas (0.034, 95%CI = 0.008-0.139) and was 

apparent in both years (z = 1.744, P = 0.080). Knowing that one area (the south) had 

lower survival rates, we applied treatment there. Additionally, we accounted for 
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variability in the system (fawn gender, fawn birth weight, fawn age, fawn birth date, 

coyote density, and alternative prey abundance) in an attempt to find the most 

parsimonious model to represent ecological reality. 

 Since our experiment was conducted in a free-range setting (i.e., not in captivity), 

we had to account for variables which could not be controlled. In fitting data to a set of 

models, a balancing act is played between reducing bias and reducing variance (Burnham 

and Anderson 2002). The most parsimonious model will fall somewhere in between. The 

number of parameters included in our suite of models affects the fit of our data. As we 

increased the number of parameters (variables), we decreased the bias in our estimates. 

However, this comes at the cost of increasing variance in our estimates. It is perhaps the 

case that we struck the balance in favor of low bias, as our level of confidence in our 

estimates was marked with some uncertainty. However, given the amplitude of the 

difference in estimates (cumulative survival of fawns captured in intact coyote home 

ranges was 0.18 and cumulative survival of fawns captured in sterile coyote home ranges 

was 0.44), we believe that coyote sterilization has a relevant effect on pronghorn fawn 

survival. If coyote predation on fawns generates additive mortality in a pronghorn 

population that is struggling to persist, then this technique holds important prospects. 

 In addition to the importance of treatment effects, it is critical to test that coyotes 

maintain their territorial behaviors. Without this, packs likely will not defend a home 

range and the area will fall to occupation by intact coyotes. Because only one study has 

previously shown that sterile coyotes will maintain a home range, the importance of 

confirming the retention of pair-bond and territorial behaviors was apparent. Some of our 

findings did not clearly demonstrate the maintenance of home ranges in sterile coyotes: 
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we found greater home range and core area overlap between sterile packs than intact 

packs in some seasons. However, we do not believe these results were the effects of 

sterilization. The home range and core area overlaps in the sterile packs were consistent 

from the beginning of the study, indicating that this pattern likely existed before 

experimental treatment was applied. Hence, we believe that these differences between 

sterile and intact packs were characteristic of the packs before they were sterilized. Other 

than these discrepancies, all other measured characteristics between the treatment and 

control group were the same. Pack sizes were the same for sterile and intact coyotes and 

home range sizes remained consistent through all 3 seasons and were the same between 

the sterile and intact packs. Residency and survival rates for sterile and intact coyotes 

were also similar. 

 Our results suggest that sterilization of coyotes could be a useful tool to reduce 

predation on free-ranging pronghorn fawns. Trends in public opinion demonstrate a need 

for non-lethal alternatives when managing wildlife. Currently, the only practical non-

lethal method to reduce predation in these situations is through reproductive interference. 

When ungulate populations are low or persistence is threatened, several management 

techniques may be needed to preserve the local population. Careful analysis of the 

situation may conclude that predation management is necessary. When lethal control is 

unacceptable or ineffective, surgical sterilization is a practical alternative. 
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Abstract Sterilization of wild canids is being used

experimentally in many management applications. Few

studies have clearly demonstrated vasectomized and tubal-

ligated canids will retain pair-bonding and territorial

behaviors. We tested whether territory fidelity, space use,

and survival rates of surgically sterilized coyote (Canis

latrans) packs were different from sham-operated coyote

packs. We captured and radio-collared 30 coyotes in

December 2006. Sixteen of these animals were sterilized

via vasectomy or tubal ligation, and 14 were given sham-

surgeries (i.e., remained intact). We monitored these

animals using telemetry and visual observations through 2

breeding seasons and 1 pup-rearing season from December

2006 to March 2008. Mean pack size was not significantly

different between sterile and intact coyote packs. We found

no difference in home range size between sterile and intact

coyotes. We found differences in home range and core area

overlap between sterile and intact coyote packs in some

seasons; however, this difference may have existed prior to

sterilization. Home range fidelity was not significantly

different between sterile and intact coyotes. All coyotes

had higher residency rates during the breeding season, with

no differences between sterile and intact coyotes. Survival

rates were correlated with biological season, but there were

no differences in survival rates between sterile and intact

coyotes. We concluded that surgical sterilization of coyotes

did not affect territory fidelity, survival rates, or home

range maintenance.

Keywords Carnivore � Coyotes � Home range �
Sterilization � Survival � Territory fidelity

Introduction

Sterilization of canids is being tested for various manage-

ment purposes including population control of native and

non-native species, predation control, and to reduce genetic

introgression with other canids (Haight and Mech 1997;

Kelly et al. 1999; Spence et al. 1999; Bromley and Gese

2001a; Saunders et al. 2002). Surgical sterilization in par-

ticular is a promising management approach for these

objectives because hormonal systems remain intact with

vasectomy and tubal ligation. Canid reproductive strategies

(e.g., monogamy and pseudopregnancy in subordinate pack

members) and physiology (e.g., monestrum and prolonged

proestrus and estrus) favor pair and pack cohesion (Asa

1997). Without hormonal signals, these characteristics may

not be preserved (Asa 1995). For most management pur-

poses, retaining social structure of the pack is critical

(Bromley and Gese 2001a, b). If the social structure of a

sterilized pack fails, then a vacant territory becomes open

to colonization by intact animals (Asa 1995; Mech et al.

1996; DeLiberto et al. 1998; Gese 1998).

Mech et al. (1996) vasectomized 5 wolves (Canis lupus)

to determine if sterilization was a viable method for con-

trolling population size. They determined the vasectomized

wolves’ social behaviors were not altered (i.e., the males

maintained pair bonds and territories). Due to the success

(i.e., pack size remained the same or decreased) of this

study, sterilization is one of several proposed methods to
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control wolf populations (Haight and Mech 1997). In

Canada, wolves had been implicated in the decline of

caribou (Rangifer tarandus) and moose (Alces alces) calf

survival (Spence et al. 1999). Due to public concern of the

use of lethal control, fertility control was tested as an

alternative to manage wolves (Spence et al. 1999). To

determine the applicability of such a tool, territorial

behaviors were examined. They found sterilized wolves

maintained pair bonds and remained in their territories

(Spence et al. 1999).

The sheep industry in the United States has a long his-

tory of conflict with coyotes (Canis latrans) preying on

domestic livestock (Wagner 1988). Ranchers and wildlife

management agencies utilize various lethal methods to

reduce coyote predation on livestock and wildlife species

(Knowlton et al. 1999). The public repeatedly is concerned

over the use of lethal management (Arthur 1981; Kellert

1985; Andelt 1987; Messmer et al. 2001). One alternative

to reduce predation on sheep is surgical sterilization of

coyotes (Knowlton et al. 1999). Bromley and Gese (2001a)

sterilized coyotes and found an eight-fold reduction in

coyote predation on domestic sheep. This technique is

effective because it reduces the energetic needs of the pack

during pup rearing (Bromley and Gese 2001a). Bromley

and Gese (2001b) further demonstrated the sterile coyotes’

territorial and pack affiliative behaviors were not modified.

Coyotes are considered a social canid (Bekoff and Gese

2003; Gese 2004). The basic social unit is the adult,

heterosexual pair, referred to as the alpha pair. Coyotes

form heterosexual pair bonds that may persist for several

years, but not necessarily for life. Courtship behavior begins

2–3 months before copulation. Coyotes may maintain pair

bonds and whelp or sire pups up to 10–12 years of age

(Gese 1990). Associate animals may remain in the pack and

possibly inherit or displace members of the breeding pair

and become alphas themselves. Associates participate in

territorial maintenance and pup rearing, but not to the extent

of the alpha pair (Gese 2004). Other coyotes exist outside

the resident packs as transient or nomadic individuals.

Transients travel alone over larger areas and do not breed,

but will move into territories when vacancies occur. One

factor that may affect coyote sociality is prey size or prey

biomass. In populations where rodents are the major prey,

coyotes tend to be in pairs or trios (Bekoff and Gese 2003).

In populations where ungulates are available, large packs of

up to 10 individuals may form (Gese et al. 1996a, b, c).

Coyotes are territorial with a dominance hierarchy within

each resident pack (Gese et al. 1996a, c; Gese 2004). Ter-

ritoriality mediates the regulation of coyote numbers as

packs space themselves across the landscape in relation to

available food and habitat. The dominance hierarchy

influences access to food resources within the pack (Gese

et al. 1996a, b, c). Resident coyotes actively defend

territories with direct confrontation, and indirectly with

scent marking and howling (Gese 2001, 2004). Only packs

maintain and defend territories (Gese 2001, 2004; Bekoff

and Gese 2003). Fidelity to the home range area is high and

may persist for many years (Kitchen et al. 2000). Shifts in

territorial boundaries may occur in response to loss of one

or both of the alpha pair (Gese 1998). Dispersal of coyotes

from the natal site may be into a vacant or occupied territory

in an adjacent area, or they may disperse long distances.

Generally, pups, yearlings, and non-breeding adults of

lower social rank disperse (Gese et al. 1996a). Dispersal

seems to be voluntary as social and nutritional pressures

intensify during winter when food becomes limited (Gese

et al. 1996a). Dispersal by juveniles usually occurs during

autumn and early winter.

Although sterilization has been used in a few canids, only

Bromley and Gese’s (2001b) study has demonstrated that

free-ranging coyotes maintained territorial and breeding-

pair behaviors. If coyote sterilization continues to be used as

a management tool, it is important to validate that territorial

maintenance and pair-bonding behaviors are retained across

various circumstances (Asa 1995) and environments. With-

out this assurance, intact animals could displace sterile packs

and threaten the success of the management action (Till and

Knowlton 1983; Asa 1995; Mech et al. 1996; DeLiberto et al.

1998). As part of a study to test whether coyote sterilization

could increase pronghorn (Antilocapra americana) fawn

survival (Seidler 2009), we also tested the hypothesis that

sterilization would not affect territory fidelity, survival rates,

and home range maintenance of coyotes. Using similar

methodologies, we examined the same parameters as

Bromley and Gese (2001b), including home range size,

home range and core area overlap, home range fidelity, pack

size, and survival rates of sterile versus intact coyotes. Sci-

entific theory is advanced through repeated studies (Ford

2000; Gauch 2003). Since Bromley and Gese (2001b) was

the only study examining the effects of sterilization on

coyote behavior and survival rates, additional studies in

different environments are needed to increase our under-

standing of the effects of reproductive control on coyote

behavior and broaden our scope of inference. Our study was

conducted in a shortgrass prairie and native prey ecosystem,

while the study by Bromley and Gese (2001b) was conducted

in the sage-brush steppe with a mixture of domestic livestock

and native prey species.

Materials and methods

Study area

We conducted this study on the 1,040-km2 Piñon Canyon

Maneuver Site (PCMS) in Las Animas County, Colorado.
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The study area within the PCMS was defined by the home

range boundaries of the radio-collared coyotes. Mean ele-

vation on the PCMS was 1,520 m, mean temperature ran-

ged from 1 �C in January to 24 �C in July (Shaw and

Diersing 1990), and mean annual precipitation was

305 mm (Milchunas et al. 1999). Harvest of coyotes was

not permitted during the study. Nearly 60 % of the PCMS

was shortgrass prairie dominated by blue grama (Bouteloua

gracilis), galleta (Hilaria jamesii), and western wheatgrass

(Agropyron smithii) (Shaw et al. 1989). Many shrub com-

munities occurred within the grassland communities along

alluvial fans, waterways, and slopes, and included black

greasewood (Sarcobatus vermiculatus), fourwing saltbush

(Atriplex canescens), Bigelow sagebrush (Artemisia bigel-

ovii), winterfat (Krascheninnikovia lanata), small soap-

weed (Yucca glauca), and tree cholla (Opuntia imbricata).

Woodland communities dominated the canyons and breaks,

and were composed of one-seeded juniper (Juniperus

monsperma) and pinyon pine (Pinus edulis).

Capture and monitoring of coyotes

We captured coyotes using aerial net-gunning (Barrett et al.

1982; Gese et al. 1987). Animals captured in the southern

portion of the study area were sterilized, while animals

captured in the northern portion of the study area were sham-

sterilized (i.e., animals were sham-operated but remained

intact). The boundaries of the two areas were 4 km apart and

both areas were similar in climate, topography, vegetation,

and prey availability. We used this clustered experimental

design in an effort to swamp a single area with the treatment

simulating actual management practices. Due to the uncer-

tainty of capturing the breeding individuals, we sterilized

both males and females from each pack.

Captured animals were blind-folded and muzzled, then

transported to a licensed veterinarian. Animals were sexed

and weighed with a spring scale to the nearest 0.1 kg to

determine the initial drug dosage and then sedated with a

combination of tiletamine and zolazepam (dosage 10 mg/kg).

Continued anesthesia to maintain the anesthesia plane

during surgery and processing were with a combination of

tiletamine and zolazepam plus xylazine (dosage 2 mg/kg).

Temperature, pulse, and respiration were monitored every

10 min. The surgical procedure for the tubal ligation

(Howe 2006) involved a 2- to 3-cm incision along the mid-

line of the abdomen, exposing the horns of the uterus, and

locating the ovary and oviduct. The oviduct was clamped

and then tied off 1 cm either side of the clamp. A 1-cm

section of the oviduct was then cut and removed. The ovary

and uterus were then returned to the normal positions in the

body cavity. The incision was then closed via three sepa-

rate suturing procedures involving the peritoneum, subcu-

taneous tissues, and skin.

Surgical vasectomy involved bilateral removal or

occlusion of the portion of the ductus deferens (Howe

2006). The vasectomy was performed through a 1- to 2-cm

incision located in the inguinal area. Following skin and

subcutaneous incision, the spermatic cords were identified,

separated, and exteriorized. Manipulation of the testicle

identified the spermatic cord and ductus deferens.

Following isolation of the ductus deferens, a segment of the

ductus was then removed and both of the severed ends of

the ductus ligated. The incision was then closed via three

separate suturing procedures involving the peritoneum,

subcutaneous tissues, and skin.

Following the surgical procedure, each coyote was aged

by visual inspection of tooth wear (Gier 1968), ear-tagged,

and radio-collared. We reversed the effects of the xylazine

with the antagonist yohimbine (dosage 0.15 mg/kg) after

the surgery was completed. An analgesic (butorphanol;

dosage 0.4 mg/kg) was administered immediately follow-

ing surgery for post-operative pain management. We

applied ophthalmic ointment to prevent corneal desicca-

tion. Animals held overnight were monitored for any post-

operative complications. The following morning, animals

were inspected and then returned to their respective sites of

capture. Control animals (intact coyotes) underwent a sham

surgery following the exact same procedures without the

final tying of the tubes (thereby remaining reproductively

intact), so that all else (including the surgery) was con-

trolled. This method (sterile vs. control) has previously

been documented to show no impact to subsequent sur-

vival, dispersal, and behaviors of surgically sterilized

coyotes (Bromley and Gese 2001b). Close monitoring of

all animals released into the wild following surgery showed

no complications or deaths due to the surgical procedures.

Research protocols were approved by the Institutional

Animal Care and Use Committees at the USDA/National

Wildlife Research Center (QA-1350) and Utah State Uni-

versity (IACUC #1269).

To determine with greater certainty that treated coyote

packs were sterile (i.e., we captured and sterilized one or

both of the breeding pair), we conducted howling surveys

(Harrington and Mech 1982; Fuller and Sampson 1988)

and searched for dens and pups of radio-collared individ-

uals. Howling surveys were conducted during June to mid-

August, with personnel going to high points, howling, and

recording whether the response included pups. In addition,

visual observations of radio-collared individuals allowed us

to gain information on pup presence. Any pack found to

have pups was considered intact.

Determination of pack size

We compared pack sizes between sterile and intact packs

using the observed minimum pack size. We made multiple
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visual observations of radio-collared individuals to count

associated pack members. Field personnel would home-in

on a radio-collared animal, attempting to approach animals

from downwind in a stealthy manner to reduce disturbance

of additional pack members that may be present. Group

size, location, and pup presence were noted. We did not

include pups in pack size estimations, but estimated pre-

whelping pack size (Gese et al. 1989).

Home range size and overlap

We acquired telemetry locations primarily at dawn and

dusk to obtain point locations during the highest activity

periods (Andelt and Gipson 1979). We attempted to locate

animals every 2 days. We calculated locations using C3

compass bearings in Program LOCATE (Pacer, Truro,

Nova Scotia, Canada). All home ranges were computed

using only locations with an error polygon\0.10 km2. We

calculated home range size using the 95 % fixed kernel

(FK) density estimator and core area with the 50 % FK

density estimator in ArcGIS 9.2 (Environmental Systems

Research Institute, Redlands, CA, USA) with the Hawth’s

Tools extension (Hawth’s Analysis Tools); bandwidth was

set to h = 1,000. We calculated home range estimates

(home range size and overlap) for two breeding seasons

(breeding season 1: December 2006–March 2007; breeding

season 2: October 2007–March 2008), and one pup-rearing

season (April–September 2007).

We compared percent overlap among adjacent packs for

the 95 and 50 % FK contours using analysis of variance

(ANOVA). We used only adjacent packs to calculate per-

cent overlap, including adjacent packs with zero overlap.

Packs were considered adjacent if their home range

boundaries were \2 km apart; this figure represents the

radius of the smallest home range and was the minimum

area we used to exclude the potential presence of a home

range in which the pack members were not radio-collared.

We made comparisons of home range overlap among

adjacent sterile–sterile packs, intact–intact packs, and

sterile–intact packs. Tests for differences between each pair

were performed with a Tukey’s Honestly Significant

Difference (HSD) test. All statistical tests were performed

using SPSS 10.0.5 (SPSS, Chicago, IL, USA).

Home range fidelity

Familiarity of the home range, and therefore territory

fidelity, is important in reducing the vulnerability of coy-

otes to human persecution (Knowlton et al. 1999). We

tested home range fidelity of resident coyotes using known

fate models in Program MARK (White and Burnham

1999); animals were censored after dispersal. We defined

dispersal as the movement of an animal from its point of

origin to where it reproduces or would have reproduced if it

had survived and found a mate (Howard 1960). We com-

pared models of residency rates between sterile and intact

coyotes with Akaike’s Information Criterion (AIC; Akaike

1973) corrected for small sample size bias (DAICc;

Burnham and Anderson 2002). We grouped coyotes by

treatment (sterile or intact) and encounter occasions were

expressed as 15 1-month intervals. Because treatment was

of primary interest, all models included this variable.

Hypotheses tested included residency varying by treatment

alone, treatment and 4-month season, or treatment and

1-month time interval (Table 1: models 1, 2, 3). For

examining home range fidelity, we used 4-month seasons

based on biological changes in coyote behavior, including

the breeding season (December–March), pup-rearing sea-

son (April–July), and dispersal season (August–November;

adapted from Gese and Ruff 1998). We also tested a model

which examined the interactive effect between treatment

and time (the most parameterized model, Table 1: model

4). We censored transient animals from the analysis unless

and until they became established as residents later in the

study.

Survival rates

We examined survival rates of intact and sterile coyotes

because, if sterilization changed coyote behavior and they

dispersed, these animals would become more vulnerable to

human persecution (Windberg and Knowlton 1990;

Table 1 Model selection for residency rates of sterile (n = 15) and intact (n = 12) coyotes, Piñon Canyon Maneuver Site, Colorado, December

2006–March 2008

Model no. Model structure AICc DAICc AICc weights Model likelihood Ka Deviance Evidence ratio (w1/wi)

2 {R(treatment ? season)} 62.583 0.000 0.686 1.000 5 14.630 1.00

1 {R(treatment)} 64.151 1.568 0.313 0.457 2 22.344 2.19

3 {R(treatment ? time)} 76.242 13.659 0.001 0.001 16 4.761 927.04

4 {global R(treatment 9 time)} 103.889 41.306 0.000 0.000 30 0.000 NAb

a Number of parameters
b Evidence ratios could not be calculated because model weight was = 0
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Windberg 1996; Harris and Knowlton 2001). We compared

estimates of survival rates between sterile and intact coy-

otes in Program MARK using known fate analysis (White

and Burnham 1999). We compared models of survival rates

using DAICc (Akaike 1973; Burnham and Anderson 2002).

Coyotes were grouped by treatment and models included

three covariates: gender, age class, and weight. We ana-

lyzed survival over 15 1-month occasions. We created

models based on gender, age class, weight, coyote season,

or monthly time interval and always included the variable

treatment since this was our variable of interest (Table 2:

models 1–6). Except a global model (Table 2: model 7), all

hypothesized models were restricted to additive models

due to limited sample size.

Results

Pack size

We captured and radio-collared 30 coyotes. We sterilized

16 (mean age 3.3 years, range 1–8 years old) animals from

the southern portion of the study area and sham-operated

14 (mean age 2.5 years, range 1–8 years old) coyotes from

the northern portion; ages were not different between the

two areas (P = 0.12). Defined home ranges contained 1–2

radio-collared individuals. During the first breeding season,

we documented 8 sterile and 10 intact home ranges. During

the subsequent pup-rearing season, we defined 8 sterile and

9 intact home ranges. We documented 6 sterile and 8 intact

home ranges during the second breeding season. Mean

pack size of sterile packs (2.3 ± 0.3; 95 % CI) was not

significantly different than intact coyote packs (2.10 ± 0.3;

t9 = 0.607, P = 0.554).

Home range size and overlap

Home range sizes were not different between sterile and

intact coyote packs during any of the three seasons. During

the first breeding season, mean home range sizes of intact

(n = 10) and sterile (n = 8) coyote packs were 24.0 ± 3.8

(95 % CI) and 22.3 ± 3.9 km2, respectively (t16 = 0.601,

P = 0.556; Fig. 1a). During the pup-rearing season, home

range sizes of intact (n = 9) and sterile (n = 8) coyote

packs were 26.4 ± 6.8 km2 and 24.7 ± 4.4 km2, respec-

tively (t15 = 0.405, P = 0.692; Fig. 1b). During the sec-

ond breeding season, home range sizes of intact (n = 7)

and sterile (n = 6) coyote packs were 20.6 ± 4.9 and

22.0 ± 4.0 km2, respectively (t11 = -0.421, P = 0.682;

Fig. 1c).

Home range overlap was expressed as a proportion of

total home range area. During the first breeding season,

mean overlap between adjacent sterile home ranges was

0.251 ± 0.081 (95 % CI) and mean overlap between

adjacent intact home ranges was 0.139 ± 0.076. Mean

overlap between adjacent sterile and intact home ranges

was 0.060 ± 0.069. During the first breeding season, core

areas of adjacent sterile home ranges had a mean overlap of

0.033 ± 0.032 (SD). Core areas of adjacent intact home

ranges overlapped by 0.001 ± 0.001 and core areas of

adjacent sterile–intact home ranges had no overlap. We

found differences in overlap of adjacent sterile core areas

compared to adjacent intact core areas (P = 0.020). This

relationship appeared to be mainly due to the overlap of

core areas between only 2 sets of sterile home range pairs

(Fig. 1a). We did not find any other differences in overlap

during the first breeding season (Table 3a).

Mean home range overlap during the pup-rearing season

among adjacent sterile home ranges (0.266 ± 0.073 95 %

CI) was different from the mean overlap among adjacent

intact home ranges (0.113 ± 0.061; P = 0.006). Differ-

ences in overlap among adjacent sterile home ranges and

adjacent sterile–intact home ranges were also significant

(0.057 ± 0.074, P = 0.007). However, there was no evi-

dence of difference in the overlap among adjacent intact

home ranges and adjacent sterile–intact home ranges

(P = 0.639). Core area overlap during the pup-rearing

season was also different among adjacent sterile home

Table 2 Model selection for survival rates of sterile and intact coyote (n = 30), Piñon Canyon Maneuver Site, Colorado, December 2006–

March 2008

Model no. Model AICc Delta AICc AICc weights Model likelihood Ka Deviance Evidence ratio

1 {S(treatment)} 47.907 0.000 0.336 1.000 2 43.876 1.00

5 {S(treatment ? season)} 48.377 0.471 0.266 0.790 5 38.224 1.27

3 {S(treatment ? age)} 49.536 1.629 0.149 0.443 3 43.474 2.26

4 {S(treatment ? kg)} 49.871 1.965 0.126 0.374 3 43.810 2.67

2 {S(treatment ? sex)} 49.923 2.016 0.123 0.365 3 43.861 2.74

6 {S(treatment ? time)} 65.058 17.151 0.000 0.000 15 33.795 5,606.83

7 {global S(treatment 9 time)} 94.335 46.429 0.000 0.000 30 29.239 NA

a Number of parameters
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ranges (0.028 ± 0.030) and adjacent intact home ranges

(no overlap, P = 0.043). No other differences in core area

overlap were found (Table 3b).

Mean overlap of adjacent sterile home ranges

(0.208 ± 0.074 95 % CI) during the second breeding sea-

son was different from adjacent intact home ranges

(0.012 ± 0.017, P \ 0.001). We also found a difference

among mean overlap of adjacent sterile home ranges and

adjacent sterile–intact home ranges (no overlap). We found

no differences in overlap during the second breeding sea-

son (Table 3c).

Because age could affect overlap, we tested for differ-

ences in ages between sterile and intact coyotes. We found no

difference in mean age between sterile and intact coyotes

(t28 = -0.976, P = 0.337). We found no differences

between sample sizes used to define home ranges for sterile

and intact coyotes (first breeding season: t16 = -0.429,

P = 0.674; pup-rearing season: t15 = -0.249, P = 0.807;

second breeding season: t13 = -0.147, P = 0.885) which

may also influence home range overlap. We also found no

correlation between location sample sizes used to determine

home range and percent overlap of home ranges (first

breeding season: R2 = 0.013, F53 = 0.676, P = 0.415;

pup-rearing season: R2 = 0.013, F45 = 0.601, P = 0.442;

second breeding season: R2 = 0.017, F29 = 0.480,

P = 0.494).

Fig. 1 Plots of 95 and 50 %

fixed kernel estimates of

individual coyote home ranges

during a breeding season

2006–2007, b pup-rearing

season 2007, and c breeding

season 2007–2008, Piñon

Canyon Maneuver Site,

Colorado. Sterile home ranges

are represented by

cross-hatching

Table 3 Tukey’s Honestly Significant Difference comparison of

home range and core area overlap between sterile and intact coyote

home ranges during the first breeding season, pup-rearing season, and

second breeding season, Piñon Canyon Maneuver Site, Colorado,

December 2006–March 2008

Season Area Group

comparison

P

1st breeding 95% home range Sterile–intact 0.118

Sterile–sterile 0.181

Intact–intact 0.734

50 % core Sterile–intact 0.020

Sterile–sterile 0.343

Intact–intact 0.999

Pup-rearing 95 % home range Sterile–intact 0.006

Sterile–sterile 0.007

Intact–intact 0.639

50 % core Sterile–intact 0.043

Sterile–sterile 0.200

Intact–intact 0.999

2nd breeding 95 % home range Sterile–intact \0.001

Sterile–sterile 0.011

Intact–intact 0.982

50 % core area Sterile–intact 0.312

Sterile–sterile 0.733

Intact–intact 0.999
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Home range fidelity

Six radio-collared coyotes (20 %) dispersed during the

study. Three of these dispersals occurred during the pup-

rearing season and 3 during the dispersal season. No radio-

collared coyotes dispersed during the breeding seasons.

The best model for coyote residency was {R(treat-

ment ? season)} (Table 1: model 2). This model was 2.2

times as plausible as the second-best model {R(treatment)}

(Table 1: model 1). Models 3 {R(treatment ? time)} and 4

{R(treatment 9 time)} were not well supported by the data

(evidence ratios 927.04 and NA, respectively; Table 1).

Residency was highest during the breeding seasons and

dropped during the pup-rearing and dispersal season

(Fig. 2). Model averaging showed that derived residency

rates (the probability of remaining a resident through the

duration of the study) were not different between sterile

(r̂ ¼ 0:779, 95 % CI 0.496–0.927) and intact (r̂ ¼ 0:738,

95 % CI 0.432–0.913) coyotes (z = 0.239, P = 0.406).

Survival rates

We analyzed survival rates of 17 male and 13 female coy-

otes; 8 males and 8 females were sterilized. Four coyotes

perished during the study: 3 due to gunshot wounds, 1 due to

unknown causes. Many of the models used to analyze coyote

survival rates were competitive. The first 5 models were

within\2.016 DAICc values from each other, indicating that

all 5 were plausible (Burnham and Anderson 2002). The

best-fit model, {S(treatment)} (Table 2: model 1), suggested

sterile coyotes had lower survival rates than intact coyotes

(sterile: ŝ = 0.805, 95 % CI 0.540–0.936; intact: ŝ = 0.923,

95 % CI 0.608–0.989). The second-ranked model,

{S(treatment ? season)} (Table 2: model 5), showed an

increasing trend in survival over the seasons and higher

survival in intact coyotes, but the confidence intervals

between the groups overlapped (Fig. 3). Model averaged

derived estimates of survival rates (i.e., probability of sur-

viving the duration of the study) of sterile and intact coyotes

were not different (sterile: ŝ = 0.809, 95 % CI 0.544–0.938;

intact: ŝ = 0.924, 95 % CI 0.611–0.990). When we calcu-

lated statistics for the third-, fourth-, and fifth-ranked mod-

els, {S(treatment ? age)}, {S(treatment ? weight)}, and

{S(treatment ? sex)}, we found the covariates were not

significant (P [ 0.280). Other models had DAICc values

[2.016. In a post hoc analysis, {S(�)} (coyote survival rate is

not influenced by any variables) was ranked as the top model

and {S(season)} was ranked second.

Discussion

As sterilization becomes more widely used in canid

research and management practices, we must confirm ter-

ritorial maintenance and pair-bonding behaviors are being

retained. Without these behaviors, the social structure of the

pack will dissolve leading to an unguarded, open territory,

and management efforts could fail. We found no evidence

to suggest territorial behaviors among coyotes were altered

by sterilization. Pack size, home range size, home range

fidelity, and coyote survival rates were not significantly

different between sterilized and sham-operated coyotes. We

did find sterile packs exhibited greater home range overlap

than intact packs, but it is unknown whether this was due to

the effects of sterilization.

Similar to our results, sterile red fox vixens had increased

home range overlap compared to non-sterile vixens (Saun-

ders et al. 2002). In contrast, coyotes in Utah did not display

differences in home range overlap between sterile and intact

packs (Bromley and Gese 2001b). Average overlap between

coyote territories in Utah was 21 %, greater than the overall

average overlap in our study (14 %). Possibly, sterile coyote

0.80

0.85

0.90

0.95

1.00

Breeding
06-07

Pup-rearing
07

Dispersal
07

Breeding
07-08

Season

R
es

id
en

cy

Sterile

Intact

Fig. 2 Coyote residency rates (±95 % CI) from the top model,

{R(treatment ? season)}, in 4-month seasonal increments for sterile

and intact coyotes, Piñon Canyon Maneuver Site, Colorado, Decem-

ber 2006–March 2008
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packs on the PCMS were more tolerant of overlap than intact

coyote packs. We also tested for age and location sample

size differences between the sterile and intact packs

to account for the differences in overlap. Younger, low-

ranking pack members disperse when resources are not

abundant (Gese et al. 1996a). If coyotes in the sterile group

were younger than coyotes in the intact group, and location

sample sizes were not large enough to accurately detect pre-

dispersal forays, then we might mistake these forays for

home range overlap. However, we did not find differences in

age classes, dispersal rates, or location sample sizes between

the groups suggesting that pre-dispersal forays were not

occurring differentially between sterile and intact coyotes.

Varying location sample sizes were also not correlated to the

degree of overlap.

Additionally, 2 dispersers in the second breeding season

of previously resident coyotes in the intact area may

account for differences observed between home range

overlap in this season. One of the dispersers was an adult

male coyote located in the center of the intact part of the

study area. His initial home range had contributed to

overlap in previous seasons. His dispersal coincided with

the expansion of adjacent coyote pack home ranges into his

previous home range area and may have been the result of

displacement (Carbyn 1981). However, the expansion of

the neighboring pack’s home range was not enough to

compensate for the lost overlap. Given consistently high

overlap in the sterile home ranges and dispersal events

which reduced overlap in the intact home ranges, we

believe the disparity in home range overlap was not

prompted by sterilization, but most likely had high pre-

existing overlap among home ranges in that area.

Home range fidelity of coyotes varied by season and

declined during the pup-rearing and dispersal seasons. Pack

sizes gradually decline after whelping due to dispersals of

non-breeding associated pack members (Bekoff and Gese

2003). We found no evidence that dispersal rates were

influenced by sterilization. This corroborates with Bromley

and Gese’s (2001b) results; they found no difference between

residency rates of sterile and sham-operated animals.

Although our results suggested many variables were

important to coyote survival rates, sterilization had no

significant influence. In addition, a post hoc analysis

incorporating the model {S(�)} (coyote survival rate was

not influenced by any of the variables), ranked this model

at the top when run with the previously described models,

further suggesting none of the other variables explained the

true effects. Indeed, a Wald’s test confirmed them as not

significant. Season, as modeled as a coyote biological

interval, may have been influential on coyote survival rates.

An additional post hoc analysis ranked the model {S(sea-

son)} as second only to {S(�)}. However, we must also

consider confounding variables such as human persecution.

Three of 4 coyote mortalities were caused by gunshot and

the fourth mortality suggested human involvement (i.e., the

carcass was found \4 m from a gravel road). Although

shooting of coyotes was not permitted during the study, 3

of these mortalities were detected during or shortly after

military maneuvers involving armed personnel.

Results from this study add to the small body of

knowledge we have regarding the effects of sterilization on

wild canids. We did not find any results that were in con-

tradiction to other studies on coyotes or wolves. One

component lacking in all peer-reviewed studies of coyote

sterilization is an assessment of the long-term stability of

territorial and social behaviors following sterilization.

Mech et al. (1996) monitored vasectomized wolves for

7 years, but the sample size was small and females were

not sterilized. Zemlicka (1995) monitored sterilized captive

coyotes for 1 year, while Bromley and Gese (2001b) fol-

lowed the sterile coyotes for 3 years. Despite functioning

endocrine systems, after multiple years of no reproductive

success sterile coyotes could sever their pair-bond and

search for a more successful mate. Hence, we recommend a

study of sterile free-ranging coyotes following treated and

untreated animals into senescent years. With a long-term

study, dispersal by ‘‘breeding’’ individuals (dominant ani-

mals which had been sterilized) due to a lack of repro-

ductive success may be detected. Also, by following sterile

and intact coyotes to senescence, changes in survival rates

may be detected. Because home range overlap of red fox

vixens was reported (Saunders et al. 2002) and this study

found possible pre-existing home range overlap in sterile

coyotes, disruption of territory boundaries may warrant

further exploration. Tolerance of trespassers into territories

may complicate interpretation of experimental results and

could result in failed measures for canid management.
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Abstract

Despite ethical arguments against lethal control of wildlife populations, culling
is routinely used for the management of predators, invasive or pest species, and
infectious diseases. Here, we demonstrate that culling of wildlife can have unforeseen
impacts that can be detrimental to future conservation efforts. Specifically, we
analyzed genetic data from eastern wolves (Canis lycaon) sampled in Algonquin
Provincial Park (APP), Ontario, Canada from 1964 to 2007. Research culls in 1964
and 1965 killed the majority of wolves within a study region of APP, accounting
for approximately 36% of the park’s wolf population at a time when coyotes were
colonizing the region. The culls were followed by a significant decrease in an eastern
wolf mitochondrial DNA (mtDNA) haplotype (C1) in the Park’s wolf population,
as well as an increase in coyote mitochondrial and nuclear DNA. The introgression
of nuclear DNA from coyotes, however, appears to have been curtailed by legislation
that extended wolf protection outside park boundaries in 2001, although eastern
wolf mtDNA haplotype C1 continued to decline and is now rare within the park
population. We conclude that the wolf culls transformed the genetic composition
of this unique eastern wolf population by facilitating coyote introgression. These
results demonstrate that intense localized harvest of a seemingly abundant species
can lead to unexpected hybridization events that encumber future conservation
efforts. Ultimately, researchers need to contemplate not only the ethics of research
methods, but also that future implications may be obscured by gaps in our current
scientific understanding.

Introduction

Although lethal sampling of wildlife for ecological experi-
mentation was common up until the second half of the 20th
century, the emergence of a stronger environmental ethic in
recent decades has rendered the practice generally indefen-
sible (Farnsworth and Rosovsky 1993; Minteer and Collins
2005; Vucetich and Nelson 2007). Culling of wildlife as a
management tool, however, is routinely used to (1) increase
the population size of desirable game species (Thirgood et al.
2001; Boertje et al. 2010; Schneider et al. 2010); (2) pro-
tect vulnerable endemic or domestic species from predators
(Conner et al. 2008; Smith et al. 2010) or invasive exotics
(Genovesi 2005); (3) impede disease transmission (Wasser-
berg et al. 2009; Lachish et al. 2010), or (4) acquire basic eco-
logical knowledge for establishing sustainable harvest quotas

(Morishita 2006) or effective conservation (Sillett et al. 2004).
These methods are usually controversial, sprouting passion-
ate counter arguments based on scientific and ethical consid-
erations (e.g., Minteer and Collins 2005; Clapham et al. 2007;
Vucetich and Nelson 2007).

The influence of human activities on the evolutionary tra-
jectory of wildlife is widespread (see the January 2008 Spe-
cial Issue of Molecular Ecology). Altered landscapes, climate
change, invasive species, and direct harvest are shaping the
genetic potential of species worldwide (Smith and Bernatchez
2008). In recent years, the impact of human-caused mortal-
ity on the genetic composition of populations has received
much attention because exploitation fosters evolutionary al-
terations that may increase the risk of extinction (Stockwell
et al. 2003; Burney and Flannery 2005), induce rapid evo-
lution of life-history traits (Coltman et al. 2003; Allendorf

c© 2011 The Authors. Published by Blackwell Publishing Ltd. This is an open access article under the terms of the Creative
Commons Attribution Non Commercial License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited and is not used for commercial purposes.

19



Culling Facilitates Hybridization L. Y. Rutledge et al.

and Hard 2009; Darimont et al. 2009), increase hybridiza-
tion (Rhymer and Simberloff 1996), and impact behavioral
dynamics in kin-based social groups (Gobush et al. 2008; Rut-
ledge et al. 2010a). There is little doubt that intense harvest,
especially over long time periods, results in genetic alterations
that can be detrimental to populations and ecosystems (Al-
lendorf et al. 2008). For example, when barriers to gene flow
break down, genetic changes can result from hybridization
between rare endemic and closely related invasive species,
thereby impeding implementation of effective conservation
policy (Allendorf et al. 2001), and increasing risk of extinc-
tion (Rhymer and Simberloff 1996). Although genetic effects
of harvesting on wildlife are becoming well documented, the
long-term impact that culling of seemingly abundant species
has on genetic structure and conservation of populations is
rarely considered.

Molecular genetic monitoring of populations over time
is a powerful approach to facilitate an understanding of ge-
netic changes in populations impacted by harvesting, par-
ticularly for small populations of threatened species (Allen-
dorf et al. 2008; Coltman 2008). Interpreting genetic data
within the context of demographic history is also critical to
accurately explain genetic change (e.g., Jackson et al. 2008).
Wolves across North America have been subjected to intense
eradication efforts that have limited their genetic variabil-
ity and evolutionary potential (Leonard et al. 2005), pro-
moted coyote (C. latrans) expansion eastward (see Rutledge
et al. 2010b), and increased coyote hybridization with eastern
wolves (C. lycaon) (Kays et al. 2010; Way et al. 2010) and red
wolves (C. rufus) (Fredrickson and Hedrick 2006; note that
C. lycaon and C. rufus are suggested as the same species by
Wilson et al. 2000).

Seemingly limited to regions in and around Algonquin
Provincial Park (APP; Rutledge et al. 2010c), eastern wolves
(Fig. 1) are particularly susceptible to hybridization because
of their shared evolutionary history with coyotes in North
America (Wilson et al. 2000; Rutledge et al. 2010b) and their
ability to bridge gene flow between gray wolves and coyotes
(Rutledge et al. 2010c). In addition, eradication efforts over
the past 400 years have substantially reduced the population
size of eastern wolves (Boitani 2003), making them partic-
ularly susceptible to introgression from expanding coyotes
due to an absence of suitable mates and the tendency for
genes to flow asymmetrically from the more abundant into
the more rare species (Grant et al. 2005). Patterns of intro-
gression associated with human-caused reduction in popula-
tion size have been noted in red wolves that hybridize exten-
sively with coyotes (Fredrickson and Hedrick 2006) and Van-
couver Island gray wolves that have introgressed dog genes
(Muñoz–Fuentes et al. 2010).

Unlike gray wolves in the west, eastern wolves readily hy-
bridize with coyotes (Rutledge et al. 2010c), and it has been
suggested that high mortality of APP wolves could lead to
gene swamping by coyotes (Theberge and Theberge 2004)
that are ill-suited to occupy the niche of an apex predator
and exert substantial top–down limitation of large ungu-
late prey species (i.e., deer and moose) due to their small
size (e.g., Carbone et al. 1999). If intense harvesting of east-
ern wolves in APP results in increased hybridization with
neighboring coyote populations, trophic interactions may be
decoupled or otherwise altered. There has also been some
suggestion that disruption to pack social structure asso-
ciated with harvest pressure (Rutledge et al. 2010a) and
breeder loss (Brainerd et al. 2008) could increase eastern wolf

Figure 1. Eastern wolf (Canis Lycaon)
photographed at Brule Lake in Algonquin
Provincial Park. Photograph by Michael Runtz
used with permission.

20 c© 2011 The Authors. Published by Blackwell Publishing Ltd.



L. Y. Rutledge et al. Culling Facilitates Hybridization

Figure 2. Map of Ontario, Canada. Dark gray area is Algonquin Provincial Park (APP) where samples were collected for this study over a 43-year
period. Other samples used in this study include gray wolf–eastern wolf hybrid animals from northeastern Ontario (NEON; checkered oval) and
coyote–eastern wolf hybrid animals from south of APP Park along the Frontenac Axis (FRAX; gray oval). Coyote population size indices for Figure 3
were taken from Wildlife Management Unit (WMU) 64B (black star).

hybridization with coyotes when harvest occurs during
breeding season.

Although wolves in APP, Ontario Canada (Fig. 2) are a
morphologically and genetically differentiated group of ap-
proximately 200–300 eastern wolves that share a common
evolutionary lineage with coyotes and red wolves (Wilson
et al. 2000; Kyle et al. 2006, 2008; Rutledge et al. 2010b, d),
prior to the year 2000, they were thought to be a gray wolf
subspecies (C. lupus lycaon) that at the time was abundant
across Ontario. Within the park, wolves have survived a long
history of control efforts dating back to the park’s establish-
ment in 1893. Prior to the mid-1960s, wolves were actively
poisoned, snared, and shot by park rangers in an effort to bol-
ster game populations. Between 1909 and 1958, an average of
49 wolves per year (range 11–128) were killed in APP (Pim-
lott et al. 1969). In 1959, harvesting ceased within the park
so that researchers could study an unexploited population of
wolves. To conclude that study, researchers culled 80 wolves
in 1964 and another 26 in 1965 in an effort to understand the
reproduction and age structure of the population (Pimlott
et al. 1969). The harvested wolves constituted the majority of
wolves within the study area (population size estimate for the
2849 km2 study area was 90–110; Pimlott et al. 1969) and ac-

counted for approximately 36% of the park’s wolf population
at the time (population size estimate for the total park [7725
km2] = 1 wolf/26 km2 = 297 wolves [Pimlott et al. 1969]).
Since the end of the research project in 1965, wolves have been
protected within the park, although human-caused mortal-
ity of migratory park animals still accounted for ∼60% of
all wolf mortality in the eastern half of the park (Forbes and
Theberge 1996; Theberge and Theberge 2004) until Decem-
ber 2001 when wolf protection was extended to all townships
surrounding the park (Rutledge et al. 2010a).

Although wolf harvest in the first half of the 20th cen-
tury presumably impacted the population size and altered
the original genetic makeup of wolves within the park, the
timing of the research culls in the mid-1960s is important
because it occurred at a time when coyotes were becoming
well established in the area. Prior to the 1960s, introgres-
sion from coyotes may have occurred, but was likely lim-
ited because the first coyote confirmed in southern Ontario
was recorded in Thedford, Lambton County in 1919 (Nowak
1979) and densities near APP would have been relatively low
until the beginning of the 1960s when coyote populations
expanded rapidly north, east, and south (Moore and Parker
1992) in response to new habitat made available through land
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Figure 3. Trend in coyote observations in the Ottawa Valley region over the past 70 years. Value for 1939 is based on no coyotes reported in the
Ottawa Valley prior to 1940 (Pimlott 1961). Data from 1999 to 2009 is calculated from coyote observations in Wildlife Management Unit (WMU) 64B
of the Ottawa Valley reported by deer hunters on posthunt report cards. Dashed line and double slash indicate period of missing data.

clearing and wolf extirpation (Kyle et al. 2006; Kays et al.
2010). Estimates of coyote abundance in Wildlife Manage-
ment Unit 64B (Fig. 2) southeast of APP suggest a trend of
increased density (Fig. 3). Therefore, there was presumably
limited potential for coyote introgression into APP wolves
during the first half of the 20th century, although immi-
gration of wolf-like animals, either gray wolf–eastern wolf
hybrids from northeastern Ontario or other Algonquin-type
animals living in the park periphery, was likely common at
the time. To explore the long-term impacts that wildlife culls
can have on conservation, we analyzed genetic data acquired
from eastern wolf samples collected in APP over a 43-year
period (1964–2007), and interpreted genetic changes within
the context of wolf and coyote demographic history in and
around APP. Ultimately, this research demonstrates that al-
though intense localized killing of an apparently abundant
species may seem innocuous under the accepted scientific
framework of the time, it may have lasting, and unforeseen,
conservation implications.

Methods

Sample collection and DNA extraction

APP wolf samples used in this study were collected
over 43 years in the different time periods: 1964–1965
(hereafter referred to as Historic Harvested [HH64–65]),
1987–1999 (hereafter referred to as Contemporary Harvested

[CH87–99]), and 2002–2007 (hereafter referred to as Con-
temporary Protected [CP02–07]). Details regarding sample
collection and DNA extractions for the CH87–99 samples
can be found in Grewal et al. (2004) and for CP02–07 details
are provided in Rutledge et al. (2010c). For HH64–65 sam-
ples, DNA was extracted from teeth samples removed from
40 skulls of adult and yearling wolves trapped and killed in
APP during 1964 and 1965 (Pimlott et al. 1969). Given that
boiling water maceration was used to clean these skulls, we
attempted to extract DNA from the dried blood found in-
side intact canines and molars to improve the probability
of obtaining larger fragments of DNA. Sample processing
and DNA extractions were carried out in a laboratory area
dedicated to the extraction of low-template DNA from his-
toric and ancient samples at Trent University. The ancient
DNA laboratory enforces strict protocols to minimize risk
of contamination from contemporary sources. Filter tips or
disposable transfer pipettes were used throughout the ex-
traction process, and multiple negative controls were used to
track reagent contamination.

Exterior surfaces of the teeth were decontaminated with
a 1:9 DECON solution (Fisher Scientific, Ottawa, ON) to
remove any foreign DNA and then rinsed with DNAase-
free water (Gibco, Invitrogen, Burlington, ON). Teeth were
crushed with a hammer to expose the inner vasculature and
the dried blood from inside each tooth was placed in 400-
μl 1× lysis buffer (4 M urea, 0.2 M NaCl, 0.5% n-lauroyl
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sarcosine, 10 mM CDTA [1, 2-cyclohexanediamine], 0.1 M
Tris-HCl, pH 8.0) and incubated at 37◦C overnight (12–
18 h). Then 50 μl of Proteinase K (600 mAU/mL) was added
to each sample followed by incubation at 55◦C overnight
with rotation. Samples were then stored at 37◦C up to 2
days to ensure complete digestion. Samples were extracted
by standard phenol–chloroform methods adjusted for small
volumes (Sambrook and Russell 2001). Extracts were then
concentrated over Amicon Ultra 0.5 mL Centrifugal Filters
(Millipore, Billerica, MA) and stored at –20◦C until amplified
with polymerase chain reaction (PCR).

DNA quantification, amplification,
sequencing, and genotyping

Details regarding samples from CH87–99 and CP02–07 can
be found in Grewal et al. (2004) and Rutledge et al. (2010c),
respectively. HH64–65 samples were quantified by amplifi-
cation of microsatellite primer cxx172 with PCR conditions
described in Rutledge et al. (2010c) and 2 μl of DNA ex-
tract. To minimize effects of PCR inhibitors, 0.2 μg of bovine
serum albumin (BSA) was added to all reactions. In addition,
1.5 Units of Taq DNA polymerase (Invitrogen) were added to
each reaction to account for 35 PCR cycles. Amplified prod-
uct was visualized on an ethidium bromide stained agarose
gel, and fluorescence was compared to a positive control with
500 pg of DNA in the reaction with the software Quantity
One (Bio-Rad, Mississauga, ON) to ensure that samples used
in subsequent microsatellite reactions had at least 500 pg of
DNA in each reaction and alleviate scoring errors due to al-
lelic dropout (Rutledge et al. 2009 and references therein).
The control sample was prepared outside the ancient DNA
laboratory and added to the PCR machine immediately prior
to the start of the reaction process. We followed this protocol
for positive controls for all reactions so that amplification
could be tracked, but risk of contamination was minimized.
At all times during amplification and analysis, the positive
control was handled after all other samples had been pro-
cessed. For those samples where at least 500 pg of DNA could
be put into a PCR, a multiplex reaction of 35 cycles with mi-
crosatellite primers cxx253, cxx147, cxx410, cxx442 and sim-
plex reactions with microsatellite primers cxx225 and cxx172
were run to acquire individual genotypes. Reaction condi-
tions and primer references are described in Rutledge et al.
(2010c). For direct comparison, DNA from the CH87–99
wolf samples were amplified at these same six microsatellite
loci and similarly scored.

For HH64–65 males (as identified in field notes) with suffi-
cient target DNA, four Y chromosome microsatellite regions
were amplified with primers MS34A, MS34B, MS41A, and
MS41B (Sundqvist et al. 2001) with 40 cycles under condi-
tions described in Rutledge et al. (2010c). DNA from the PCR
product was precipitated with a standard ethanol precipita-

tion and labeled fragments were separated on an AB3730
(Applied Biosystems, Carlsbad, CA). All autosomal and Y
chromosome alleles were scored in GeneMarker 7.1 (SoftGe-
netics, State College, PA) and checked manually according to
strict internal standards of peak height and morphology.

A 343- to 347-bp fragment of the mitochondrial DNA
(mtDNA) control region was amplified from 2 ul of stock
DNA with primers AB13279 and AB13280 (Wilson et al.
2000) under the following conditions: initial denaturation
at 94◦C for 5 min followed by 40 cycles of 94◦C for 30 sec,
60◦C for 30 sec, 72◦C for 30 sec. Final extension was at 72◦C
for 2 min followed by storage at 4◦C. Amplified product was
visualized on an ethidium bromide stained agarose gel and
samples with sufficient DNA were prepared with Exonucle-
ase 1 (M0293S) and Anarctic Phosphatase (M0289S) (New
England BioLabs Inc., Ipswich, MA) followed by sequenc-
ing with a Big Dye Terminator Kit (Applied Biosystems) in
both forward and reverse directions on an AB3730. Con-
sensus sequences of 343 bp were generated from contigs as-
sembled from forward and reverse sequences in Sequencher
4.9 (GeneCodes Corporation, Ann Arbor, MI). All sequences
were checked manually to ensure accurate base calling by the
software.

Analyses

Mitochondrial DNA and Y microsatellite haplotypes were as-
signed based on previously published nomenclature (Wilson
et al. 2000; Rutledge et al. 2010c) and compared to previ-
ously published data for the CH87–99 (Grewal et al. 2004),
and CP02–07 (Rutledge et al. 2010c). Due to widespread
hybridization between eastern wolves and coyotes, it is diffi-
cult to make species designations to some haplotypes. Where
there is discrepancy in the literature, both potential species
origins are listed (for further discussion see Wheeldon et al.
2010; Rutledge et al. 2010c). To determine if the proportion
of eastern wolf haplotype C1 had decreased in APP since the
mid-1960s, we performed randomization tests of 1000 iter-
ations with replacement in the statistical software package R
2.9.0 based on 23 sampling events of C1 from the CH87–99
and CP02–07 datasets.

Only those samples from the mid-1960s that had suffi-
cient target DNA and amplified at four or more loci (n =
17) were used in subsequent microsatellite analyses. Data
included in microsatellite analyses include those generated
here (HH64–65 and CH87–99) as well as previously pub-
lished data from CP02–07, gray wolf–eastern wolf hybrids
from northeastern Ontario (NEON), and eastern coyotes
from southern Ontario along the Frontenac Axis (FRAX)
(see Rutledge et al. 2010c). In the HH64–65 dataset, 23%
of samples had missing allele scores at cxx442 and 35% had
missing allele scores at cxx147. Combined, 23% of samples
had missing scores at both loci. To identify the impact of
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including loci with missing data in estimates of differenti-
ation, we graphed Fst and Jost’s Dest measures of genetic
differentiation of the three APP time periods (HH64–65,
CH87–99, and CP02–07) and NEON to FRAX at all six loci,
then excluding cxx147 (five loci), and finally excluding locus
cxx147 and cxx442 (four loci; Appendix A1). Trends were
similar for all comparisons although including all six loci in
some cases gave slightly more conservative estimates of dif-
ferentiation. Therefore, we included all loci in subsequent
analyses.

Measures of observed and expected heterozygosity, num-
ber of alleles, and private alleles were calculated in GenAlEx
6.3 (Peakall and Smouse 2006), as were standard measures
of genetic distance (Fst) and tests of significant differences
between populations based on 999 permutations. Jost’s Dest

(Jost 2008) was also calculated in SMOGD (Crawford 2010;
accessed June 22, 2010) because Fst values do not always re-
flect true differentiation based on shared alleles (Jost 2008).
To assess changes in nuclear gene flow over time between
APP animals and those of NEON and FRAX, we (1) assessed
Fst and Jost’s Dest comparisons, (2) conducted Bayesian clus-
tering analysis in Structure 2.2 (Falush et al. 2007), (3) used
principal components analysis (PCA) in R 2.9.0, and (4) im-
plemented a logistic regression analysis in R 2.9.0. Details
regarding determination of the number of clusters and the
parameter settings for the Structure analysis, as well as PCA
analysis of the microsatellite dataset are described in Rut-
ledge et al. (2010c). In general, the number of clusters (K)
in Structure was determined by assessing a plot of the log
probability of the data (Mean LnP(K)) and a plot of the
second-order rate of change of the likelihood function (�K)
(Evanno et al. 2005) such that they were congruent with bi-
ological meaning. For the Structure analysis, we estimated
the number of clusters with no a priori assignment under
the F model for correlated allele frequencies with 5,000,000
MCMC steps and a burn-in of 250,000 for five runs each of
K = 1–8. Subsequent to optimal K determination, we con-
ducted 10 runs for K = 3 and averaged assignment scores
(Q) (which represent the posterior probability of member-
ship to each cluster) over the 10 runs. PCA was conducted in
the adegenet package (Jombart 2008) of R (R Development
Core Team 2008). For the logistic regression analysis, coyote-
influenced animals (as described below) were coded as “1”
and eastern wolf animals were coded as “0” to determine
changes in coyote influence in APP during the three time pe-
riods. Similarly, in a separate logistic regression to determine
changes in gray wolf influence, gray wolf animals were coded
as “1” and eastern wolves were coded as “0” to determine
changes in gray wolf influence in APP (comparing influence
in mid-1960s to that of 2000s since there was no gray wolf
influence noted in the 1980/90s). We identified an animal as
a coyote-influenced animal if QFRAX ≥ 0.2 and a gray wolf in-
fluenced animal if QNEON ≥ 0.2 (based on the understanding

that a first-generation hybrid backcrossed to a “pure” strain
would result in an assignment score of 0.75, and on a hybrid
simulation based power analyses for our ability to detect hy-
brids implemented in the adegenet package [Jombart 2008]
in R 2.9.0 [unpublished data]). Hybrid influence scores were
assigned as the dependent variable and the time period was
assigned as the independent variable with HH64–65 as the
reference dataset. Q-values distributed across all three groups
were only found in CP02–07 (n = 12) and these samples were
excluded from the logistic regression analysis because assign-
ment scores split across all populations can be an indication
that the source population has not been sampled rather than
representing influence from all populations.

Simulations

Coalescent simulations generate the genomes of individuals,
moving backwards in time, under a defined demographic
scenario with the assumption that the coalescent process
(Kingman 1982) for neutral markers will be determined by
the population and demographic history. Using coalescent
simulations, one can determine the distribution of genetic
summary statistics under a given demographic scenario and
determine if the observed data fall within or outside of the ex-
pected distribution (e.g., Gray et al. 2008; Banks et al. 2010).
In our analysis, an alternate explanation for the unexpected
change in differentiation between eastern wolves in APP and
coyotes in FRAX is genetic drift acting between sampling pe-
riods, rather than the impacts of harvesting. We therefore
used coalescent simulations to establish a distribution of ex-
pected change in differentiation between APP wolves and
FRAX coyotes through time under a demographic model,
which does not include any impacts of the harvest. If the ob-
served patterns were outside of this distribution, it is proba-
ble that genetic drift alone is not responsible for the observed
patterns.

Under our demographic model (Table 1; Fig. 4), eastern
wolves and coyotes split between 150,000 and 300,000
years ago (T.split) (Wilson et al. 2000) and were separated
until 100 years ago when the first coyotes were reported in
southern Ontario (Nowak 1979). Separately, eastern wolves
remained at a constant population size (N.wolf.anscest) of
64,500–90,200 individuals (estimated by multiplying the
historic range throughout the eastern temperate forests
(2,578,425 km2; CEC 1997) by an estimated density of
eastern wolves (0.025–0.035/km2; Rutledge et al. 2010a)
until 250–500 years in the past (T.decline) when European
settlers came to North America and eastern wolf populations
started to decline toward their current estimated population
size (N.wolf.current) in and around APP of 500–1000
individuals (this value includes the Park population esti-
mate of 300 [Rutledge et al. 2010a] plus individuals that
occur outside of the park boundaries). The ancestral
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Table 1. Coalescent simulation parameters.

Parameters Min Max

N. wolf.current 200 400
N.coyote.current 22,800 34,600
N.coyote.bot 25 50
N.wolf.ancest 25,800 36,080
N.coyote.ancest 478,000 726,000
T.stable 50 100
T.decline 250 500
T.bot 100 100
T.split 150,000 300,000
∗Gene flow 0.001 0.05
Mutation 1.1 × 10–3 3.9 × 10–3

∗Proportion of wolf population coming from coyote population. Popula-
tion range estimates used in coalescent simulations aimed at modeling
the demographic history of eastern wolves and coyotes. Population size
values (N) are effective population sizes, and time values (T ) are in years
(number of generations × 5-year generation time). All parameter es-
timates varied within a uniform distribution. See text and Figure 1 for
details of the demographic model.

coyote population size (N.coyote.ancest) of
956,800–1,453,000 (estimated by multiplying the size of
their historic range in the Great Plains [3,543,875 km2; CEC
1997] by an estimated density of coyotes [0.27–0.41/km2;
Berger and Conner 2008]) was also modeled to remain
stable until 100 years ago (T.bot) when a small number of
individuals (Kays et al. 2010) (N.coyote.bot; estimated at
50–100) founded the population in southern Ontario and
expanded to their current estimated size (N.coyote.current)
of 45,600–69,300 (estimated by multiplying estimated
coyote density by the size of the Mixed Woods Plains
ecoregion in Ontario and Quebec [168,913 km2; Wiersma
2007]). After this founding population arrived, we allowed
constant asymmetric gene flow (0.1–5%) from coyotes in
FRAX into wolves in APP. For the model parameters, we
estimated effective population sizes by dividing the estimated

population size by average pack size (wolves = 5 [Loveless
2010]; coyotes = 4 [Way 2003]) and multiplying by two
breeders per pack (Table 1). We assumed a strict stepwise
mutation model with a mutation rate varying between 1.1 ×
10–2 and 3.9 × 10–3 based on Canis microsatellite mutation
rate estimates (Parra et al. 2010).

The coalescent simulations were generated with Serial Sim-
Coal (Anderson et al. 2005) within ABCtoolbox (Wegmann
et al. 2010), which was used to vary the demographic pa-
rameters. Because Serial SimCoal allows for populations to
be sampled at various time periods, we sampled the simu-
lated wolf population (based on the midpoint of the sampling
period) at 40 years in the past (HH64–65), 10 years in the
past (CH87–99), and the current generation (CP02–07), and
calculated Dest (Jost, 2008) between each of these samples
and a sample from the simulated coyote population (Dest 1,
Dest 2, and Dest 3, respectively). Sample sizes were consistent
with observed data and Dest was calculated with a modified
python script of SMOGD version 1.2.5 (Crawford, 2010).
We wanted to determine if the change in differentiation was
different than expected under the assumed demographic sce-
nario, so we calculated the relative change in difference from
HH64–65 to CH87–99 (�Da) as

�Da = Dest1 − Dest2
(

Dest1+Dest2
2

)

and the relative change in differentiation from CH87–99 to
CP02–07 (�Db) as

�Db = Dest2 − Dest3
(

Dest2+Dest3
2

) .

A value of 0 represents no change in differentiation;
values > 0 suggests a decrease through time and values < 0
suggest an increase through time. Subsequently, we compared
the observed relative change to the distribution produced
from the 10,000 simulations to determine if the observed
change was likely in the absence of harvest pressure.

Figure 4. Assumed model of population and
demographic history for eastern wolves and
coyotes in eastern North America. See Table 1
for parameter estimates and text for description
of the model.
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Results

The frequencies of mtDNA haplotypes changed over time
(Table 2). Comparison of mtDNA haplotype names to those
found in other studies is provided in Appendix A2. Random-
ization tests indicate that there was a significant decrease in
the proportion of C1 eastern wolf haplotypes since the mid-
1960s (HH64–65 mean = 0.478; CH87–99 mean = 0.119,
SD = 0.065; CP02–07 mean = 0.0238, SD = 0.032). We were
only able to obtain complete Y microsatellite profiles for two
animals sampled from the mid-1960s, and both had eastern
wolf haplotype AA (Table 2). Partial profiles were determined

Table 2. Mitochondrial DNA (mtDNA) and Y microsatellite haplotypes
from Algonquin Provincial Park (APP) during the three different sampling
periods.

mtDNA haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

C1 Eastern Wolf 11 12 3
C3 Eastern Wolf 0 0 1
C13 Eastern Wolf 1 5 1
C17 Eastern Wolf 1 9 8
C22 Gray Wolf 0 4 9
C14 Coyote 9 35 65
C19 Coyote 0 18 33
C16 Coyote 0 1 0
C9 Coyote/Eastern Wolf∗ 1 18 7

Total (n) 23 102 127

Y microsatellite haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

AA Eastern Wolf 2 30 26
BB Eastern Wolf 0 13 14
CC Gray Wolf 0 2 0
CD Coyote/Eastern Wolf∗ 0 4 2
CE Gray Wolf 0 1 2
DC Gray Wolf 0 1 0
EF Gray Wolf 0 1 3
CR Coyote/Eastern Wolf∗ 0 0 1
GP Coyote/Eastern Wolf∗ 0 0 1

Total (n) 2 52 49

Data for Contemporary Harvested 1937–1999 (CH37–99) are from Gre-
wal et al. (2004) and data for Contemporary Protected 2002–2007
(CP02–07) are from Rutledge et al. (2010b). Randomization tests (see
text) indicate values of the eastern wolf mtDNA haplotype C1 are signif-
icantly lower in the 1980/90s (CH87–99) and 2000s (CP02–07) than in
the mid-1960s (HH64–65). Sample size is small for the HH64–65 Y mi-
crosatellites due to difficulty in amplifying the regions on these histonic
samples. Additional partial Y microsatellite profiles for the HH64–65
time period are available In Appendix A3. ∗Widespread hybridization be-
tween western coyotes and eastern wolves has resulted in uncertainty
regarding the species affiliation of these haplotypes. For a discussion see
Wheeldon et al. (2010) and Rutledge et al. (2010b).

for nine other animals from the mid-1960s: seven had hap-
lotype A for locus MS34, one had haplotype A for MS41,
and one only amplified at one locus that was consistent with
a probable A haplotype for MS34 (Appendix A3). Based on
known Y chromosome haplotypes (Wilson et al. In Review),
there are only three possible haplotypes for these partial pro-
files: AA, AQ, or EA (see Appendix A3). Since neither AQ,
which occurs in Nebraska coyotes, nor EA, which occurs in
Texas coyotes, are known to occur in Ontario (Wilson et al.
In Review), it is likely that at least 10 of the 11 animals
profiled have an eastern wolf haplotype AA. Given the high
proportion of missing genotypes, however, we did not pur-
sue further analysis or interpretation of the Y microsatellite
data.

Heterozygosity in APP was high across all three time pe-
riods and was similar to surrounding regions; the number
of effective alleles was also similar across time periods and
populations (Table 3). Both Fst and Jost’s Dest values showed
the closest relationship between coyotes in FRAX and eastern
wolves in APP occurred during the 1980/90s, whereas in the
mid-1960s these two populations were more differentiated;
differentiation increased from the 1980/90s to the 2000s but
did not reach mid-1960s values (Table 4).

Analysis of the autosomal microsatellite data with Struc-
ture and PCA identified three main clusters in the dataset,
with the three APP clusters having overlapping profiles
(Figs. 5 and 6), although the HH64–65 data were more tightly
clustered in the PCA (Fig. 6). As in other analyses of simi-
lar datasets (e.g., Rutledge et al. 2010c), the �K peak at K
= 2 represents the major division between Eurasian-evolved
(Old World) gray wolves and North American-evolved (New
World) species. The high �K values at K = 3 and K = 4
provide more subtle clustering information of more recently
diverged groups. As shown in Figure 5, K = 4 is not bio-
logically informative, thus K = 3 is suggested as the optimal
number of clusters for this dataset.

Differences among the three Algonquin datasets were not
readily obvious from these analyses. Results of the logistic
regression, however, indicate a significant increase in the pro-
portion of coyote-like animals in APP from the mid-1960s
to the 1980/90s (parameter estimate = 2.223; SE = 1.081;
df = 2, 171; P = 0.0397) but not from the mid-1960s to
the 2000s (parameter estimate = 1.674; SE = 1.053; df =
2, 171; P = 0.112) (Fig. 7). Odds of finding a coyote-like
animal were 9.1 times higher in the CH87–99 dataset than
HH64–65, but only 5.3 times higher in the CP02–07 data.
In contrast, there was a significant decrease in the number
of gray wolf influenced animals in the park over time. In
the CH87–99 dataset, there were no animals sampled with
genetic influence from NEON and logistic regression of the
HH64–65 compared to the CP02–07 suggest a significant de-
crease (parameter estimate = –1.567; SE = 0.692; df = 1;
P = 0.0236). Odds of sampling a gray wolf influenced animal
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Table 3. Comparison of genetic diversity among populations.

Population Sample size (n) Ho (SE) He (SE) Na (SE) Ne (SE)

NEON 51 0.686 (0.054) 0.628 (0.045) 5.667 (0.558) 3.021 (0.566)
HH64–65 17 0.693 (0.078) 0.678 (0.027) 4.833 (0.401) 3.214 (0.251)
CH87–99 41 0.748 (0.024) 0.727 (0.012) 7.000 (0.683) 3.695 (0.154)
CP02–07 128 0.672 (0.026) 0.722 (0.026) 7.000 (0.730) 3.753 (0.331)
FRAX 38 0.763 (0.048) 0.755 (0.030) 6.167 (0.543) 4.385 (0.525)

Ho = observed heterozygosity, He = expected heterozygosity, Na = number of alleles, Ne = number of effective alleles, SE = standard error,
NEON = northeastern Ontario, HH64–65 = Historic Harvested samples collected in Algonquin Provincial Park (APP) between 1964 and 1965,
CH87–99 = Contemporary Harvested samples collected in APP between 1987 and 1999, CP = Contemporary Protected samples collected in APP
between 2002 and 2007, FRAX = Frontenac Axis. Values are based on six microsatellite loci.

Table 4. Genetic distance between populations.

Population NEON HH64–65 CH87–99 CP02–07 FRAX

Four loci
NEON n/a 0.403 0.264 0.298 0.354
HH64–65 0.166 (0.001) n/a 0.010 0.002 0.160
CH87–99 0.130 (0.001) 0.012 (0.073) n/a 0.006 0.078
CP02–07 0.125 (0.001) 0.007 (0.130) 0.003 (0.170) n/a 0.159
FRAX 0.154 (0.001) 0.066 (0.001) 0.041 (0.001) 0.058 (0.001) n/a

Five loci
NEON n/a 0.232 0.229 0.269 0.330
HH64–65 0.145 (0.001) n/a 0.022 0.012 0.165
CH87–99 0.119 (0.001) 0.024 (0.007) n/a 0.001 0.057
CP02–07 0.117 (0.001) 0.022 (0.002) 0.002 (0.241) n/a 0.130
FRAX 0.145 (0.001) 0.071 (0.001) 0.035 (0.001) 0.051 (0.001) n/a

Six loci
NEON n/a 0.246 0.239 0.269 0.274
HH64–65 0.161 (0.001) n/a 0.028 0.020 0.149
CH87–99 0.124 (0.001) 0.039 (0.001) n/a 0.000 0.047
CP02–07 0.118 (0.001) 0.035 (0.001) 0.001 (0.308) n/a 0.112
FRAX 0.138 (0.001) 0.080 (0.001) 0.032 (0.001) 0.047 (0.001) n/a

Values are based on 4, 5, or 6 autosomal micosatellite loci. Fst is below horizontal and Jost’s Dest is above horizontal. P-values for Fst comparisons (in
parentheses) are based on 999 permutations in the AMOVA option of GenAlEx. NEON = northeastern Ontario, HH64–65 = Historic Harvested samples
collected in Algonquin Provincial Park (APP) between 1964 and 1965, CH87–99 = Contemporary Harvested samples collected in APP between 1987
and 1999, CP = Contemporary Protected samples collected n APP between 2002 and 2007, FRAX = Frontenac Axis.

were reduced by a factor of 0.21 in CP02–07 compared to
HH64–65.

Simulations

The observed relative change in population differentiation
between HH64–65 and CH87–99 (�Da) was 1.04, which
was within the range, but greater than 93% (P = 0.06) of
the coalescent simulations (Fig. 8), suggesting that differ-
entiation between coyotes and wolves decreased more than
expected under the defined demographic model. Conversely,
the observed relative change between CH87–99 and CP02–07
(�Db) was –0.80 and lower than 95% (P = 0.05) of the simu-
lations, suggesting the observed magnitude of gene flow from
FRAX to APP was smaller than expected under constant mi-
gration across time periods.

Discussion

Killing of wolves during the mid-1960s in APP appears to
have influenced the genetic composition of the Park’s wolf
population. Although researchers at the time could not have
predicted these outcomes, it seems likely that extensive culling
of wolves prompted the few remaining wolves in the Park
to mate with individuals from the expanding coyote popu-
lation. The subsequent decline of an eastern wolf mtDNA
haplotype and introgression of coyote mitochondrial and
nuclear DNA correlates well with the demographic history
of the two species, and coalescent simulations suggest these
outcomes were unlikely in the absence of harvest pressure.
The genetic consequences of this hybridization have com-
plicated eastern wolf conservation and may continue to do
so in regions where APP wolves disperse into unprotected
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Figure 5. Number of Canis clusters inferred
from six autosomal microsatellites. Top figure
shows mean log probability of the data
(dashed line) and the second-order change of
the likelihood function (�K) (solid line) as a
means of inferring the number of clusters in
the data. Arrows indicate “population”
divisions, APP = Algonquin Provincial Park. At
K = 2, the major division between Old World
evolved animals (gray wolves) and New World
evolved animals (eastern wolves and coyotes)
occurs. At K = 3, eastern coyotes separate
and APP animals from all three time periods
cluster together. K = 4 hints at a division
within Algonquin animals, but this division is
difficult to interpret biologically and should be
treated with caution. Overall, K = 3 is the
most likely number of clusters.

areas where coyotes flourish (e.g., Quebec and southern
Ontario).

The exact impacts and biological mechanisms of the
mtDNA exchange are unclear, but a similar turnover of
mtDNA haplotypes associated human-caused gray wolf ex-
tirpation followed by recolonization and subsequent dog in-
trogression has been noted in Vancouver Island gray wolves
(Muñoz–Fuentes et al. 2010). Similar to the situation on Van-
couver Island, hybridization between eastern wolves and coy-
otes in APP may have occurred due to an Allee effect (Allee
1931) resulting from a lack of conspecific mates for eastern
wolves associated with small population size when wolf har-
vest was high. Like the situation on Vancouver Island, main-
taining large population sizes and minimizing human-caused
mortality will be important for minimizing potentially dele-
terious effects of hybridization. For eastern wolves in APP,
affording protection for wolves in connected, suitable east-
ern wolf habitat between the Park and surrounding regions
will be important for promoting gene flow among eastern
wolves that will maximize genetic variability on which nat-

ural selection can act. Although nuclear genetic diversity of
APP wolves was maintained over time, their nuclear genetic
signature is now closer to the mid-1960s state than it was
in the 1980/90s when park animals were genetically more
similar to eastern coyotes. We attribute this genetic restora-
tion to the implementation of a ban in 2001 on wolf hunting
and trapping in the townships surrounding the park where
high human-caused wolf mortality occurred for wolves mi-
grating outside park boundaries (Forbes and Theberge 1996;
Theberge and Theberge 2004). Thus, expanded protection
may have promoted the natural recovery of a historic genetic
state. This rebound is important because genetic influence
from the smaller coyote may be detrimental to the viability
of the wolf population in the current park ecosystem where
moose are the most common ungulate prey (Quinn 2004;
Loveless 2010), and larger body size is positively related to
predatory efficiency when hunting large ungulates (Carbone
et al. 1999; MacNulty et al. 2009).

We have shown that intensive eastern wolf culls may ex-
acerbate hybridization with coyotes. These results may have
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Figure 6. Centered, scaled PCA analysis of six autosomal microsatellite
loci from the five different groups. Population 1 in blue = northeastern
Ontario (NEON), 2 in black = Algonquin Provincial Park (APP) from mid-
1960s (Historic Harvested 1964–1965 [HH64–65]), 3 in green = APP
from the 1980/90s (Contemporary Harvested 1987–1999 [CH87–99]),
4 in red = APP from the 2000s (Contemporary Protected 2002–2007
[CP02–07]), and 5 in orange = Frontenac Axis (FRAX).

implications for other closely related species that have been
brought together by landscape changes and expansion of
nonendemics. Wolves have been extirpated across most of
their original range in North America with dramatic conse-
quences for wolf viability and ecosystem health. For exam-
ple, extirpation has led to widespread loss of genetic diversity
within wolf populations thus reducing their adaptive evolu-
tionary potential (Leonard et al. 2005), and ecosystems have
suffered considerably in the absence of top predators that
effectively regulate ungulate populations (Beschta and Rip-
ple 2009; Licht et al. 2010). The impacts of overharvesting
are widespread across species. It is a global problem that has
left small, remnant populations of amphibians, birds, mam-
mals, and fish susceptible to extinction through hybridiza-
tion with closely related, more abundant, invasive species
(Rhymer and Simberloff 1996). In the face of increasing habi-
tat alteration, invasion of nonendemic species, and climate
change, the mapping of evolutionary processes over time is
of utmost importance for wildlife conservation (Smith and
Bernatchez 2008). As demonstrated here, utilizing historic
samples for long-term genetic monitoring of populations is
essential for tracking changes in the evolutionary trajectory
of a population and implementing effective conservation and
management strategies, especially for exploited populations
(Allendorf et al. 2008; Coltman 2008; Darimont et al. 2009).

Figure 7. Proportional representation of wolves in APP in the three dif-
ferent time periods assigned in Structure as (A) Algonquin Provincial
Park (APP; Q ≥ 0.8 to APP); (B) influenced by hybridization with east-
ern coyotes from Frontenac Axis (APP-FRAX; 0.8 ≥ Q ≥ 0.2 to FRAX);
(C) strongly assigned to FRAX (FRAX; Q ≥ 0.8 to FRAX); (D) influenced
by hybridization with gray wolf–eastern wolf hybrids from northeast-
ern Ontario (APP-NEON; 0.8 ≥ Q ≥ 0.2 to NEON); (E) assigned with
Q ≥ 0.2 to all three populations (APP-NEON-FRAX). HH64–65 = Historic
Harvested samples collected between 1964 and 1965; CH87–99 = Con-
temporary Harvested samples collected between 1987 and 1999; CP =
Contemporary Protected sampled collected between 2002 and 2007.

Above all, our results demonstrate that intense localized
harvesting of species thought to be numerous and widespread
can have unexpected outcomes that threaten conservation of
species and naturally functioning ecosystems. The advanced
molecular genetic techniques now used for studying wildlife
populations were unheard of in the 1960s and no one could
have predicted the impacts that such an experimental design
could have on a population. Although the research methods
used in the 1960s would fail to meet current ethical guide-
lines, targeted culling is still common practice for managing
wildlife under various scenarios (Genovesi 2005; Karki et al.
2007; Wasserberg et al. 2009; Lachish et al. 2010; Smith et al.
2010). For example, lethal control of gray wolves (C. lupus)
is currently used to increase the size of ungulate popula-
tions in Alaska, USA (Boertje et al. 2010), and in Alberta,
Canada (Schneider et al. 2010) where both total wolf harvest
and areas of intense harvest (>45 wolves/1000 km2) have in-
creased over the past 22 years (Robichaud and Boyce 2010).
Similarly, lethal methods are routinely used for coyote con-
trol, with intense “spatially clumped” harvest suggested as
more effective than random removal across a broad spatial
scale (Conner et al. 2008). Coyotes are generally regarded as
vermin, and wolves are often perceived as a major threat to
ungulate populations; both of these viewpoints were similarly
applied toward wolves in APP prior to 1965.
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Figure 8. Kernel density plots of the relative change in Jost Dest be-
tween coyotes in the Frontenac Axis (FRAX) and wolves in APP from, (A)
Historic Harvested 1964–1965 (HH64–65) to Contemporary Harvested
1987–1999 (CH87–99) and (B) CH87–99 to Contemporary Protected
2002–2007 (CP02–07), for 10,000 coalescent simulations (see text for
details of simulations). Values of 0 represent no change in differentiation,
values > 0 represent a decrease, and values < 0 represent an increase.
Dotted vertical line shows the observed change.

Our results suggest the potential for ecological assump-
tions to be incomplete and that culling and other seemingly
harmless, invasive methods, even when applied to abundant
“pest” species, may have unexpected, lasting conservation
implications. Whether for the purpose of game species man-
agement, protection of endemics, population size estimates,
or collecting basic ecological knowledge, exploring nonlethal
alternatives could minimize unanticipated impacts to an-
imal populations and thus reduce the burden on wildlife
managers. By following guidelines and principles of eco-
logical ethics as outlined by a growing number of scientists
(Farnsworth and Rosovsky 1993; Minteer and Collins 2005;
Vucetich and Nelson 2007; Paquet and Darimont 2010), sam-
pling methods are less likely to result in unanticipated neg-
ative impacts. In this way, we can avoid leaving behind a
legacy of complications for future conservation biologists
and wildlife managers.
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chromosome haplotyping in Scandinavian wolves (Canis

lupus) based on microsatellite markers. Mol. Ecol.

10:1959–1966.

Theberge, J. B., and M. T. Theberge. 2004. The wolves of

Algonquin Park: a 12 year ecological study. Department of

Geography, University of Waterloo. Waterloo, Ontario,

Canada.

Thirgood, S., S. Redpath, I. Newton, and P. Hudson. 2001.

Raptors and red grouse: conservation conflicts and

management solutions. Conserv. Biol. 14:95–104.

Vucetich, J. A., and M. Nelson. 2007. What are 60 warblers worth?

Killing in the name of conservation. Oikos 116:1267–1278.

Wasserberg, G., E. E. Osnas, R. E. Rolley, and M. D. Samuel.

2009. Host culling as an adaptive management tool for chronic

wasting disease in white-tailed deer: a modeling study. J. Appl.

Ecol. 46:457–466.

Way, J. G. 2003. Description and possible reasons for an

abnormally large group size of adult eastern coyotes observed

during summer. Northeast. Nat. 10:335–342.

Way, J. G., L. Rutledge, T. Wheeldon, and B. White. 2010. Genetic

characterization of eastern coyotes in eastern Massachusetts.

Northeast. Nat. 17:189–204.

Wegmann, D., C. Leuenberger, S. Neuenschwander, and L.

Excoffier. 2010. ABCtoolbox: a versatile toolkit for

approximate Bayesian computations. BMC Bioinformatics

11:116. doi:10.1186/1471-2105-11-116.

Wiersma, Y. F. 2007. The effect of target extent on the location of

optimal protected areas networks in Canada. Landscape Ecol.

22:1477–1487.

Wheeldon, T., B. R. Patterson, and B. N. White. 2010. Sympatric

wolf and coyote populations of the western Great Lakes region

are reproductively isolated. Mol. Ecol. 19:4428–4440.

Wilson, P. J., S. Grewal, I. D. Lawford, J. N. M. Heal, A. G.

Granacki, D. Penock, J. B. Theberge, M. T. Theberge, D. R.

Voigt, W. Waddell, et al. 2000. DNA profiles of the eastern

Canadian wolf and the red wolf provide evidence for a

common evolutionary history independent of the gray wolf.

Can. J. Zool. 78:2156–2166.

Wilson, P. J., T. Wheeldon, K. Shami, L. Y. Rutledge, B. R.

Patterson, and B. N. White. In Review. Y-chromosome

evidence supports the existence of the eastern wolf (C. lycaon)

and multi-species Canis hybridization in eastern North

America. PLoS ONE.

32 c© 2011 The Authors. Published by Blackwell Publishing Ltd.



L. Y. Rutledge et al. Culling Facilitates Hybridization

Appendix A1. Comparison of genetic distance values (Fst

and Dest) based on 4. 5. and 6 microsatellite loci. All
populations are compared to eastern coyotes from the
Frontenac Axis (FRAX). Data were complete for 4 loci of all
populations, but for 5 loci, HH64–65 was missing 23% of
data at locus cxx442 and for 6 loci it was also missing
35% at locus cxx147. NEON = gray-eastem wolf hyorids
from northeastern Ontario; HH64–65 = Historic Harvested
sampled in Algonquin Provincial Park (APP) between
1964–55: CHB7–99 = Conternporary Harvested sampled
in APP between 1987–99: CP02–07 = Contemporary
Protected sampled between 2002–07. Data for FRAX,
NEON and CP02–07 are from Rutledge et al. (2010c).

Appendix A2. Comparison of haplotypes with the published litrature.
(a) Leonard & Wayne 2008; (b) Koblmüller et al. (2009); (c) Wilson et al.
(2000); (d) Hailer & Leonard (2008); (e) Rutledge et al. (2010d).

Sample ID Sequence length (bp) mtDNA Haplotypes

6345/64 343 GL10, GL17, GL18a; C13c; Ccr10e

6242/65 343 GL12a; C17e; Ccr11e

6347/64 343 GL13a; Ia33d; C14c; Ccr09e

6342/64 343 GL13a; Ia33d; C14c; Ccr09e

6244/65 343 GL13a; Ia33d; C14c; Ccr09e

6257/65 343 GL13a; la33d; C14c; Ccr09e

6288/65 343 GL13a; Ia33d; C14c; Ccr09e

6252/65 343 GL13a; Ia33d; C14c; Ccr09e

6254/65 343 GL13a; Ia33d; C14c; Ccr09e

6250/65 343 GL13a; Ia33d; C14c; Ccr09e

6290/64 343 GL13a; Ia33d; C14c; Ccr09e

6246/65 342 GL16a; Ia18?; C9c; Ccr29e

6352/64 343 GL1a; Ia19b; C1c; Ccr12e

6315/64 343 GL1a; Ia19b; C1c; Ccr12e

6240/65 343 GL1a; Ia19b; C1c; Ccr12e

6307/64 343 GL1a; Ia19b; C1c; Ccr12e

6311/64 343 GL1a; Ia19b; C1c; Ccr12e

6256/65 343 GL1a; Ia19b; C1c; Ccr12e

6253/65 343 GL1a; Ia19b; C1c; Ccr12e

6241/65 343 GL1a; Ia19b; C1c; Ccr12e

6283/65 343 GL1a; Ia19b; C1c; Ccr12e

6346/64 343 GL1a; Ia19b; C1c; Ccr12e

6269/64 299 GL1a; Ia19b; C1c; Ccr12e

Appendix A3. Y-microsatellite scores for Historic Harvested samples
collected between 1964–65 (HH64–65), Haplotypes are assigned based
on previously published literature (see Rutledge et al. 2010b). Several
values are missing due to the difficulty in amplifying MS41 in these his-
toric samples. However, the only known haplotype combinations where
values are missing are indicated. It is probable that MS41 haplotypes with
missing alleles (marked ∗) are A haplotypes because the other possibility
is AQ (Wilson et al. In Review) that occurs in Nebraska coyotes and is
not known to occur in Ontario. Similarly, it is probably that the one ∗∗

is A because the only other known alternative is E which occurs in Texas
coyotes and red wolves (Wilson et al. In Review) and is not known to
occur in Ontario.

Sample MS34 MS41 Y
ID MS34A MS34B Haplotype MS41A MS41B Hapotype Haplotype

6240/65 172 180 A 212 212 A AA
6285/65 172 180 A 212 A, Q∗ A?
6244/65 172 180 A 212 − A, Q∗ A?
6307/64 172 − − − − − ?
6311/64 172 180 A − − − A?
6309/64 172 180 A − − − A?
6253/65 172 180 A − − − A?
6241/65 − − A, E∗∗ 212 212 A ?A
6252/65 172 180 A 212 − A, Q∗ A?
6242/65 172 180 A − − − A?
6283/65 172 180 A 212 212 A AA

c© 2011 The Authors. Published by Blackwell Publishing Ltd. 33
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Abstract
Little information exists on coyote (Canis latrans) space use and habitat selection in the

southeastern United States and most studies conducted in the Southeast have been carried

out within small study areas (e.g.,�1,000 km2). Therefore, studying the placement, size,

and habitat composition of coyote home ranges over broad geographic areas could provide

relevant insights regarding how coyote populations adjust to regionally varying ecological

conditions. Despite an increasing number of studies of coyote ecology, few studies have

assessed the role of transiency as a life-history strategy among coyotes. During 2009–

2011, we used GPS radio-telemetry to study coyote space use and habitat selection on the

Albemarle Peninsula of northeastern North Carolina. We quantified space use and 2nd- and

3rd-order habitat selection for resident and transient coyotes to describe space use patterns

in a predominantly agricultural landscape. The upper limit of coyote home-range size

was approximately 47 km2 and coyotes exhibiting shifting patterns of space use of areas

>65 km2 were transients. Transients exhibited localized space use patterns for short dura-

tions prior to establishing home ranges, which we defined as “biding” areas. Resident and

transient coyotes demonstrated similar habitat selection, notably selection of agricultural

over forested habitats. However, transients exhibited stronger selection for roads than resi-

dent coyotes. Although transient coyotes are less likely to contribute reproductively to their

population, transiency may be an important life history trait that facilitates metapopulation

dynamics through dispersal and the eventual replacement of breeding residents lost to

mortality.

Introduction
Similar to other Canis species, coyotes establish and hold territories to ensure optimal repro-
ductive fitness through group living [1–4]. However, not all coyotes defend territories and biol-
ogists studying coyote ecology often classify them according to their space use as residents and
transients [5–8]. Resident coyotes are individuals (breeders, juveniles, and pups) belonging to a
pack and in possession of a territory that exhibit passive (i.e., scent marking) and aggressive
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(i.e., physical conflict) behaviors to exclude conspecifics [9,10]. Conversely, transient coyotes
do not maintain territories and exhibit nomadic movements with no fidelity for any one area
[5,8]. Researchers have traditionally focused on resident animals when studying space use of
coyotes because residents make up the breeding portion of populations. Until recently, resi-
dents have been easier to study because their site fidelity and predictable movement patterns
favor traditional telemetry techniques (i.e., very high frequency [VHF]) that require intensive
field effort to locate study animals. Conversely, space use by transient coyotes has rarely been
assessed because transients traverse expansive areas and are difficult to track without global
positioning system (GPS) and satellite technology. A number of studies have noted the pres-
ence of coyotes with nomadic behaviors that traverse expansive areas and are difficult to moni-
tor via VHF radio-telemetry [6,11–13]. For example, Andelt [6] reported that coyotes
considered to be transients in his study were located<50% of the time within their study area
and Chamberlain et al. [11] reported 33% of coyotes with VHF radio collars had permanently
left their study area. Despite these logistical challenges, several studies have documented and
assessed space use patterns of transient coyotes [6,7,14], but fewer have assessed both space use
and habitat selection [8,15].

Coyote space use has been routinely studied and study area sizes ranged from approximately
30 km2 [6] to approximately 3,000 km2 [16]. Many well-referenced studies have been con-
ducted within study areas about 1,000 km2 or less [6–8,17–19]. Because coyotes are highly
mobile, patterns of space use and habitat selection within relatively small study areas can only
provide part of the total knowledge into the spatial ecology of coyotes. Recently, Hinton et al.
[20] described unique, localized space use during long-distance movements by 3 transient coy-
otes. They referred to intermittent, localized space use exhibited by transients as “biding” areas
because those patterns may represent attempts by transients to assess areas and establish home
ranges. Although Hinton et al. [20] reported anecdotal findings, their study indicated that
assessing transient space use and habitat selection over broad geographic areas may provide
important insights into how coyotes seek out and acquire territories.

Previous studies examining space use and habitat selection of coyotes concluded that tran-
sients are likely subordinate individuals who may actively avoid territories of residents and
occupy suboptimal habitats not used by residents [5,7,8,15]. Additionally, Camenzind [5] sug-
gested that transients serve as a surplus of individuals that are periodically recruited into the
resident, reproductive segment of the population. These insights demonstrate that space and
reproductive opportunities are limiting resources for coyotes. However, the ephemeral nature
of space use that results from continuous exchanges of territorial ownership among individuals
in coyote populations has been difficult to assess. Understanding these spatiotemporal dynam-
ics is particularly important because they may contribute to life history characteristics of coy-
otes that permit populations to expand and persist in human-altered landscapes.

Extensive movements by transients involve decisions by individuals that contribute to key
aspects of coyote ecology such as competition, foraging behavior, and habitat selection, which,
in turn, influence population structure and processes over broad geographic areas. Because
estimates of density, dispersal, and survival may be biased within small study areas [21,22], we
define a minimum geographic extent as�2,500 km2. In the eastern United States, this large
extent is important to capture actual dispersal ability of large Canis species and thus for proper
classification of coyote social status [20,23]. Coyotes in eastern North Carolina are sympatric
with endangered red wolves (Canis rufus) and both species are managed and monitored by the
United States Fish and Wildlife Service (USFWS) Red Wolf Recovery Program (Recovery Pro-
gram) on the Albemarle Peninsula to prevent hybridization and facilitate red wolf recovery
[24,25]. Because Recovery Program biologists radio monitor both coyotes and red wolves
throughout the Albermarle Peninsula, the approximately 6,000 km2 Red Wolf Recovery Area
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offers a large study area in the Southeast to evaluate the ecology of resident and transient
coyotes.

Our understanding of key traits that facilitate coyote adaptation to diverse ecosystems
throughout North America remains incomplete because studies examining the ecology of tran-
sient coyotes are limited. Understanding how coyote populations structure themselves on the
landscape and which landscape characteristics facilitate coyote movements is critical for mak-
ing reliable inferences about coyote ecology. Here, we compare space use and habitat selection
by resident and transient coyotes to describe how coyotes exploit space. Our first objective was
to quantify the size of areas used by resident and transient coyotes and describe the habitat
composition of those areas. Our second objective was to assess differences in resident and tran-
sient habitat selection and develop resource-selection functions (RSFs) to map relative proba-
bility of habitat use by coyotes within the Recovery Area.

Materials and Methods
Our study was conducted on the Albemarle Peninsula in the northeastern region of North
Carolina (Fig 1). The study area included approximately 6,000 km2 of federal, state, and private
lands comprising a row-crop agricultural-bottomland forest matrix with little change in eleva-
tion (<50 m). Agricultural crops (i.e., corn, cotton, soybean, and winter wheat) and managed
pine (Pinus spp.) composed of approximately 30% and 15% of the land cover, respectively.
Other prominent land-cover types were coastal bottomland forests and pocosin (peatlands
with a low [1–4 m] and dense evergreen shrub layer; 35%), herbaceous wetlands and saltwater
marshes (5%), open water (5%), and other minor land-cover types (10%). The climate was typi-
cal of the mid-Atlantic: 4 distinct seasons, nearly equal in length, with an annual precipitation
averaging between 122 to 132 cm. Summer climate was typically hot and humid with daily tem-
peratures ranging from 27°C to over 38°C and winters were relatively cool with daily tempera-
tures ranging between -4° to 7° C.

As part of long-term monitoring and management of red wolves and coyotes on the Albe-
marle Peninsula, the Recovery Program conducted annual trapping during autumn and winter
to capture and fit individual red wolves and coyotes with radio collars. Our field study assisted
annual trapping efforts from 2009 through 2011 to capture coyotes and red wolves. Coyotes

Fig 1. Map of the Albemarle Peninsula of northeastern North Carolina with primary habitat types
during 2009–2011.

doi:10.1371/journal.pone.0132203.g001
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were not a listed or protected species and the permitting authority for their capture and release
was the North Carolina Wildlife Resources Commission. However, red wolves were listed as
critically endangered by the International Union Conservation of Nature’s (IUCN) red list of
threatened species and we operated under a cooperative agreement with the USFWS that per-
mitted us to trap under special handling permits issued to the Recovery Program to trap and
handle red wolves. This study, including all animal handling methods, was approved by the
Louisiana State University Agricultural Center Institutional Animal Care and Use Committee
(Protocol Number AE2009-19) and meets the guidelines recommended by the American Soci-
ety of Mammologists [26]. Permission to access private lands for trapping occurred under
memorandum of agreements (MOAs) between individual landowners and the Recovery Pro-
gram. We access private lands of landowners without existing MOAs by contacting those indi-
viduals to receive permission to trap their lands.

We captured coyotes using padded foot-hold traps (Victor no.3 Softcatch, Woodstream
Corporation, Lititz, Pennsylvania, USA) from October through May, 2009–2011. Coyotes were
typically restrained using a catchpole, muzzle, and hobbles. Although most coyotes were not
anesthetized, several were chemically immobilized with an intramuscular injection of ketamine
HCl and xylazine HCl to inspect inside the mouth for injuries. Coyotes were sexed, measured,
weighed, and aged by tooth wear [27], and a blood sample was collected. We categorized coy-
otes>2 years old as adults, 1–2 years old as juveniles, and<1 year old as pups. Coyotes on the
Albemarle Peninsula were reproductively sterilized by the USFWS to prevent introgression
into the red wolf population [24,25]. Coyotes were taken to a local veterinary clinic for surgical
sterilization where males and females were reproductively sterilized by vasectomy and tubal
ligation, respectively. This process keeps hormonal systems intact to avoid disrupting breeding
and territorial behavior [28,29]. Prior to release at the original capture sites, we fit coyotes with
a mortality-sensitive GPS radio collar (Lotek 3300s, Newmarket, Ontario, Canada) scheduled
to record a location every 4 hours (0:00, 04:00, 08:00, and so on) throughout the year.

The Recovery Program monitored radio-collared red wolves and coyotes 2 times a week
from aircraft to identify red wolf and coyote territories on the Albemarle Peninsula. Resident
pairs of coyotes were identified as radio-collared individuals of breeding age (�2 years old)
who were temporally and spatially associated with one another and defending a territory for
�4 months. When trapping was not feasible after radio-collared coyotes established territories,
we confirmed the presence of a mate via field inspection for sign (i.e., visual observations and
tracks) of another individual over the course of several weeks. To avoid autocorrelation, we
only fit one coyote in each pair of residents with a GPS radio-collar. We classified radio-col-
lared coyotes as transients when they were solitary and not associated with other radio-collared
coyotes and displayed extensive movements throughout the Albemarle Peninsula.

To reflect the anthropogenic effects of agricultural practices on the landscape, we divided
each year into 2 6-month seasons based on agricultural activity: growing (1 March–31 August)
and harvest (1 September–28 February). We estimated space use of resident and transient coy-
otes by fitting dynamic Brownian bridge movement models (dBBMMs) to the time-specific
location data to estimate the probability of use along the full movement track of each coyote
[30], using R package moveud [31] in Program R [32]. Brownian bridge movement models use
characteristics of an animal’s movement path among successive locations to develop a utiliza-
tion distribution of an animal’s range. Because many factors influence telemetry error and
recent studies suggest telemetry error for GPS radio collars range between 10–30 m [33], we
used an error estimate of 20 m for all locations. Our error estimate was calculated based on rec-
ommendations and assumptions outlined in Byrne et al. [34]; we chose a moving window size
of 7 locations (equivalent to 14 hours) with a margin of 3 locations for full tracks of each ani-
mal to reflect temporal shifts in coyote movements related to photoperiods. For residents, we
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considered 95% and 50% contour intervals as home ranges and core areas, respectively.
Because transients do not maintain and defend territories, we did not refer to transient space
use as home ranges and core areas. Instead, we considered 95% and 50% contour intervals for
transients as transient ranges and biding areas [20], respectively. We used t-tests to investigate
changes in the area of space use among seasons.

We estimated predominant landscape features from a digitizedlandscape map of vegetative
communities developed by the North Carolina Gap Analysis Project [35]. We collapsed vegeta-
tive communities estimated by McKerrow et al. [35] into 4 general habitat classes with a 30-m
resolution. For the habitat selection analysis, we divided the landscape into agriculture, coastal
bottomland forest, pine forest, and wetlands (e.g., herbaceous wetlands, marshes, and pocosin).
Because coyotes are known to use roads and forage along edges, we also developed road and
agricultural-forest edge layers [36]. We created distance raster maps for habitat classes, roads,
and agricultural-forest edges (hereafter edges) using the ‘Euclidean Distance’ tool in the Spatial
Analyst toolbox in (ArcGIS 10; Environmental Systems Research Institute Inc., Redlands, Cali-
fornia) to calculate the distance from every 30 m pixel to the closest landscape feature [37, 38].
We used analysis of variance (ANOVA) and Tukey tests [39] for multiple comparisons to
determine if habitat composition of home ranges, core areas, transient ranges, and biding areas
differed.

We used RSFs to examine relationships between landscape features and coyote establish-
ment of home ranges on the landscape (2nd-order selection) [40] and to examine relationships
between landscape features and coyote use within their home ranges (3rd-order selection) fol-
lowing Design II and III approaches suggested by Manly et al. [41]. For 2nd-order selection, we
used individual animals as our sampling units and measured resource availability at the popu-
lation level. For 3rd-order selection, we used individual animals as our sampling units and
resource availability was measured for each animal. Despite the presence of territorial red
wolves on the Albemarle Peninsula and active management by the Recovery Program to reduce
red wolf-coyote hybridization, coyotes were found throughout the entire peninsula. We used
distance-based variables to assess habitat selection to eliminate the need to base inference on
subjectively chosen reference categories [37]. Therefore, we inferred “selection” when known
(used) locations were closer to resource features than were random (available) locations and
“avoidance” was inferred when known locations were farther from resource features than ran-
dom locations. We used a binomial approach to estimate resource-selection functions by com-
paring characteristics of known locations to an equal number of random locations within the
Albemarle Peninsula study area (2nd-order selection) and within home ranges and transient
ranges (3rd-order selection) of coyotes [41]. We used generalized linear mixed models with a
logistic link to compare habitat selection between resident and transient coyotes. We included
random intercepts for individual coyotes in each model to account for correlation of habitat
use within individuals and the unbalanced telemetry data. We modeled resource selection
using the R package ‘lme4’ [42] with a binary (0 = available, 1 = used) response variable. Prior
to modeling, we rescaled values for all distance-based variables by subtracting their mean and
dividing by 2 standard deviations [38,43].

We designed 5 candidate models for coyote occurrence guided by 4 a priori general hypoth-
eses to develop RSFs: (1) Coyotes require cover and shelter found primarily in forests. (2) Coy-
otes favor linear landscape characteristics, such as edges and roads. (3) Coyotes prefer open,
treeless habitats, such as agricultural fields. (4) Coyotes avoid wetland habitats. We used an
information-theoretic approach to assess models by calculating Akaike’s information criterion
for small sample sizes (AICc) [44,45] and used ΔAICc to select which models best supported
habitat selection. First, we used all resident and transient locations from our telemetry data,
included main effects for all fixed predictor variables, and considered interactions between a
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coyote status variable (resident = 1, transient = 0) and each landscape feature variable to inves-
tigate potential differences in selection between resident and transient coyotes. Second, we sub-
setted resident and transient locations and constructed separate models to derive 2nd- and 3rd-
order selection coefficients for each landscape feature without interactions. We included all
landscape features described above in our global models sets because correlation between indi-
vidual predictor variables was low or modest (all r< 48%).We conducted model validation of
the best model using k-fold cross-validation and then tested for predictive performance using
area under the curve (AUC) [46–49]. This cross-validation is based on partitioning the data
into k bins and performing k iterations of training and validation in which a different bin of the
data is held out for validation, while remaining k–1 bins are used for the training set. We used
10 folds (k = 10) to estimate performance of RSF models. Area under the curve of a receiver
operating characteristic (ROC) curve represents the relative proportions of correctly and incor-
rectly classified predictions over a range of threshold levels by plotting true positives versus
false positives for a binary classifier system.

Results
During 2009–2011, we fit 28 coyotes with GPS radio collars for monitoring. During this period,
the Red Wolf Recovery Program also radio monitored 12 sterile coyote pairs (comprising
about 20 radio-collared coyotes) each year. Each year, approximately 20 radio-collared coyotes
were not associated with known packs or breeding pairs and were assumed to be transients.
Monitoring data collected after release indicated 14 coyotes were residents and 14 were tran-
sients. Eight (57%) transient coyotes eventually established residency during the study. Mean
(±SE) mass and age of coyotes monitored were 14.0 kg ± 0.4 and 2.5 yrs ± 0.2, respectively.
Mass (t26 = 2.75, P = 0.010) and age (t26 = 2.23, P = 0.034) of resident coyotes were greater than
transients (Table 1). Additionally, body measurements of coyotes sampled for this study were
consistent with body measurements reported in Hinton and Chamberlain [50]. Mean resident
home-range size (t45 = 0.03, P = 0.981) and resident core area (t45 = 0.26, P = 0.797) of coyotes
did not differ between seasons (Table 1); resident home-range sizes ranged from 13.4 km² to
47.3 km². Although we detected no seasonal differences in the size of transient biding areas
(t17 = 1.07, P = 0.296), our data suggest transient ranges were greater during the harvest season
of agricultural crops (Table 1; t17 = 1.86, P = 0.080). Transient-range sizes ranged from 64.5 km²
to 633.4 km².

Table 1. Mean (± SE) bodymass, age, and space use of resident and transient coyotes in northeastern North Carolina during 2009–2011.

Size of area used (km²)

Growing1 Harvest2 Composite3

Coyote status Mean mass (kg) Mean age (yr) 95%4 50%5 95% 50% 95% 50%

Resident 14.7 ± 0.4 2.7 ± 0.2 24.1 ± 2.3 4.0 ± 0.5 25.0 ± 2.8 4.0 ± 0.4 27.2 ± 2.0 4.2 ± 0.4

Transient 12.3 ± 0.7 1.6 ± 0.5 212.5 ± 58.0 11.6 ± 4.1 296.9 ± 55.0 21.7 ± 3.9 307.9 ± 44.9 20.6 ± 3.2

1Growing season space use was defined as areas used during March through August.
2Harvest season space use was defined as areas used during September through February.
3Composite space use was defined as the total area used.
495% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident home ranges and transient

ranges.
550% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident core areas and transient

biding areas.

doi:10.1371/journal.pone.0132203.t001
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Resident home ranges, resident core areas, transient ranges, and transient biding areas of
coyotes comprised mostly agriculture, coastal bottomland forest, and pine forest (Fig 2).
Home-range sizes of residents were negatively correlated with the percentage of agricultural
habitats found within home ranges (r2 = 0.32, P = 0.003; Fig 3). We detected no difference in
the proportion of habitat that comprised these 4 area measurements (resident home ranges,
resident core areas, transient ranges, transient biding areas) for agriculture (F3, 72 = 1.66,
P = 0.184), coastal bottomland forest (F3, 72 = 1.87, P = 0.142), and pine forest (F3, 72 = 0.81,
P = 0.490; (Fig 2). Core areas used by resident coyotes contained proportionally less wetland
than home ranges, transient ranges, and biding areas (F3, 72 = 5.51, P = 0.002).

We used distance to 6 landscape features (agriculture, coastal bottomland forest, pine forest,
wetland, edge, and roads) to develop RSFs and map relative probability of habitat use by tran-
sient and resident coyotes separately. Model fit improved substantially by accounting for resi-
dency status and fitting interactions between resource variables and residency status to
explicitly test for differences in habitat selection between residents and transients, providing
support that coyote status affects resource selection (Tables 2 and 3). We created 4 subset mod-
els that included 2nd- and 3rd-order selection for resident and transient coyotes (Table 4). With
the exception of pine forest, all other covariates were important predictors of transient occur-
rence at the landscape level in which transients selected agriculture and roads, and avoided
coastal bottomland forest, wetlands, and edges (2nd-order selection; Table 5). Agriculture and
roads were the only important predictors for transient 3rd-order selection (Table 6). All covari-
ates were important predictors of resident habitat selection at the landscape level (2nd-order
selection; Table 5). Agriculture, coastal bottomland forest, wetlands, edge, and roads were
important predictors at the home-range level (3rd-order selection; Table 6). Although residents
selected for all landscape features except pine forests at the landscape level, residents selected
pine forests and avoided wetlands and roads at the home-range level (Tables 5 and 6). Our k-

Fig 2. Habitat availability and habitat proportions of space used by resident and transient coyotes in northeastern North Carolina during 2009–
2011. Asterisks above the bars represent statistical differences among areas within habitat classes (P < 0.05, Tukey’s test). Study area proportions are
shown for reference.

doi:10.1371/journal.pone.0132203.g002
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fold cross-validation correctly classified 88% of the resident locations for the selection model
comparing resident and transient locations. Similarly, k-fold cross-validation correctly classi-
fied 80% and 76% of the locations for the best 2nd- and 3rd-order selection models for resident
coyotes, respectively, whereas 77% of the locations for the best 2nd- and 3rd-order selection
models for transient coyotes were correctly classified. Model performances of the best models
for transient and resident coyotes ranged from poor to fair. The area under the curve value for
the selection model comparing residents to transients was 78%. Area under the curve values
were 73% and 63% for 2nd- and 3rd-order selection models of residents, respectively. Area
under the curve values were 69% and 61% for 2nd- and 3rd-order selection models of transients,
respectively.

Spatially, differences in habitat selection between residents and transients revealed substan-
tial heterogeneity in the response to the agricultural-forest habitat matrix of the Albemarle
Peninsula (Figs 4 and 5). Compared to transients, resident coyotes showed greater selection for
agriculture, coastal bottomland forest, and edge and lower selection for roads (Tables 5 and 6).

Discussion
Our findings indicate that transient individuals may play a crucial role in dynamic space-use
patterns of coyotes. Similar to other studies [7,11,51], our results indicate that approximately
70% of coyotes in eastern North Carolina are likely residents whereas the remaining 30% are
transients. Transients consisted of younger and smaller individuals than residents and this may
indicate that most transients are dispersing juveniles. However, as breeding pairs and packs are
disrupted via natural or anthropogenic sources, older individuals who previously were

Fig 3. Home-range sizes of resident coyotes regressed against the percentages of agricultural
habitats within home ranges (r2 = 0.39, P < 0.001).

doi:10.1371/journal.pone.0132203.g003

Table 2. Comparison of model fit among the null model, andmodels with and without interactions used to test hypotheses about coyote resource
selection at 2nd and 3rd order in northeastern North Carolina, 2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc), differ-
ences among AICc (ΔAIC), and the conclusion regarding whether there was strong support for the interaction.

Order of selection Models k AICc Deviance ΔAIC Conclusions

2nd Interactions (Resident x each variable) 14 90,512 90,464 0.00 Interactions strongly supported

No interactions 8 93,910 93,889 3,398

Null 2 105,753 105,749 15,241

3rd Interactions (Resident x each variable) 14 101,970 101,922 0.00 Interactions strongly supported

No interactions 8 103,088 103,067 1,118

Null 2 105,178 105,174 3,208

doi:10.1371/journal.pone.0132203.t002
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residents may become transient as well. For instance, after coyote 505M (Fig 6) established a
home range, he was displaced by a neighboring red wolf pack and was a transient for approxi-
mately 15 weeks until establishing a second territory with a female red wolf. Under the direc-
tion of the Recovery Program, 505M was removed during October 2011 so the female red wolf
would be available to potential red wolf mates. Indeed, approximately 4 weeks later, a male red
wolf moved in and formed a breeding pair with the female red wolf (USFWS, unpublished
data).

Throughout North America, coyote home-range sizes typically vary between 2.5 and 70 km2

and the home-range sizes we documented for eastern North Carolina are typical of those
reported in other studies (see Table 22.4 in Bekoff and Gese [52] and Table 21 in Leopold and
Chamberlain [53]). Home ranges of coyotes in our study ranged between 13 and 47 km2 and
did not exceed 47 km2, indicating that coyotes may have an upper limit to the areas they can
effectively exploit and defend as territories. Although regional variability in coyote home-range
sizes can be attributed to adjustments of space use patterns to local environmental conditions,
the minimum and maximum size of coyote home-ranges is likely driven by metabolic costs,
which varies with body mass [54,55]. Coyotes can only defend a finite area while maintaining
an optimal foraging strategy commensurate with the distribution and availability of prey in
their territories [56,57]. Home ranges of resident coyotes were stable and did not vary between

Table 3. Summary of results from generalized linear mixedmodels with for 2nd- and 3rd-order resource selection models for coyotes in northeast-
ern North Carolina during 2009–2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

Order of Selection Model variables β SE 95% CI z P

2nd-Order Intercept -0.430 0.053 -0.532, -0.327 -8.19 <0.001

Agriculture -0.522 0.050 -0.620, -0.425 -10.50 <0.001

Coastal bottomland forest 0.096 0.022 0.054 0.139 4.46 <0.001

Pine 0.042 0.024 -0.006, 0.089 1.73 0.083

Wetland 0.098 0.021 0.056, 0.140 4.56 <0.001

Edge 0.220 0.046 0.130, 0.310 4.78 <0.001

Road -0.599 0.027 -0.652, -0.545 -21.88 <0.001

Agriculture x Resident -2.339 0.083 -2.502, -2.176 -28.11 <0.001

Coastal bottomland forest x Resident -0.533 0.028 -0.588, -0.478 -18.96 <0.001

Pine x Resident 0.440 0.032 0.378, 0.502 13.97 <0.001

Wetland x Resident 0.203 0.028 0.149, 0.258 7.23 <0.001

Edge x Resident -0.349 0.067 -0.481, -0.218 -5.21 <0.001

Road x Resident 0.207 0.034 0.141, 0.273 6.15 <0.001

3rd-Order Intercept -0.051 0.070 -0.188, 0.085 -0.736 0.462

Agriculture -0.250 0.026 -0.301, -0.199 -9.638 <0.001

Coastal bottomland forest -0.032 0.019 -0.070, 0.006 -1.668 0.0954

Pine -0.044 0.019 -0.081, -0.007 -2.302 0.021

Wetland 0.025 0.020 -0.014, 0.064 1.269 0.204

Edge -0.032 0.025 -0.080, 0.017 1.280 0.201

Road -0.168 0.015 -0.198, -0.138 -11.02 <0.001

Agriculture x Resident -0.936 0.047 -1.028, -0.844 -19.93 <0.001

Coastal bottomland forest x Resident -0.130 0.026 0.001, 0.001 5.78 <0.001

Pine x Resident -0.038 0.024 -0.010, 0.086 1.55 0.122

Wetland x Resident 0.063 0.027 0.010, 0.116 2.34 0.020

Edge x Resident -0.049 0.042 -0.130, 0.032 -1.18 0.239

Road x Resident 0.301 0.019 0.263, 0.338 15.53 <0.001

doi:10.1371/journal.pone.0132203.t003

Space Use by Resident and Transient Coyotes

PLOS ONE | DOI:10.1371/journal.pone.0132203 July 6, 2015 9 / 17



seasons, suggesting that coyotes may not adjust home-range size to immediate demand but
rather potential demand. In other words, coyotes are likely aware of potential changes in the
environment prior to establishing residency and acquire enough space to accommodate sea-
sonally varying needs and resource availability.

Instability (i.e., shifting patterns) of space use and use of areas greater than 65 km2 were
characteristic of transient coyotes. Despite their wide-ranging (64.5 km² to 633.4 km²) space-
use patterns, many transients exhibited localized movements (i.e., clusters of locations) for sev-
eral weeks that averaged about 21 km2 and those areas appeared analogous to home ranges in
both size and habitat composition. We referred to them as biding areas [20] and 7 of 8 (88%)
residents who were initially transients established home ranges in or nearby their biding areas
(Fig 6). We suggest this behavior may provide benefits to coyote populations because it
increases survivorship of transients via familiarity of areas they roam, allow transients to assess
potential areas prior to establishing home ranges, and, when opportunities arise, replace resi-
dents upon death. However, this relationship requires further investigation. Territorial behav-
ior in coyotes involves a strategy to increase reproductive success among residents holding
space [58]. Although this prevents transients from reproducing, transiency is likely an impor-
tant trait that allows populations to recover rapidly after suffering drastic and extensive

Table 4. Summary of generalized linear mixedmodels for predicting coyote habitat use in four groups corresponding to different hypotheses of
landscape features potentially affecting 2nd- and 3rd-order habitat selection by transient and resident coyotes in northeastern North Carolina,
2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc) and differences among AICc (ΔAIC).

Status Order of selection Model k AICc Deviance ΔAIC

Transient 2nd Full model 8 25,599 25,578 0

No wetlands–AG1+CB2+PI3+ED4+RD5 7 25,614 25,596 14

No forests–AG+WL6+ED+RD 6 25,615 25,601 16

No agriculture–CB+PI+WL+ED+RD 7 25,704 25,690 108

No linear features–AG+CB+PI+WL 6 26,239 26,224 639

Resident 2nd Full model 8 64,822 64,806 0

No wetlands–AG+CB+PI+ED+RD 7 65,106 65,088 279

No linear features–AG+CB+PI+WL 6 65,253 65,237 427

No forests–AG+WL+ED+RD 6 65,842 65,829 1016

No agriculture–CB+PI+WL+ED+RD 7 66,917 66,899 2090

Transient 3rd No wetlands–AG+CB+PI+ED+RD 7 24,052 24,034 0

Full model 8 24,053 24,031 1

No forests–AG+WL+ED+RD 6 24,060 24,045 8

No agriculture–CB+PI+WL+ED+RD 7 24,143 24,126 91

No linear features–AG+CB+PI+WL 6 24,150 24,135 98

Resident 3rd Full model 8 75,693 75,671 0

No wetlands–AG+CB+PI+ED+RD 7 75,712 75,694 19

No forests–AG+WL+ED+RD 6 75,772 75,757 79

No agriculture–CB+PI+WL+ED+RD 7 75,836 75,821 143

No linear features–AG+CB+PI+WL 6 76,654 76,636 961

1 Agriculture
2 Coastal bottomland forest
3 Pine forest
4 Agriculture-forest edge
5 Roads
6 Wetlands

doi:10.1371/journal.pone.0132203.t004
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mortality. This may be particularly important for coyote populations to persist where they are
heavily exploited. For example, 7 coyotes monitored in this study replaced resident coyotes and
red wolves that were killed during the study [59].

Relationships between agriculture and forest habitat and coyote space use in northeastern
North Carolina are similar to those reported for studies in the Northeast and indicate general
selection for open, treeless environments [60–62]. Coyotes typically centered territories on
edges of agricultural fields and forests with higher percentages of agriculture in the interior
(i.e., core areas) as forest habitat increased in outer fringes. During harvest season (autumn
through winter), coyotes typically loafed in forest habitats within 50–300 m of edges adjacent
to agricultural fields and roads. As winter wheat reached heights of approximately 0.5 m during
the growing season (spring through summer), coyotes abandoned forest habitats to loaf in

Table 5. Parameter estimates for 2nd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

2nd-Order Model variables β SE 95% CI z P

Transient Intercept -0.040 0.023 -0.090, 0.007 -1.71 0.088

Agriculture -0.522 0.050 -0.619, -0.425 -10.53 <0.001

Coastal bottomland forest 0.091 0.022 0.049, 0.0133 4.25 <0.001

Pine 0.041 0.024 -0.006, 0.088 -1.72 0.085

Wetland 0.091 0.046 0.049, 0.132 4.26 <0.001

Edge 0.221 0.046 0.131, 0.310 4.82 <0.001

Road -0.594 0.027 -0.648, -0.541 -21.95 <0.001

Resident Intercept -0.673 0.032 -0.742, -0.611 -20.81 <0.001

Agriculture -2.888 0.067 -3.020, -2.758 -43.21 <0.001

Coastal bottomland forest -0.437 0.018 -0.472, -0.402 -24.30 <0.001

Pine 0.477 0.020 0.437, 0.517 23.43 <0.001

Wetland -0.299 0.018 0.228, 0.335 16.47 <0.001

Edge -0.131 0.049 -0.229, -0.036 -2.68 0.007

Road -0.390 0.020 -0.428, -0.351 -19.86 <0.001

doi:10.1371/journal.pone.0132203.t005

Table 6. Parameter estimates for 3rd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

3rd-Order Model variables β SE 95% CI z P

Transient Intercept -0.477 0.750 -2.183, 1.091 -0.64 0.525

Agriculture -0.253 0.026 -0.304, -0.202 -9.64 <0.001

Coastal bottomland forest -0.034 0.021 -0.074, 0.007 -1.64 0.101

Pine -0.059 0.020 -0.097, -0.021 -3.01 0.003

Wetland 0.030 0.021 -0.011, 0.072 1.44 0.151

Edge -0.031 0.025 -0.080, 0.018 -1.23 0.219

Road -0.159 0.016 -0.190, -0.129 -10.05 <0.001

Resident Intercept -0.707 0.293 -1.345, -0.124 -2.42 0.016

Agriculture -1.180 0.039 -1.257, -1.103 -30.07 <0.001

Coastal bottomland forest -0.161 0.018 -0.196, -0.125 -8.85 <0.001

Pine -0.016 0.015 -0.046, 0.014 -1.02 0.307

Wetland 0.087 0.018 0.051, 0.123 4.73 <0.001

Edge -0.066 0.034 -0.131, 0.001 -1.96 0.050

Road 0.139 0.012 0.115, 0.162 11.53 <0.001

doi:10.1371/journal.pone.0132203.t006
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wheat fields when available and then shifted to corn later in the season as wheat was harvested
(J. Hinton, personal observation). Home ranges were smaller where agriculture became the pre-
dominant habitat type (Fig 3), whereas the opposite pattern occurred for forested habitats. For
example, the smallest home-range size (13.4 km2) was that of a female coyote, which contained
approximately 56% agricultural and 30% forested habitat. Of her 1,987 GPS locations, approxi-
mately 87% occurred in agriculture. In contrast, the home range of a female coyote with the
largest home-range size (47.3 km2) consisted of approximately 10% agricultural and 70% for-
ested habitat. Of her 2,296 GPS locations, approximately 35% were in agriculture.

Although habitat compositions of space used by resident and transient coyotes were similar,
patterns of habitat selection differed. Direct comparison between residents and transients
revealed that both selected for agriculture but coastal bottomland forest and edges were
selected more by residents whereas transients were more likely to show selection for roads.

Fig 4. Relative probability of 3rd-order habitat selection by resident coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g004

Fig 5. Relative probability of 3rd-order habitat selection by transient coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g005
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Consequently, resident coyotes tended to establish territories in predominantly agricultural
areas whereas transient coyotes appeared to center their movements and biding areas proxi-
mate to these same habitats via road networks (Fig 5). Indeed, models of 3rd-order selection
indicated only agriculture and roads were important for predicting transient habitat use.

Use of roads was a primary difference in habitat use between residents and transients at the
3rd-order selection level. Coyote populations are adept at exploiting anthropogenic landscape
features [36,63], and we suggest the use of roads by transients may be related to 2 important
aspects of transient ecology. First, roads may provide benefits to transient coyotes through effi-
cient movements that improve foraging opportunities and reduce energetic costs related to
shifting and expansive space use. The use of roads may also permit transients to move effi-
ciently through unsuitable habitat (i.e., inundated forested habitats and wetlands). For exam-
ple, coyote use of bridges to cross waterways has been observed [63]. Indeed, we documented
several of the transient coyotes crossing bridges [20]. Second, most contact between transient
and resident coyotes likely occur through passive and indirect interactions (i.e., scent marking).
As observed in gray wolves (Canis lupus; [64,65]) and red wolves [66], roads and linear corri-
dors may enhance line of sight and olfactory senses of Canis species and facilitate detection of
conspecifics and their territorial boundaries. However, use of roads are known to expose

Fig 6. Transient locations and estimated home ranges of coyotes 505M and 613M in eastern North
Carolina.Coyote 505M was monitored as a transient from 16 April 2009 until 31 May 2009. Coyote 505M
established a territory approximately 1 June 2009 and maintained it until 27 October 2009 when he was
displaced by a neighboring red wolf pack. Coyote 613M was monitored as a transient from 7 January 2011
until 4 April 2011. Coyote 613M established a territory approximately 5 April 2011 after the resident red wolf
pack dissolved after the death of a breeder. Coyote 613Mwas monitored as a resident from 5 April 2011 until
16 August 2012 when his GPS collar failed.

doi:10.1371/journal.pone.0132203.g006
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coyotes to increase risks of mortality and how coyotes make trade-offs between costs and bene-
fits associated with using roads will need to be further assessed [38].

The extent of study areas can make it difficult to understand the probability of occurrence
of coyotes on the landscape. Although our probability maps of predicted habitat selection
reveal distinct gradients of habitat suitability on the Albemarle Peninsula, our AUC scores
were low. Low AUC values indicate the ability of the habitat models to discriminate between
coyote and random locations was limited, but do not necessarily imply low model accuracy
[67]. We believe our low AUC values do not imply low model accuracy because coyotes are
generalists and AUC values for species with broad requirements tend to be low to denote their
widespread distribution [66]. Second, models of 2nd-order selection had greater AUC values
than 3rd-order models, indicating the effect that geographic extent can have on AUC values. In
this case, random locations used in 2nd-order selection models were typically much further
from areas of confirmed use (e.g., resident home ranges and transient ranges) than those used
in 3rd-order selection models. Consequently, random locations in 2nd-order selection orders
were more distinct in their characteristics than those in 3rd-order selection and were better pre-
dicted (i.e., greater model discrimination). In other words, by simply increasing the geographic
extent to areas beyond those occupied by radio-collared coyotes we artificially increased our
AUC values. Therefore, it is likely that we could not assess true accuracy of different models
because 2nd- and 3rd-order selection models differed in the total extent analyzed [67].

Although transient coyotes are commonly perceived as subordinate individuals who are
excluded to suboptimal space unoccupied by residents [5,7,8,15], our knowledge about the role
of transients in coyote ecology remains limited. Because territories are also transitory and
space is frequently gained and lost by individuals, coyotes, irrespective of age and social status,
can become transient through a number of causes. When released from their territories, coy-
otes are capable of traversing over large areas because of their relatively large body size, physiol-
ogy, and overall need to move in response to ecological demands. Therefore, behaviors
associated with transiency involve important decisions by individuals that permit coyotes to
seek out new territories and breeding opportunities broadly across the landscape. During our
study, transient coyotes typically replaced lost mates of residents. When residents lost mates,
we documented surviving residents permitting several transients of the opposite sex into their
territories to select a new mate. Once a new mate was selected, the resident coyote regained
exclusive control of the territory. Because of these observations, we assumed biding areas of
transients may represent attempts of transients to establish territories through mate selection.
As a result of dynamic space use patterns documented in our study, we believe transiency may
be an important life history trait because it facilitates metapopulation dynamics through dis-
persal and replacement of resident breeders [68–70]. Coyotes have become an apex predator
throughout eastern North America and our findings provide insights into the potential role of
transients in coyote ecology.
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a b s t r a c t

Interspecific competition can have a substantial impact on sympatric carnivore populations

and may threaten reintroduction attempts of threatened or endangered species. Coyotes

(Canis latrans) are the primary threat to recovery of red wolves (C. rufus) in the wild, through

hybridization and loss of the red wolf genotype and habitat occupancy that reduces space

available for wolf occupation. We built a stochastic simulation model (using data collected

from a recovering red wolf population in northeastern North Carolina as well as from the

literature) to examine spatial dynamics of sympatric red wolves and coyotes (independent

of habitat influences) and to elucidate the potential role of coyotes on wolf recovery and

reintroduction success. Survival of juvenile and adult wolves had the greatest impact on

wolf population size and likelihood of extinction. Introducing coyotes to the model had a

substantial negative impact on wolf numbers, and the model was highly sensitive to the

estimates of the competitive impact of coyotes on red wolves, through declines in wolf pro-

ductivity. We simulated coyote management from either removal (lower coyote survival) or

surgical sterilization (lower coyote reproductive rates) and found that both management

strategies increased viability of red wolf populations, especially during initial colonization.

Our results suggest that coyotes can inhibit red wolf reintroduction success through compet-

itive interactions, but that management of coyote populations can improve the probability

of successful wolf recovery. Additional information on spatial dynamics and dietary overlap

between coyotes and wolves in the recovery area is needed to further elucidate the current

and potential competitive impact of coyotes on red wolf populations.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Interspecific competition is a powerful force shaping species
assemblages and community structure. Potential competi-
tors may interact indirectly through exploitation of common
resources or directly through intraguild predation or spatial
displacement, thereby altering the habitat use of the competi-
tor (Polis et al., 1989; Palomares and Caro, 1999; Fedriani et al.,
2000; Kamler et al., 2003). Such interactions can threaten the

∗ Corresponding author. Tel.: +1 407 823 4334; fax: +1 407 823 5769.
E-mail address: jroth@mail.ucf.edu (J.D. Roth).

success of reintroduction of endangered species to their native
range (Moruzzi et al., 2003).

Reviews of sympatry in canids have examined how
resources and space are partitioned among competing species
(Johnson et al., 1996; Crabtree and Sheldon, 1999). Dynamic
changes in distribution and abundance of canids, combined
with reintroductions and removal efforts, have provided
opportunities to assess how changes in canid assemblages
affect the use of space and other resources among coexist-

0304-3800/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolmodel.2008.03.011
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ing carnivores (Carbyn, 1982; Dekker, 1983, 1989; Harrison et
al., 1989; Arjo and Pletscher, 1999). In general, these stud-
ies reveal that species with larger body size are dominant
over smaller species, although a numerical advantage in the
smaller species can override benefits of larger body size.
Smaller canids tend to avoid larger ones by spatial and tem-
poral habitat partitioning, which may not decrease dietary
overlap but may reduce agonistic (and potentially lethal) inter-
actions with the dominant competitor (Dekker, 1989; Arjo and
Pletscher, 1999; Tannerfeldt et al., 2002). These competitive
effects can be most easily detected between species that are
closest in size (Peterson, 1995).

The red wolf (Canis rufus) is an endangered species that
currently is found in the wild in a single carefully managed
population in eastern North Carolina (Phillips et al., 2003). Red
wolves were extirpated from the wild in the 1960s, when the
last remaining individuals were translocated to a captive facil-
ity and propagated through a captive breeding program that
continues to this day (Phillips et al., 2003). Red wolves were
reintroduced to North Carolina starting in 1987, and the wild
population has continued to expand during the last 20 years
(Stoskopf et al., 2005). Historically, red wolves ranged through-
out the southeastern United States and had little contact with
coyotes (C. latrans), which evolved in the central plains (Parker,
1995; Nowak, 2002). However, following eradication of both
red wolves and gray wolves (C. lupus) throughout much of
their range, coyotes expanded their distribution to encompass
most of the North American continent (Parker, 1995), includ-
ing much of the former range of red wolves. Coyotes currently
occupy portions of the red wolf recovery area, and hybridiza-
tion with coyotes is considered a serious threat to the recovery
effort (Miller et al., 2003; Phillips et al., 2003; Fredrickson and
Hedrick, 2006). However, coyotes also are potential competi-
tors with red wolves, being of comparable body size, feeding
on similar prey, and having comparable habitat and space
requirements as red wolves. Indeed, because aggressive inter-
actions have been observed between red wolves and coyotes
in areas where wolves have been reintroduced (Henry, 1995,
1998), interference competition likely plays an important role
in the dynamics of these species where they co-occur. There-
fore, an understanding of the potential effects of interspecific
competition on red wolf space use and population trends is
important from the perspective of successful reintroduction
of the species.

We investigated the competitive interactions between
sympatric red wolves and coyotes using a spatially explicit
stochastic simulation model. Stochastic simulation models
can be valuable for addressing conservation problems when
available data are scant and our understanding of the prob-
lem is incomplete (Starfield and Bleloch, 1991). Such models
can help clarify fundamental interactions and identify which
data are most critical to collect, and can serve to evaluate ben-
efits of various management scenarios even in the absence of
apparently crucial data (Starfield et al., 1995).

2. Background biology

Model structure and parameters were derived from infor-
mation gathered by the red wolf restoration program in

northeastern North Carolina (Phillips et al., 2003; U.S. Fish and
Wildlife Service, unpublished data) and from other published
information on coyotes, red wolves, gray wolves, and inter-
actions among these species. In this section we review the
relevant background biology upon which the model was based.

Wolf and coyote groups usually consist of an adult breeding
pair, their pups, and non-breeding subadults that are offspring
from the previous year (Mech, 1970; Nowak, 1999). These fam-
ily groups typically share a home range and defend an area
within that home range (Crabtree and Sheldon, 1999; Phillips
et al., 2003). Territory sizes of wolves and coyotes vary greatly
across large geographical areas and are most influenced by
local prey abundance and wolf or coyote density (Fuller and
Murray, 1998; Crabtree and Sheldon, 1999). In gray wolves,
home range size increases with pack size (Ballard et al., 1987;
Peterson et al., 1984). Regression analyses of data from gray
wolves in south-central Alaska found that each additional
pack member required a 17% increase in space over that
required by the breeding pair (Ballard et al., 1987).

Home ranges of 30 red wolf packs in northeastern North
Carolina averaged 111 km2 (range: 27–255 km2) in the early
2000s, compared to 99 km2 (range: 22–360 km2) in the early
1990s (T. Steury, unpublished data; home ranges were based
on the 95% isopleth of the pack utilization distributions esti-
mated using the kernel density method with a fixed kernel
size and a root-n bandwidth estimator; Worton, 1989; Wu and
Tsai, 2004; Hemson et al., 2005). Coyote home ranges typi-
cally range between 2 and 20 km2 (Crabtree and Sheldon, 1999)
and often exhibit overlap at the outer edges, but territorial
core areas generally do not show any overlap (Crabtree and
Sheldon, 1999; Chamberlain et al., 2000). Likewise, sympatric
coyotes and gray wolves, or red foxes and coyotes, may have
partial home range overlap even though core areas generally
are exclusive (Carbyn, 1982; Harrison et al., 1989; Arjo and
Pletscher, 1999; but see Paquet, 1991).

Coyotes and red wolves are monestrous, with a single lit-
ter usually being produced per social group (Crabtree and
Sheldon, 1999; Phillips et al., 2003). The reproductive rate
(probability of a given pack producing a litter) of red wolf
packs in northeastern North Carolina averaged 53% from
1988 to 2004, and litter sizes averaged 3.92 (n = 105), rang-
ing from 1 to 10 (U.S. Fish and Wildlife Service, unpublished
data). Coyote reproductive rates are slightly higher, given
that up to 80% of adult female eastern coyotes may breed
and bear young each year (Parker, 1995). Coyote litter size
at birth averages about 6 pups/year, with an even sex ratio
(Beckoff, 1977; Sacks, 2005) and appears to be relatively insen-
sitive to changes in prey abundance (Crabtree and Sheldon,
1999).

Because only one pair breeds within a wolf or coyote pack,
the incentive for other group members to disperse and estab-
lish their own territory is high. In coyotes, delayed dispersal
(until the second year) is more common in saturated popula-
tions where available territories may be few (Parker, 1995), and
therefore in low-density populations most individuals may
disperse during their first year. In gray wolves where the pop-
ulation is expanding, young wolves rarely remain with their
parental pack past breeding age (22 mo; Fritts and Mech, 1981).
Extra-territorial excursions beyond the established pack home
range prior to dispersal are common in gray wolves (Messier,
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1985; Fuller, 1989), and dispersing gray wolves may occasion-
ally join a neighboring pack (Stahler et al., 2002).

Annual survival rates calculated from 408 radio-collared
red wolves in northeastern North Carolina (1987–2001) were
0.678, 0.793, and 0.806 for pups, yearlings, and adults, respec-
tively (D. Murray, unpublished data). Since pups were born in
spring and not collared until fall, early pup mortalities were
not included in this calculation, resulting in an overestimate of
pup survival. Survival of non-resident wolves is less than half
that of residents (D. Murray, unpublished data). For coyotes, pup
survival varies with human exploitation and may be 20–60% in
populations with low human-related mortality (Crabtree and
Sheldon, 1999). Adult mortality in unexploited coyote popula-
tions can range from 9 to 10% (Crabtree and Sheldon, 1999) to
40% (Knowlton, 1972).

Intraspecific strife is the most common natural cause
of death for red wolves (U.S. Fish and Wildlife Service,
2005). Interspecific aggression between similar-sized sym-
patric canids also is common, and larger-bodied canids can
be an important source of mortality for smaller canid species
in the same area (Carbyn, 1982; Dekker, 1983, 1989; Arjo and
Pletscher, 1999). Such dynamics can affect space use patterns,
social structure, and population size. Aggressive interactions
observed between red wolves and coyotes (Henry, 1995, 1998)
indicate that interference competition may influence dynam-
ics of these species where they co-occur.

Coyotes are about 2/3 the size of red wolves; body mass
ranges from 9 to 20 kg for coyotes and 20 to 36 kg for red wolves
(Beckoff, 1977; Nowak, 1999). Little is known about the diet
of either species in the area of sympatry in North Carolina,
although coyotes are known to have very diverse food habits
(Beckoff, 1977; Phillips et al., 2003).

3. Model description and assumptions

3.1. Purpose

The purpose of our model was to investigate factors that
could potentially affect red wolf space use patterns and
success of the recovery program, including presence of
coyotes and potential management activities designed to
control coyote populations. We also evaluated which model
parameters and assumptions had the largest effect on rein-
troduction success to help guide future field data collection
efforts.

3.2. State variables, scales, and scheduling

The model assumed a landscape of continuous space and
homogeneous habitat (initially 50 km × 50 km). Territories
were modeled as a circle because in such a homogeneous
landscape, a circular territory would be the most economi-
cally defensible (smallest perimeter/area ratio). The basic unit
of analysis in the model was the pack; pack members shared
a home range and defended a core area within it (Fig. 1). For
each pack, the model tracked group size and numbers in each
age class, but not individual animals. Thus, the state variables
(per group) included the species (wolf or coyote), number of
individuals in each age class (pups 0–1 years, yearlings 1–2

Fig. 1 – Simulated landscape of red wolf (open circles) and
coyote (shaded circles) territories in a homogeneous
habitat. Inner core areas (dotted lines) are defended.

years, adults >2 years), the territory center (x, y coordinate)
and radius.

We assumed an even sex ratio and explicitly included only
females in the model (as is customary for models of animal
populations, since only females produce offspring). The time
step of the model was one year, and the annual sequence of
events was reproduction, mortality, inter-pack conflict, disper-
sal, and maturation (Fig. 2), based on the annual timing of
these events in wild populations (U.S. Fish and Wildlife Ser-
vice, unpublished data). Each of these processes is described
more fully below. Exploitative (resource) competition was
implemented as a density-dependent effect on reproduction.
Interference competition between adjacent groups occurred
through expansion of territory size with an increase in group
size. Most simulations ran for 50 years.

3.3. Initialization, home range and territory size

At the beginning of each simulation a home range size and
location was determined for each member of the initial pop-
ulation (first red wolves, then coyotes). The radius of each
new wolf territory was randomly chosen between a minimum
and maximum corresponding to territory size of 25–255 km2.
Coyote territory sizes were determined similarly between 2
and 20 km2. Initial territory locations were determined ran-
domly, with the caveat that no territory could be partly or
fully off the available landscape. Territory locations were fur-
ther constrained such that no core area could overlap with
any part of any other territory. Core area was defined as a
smaller concentric circle within the territory, initially set at
22% of the area of the territory (the 50% kernel) for red wolves
and 18% for coyotes (Chamberlain et al., 2000; Steury et al.,
unpublished data). Thus, some territorial overlap could occur,
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Fig. 2 – Annual sequence of events in model.

but core areas were held exclusively by the resident group
(Fig. 1). Core overlap occurred if the centers of two territories
were closer than the minimum of two distances, d1 and d2,
where d1 = r1 + c2, d2 = r2 + c1, ri is the radius of territory i, and
ci is the radius of the core area of territory i. If core overlap
occurred between the new territory and any previously estab-
lished territory, a new size and location were randomly chosen
and tested for core overlap with all other groups. Founding
individuals were considered adults. After 40 failed attempts
to establish a territory without any overlap of core areas
(twice the dispersal endurance, defined below), the individ-
ual joined a previously established group of same species as a
yearling.

3.4. Reproduction and survival

We used a model derived from reproduction data collected
from free-ranging red wolves in northeastern North Car-
olina to calculate the probability of a given pack producing
a litter each year. Pack reproduction was not a function
of pack size (logistic regression, effect of pack size: �2

1 =
0.99, P = 0.32), but was affected by population size. Pack
reproduction decreased with increasing wolf population size
according to the following model (T. Steury, unpublished data):
ln(p/(1 − p)) = 1.107 − 0.017 × N, where p is the probability a
pack will successfully produce a litter that year and N is
the population size (logistic regression; effect of population
size: �2

1 = 4.24, P = 0.039; n = 198 pack-years; Fig. 3a). With this
model, the maximum pack reproductive rate is 75.2%. We
modeled coyote reproduction using the same function used
for red wolves but with a maximum reproductive rate of 80%
and a more slowly decreasing response to increasing popu-
lation size (ln(p/(1 − p)) = 1.386 − 0.013 × N; Fig. 3a), since their

Fig. 3 – Probability of (a) pack reproduction and (b) wolf
dispersal.

smaller body size and correspondingly lower resource require-
ments suggest that each additional coyote should have a lesser
density-dependent impact on reproduction.

If red wolves and coyotes overlap in resource use, the popu-
lation size used in this equation should actually be a function
of both species. We assumed that the competitive impact of
coyotes on red wolves was determined by a competition coef-
ficient (˛ < 1; Gotelli, 2001) such that N = 2(Nw + ˛Nc), where N
is the population size used in the pack reproduction equa-
tion, Nw is the number of female red wolves in the model,
and Nc is the number of female coyotes. To parameterize
the competition coefficient we considered only the impact of
resource exploitation, as overt conflict (interference compe-
tition) was included elsewhere in the model. If diet overlap
between species were 100% and energy requirements per unit
biomass were similar for both species, then ˛ should be ∼0.66
based on relative body size. Since dietary overlap is unknown,
the model initially assumed ˛ = 0.3. Although red wolves may
compete with coyotes for food or space, wolves also may
supplement coyote populations by providing carrion (Paquet,
1992; Wilmers et al., 2003). Therefore, we assumed that the net
competitive effect of red wolves on coyotes through resource
exploitation was 0.

For packs in the model that successfully reproduced, litter
size (of females) at birth was randomly chosen between 1 and
5 for wolves and 1 and 6 for coyotes. Following reproduction,
all individuals were subjected to a survival probability. The
model assumed wolf survival rates of 0.5 for pups and 0.8 for
yearlings and adults. Coyote pup survival was similar to that
of red wolves (0.5), and each yearling and adult coyote in the
model was initially given a 0.7 survival probability (Windberg,
1995).
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3.5. Inter-group aggression

We modeled intraspecific and interspecific aggression through
expansion and contraction of territory size with changes in
group size. Our model assumed that each individual (female)
added to a group would increase territory size by up to 17%
of the area required by a single female (the actual increase
for each individual was chosen randomly between 0 and 17%).
Likewise, losses due to dispersal or mortality decreased terri-
tory size by a similar amount.

If increases in territory size caused core overlap (as defined
above) between adjacent groups, the model assumed aggres-
sion between those groups and resulted in the death of at
least one individual. Aggression occurred prior to dispersal,
when group sizes were at a maximum and offspring would
have neared adult size. We simulated intraspecific as well as
interspecific conflict. The larger body size of red wolves should
give them an advantage in conflicts with coyotes, so the rela-
tive biomass of overlapping groups was used to determine the
outcome of the conflict in the model. Body mass ranges from
9 to 20 kg for coyotes and 20 to 36 kg for red wolves (Beckoff,
1977; Nowak, 1999), so the model randomly assigned a mass
between those ranges for each adult or yearling member of
interacting groups, and the sum total biomass of each group
(ignoring pups) determined the winner of the conflict (if the
biomass was equal, the group that recently expanded lost).
This same mechanism was used for adjacent groups of the
same species as well as different species. Losing groups suf-
fered the loss of one individual, and the territory size of that
group decreased by 9–17% of the territory size. If core areas of
the neighboring groups still overlapped, relative biomass was
again calculated, another mortality occurred, and territory
size of the losing group decreased correspondingly. This inter-
action continued until the core areas no longer overlapped or
all members of one group were killed.

3.6. Dispersal

We assumed that all members of a group, except one adult
female, potentially could disperse. We calculated red wolf dis-
persal probability using a model derived from data collected
in northeastern North Carolina (U.S. Fish and Wildlife Service,
unpublished data). The best logistic model, as determined using
AIC, was a function of age class, sex, pack size, and pack size2

(AIC = 740.03, n = 1041 wolves per year across 17 years; �AIC
for all other models >9.69). This best model (Fig. 3b) describ-
ing the probability that female of age class a dispersed (pa) was
ln(pa/(1 − pa)) = Ca + 0.25768G − 0.01369G2, where G is the group
size and Ca is a constant for that age class (pups = −2.936,
yearlings = −1.379, adults = −3.051). Therefore, to determine
potential dispersers in each simulation this probability was
calculated for every wolf except one adult female per group.

For coyote dispersal, we used a function derived by Pitt et
al. (2003) based on several observations that group size affects
the probability a coyote will disperse: pd = 0.05 × G2, where G is
total group size (males + females) and pd is the probability that
an individual disperses. Thus, assuming an even sex ratio, for
packs with >2 females the dispersal probability was 100% for
all but one resident. For packs with exactly two females, one
female had an 80% chance of dispersal and the other remained

in the current territory. In a group with one female there was
no dispersal.

We imposed an additional mortality rate on dispersers.
Disperser survival was 0.5 for red wolves and 0.6 for coyotes
(F. Knowlton, U.S. Department of Agriculture, personal com-
munication). We randomly determined the order of dispersal
among all surviving dispersers of each species in all groups,
to prevent bias in the amount of space available to a potential
disperser of either species or any group.

A dispersal attempt occurred as follows: direction of disper-
sal was chosen randomly; size of the disperser’s new territory
was determined randomly between the minimum and max-
imum for that species; initial dispersal distance was chosen
randomly between the minimum possible distance (old ter-
ritory radius plus the radius of the new core area) and an
additional distance past that minimum equal to the diame-
ter of the new territory. If no core overlap occurred between
the new territory and any existing territory of either species,
the territory became established at that location. If overlap of
core areas did occur, the disperser could not settle there and
had to seek a new unoccupied area. The only exception was
if the core area overlap occurred between a dispersing wolf
and a single coyote. Then, the coyote was usurped by the wolf
and the coyote became nomadic. Otherwise, a new random
direction and distance were chosen from the current location
(or from the natal territory if the location was off the edge of
the available habitat) and the new location was again com-
pared with occupied territories. This process continued until
the disperser either colonized a new territory or exhausted its
endurance (i.e., the number of new locations tested exceeded
some maximum, initially set at 20). Thus, the disperser could
travel a long distance from the natal territory. This dispersal
strategy created a neighborhood effect such that areas near-
est the natal territory would be colonized first, if possible. This
method also effectively allowed dispersal, dispersal distance,
and group size to become density-dependent. A disperser that
was unable to find an unoccupied area before exhausting its
endurance was added to a pre-existing group (of same species)
at random.

After dispersal, any coyotes forced to become nomadic by
dispersing red wolves were subjected to an additional mor-
tality factor equivalent to dispersal mortality. For simulations
including immigration by coyotes, a predetermined number of
immigrants were added to the nomads. The model attempted
to find a new territory for these nomads using the same pro-
cedure as for dispersers. If an unoccupied area was not found
after a predetermined number of attempts (twice dispersal
endurance), the nomad joined another coyote group at ran-
dom.

3.7. Model simulations

Each simulation (a particular combination of parameter val-
ues) was replicated 1000 times. The aggregated variables
calculated for each species at the end of each replicate
included population size, number of groups, mean group
size, mean territory size, year the population reached 50
females (if it did), and year of extinction (if extinct). Since
the model included females only, actual population size and
group size would be approximately double what is reported
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below. Additional aggregated variables calculated each year
of each replicate included average dispersal rate (number of
dispersers per pack), dispersal distance, and deaths due to
agonistic interactions.

We initially explored the model with only red wolves
present to ensure that it conformed with known dynamics
and space use patterns of red wolves. We explored the effect of
several parameters in the model to determine which assump-
tions had the greatest impact on model outcomes. Simulating
all possible combinations of values for each parameter would
involve a parameter space much too large for a systematic
investigation, so we chose several values of each parameter of
interest to represent plausible scenarios based on our under-
standing of canid biology.

We then investigated the impact of coyotes on red wolf
populations under two scenarios; in the first case we started
with a small founding wolf population of five females and
tracked its likelihood of becoming established in the pres-
ence of coyotes; in the second we assumed 50 female wolves
became established in the absence of coyotes and we inves-
tigated the impact of coyotes immigration and settlement
into the area. Since adding a second species to the model
has a multiplicative effect on the parameters that could be
investigated, we restricted our analysis to a select number
of parameters to explore plausible scenarios under which
canids may interact. These decisions about plausible param-
eter values and scenarios to investigate were based on the
literature, our own experience, and discussions with and
feedback from the red wolf recovery team (Stoskopf et al.,
2005).

4. Results

4.1. Single-species simulations

We ran the model using the default parameter set (Table 1)
for 5, 10, 20, 30, 50, and 100 years to illustrate the relation-
ships among the output variables (Fig. 4). As wolf numbers
increased, habitat became saturated and thereby decreased
mean home range size, as dispersers seeking large territories
became less likely to find sufficient space than those seek-

Fig. 4 – Simulation output using default parameter values
in Table 1. Each point is the mean of 1000 replicates; error
bars are 1 SE (rarely visible). Home range is in km2 and
dispersal distance in km. The number of wolves killed per
pack by agonstic interactions (killed), the proportion of
packs that reproduced (reproduced), and the number of
dispersers per pack (dispersed) are averaged over all years
for all 1000 replicates.

Table 1 – Initial (default) parameter set used in simulations; 2500 km2 habitat available, 50 years

Parameter Typea Wolf value Coyote value

Range of territory sizes (km2) Random 25–255 2–20
Core area (% of territory) Fixed 22 18
Per capita change in home range size (%) Random 0–17 0–17
Initial population size (females) Fixed 5 5
Maximum probability of producing a successful litter Fixed 0.71 0.8
Range of litter sizes (female pups only) Random 1–5 1–6
Pup survival Probability 0.5 0.5
Adult/yearling survival Probability 0.8 0.7
Disperser survival Probability 0.5 0.6
Maximum dispersal attempts before joining another group Fixed 20 20
Body mass (kg) Random 9–20 20–36

a Random = the value was determined randomly between a minimum and maximum; fixed = value remained constant throughout a given
simulation; probability = parameter interpreted as a probability.
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Table 2 – Sensitivity of model output (red wolves only) to several parameter estimates

Parametera Value Populationb Home
rangeb

Packsb Pack
sizeb

Dispersersc Distancec Killedc Extinctions

Initial size of population 5 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
10 48.5 49.4 22.4 2.2 0.21 18.3 0.55 0
20 48.6 49.1 22.5 2.2 0.20 19.1 0.63 0
50 49.0 48.2 22.8 2.2 0.20 19.7 0.66 0

100 49.0 47.9 22.9 2.2 0.20 19.7 0.56 0

Area (km2) 900 31.3 37.2 10.8 2.9 0.25 9.5 0.30 0
1600 41.2 43.3 16.8 2.5 0.23 13.9 0.41 0
2500 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
3600 52.0 58.7 26.0 2.0 0.20 19.3 0.49 0
6400 56.4 75.6 30.4 1.9 0.20 20.0 0.43 0

10000 58.1 88.1 32.1 1.8 0.20 19.1 0.34 0

Home range minimum 15 52.0 40.0 25.6 2.0 0.21 16.5 0.48 0
25 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
50 40.4 74.8 16.1 2.5 0.22 17.6 0.43 1

Per capita change in home range 0% 49.6 56.8 22.4 2.2 0.21 17.7 0.00 1
8% 48.3 54.9 21.9 2.2 0.21 17.6 0.26 1

17% 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
25% 47.7 47.1 22.2 2.2 0.21 17.1 0.65 0
34% 46.8 45.0 21.9 2.1 0.21 16.8 0.79 0
50% 45.9 42.4 21.5 2.1 0.21 16.3 1.01 1

Pup survival 0.2 6.5 62.8 3.9 1.2 0.09 4.9 0.04 295
0.3 26.1 65.5 13.9 1.9 0.12 11.4 0.17 23
0.4 39.5 55.5 19.4 2.1 0.20 15.4 0.34 2
0.5 47.9 50.5 22.0 2.2 0.21 10.4 0.48 0
0.6 53.9 47.9 23.6 2.3 0.22 19.5 0.59 1
0.7 59.0 46.0 24.8 2.4 0.24 54.1 0.71 0

Adult/yearling survival 0.5 6.6 54.6 3.3 1.3 0.19 6.6 0.08 363
0.6 19.5 70.9 9.4 2.0 0.21 10.9 0.18 61
0.7 33.7 59.9 16.1 2.1 0.21 14.6 0.34 5
0.8 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
0.9 66.1 44.1 28.4 2.3 0.21 19.3 0.55 0

Disperser survival 0.25 35.3 64.0 14.9 2.4 0.12 10.8 0.29 1
0.50 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
0.75 55.8 44.8 26.5 2.1 0.30 19.5 0.57 0

Dispersal attempts (max) 1 30.4 57.5 10.1 3.1 0.25 12.9 0.11 2
5 40.7 54.7 16.2 2.5 0.23 15.4 0.26 1

10 44.8 52.3 19.2 2.4 0.22 16.4 0.36 1
20 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
40 50.8 49.1 24.8 2.1 0.21 18.0 0.60 0

100 53.3 47.4 27.7 1.9 0.20 18.6 0.74 1

a Values of other parameters listed in Table 1. Default values in bold.
b Mean of 1000 replicates at the end of 50 years. Home range is km2.
c The number of dispersers per pack, dispersal distance (km), and number of wolves killed by intraspecific aggression are averaged over each

year in all replicates. Extinctions are the number of replicates in which the population went extinct.

ing smaller territories. Pack reproductive rates also decreased
as the population grew, and dispersal distance and intraspe-
cific agonistic interactions increased. Extinctions were highly
unlikely, occurring in <0.1% of the simulations using the
default parameter set.

We examined the relationship between output variables by
correlating 50-year simulations using our default parameter
set. All outputs were correlated (p < 0.0001). At the end of 50
years, population size was positively correlated with number
of groups (Pearson r = 0.602) and group size (r = 0.526), but num-
ber of groups and group size were negatively correlated with
each other (r = −0.352). Home range size was negatively corre-

lated with population size (r = −0.211) and number of groups
(r = −0.571), as a smaller mean territory size allowed more
groups to fit the landscape, but home range size was posi-
tively correlated with group size (r = 0.365). Thus, we concluded
that basic model dynamics followed general patterns observed
among free-ranging canid populations.

We next explored model sensitivity to changes in several
parameter values (Table 2). Increasing founding population
size from 5 up to 100 (over twice what could be supported
in the habitat) had little effect on output after 50 years other
than increasing mean dispersal distance by up to 1.4 km,
increasing number of wolves killed by intraspecific aggression
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by up to 37% (but still <1 per year), and slightly increasing
population size (Table 2). Increasing habitat availability and
decreasing space requirements (minimum home range size)
had similar qualitative effects on the wolf population; number
of wolves, packs, and wolves killed annually by intraspecific
aggression all increased, while pack size decreased (Table 2).
However, a >10-fold increase in available habitat (from 900 to
10,000 km2) less than doubled wolf numbers, with the increase
in wolf numbers after 50 years leveling off for the largest areas.
Home range and dispersal distance increased with amount of
habitat available, but decreased with lessened space require-
ments. Larger amounts of additional space required for each
individual added to the pack (per capita change in home
range) had the greatest effect on number of wolves killed by
intraspecific aggression (Table 2), with the increased aggres-
sion between adjacent packs resulting in smaller populations
(up to 4 fewer wolves) with smaller mean home ranges
(>14 km2 smaller).

Final population sizes were most strongly affected by
changes in survival. Increased survival of pups, adults, and
dispersers all increased the number of wolves and packs, up
to a nearly 10-fold increase across the range of survival rates
examined, thereby decreasing home range size (Table 2). Pack
size increased with survival of pups and adults (doubling over
the range of pup survival rates examined), but decreased with
increasing disperser survival (Table 2). Extinctions were much
more common with low pup and adult survival, with a 36%
extinction rate at the lowest adult survival examined (50%).
No changes in other demographic parameters had a substan-
tive effect on the extinction probability of the wolf population
(Table 2).

Dispersal persistence (maximum number of new loca-
tions each disperser tested for overlap with existing core
territories) was the parameter for which the least empirical
evidence exists in the single-species simulations. As disper-
sal persistence increased, dispersers moved farther from the
natal range (up to 6 km) and wolf numbers increased by
up to 75%. Thus, habitat became increasingly saturated as
dispersers were more likely to find vacant habitat to colo-
nize. The increased colonization success reduced the mean
pack size from >3 females to <2 females across the range
of values examined and reduced territory size by ∼10 km2

(Table 2).

4.2. Two-species simulations

We investigated the impact of coyotes on red wolf popula-
tions under two scenarios; in the first case we started with
a small founding wolf population of 5 females and tracked
its likelihood of becoming established in the presence of coy-
otes; in the second we assumed 50 female wolves became
established in the absence of coyotes and we investigated
the impact of coyotes immigration and settlement into the
area. Since adding a second species to the model has a multi-
plicative effect on the parameters that could be investigated,
we restricted our analysis to a select number of parame-
ters to explore plausible scenarios under which canids may
interact.

Coyotes had a marked effect on red wolves in both a
small founding population and a large established population.

Adding coyotes lowered the number of wolves and wolf packs
by >40% and increased mean wolf home range size by 9–12%
(Table 3). The effect of coyotes on small and large wolf popu-
lations differed very little, although red wolf extinction rates
were slightly higher with a small founding wolf population,
especially with high coyote numbers (up to 0.8%). However,
further increases in the number of coyotes had little effect
on model output for either species (Table 3). Increasing the
amount of available habitat increased the number and home
range size of wolves, with wolf numbers nearly doubling as
available habitat increased from 900 to 3600 km2 and then lev-
eling off with additional increases in area (Table 3). Coyote
numbers and home range also increased with available habi-
tat, but to a lesser degree. With only small areas of habitat
available, extinction rate of wolves increased in the presence
of coyotes (up to 1.4%).

The simulation results were quite sensitive to assumptions
of the competitive impact of coyotes on red wolves (Table 3).
As coyotes competed more strongly with wolves (˛ increased
up to 0.6), wolf numbers declined to 18% of the population size
assuming no competition (˛ = 0) and probability of extinction
increased to nearly 15%. Coyote immigration also affected wolf
populations (Table 3). As the annual number of coyote immi-
grants increased from 0 to 20, numbers of wolves decreased
linearly (by 4–5 wolves with every 10 additional coyotes) and
the wolf extinction rate increased to 3.4% in small found-
ing populations. Wolf populations that were already large
prior to the influx of coyotes were less susceptible to extinc-
tion due to coyote immigration, although their numbers still
declined. Coyote numbers increased with additional immi-
grants at the same rate regardless of initial number of wolves
(Table 3).

4.3. Coyote management

We investigated how coyote populations could be manipu-
lated to enhance red wolf reintroduction by evaluating the
efficacy of management options. To enhance the need for
management, we included immigration of 5 coyotes per year
and increased the competitive impact of coyotes on red wolves
to 0.4.

One management option is to remove coyotes from the
reintroduction area. Although the success of coyote removal
attempts in North America has been limited (Parker, 1995),
increased coyote mortality through human intervention could
limit numbers and thereby allow a red wolf population
increase. We simulated human-related coyote mortality by
decreasing survival of adult and yearling coyotes, starting
with a population of either 5 or 50 females of each species.
Decreasing coyote survival to 10% decreased coyote num-
bers to 40% of the pre-management population size, which
more than doubled wolf numbers (Table 4). The impact
on red wolves was even greater when a small founding
population was simulated, with a 2.3-fold increase in num-
bers and a drop in the extinction probability from 3.2%
to nearly zero (Table 4). Coyote extinctions were prevented
in these simulations by the annual influx of new immi-
grants.

Surgical sterilization of coyotes has also been used as a
management tool for coyote populations (Bromley and Gese,
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Table 3 – Model outputa with coyotes included

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Initial coyote population
size (5 wolves)

0 48.1 50.4 22.1 1 0.0

5 27.1 55.7 13.5 2 80.4 6.8 66.0 0
10 27.2 56.0 13.4 0 80.0 6.9 65.7 0
20 26.5 56.2 13.3 6 80.2 6.9 65.8 0
50 26.6 56.0 13.3 8 80.6 6.9 66.0 0

Initial coyote population
size (50 wolves)

0 48.9 48.3 22.8 0 0.0

5 28.8 53.0 14.4 0 79.6 6.8 65.1 6
10 28.3 52.7 14.3 0 79.7 6.9 65.4 0
20 28.6 52.7 14.4 0 80.5 6.9 66.0 0
50 28.3 53.2 14.2 0 80.1 6.8 65.8 0

Area available (km2) 900 15.5 38.0 6.0 14 73.8 5.0 56.3 3
1600 22.9 46.2 10.3 5 77.5 6.1 62.0 2
2500 27.3 55.5 13.6 1 79.9 6.9 65.5 0
3600 29.7 65.3 15.7 0 81.5 7.3 67.8 0
6400 31.8 82.7 17.6 1 84.1 7.8 70.2 0

10000 31.6 92.7 17.6 3 85.4 8.0 71.8 0

Competition coefficient 0 46.4 46.8 20.7 1 77.2 6.5 62.2 3
0.1 39.8 48.9 18.4 2 77.9 6.6 63.1 1
0.2 33.6 51.8 16.1 1 78.9 6.8 64.3 3
0.3 27.1 55.7 13.5 2 80.4 6.8 66.0 0
0.4 20.9 59.8 10.8 10 81.0 7.0 66.8 2
0.5 14.1 62.7 7.6 32 82.5 7.2 68.5 1
0.6 8.1 57.5 4.5 149 83.8 7.2 70.2 2

Coyote immigrants/year
(5 wolves)

0 27.1 55.7 13.5 2 80.4 6.8 66.0 0

1 26.7 55.7 13.3 1 83.2 6.9 68.8 0
5 24.1 57.2 12.2 6 92.3 7.0 78.7 0

10 21.7 58.7 11.2 11 102.5 7.0 89.9 0
20 16.4 63.2 8.7 34 121.8 6.9 111.5 0

Coyote immigrants/year
(50 wolves)

0 28.5 52.3 14.3 0 80.0 6.9 65.6 4

1 27.7 53.0 14.0 0 82.6 6.9 68.2 0
5 25.5 55.0 13.0 0 92.2 7.0 78.5 0

10 23.1 56.4 12.0 1 102.2 6.9 89.4 0
20 18.8 61.8 10.0 2 121.5 6.8 110.9 0

a Population size, home range, and number of packs are the mean of 1000 replicates of the model run for 50 years. Extinctions are the number
of replicates in which the population went extinct.

b Default values in bold.

2001a,b), and has been used opportunistically in the context of
reducing introgression of coyote genes in the North Carolina
red wolf population (U.S. Fish and Wildlife Service, unpub-
lished data; Stoskopf et al., 2005). We simulated sterilization
by reducing maximum reproductive rate of coyotes from our
default value of 0.8. Starting with populations of either 5 or
50 of each species, we decreased maximum coyote reproduc-
tive rate (probability of producing a litter) every year for 50
years. The impact of coyote sterilization was similar to that
of coyote removal (Table 4). Dropping the maximum coyote
reproductive rate to 20% decreased coyote numbers to 27% of
their pre-management levels in both small and large initial
populations, which increased wolf numbers 2.5- and 2.3-fold
in small and large initial populations, respectively (Table 4).
Red wolf extinction risk was again highest (3.1%) in small pop-
ulations with high coyote reproductive maxima, but decreased
to zero with sufficient decrease in coyote reproduction
(Table 4).

5. Discussion

Under the assumptions of these models, the mere presence of
coyotes on the landscape reduced red wolf population viabil-
ity. However, the strength of the coyote impact on red wolves
was particularly sensitive to assumptions of the degree of
resource exploitation (i.e., competition coefficient) between
the two species. In our model, the degree to which coy-
otes usurp resources used by red wolves determined their
effect on red wolf reproduction, and therefore population
growth. We assumed that resource competition was the mech-
anism by which coyotes would have the greatest impact on
wolf reproduction, and simulated this impact using a simple
competition coefficient similar to that used in several other
competition models (e.g., Gotelli, 2001).

The competition coefficient represents per capita effect of
one species on another’s population growth rate (Gotelli, 2001).
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Table 4 – Effect of managementa, simulated by adjusting coyote survival and reproductive rates

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Adult survival (5 wolves, 5
coyotes)

0.1 35.8 53.5 17.3 1 37.0 8.0 29.5 0

0.3 31.1 55.0 15.3 0 49.2 7.8 39.4 0
0.5 25.0 57.4 12.6 7 67.0 7.6 54.8 0
0.7 15.5 60.8 8.2 32 94.2 7.2 81.0 0

Adult survival (50 wolves,
50 coyotes)

0.1 36.2 51.4 17.6 0 37.2 8.0 29.7 0

0.3 32.0 52.4 15.8 0 49.7 7.8 39.7 0
0.5 26.2 55.0 13.3 0 67.2 7.5 55.0 0
0.7 17.9 60.3 9.5 3 93.6 7.2 80.1 0

Max reproductive rate (5
wolves, 5 coyotes)

0.2 40.0 53.8 19.1 0 24.9 8.0 23.2 0

0.4 34.8 55.6 17.0 2 40.3 7.7 36.0 0
0.6 27.4 58.9 13.7 3 61.5 7.4 53.5 0
0.8 15.9 62.2 8.5 31 93.9 7.2 80.7 0

Max reproductive rate (50
wolves, 50 coyotes)

0.2 40.9 51.6 19.8 0 25.1 8.0 23.4 0

0.4 35.7 53.2 17.7 0 40.6 7.7 36.2 0
0.6 28.0 55.9 14.2 0 61.5 7.5 53.5 0
0.8 17.8 60.0 9.5 5 93.2 7.2 79.9 0

a Each output is the mean of 1000 replicates of the model run for 50 years, with ˛ = 0.4 and 5 coyote immigrants per year. Extinctions are the
number of replicates in which the population went extinct (initial population sizes in parentheses).

b Default values in bold.

Competition coefficients have been estimated in the field
based on dietary overlap alone (MacArthur and Levins, 1967) or
including feeding rates and relative availability of food types in
the environment (Schoener, 1983; Spiller, 1986). These meth-
ods of estimating competition coefficients reflect consumptive
competition, which occurs when food is limited and individu-
als reduce another’s intake of food via exploitation (Schoener,
1983). Interaction coefficients between species have also been
estimated using regression models based on either census of
population sizes at one point in time over many sites (static
models) or population changes over time (dynamic models)
to examine whether per capita changes in one species are
associated with the abundance of other species (Pfister, 1995;
Shenbrot and Krasnov, 2002). The dynamic approach may indi-
cate exploitative competition, whereas the static approach
could reflect negative interspecific spatial association (inter-
ference; Shenbrot and Krasnov, 2002). Coyotes could affect
red wolf populations through both mechanisms of compe-
tition, either through consuming limited food sources or by
occupying space and thwarting the establishment of ter-
ritories by dispersing red wolves. However, very few field
data are available for determining the strength of either
mechanism and the resulting impact of coyotes on red wolf
populations.

Understanding the impact of coyotes on red wolves
through resource exploitation, and therefore effectively
parameterizing the competition coefficient in our models,
requires information on the diet of each species in the recov-
ery area. Studies of the diets of sympatric carnivores often
detect appreciable dietary overlap, with varying degrees of

dietary partitioning (Dibello et al., 1990; Kitchen et al., 1999;
Neale and Sacks, 2001; Thornton et al., 2004; Azevedo et al.,
2006; but see Thurber et al., 1992). Available data on red wolf
diets in the recovery area indicate that deer, raccoons, and
rabbits are consumed primarily, although food habits vary
with wolf age and habitat (Phillips et al., 2003). Information
on coyote diets in the area is lacking, but coyotes are con-
sidered to be opportunistic, generalist predators that typically
consume a wide variety of food sources, including small mam-
mals (rodents and lagomorphs), ungulates, and fruits (Beckoff,
1977). Their use of these various food sources varies season-
ally and spatially with changes in food abundance (Andelt
et al., 1987; Neale and Sacks, 2001) and may also change
with age or group size (Gese et al., 1988, 1996). As such,
coyotes may exploit a wider range of resources than other
sympatric carnivores (Fedriani et al., 2000). Although canid
biologists usually concentrate on determining levels of inter-
ference between sympatric canids, exploitation competition
underlies the evolution of interference behavior (Peterson,
1995) and likely continues to be important for coexisting
species. Thus, diet estimation of red wolves and coyotes
in areas of sympatry, as well as allopatric populations in
similar habitats, deserves close attention. Such estimates
could be derived through a combination of fecal analysis
and measurements of stable isotope ratios of hair from cap-
tured wolves, coyotes, and their prey (Urton and Hobson,
2005).

Our model assumed that dispersing wolves could always
usurp a territory held by a single (female) coyote. However, coy-
ote group sizes averaged around 1.2 females, indicating that
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wolves were prevented from occupying space held by some
coyote groups. The model also assumed that an expanding
coyote group could usurp a neighboring red wolf pack of a
single female if coyote numerical advantage outweighed wolf
size advantage. Lowering coyote dispersal likely would have
increased coyote group sizes in the model and exacerbated
their impact on wolf populations through both of these mech-
anisms. Information on the dominance interactions between
coyotes and red wolves and how often individuals of one
species are displaced by the other is imperative for better
understanding the importance of interference competition
by coyotes on red wolves. Specific field data that are needed
include home range overlap between the two species, patterns
of colonization of vacant areas, and the impact of territorial
coyotes on dispersing wolves.

Although our model assumed a homogeneous habitat,
habitat heterogeneity can affect territory size, space use, and
density of wolves and coyotes (Gese et al., 1988; Fuller and
Murray, 1998; Phillips et al., 2003). Habitat heterogeneity can
also induce density-dependent reproduction because poorer-
quality territories are occupied as population size increases
(Dhondt et al., 1992). The impact of coyotes on red wolf pop-
ulations may be lower if the larger red wolves can exclude
coyotes from the highest quality habitats, at least prior to the
habitat becoming saturated. Indeed, the ability of a larger-
bodied species to exclude a smaller competitor, which is
usually assumed to exploit resources more efficiently, from
resource patches is thought to enable coexistence of com-
petitors that differ in body size (Basset and DeAngelis, 2007).
However, in a landscape already fully colonized by coyotes,
newly reintroduced red wolves may have greater difficulty
securing the highest quality habitats, and habitat heterogene-
ity could exacerbate the effects of coyotes on reintroduction
success.

The relationship between territory size and population size
detected in the model is consistent with field observations
of gray wolves. To accommodate future reproduction, a wolf
pair must either establish a territory much larger than they
require to sustain themselves or else later expand their terri-
tory to accommodate increased energy demands (Peterson et
al., 1984; Mech and Boitani, 2003). Wolf pairs colonizing unoc-
cupied habitat could establish a large territory and maintain it
as the pack grew, whereas those trying to establish territories
in a saturated landscape must start with a smaller area and
expand as needed (Mech and Boitani, 2003). Several examples
exist of large, new wolf territories being established in areas
of low density and thereafter remaining at a constant size as
the pack grew or later declined (see Mech and Boitani, 2003).
However, as space is filled and habitat becomes saturated,
individual pack territories can shrink by 17–68% (Fritts and
Mech, 1981). Although we did not find a relationship between
pack size and territory size in the field data from the red wolf
recovery area (U.S. Fish and Wildlife Service, unpublished data),
most of those data were obtained from an expanding popula-
tion. Thus, the production of smaller home ranges with high
populations and many packs observed in the model seems
consistent with patterns detected among free-ranging wolves
described in the literature.

Despite uncertainties in some of our parameter estimates,
red wolves always responded negatively to the presence of

coyotes in our simulations. We assumed no hybridization
occurred between red wolves and coyotes, but given that
body size of hybrids is closer to that of wolves, the impact
of non-wolf competition may be aggravated in an environ-
ment where hybridization is possible. Our results suggest
that management of coyotes by removal (lower survival) or
sterilization (lower fecundity) could aid in red wolf recovery,
but further elucidating the competitive interactions between
wolves and coyotes in the removal area will help refine
management activities to improve their effectiveness. Since
competitive impacts could include resource exploitation or
territorial exclusion, information on diet and behavioral inter-
actions between the two species appears most critical.
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Pack social dynamics and inbreeding avoidance 
in the cooperatively breeding red wolf

Amanda M. Sparkman,a Jennifer R. Adams,b Todd D. Steury,c Lisette P. Waits,b and Dennis L. Murraya

aDepartment of Biology, Trent University, Peterborough, ON, K9J 7B8, Canada, bDepartment of Fish 
and Wildlife Resources, University of Idaho, Moscow, ID, 83844, USA, and cSchool of Forestry and 
Wildlife Sciences, Auburn University, Auburn, AL, 36849, USA

For cooperatively breeding groups composed of close relatives, whether and how a group avoids inbreeding are questions of key 
evolutionary and conservation importance. A number of strategies for inbreeding avoidance may be employed by cooperative 
breeders, including extrapair reproduction, reproductive suppression, and juvenile dispersal. However, population-wide infor-
mation on the prevalence of different strategies is difficult to obtain. We investigated the prevalence of inbreeding and potential 
mechanisms for inbreeding avoidance in a reintroduced population of the red wolf. Using long-term data on individuals of 
known pedigree, we determined that inbreeding among first-degree relatives was rare. Potential mechanisms for inbreeding 
avoidance included low levels of philopatric reproduction in spite of delayed dispersal, and reproductive suppression prior to 
dispersal. Inbreeding avoidance among siblings may have been further facilitated by independent dispersal trajectories, as many 
young wolves spent time alone or in small nonbreeding packs composed of unrelated individuals. The dominant pattern of 
breeding-pair formation involved the union of 2 unrelated individuals in a new home range. Replacement of 1 or both mem-
bers of an existing breeding pair involved new immigrants to a pack or, in a small number of cases, ascendance of either resi-
dent offspring or adopted pack members to vacant breeding positions. Extrapair reproduction was rare, suggesting that it was 
not a major mechanism for outbreeding. We conclude that there are several prevalent behavioral strategies within the red wolf 
population that may work together to minimize inbreeding and any associated fitness costs, helping make cooperative breeding 
an evolutionarily viable strategy. Key words: Canis rufus, competition, lone wolves, monogamy, nonbreeding packs, pair forma-
tion. [Behav Ecol]

InTRoDucTIon

The risk of inbreeding is a potential threat to the evolutionary 
stability of cooperative breeding when groups are composed 

of close relatives. As high levels of inbreeding have been associ-
ated with negative effects on fitness-related traits (reviewed in 
Pusey and Wolf 1996; Hedrick and Kalinowski 2000; Keller and 
Waller 2002), the study of mechanisms for inbreeding avoidance 
has been a topic of great interest to behavioral ecologists. Studies 
in diverse species have suggested that cooperative breeders can 
exhibit a range of behaviors that may help reduce inbreeding 
within groups, including extrapair reproduction, reproductive 
suppression of subordinates, and sex-biased dispersal (reviewed 
in Pusey and Wolf 1996; Packard 2003). Indeed, although iso-
lated instances of inbreeding have been documented in many 
cooperative breeders, in most species the rate of inbreeding is 
thought to be quite low (Koenig and Haydock 2004).

Inbreeding rates and evidence for inbreeding avoidance 
have been studied most thoroughly in cooperatively breeding 
birds (reviewed in Koenig and Haydock 2004). Inbreeding 
avoidance has also been explored to some extent in coop-
eratively breeding mammals, but with the exception of a 
few well-studied species (e.g., meerkats: O’Riain et  al. 2000; 
Griffin et  al. 2003; Ethiopian wolf: Sillero-Zubiri et  al. 1996, 

Randall et  al. 2007; African wild dog: Girman et  al. 1997; 
Damaraland mole rat” Cooney and Bennett 2000; canid spp.: 
Geffen et  al. 2011), most support for inbreeding avoidance 
tends to rely on anecdotal accounts. For many species, lit-
tle is known regarding the prevalence of different strategies 
within a single population, and how they might work together 
to create a viable social system. In order to fully understand 
all possible social mechanisms through which harmful lev-
els of inbreeding might be avoided, it is important to have  
a basic understanding of the different strategies that charac-
terize the life cycles of individuals, and from this, discern the 
dominant strategy (or strategies) exhibited within a particu-
lar population. However, knowledge of key factors—such as 
when (or if) individuals disperse from their natal groups, how 
individuals spend their time before breeding, how breeding 
relationships are eventually formed, and by whom—is often 
difficult to come by. Such knowledge requires longitudinal, 
individual-based information on location and group affilia-
tion, as well as detailed information on the sex, age, repro-
ductive status, and relationships among individuals within a 
population (Pemberton 2008).

Cooperative breeding is widespread among canids 
(Moehlman 1986; Moehlman 1997; Mech et al. 1999; Packard 
2003; Sparkman et  al. 2011a), and potential mechanisms 
for inbreeding avoidance appear to vary among species. 
The Ethiopian wolf, Canis simensis, for instance, exhibits 
female-biased dispersal, thus limiting opportunities for 
mate formation between siblings (Sillero-Zubiri et  al. 1996). 
Furthermore, although Ethiopian wolves tend to be socially 
monogamous, the frequency of extrapair reproduction appears 
to be relatively high, which may further reduce the risk of 
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inbreeding when female offspring are philopatric and replace 
their mothers as the dominant breeder (Sillero-Zubiri et  al. 
1996; Randell et  al. 2007). In contrast, the gray wolf, Canis 
lupus, tends to exhibit both social and genetic monogamy 
(reviewed in Packard 2003), with only rare instances of 
extrapair reproduction, suggesting that in this case reproductive 
suppression of subordinates and high rates of dispersal for both 
sexes may contribute more to low rates of inbreeding within 
packs (Smith et al. 1997; Vonholdt et al. 2008).

Inbreeding depression within captive populations of 
Canis species ranges from low to severe (Laikre and Ryman 
1991; Ellegren 1999; Kalinowski et  al. 1999; Fredrickson 
and Hedrick 2002; Lockyear et al. 2009; Rabon and Waddell 
2010). In the wild, Scandinavian gray wolves recovering from 
a population bottleneck exhibit signs of severe inbreeding 
depression (Liberg et al. 2005). The reintroduced population 
of Yellowstone gray wolves, on the other hand, exhibits rela-
tively low inbreeding coefficients (f), likely due to a relatively 
large founding population as well as mechanisms for inbreed-
ing avoidance (Vonholdt et al. 2008). There is also evidence 
that inbreeding within packs in other gray wolf populations, 
as well as populations of other canid species, is rare (Smith 
et  al. 1997; Geffen et  al. 2011). Similarly, a wild population 
of Eastern wolves (Canis lycaon) appears to exhibit high levels 
of heterozygosity (Grewal et  al. 2004; Rutledge et  al. 2010). 
Nevertheless, there is still much to learn regarding inbreed-
ing in wild populations, and the study of behavioral mecha-
nisms for inbreeding avoidance has conservation as well as 
theoretical relevance, particularly as the risk of inbreeding is 
a major concern for small or declining populations and rein-
troduction projects often involve small numbers of founding 
individuals (Hedrick and Kalinowski 2000).

We investigated the prevalence of inbreeding among 
first-degree relatives (i.e., parent/offspring, siblings), and 
potential behavioral mechanisms for inbreeding avoidance 
in a reintroduced population of the cooperatively breed-
ing red wolf, Canis rufus. The red wolf is an ideal system in 
which to investigate the fitness costs and benefits of coopera-
tive living, as it constitutes a relatively closed, closely moni-
tored population of known pedigree. Although derived from 
a captive population descending from only 14 founders, 
inbreeding coefficients of wild-born individuals are relatively 
low (mean f = 0.10 ± 0.05, range 0–0.26) (William Waddell, 
Point Defiance Zoo and Aquarium, unpublished data). 
Furthermore, inbreeding events appear to be infrequent in 
the closely related Eastern wolf (Rutledge et al. 2010). Thus, 
we predicted that instances of breeding among first-degree 
relatives in the red wolf are rare and there are mechanisms 
for inbreeding avoidance active within this population.

Previous work has reported that red wolves primarily live 
in packs composed of a socially monogamous breeding pair 
and offspring of different ages (Phillips et al. 2003; Sparkman 
et al. 2011a). In spite of the fact that many young wolves will 
delay dispersal for up to 2 years, previous work has also dem-
onstrated high rates of dispersal prior to reproduction, with 
only a few individuals remaining to breed in their natal pack 
(Sparkman et  al. 2011b). Infrequent breeding in the natal 
pack could be sufficient for inbreeding avoidance, at least 
among parents and offspring. However, the extent to which 
inbreeding occurs has not yet been documented in the red 
wolf, and how dispersal and social behaviors both outside 
and within breeding packs might decrease the probability of 
inbreeding has not hitherto been explored.

To address these questions, we evaluated the prevalence of 
different strategies in the red wolf life cycle. Using long-term 
radio-telemetry data and a population pedigree, we explored 
prebreeding social behavior and its ramifications for the 
longevity of family bonds, and the prevalence of different 

mechanisms for breeding-pair formation, including natal 
philopatry, adoption of unrelated individuals into a breed-
ing pack, and competition. We also assessed the frequency of 
extrapair reproduction as another potential mechanism for 
inbreeding avoidance. We predicted that strategies favoring 
the formation of breeding pairs between 2 unrelated individ-
uals would be most prevalent. Note that we do not argue that 
any of these behaviors evolved exclusively as a result of direct 
selection for inbreeding avoidance; rather, our goal was to 
evaluate how various components of red wolf behavior might 
contribute toward that end (Moore and Ali 1984; Pusey and 
Wolf 1996).

METHoDS

Monitoring methods and pedigree

Red wolves were reintroduced into the Alligator River 
National Wildlife Refuge in North Carolina in 1987, after 
extinction from their native distribution throughout the 
southeastern United States (McCarley and Carley 1979; U.S. 
Fish and Wildlife Service [USFWS] 1984). Between 1987 
and 2007, 506 free-ranging wolves were captured primar-
ily via foothold traps, equipped with very high frequency 
radio-collars and monitored to gather detailed information 
on location, pack affiliation, reproductive status, and timing 
of dispersal and death (Phillips et  al. 2003). It is estimated 
that >95% of handled adult wolves were collared and that 
>90% of adults on the recovery area were “known” (A. Beyer, 
USFWS, unpublished data). Radio-collared wolves were moni-
tored every 3–4  days from the ground or via fixed-wing air-
craft. Wolves were aged by PIT tagging at den sites or during 
pup capture in early fall. Based on this intensive monitoring 
data, it has been reported that red wolves disperse between 1 
and 2 years of age, and begin to breed between ages of 2 and 
4 on average (Sparkman et al. 2011a, 2012).

The reconstruction of the pedigree for the red wolf popu-
lation has been described in detail elsewhere (Adams 2006). 
Briefly, genetic material was obtained for 703 individuals and 
genotypes were collected at 18 microsatellite loci with an aver-
age heterozygosity of 0.65 (Adams 2006). To assign parentage, 
we used a maximum likelihood approach as implemented 
in the program CERVUS 2.0 (Marshall et  al., 1998; Adams 
2006)  as well as field data on known pairings and spatial 
locations of individuals. When 1 parent was known we could 
successfully assign parentage 95% of the time at the 95% 
confidence level and 96% of the time at the 80% confidence 
level. When neither parent was known we could successfully 
assign parentage 88% of the time at the 95% confidence level 
and 99% of the time at the 80% confidence level using these 
18 loci (Adams 2006). In total, we had genetic confirmation 
for the identity of both parents for 303 out of 408 individuals 
for whom parentage was inferred through field observations. 
One parent was known for an additional 101 individuals, and 
parentage was unknown for 194 individuals. From the result-
ing pedigree, we were able to identify breeding pairs and 
their corresponding offspring so as to be able to differentiate 
between what we define as related—that is, parent and off-
spring or siblings—and unrelated members of a pack—that 
is, adoptees/immigrants from other packs. Reintroduced red 
wolves do naturally hybridize with the coyote (Canis latrans), 
although management efforts selectively remove hybrid litters 
(Phillips et  al. 2003). We were able to identify all instances 
of pair formation and hybridization between red wolves and 
coyotes (C. latrans). Using this information, we surveyed all 
instances of incestuous matings between first-degree relatives. 
All summary statistics and analyses were performed using JMP 
8.0.2 (SAS Institute Inc.).
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Prebreeding social behavior and inbreeding avoidance

We evaluated the prevalence of different social behaviors 
subsequent to dispersal from the natal pack, and their poten-
tial to contribute to inbreeding avoidance through dissolv-
ing social bonds between family members. Our long-term 
radio-telemetry records allowed us to identify 3 main social 
grouping behaviors exhibited by wild-born red wolves: solitary 
periods, membership in nonbreeding packs, and membership 
in breeding packs. Time periods were defined and quantified 
as the number of seasons in which a particular behavior was 
exhibited (i.e., Winter, Spring, Summer, and Fall). Solitary 
individuals that appeared to be traveling or residing in a par-
ticular home range for 1 or more seasons by themselves were 
designated as “lone wolves.” Nonbreeding individuals that 
were found to be in the company of other nonbreeders in 
the same home range for 2 or more seasons were considered 
members of a nonbreeding pack. Individuals found for 2 or 
more seasons in a home range with 2 breeding individuals 
present were considered members of a breeding pack. Home 
ranges were determined from the 95% isopleths of utilization 
distributions, as estimated using kernel density estimators 
with fixed bandwidth estimated using the root-n bandwidth 
estimator (Steury et al. 2010; T. Steury, unpublished data).

We assessed the proportion of both sexes within the popu-
lation that were lone wolves during at least 1 season, and clas-
sified them according to reproductive status during that time: 
prereproductive, postreproductive until death, ultimately 
nonreproductive until death, or between reproductive events. 
We also calculated the average age of lone wolves and length 
of time spent alone. Similarly, we also assessed the proportion 
of both sexes that were members of nonbreeding packs for at 
least 2 or more seasons and their reproductive status during 
that time. Since membership of nonbreeding packs fluctu-
ated, with some wolves dispersing whereas others remained 
and new members arrived, we also compiled descriptive sta-
tistics on “subpacks,” which we define as an aggregation of 
nonbreeding wolves that lasted 2 or more seasons longer than 
associations with other members (past or future) of a given 
pack. Note that in creating the category “subpack” we are 
not proposing a novel form of social organization per se, but 
simply devising an arbitrary but effective method to quantify 
the frequency and duration of different types of associations 
between individuals. We determined the composition of each 
subpack—numbers of each sex and presence of close rela-
tives—the average age of members, and the average subpack 
lifespan (i.e., number of seasons spent together). Because the 
majority of nonbreeding subpacks were composed of male 
and female dyads that may have been attempting to form a 
breeding pair (see Results), we determined whether male–
female dyads spent significantly longer together than other 
aggregations using Welch’s test for unequal variance.

Breeding-pair formation and inbreeding avoidance

We identified breeding pairs as 2 individuals that were known 
to den and produce offspring. We identified and assessed 
the prevalence of 4 main patterns of breeding-pair forma-
tion: 1) the union of 2 lone individuals in a new home range, 
2)  the replacement of 1 lost breeder by a new breeder in 
an established home range, 3)  the formation of a breeding 
pair composed of 2 new individuals in the absence of other 
individuals, or 4)  the formation of a breeding pair com-
posed of 2 new individuals in the presence of other unrelated 
individuals.

For patterns of breeding-pair formation (2)–(4), which 
involved the replacement of 1 or both breeders, we quantified 
the prevalence of the 4 different replacement mechanisms 

that were observed, the first of which could contribute to 
inbreeding, and remainder of which could contribute to 
inbreeding avoidance: replacement of a breeder by 1)  resi-
dent offspring, 2)  adopted immigrants, that is, individuals 
adopted by a pack with an intact breeding pair, 3) new immi-
grant individuals arriving after death or dispersal of a previ-
ous breeder, and 4) new immigrants that may have competed 
with and deposed a previous breeder. Concrete evidence for 
competitive breeder displacement is difficult to collect in wild 
wolves, although intraspecific conflict is known to occur and 
tends to be higher for breeding gray wolves than for non-
breeders (Mech and Boitani 2003). Thus, for (4), we consid-
ered the death or dispersal of a breeder after the arrival of 
a successor at some point after the previous breeding season 
as potential evidence for competition. Furthermore, because 
the majority of potential cases of competitive displacement 
involved males (see Results), we sought evidence that post-
breeding male red wolves are more likely to be found outside 
of their breeding pack than females, with the prediction that 
females would be more likely to die in their breeding packs.

Extrapair reproduction and inbreeding avoidance

Using the population pedigree and information on pack com-
position, we were also able to quantify instances of multiple 
paternity (where pups from the same litter were fathered by 
2 or more males) and instances of extrapair paternity (where 
a male fathered pups by 2 or more females), to determine 
whether these were common behaviors that could contribute 
to inbreeding avoidance within a cooperatively breeding fam-
ily group.

RESuLTS

Frequency of inbreeding

As predicted, breeding among first-degree relatives was rare. 
Breeding between parents and offspring occurred in only 4 
out of 90 (4%) breeding pairs; similarly, breeding between 
full siblings also occurred in 4 (4%) breeding pairs. Two 
of four parent–offspring breeding events involved a single 
female, who bred with both her son, and then with their son. 
The remaining 2 parent–offspring breeding events involved 
father–daughter and mother–son pairings. One of four sib-
ling breeding events involved siblings who bred together in 
their natal pack after their mother died during parturition, 
a second involved 2 siblings who dispersed from their natal 
pack together, and a third involved siblings born in consecu-
tive years who independently dispersed to the area in which 
they bred. The fourth case involved a male who bred not only 
with his mother but also with his sister in the same year.

Prebreeding social behavior and inbreeding avoidance

The prevalence of lone wolf and nonbreeding pack behaviors 
subsequent to dispersal suggested that both may contribute 
to inbreeding avoidance. After dispersing from their natal 
packs, approximately 43% (n = 386) of monitored individuals 
spent 1 or more seasons as lone wolves (Figure 1). Of these, 
28% (n  =  166) were prereproductive and 72% were nonre-
productive, that is, never became reproductive before death. 
The average age of pre- and nonreproductive lone wolves was 
1.7 ± 0.9  years, and time spent as a lone wolf ranged from 1 
to 13 seasons, with a mean of 3.0 ± 2.5 seasons. The sex of 
pre- and nonreproductive lone wolves was approximately 
evenly distributed (48% females and 52% males). Only 7% 
of lone wolves were postreproductive (i.e., did not reproduce 
again prior to death), and a mere 1% were between breeding 
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events in different packs. Thus, in general, it appears that a 
large number of young wolves of both sexes spent time alone 
subsequent to dispersal from their natal packs, rather than 
in the company of siblings with whom they might otherwise 
have formed pair bonds (although this has only been docu-
mented in captivity, e.g., Packard et al. 1983).

After dispersing from their natal packs, 30% (n  =  386) 
of individuals spent time associated with other wolves in  
nonbreeding packs, that is, packs in which there was no  
evidence of pups produced (Figure 1). Although nonbreeding  
packs were largely composed of pre- or ultimately non-
reproductive individuals, approximately evenly distributed 
between the sexes (46% females and 54% males), 9 post-
reproductive individuals were also found within nonbreeding 
packs. There were 54 discrete nonbreeding packs with no 
temporal overlap among individuals within a given home 
range. The average size of nonbreeding packs was 2.4 ± 0.8 
wolves, with a range of 2–6. There were 91 subpacks within 
the 54 nonbreeding packs. The composition of the subpacks 
varied, but the majority were characterized by the presence 
of at least 1 male and 1 female (Table 1). Approximately 64% 
(n  =  91) were male–female dyads. Male–female dyads spent 
significantly longer together than any other combination of 
nonbreeding individuals within a subpack, averaging 5.8 ± 3.2 
versus 3.2 ± 1.2 seasons (F1,66 = 27.8; P < 0.0001). In every case, 
where there were originally more than 1 male and female 
in a nonbreeding pack, when only 2 individuals remained 

in a pack it was a male–female pair. Nonbreeding packs 
were largely composed of individuals that were not closely 
related; there were only 3 cases where full siblings were found 
together in a nonbreeding pack. Only 12 individuals (6 males 
and 6 females) in nonbreeding packs went on to breed in 
the same home range. Thus, the majority of nonbreeding 
packs appeared to represent failed attempts at breeding-pair 
formation, and/or an aggregation of floaters available for 
breeding opportunities elsewhere. With respect to the former 
scenario, it is relevant to a goal of inbreeding avoidance 
that such a low number of subpacks contained first-degree 
relatives.

Formation of breeding pairs and inbreeding avoidance

There were 90 breeding pairs that were formed success-
fully during the study period, composed of 58 females 
and 69 males, as well as 3 cases where an entire family dis-
persed together to take up occupancy of a new home range. 
Seventeen percent (n = 90) of these breeding pairs involved 
coyotes; however, because the distribution of mechanisms 
for pair formation was similar for both red wolf–red wolf 
and red wolf coyote pairs (A. Sparkman, unpublished data), 
we retained these pairs in our analysis. There were 4 main 
mechanisms for formation of a new breeding pair: 1)  join-
ing of 2 lone individuals (54%), 2) replacement of 1 breeder 
either by an adopted immigrant or a son or daughter (24%), 
3)  replacement of both breeders by an adopted immigrant 
and/or a son or daughter (9%), or 4) the formation of a new 
breeding pair by new immigrants in the presence of one of 
the former breeders, or one or more other immigrants (12%) 
(Figure  2). The prevalence of strategy (1) is conducive to 
inbreeding avoidance, as it involves 2 individuals who have 
dissolved ties with closely related members of their natal pack. 
We describe the strategies involved in filling breeder vacan-
cies in mechanisms (2)–(4), and their potential for causing 
or providing an alternative to inbreeding within a group, in 
more detail below.

Breeding of resident offspring
Inbreeding due to reproduction of resident offspring within 
their natal packs was rare. Only 8% (n = 90) of breeding-pair 
formations involved offspring—4 females and 3 males—
that remained to breed in their natal packs. These events 
occurred through one or the other of two of the mechanisms 
listed above: when one (2) or both (3) parents were replaced 
as breeders. Two of the females in question bred during 
the spring after their mother’s death, 1 with her father and 
1 with a new pack member. The third female bred with a 

Figure 1 
Prevalence of major social group behaviors employed by red wolves. Because only 30% of pups become reproductive, postbreeder percentages 
are based on the number of individuals that actually became reproductive. Note that all but 1 out of 21 instances of postbreeding extrapack 
behavior involved males. NB, nonbreeding, B, breeding (although not generally an individual’s own breeding reproductive pack). Note that 
although not shown, some individuals may alternate between being alone, or in NB/B packs both before and after breeding.

Table 1 
number and percentage of the total number of subpacks for 
non-reproductive subpacks of various compositions

Composition No. of subpacks Percentage of total subpacks

5–6 Individuals
MMMMFF  1  1.1
MMFFF  1  1.1
MMMFF  1  1.1
3–4 Individuals
MMFF  2  2.2
MMMF  2  2.2
MMM  2  2.2
MFF  9  9.9
MMF  9  9.9
2 Individuals
FF  1  1.1
MM  5  5.5
MF 58 63.7
Total 91
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new pack member 2  years after her mother’s death, and the 
fourth bred with her brother during the same year he bred 
with their mother. One male that bred in his birth pack bred 
with his mother after his father succumbed to an unknown 
fate; another male was his son, who bred with his mother/
grandmother after his father dispersed, as well as with his sis-
ter (mentioned above). The third male bred with a new pack 
member the year after his mother died during parturition; his 
father remained in the pack during this time. Thus, breeding 
of resident offspring in their natal pack was rare, but in 4 out 
of 7 cases it involved inbreeding between first-degree relatives.

Breeding of adopted pack members
There were 43 instances where an unrelated individual was 
adopted by 35 of 90 breeding pairs. Of the 43 unrelated 
individuals that spent time in breeding packs, 3 were coyotes 
(2 male and 1 female) and 3 were wolves of unknown ori-
gin (1 male and 2 females). Of the 37 remaining individuals, 
there was a fairly even distribution between the sexes, with 
15 females and 22 males accepted into breeding packs. The 
average age of adopted pack members was 2.4 ± 1.8  years, 
with a range of 0–8  years old. Two postreproductive males 
were accepted into breeding packs. Sixteen percent (n = 43) 
of adopted individuals later became reproductive themselves 
in other packs, and only 9% became reproductive in the 
pack in which they were an adopted member. Thus, adopted 
pack members were involved in mechanisms (2)–(4) for 
breeding-pair formation in only 4% (n = 90) of pairs. These 
individuals were involved in 1 out of 22 replacements of a 
single breeder (2), 1 out of 10 replacements of both breeders 
(3), and 2 out of 11 replacements of both breeders with other 
individuals present (4). These findings suggest that joining a 
breeding pack did not carry strong reproductive advantages 
either in the pack in question (actively displacing a current 
breeder or replacing a lost breeder), or elsewhere, and thus 
did not contribute substantially to inbreeding avoidance 
within the adopting pack.

Breeding of new immigrants
Breeding of new immigrants to a pack occurred at high 
enough frequencies to suggest that it may be an important 

contributor to inbreeding avoidance, either through 
incidental arrival after a breeding position in a pack opened 
up or through male–male competition. Approximately 17% 
(n = 90) of breeding pairs were formed when a new immigrant 
arrived after the death or dispersal of a previous breeder 
and assumed a breeding position, either with the surviving 
mate or a new mate. There was also some evidence that an 
additional 12% (n = 90) of breeding-pair formations involved 
replacement of one member of a breeding pair (option 
(2) above) via male–male competition. Approximately half 
(55%) of transitions to a new breeder were potentially due 
to male–male competition, where the arrival of the new 
breeder or breeding of a subordinate was associated with the 
death/departure of the resident breeder between breeding 
seasons. Three of these cases involved sons displacing fathers 
(2 initially through extrapair copulation with their mother), 
7 cases involved the arrival of a competitor and subsequent 
death/departure of the resident breeder within the same 
season, and 1 case involved the arrival of a competitor and 
subsequent dispersal of the resident breeder in the following 
season. There were 2 clear deaths due to intraspecific strife 
after the arrival of a competitor that resulted in 5- and 
10-year-old males being replaced by incoming 2  year olds. 
In general, 3- to 10-year-old breeders were replaced by 
1–3-year-old competitors, with the competitor always being 
younger than the resident breeder. We found little evidence 
of female–female competition, although 3 female breeder 
displacements could potentially have occurred by competition 
as defined above. One of these cases involved a female who 
took over from her mother after the death of her father.

Another line of evidence suggesting that male–male com-
petition may have occurred more frequently than female–
female competition lies in the higher frequency of males with 
postbreeding pack activity: 25% of male (n  =  69) but only 
2% of female (n = 59) breeders were located outside of their 
breeding pack after their last breeding event. Nineteen per-
cent of male breeders spent time as lone wolves, 9% spent 
time in transient nonbreeding packs, and 3% spent time in 
stable breeding packs as nonbreeders (note that 4 out of 21 
of males in this sample spent time both alone and with other 
wolves) (n  =  69). Overall, males spent a mean of 7.3 ± 7.3 

Figure 2 
Frequency of individual strategies for forming a pair bond. Note that some individuals fall into 2 categories (i.e., those that both bred in their 
natal pack and were involved in extrapair copulation), and some individuals formed more than 1 pair bond over their lifetime.
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seasons (range 1–25) after dispersing from their breed-
ing pack before death or censorship. The average age of 
postreproductive males outside of their breeding packs was 
6.4 ± 2.3 years (range 2–11 years). The only postreproductive 
female to leave her breeding pack and spend time elsewhere 
as a nonbreeder was 10  years old. She spent 1 season alone 
and 4 seasons with a postreproductive male (the first 2 sea-
sons of which a nonreproductive female was also present) 
before being censored. Note, however, that approximately 
half of male dispersal events from their breeding packs 
appear to have been a consequence of mate loss, suggesting 
that there are reasons other than male–male competition that 
could create sex different frequencies in postbreeding pack 
lifespan.

Extrapair reproduction and inbreeding avoidance

Socially monogamous breeding pairs showed a high degree of 
genetic monogamy. From 1987 to 2007, within 174 litters pro-
duced by 90 breeding pairs (59 females and 69 males), there 
were only 4 instances of extrapair reproduction—2 involving 
multiple paternity, and 2 involving extrapair paternity. Two 
of the four instances involved mating between first-degree 
relatives described above (see Frequency of inbreeding). The 
third instance involved multiple paternity, where a female 
produced a litter both with her mate and with a lone male 
residing in a home range in close proximity. The fourth 
instance involved extrapair paternity by a male that produced 
a litter both with his long-term mate, as well as a litter with a 
female in an adjoining pack, whose long-term mate had previ-
ously been killed by a vehicle. This latter female went on to 
breed with a new resident male the following year, and the 
male continued to breed with his long-term mate. The low 
frequency of extrapair reproduction suggests that it was not 
a major mechanism for outbreeding within red wolf family 
groups.

DIScuSSIon

Using long-term, population-wide data on the reintroduced 
red wolf, we explored the major social behaviors employed by 
red wolves throughout their lifespans (Figure 1). Consistent 
with studies in other cooperatively breeding species, including 
gray and Eastern wolves (e.g., reviewed in Koenig and Haydock 
2004; Smith et al. 1997; Vonholdt et al. 2008; Rutledge et al. 
2010; Steinglein et al. forthcoming), we found that in spite of 
prolonged associations among close relatives due to delayed 
dispersal, breeding pairs in the red wolf population were 
almost entirely composed of 2 unrelated individuals. We 
report a variety of behaviors, including independent dispersal 
trajectories, membership in nonbreeding packs of unrelated 
individuals, and a high prevalence of breeding-pair formation 
between unrelated mates, that may serve as mechanisms 
contributing to inbreeding avoidance.

Prebreeding social behavior and inbreeding avoidance

We observed few cases (4% of mated pairs) of siblings breed-
ing together, thus although siblings may interact in the natal 
pack when delaying dispersal, they are unlikely to breed 
together. Almost half (43%) of the wolves in the study popu-
lation spent time as lone wolves following dispersal from their 
natal pack (Figure 1). For these individuals, social bonds with 
siblings were effectively broken, increasing the likelihood that 
siblings will find unrelated mates. Furthermore, up to 30% 
of young wolves joined aggregations of other nonbreeding 
individuals (Figure  1), and only 3% of siblings were found 
in the same nonbreeding subpacks. This is critical given the 

high frequency of male–female dyads among nonbreeding 
subpacks (Table 1), and that these dyads stayed together lon-
ger than other combinations of nonbreeders. These are indi-
cators that such aggregations were incipient breeding packs 
which, if successful, could have increased levels of inbreed-
ing if were largely composed of relatives. Thus, in general, 
the activities of dispersing young wolves favored mixing with 
wolves from other packs, rather than maintaining close ties 
with siblings. Interestingly, a recent study that compared 
rates of pairing with kin versus nonkin in several canid spe-
cies suggested that selection for inbreeding avoidance via kin 
recognition mechanisms may be weak in canids, due to low 
rates of encounter with close relatives outside the natal pack 
(Geffen et al. 2011). Thus, our reported low rates of new pairs 
between close relatives may be attributable to low encounter 
rate rather than inbreeding avoidance per se.

Similarly, breeding between parents and offspring was rare 
(4% of mated pairs), in spite of the likelihood that some 
offspring that delayed dispersal to 1 or more years of age 
were physiologically capable of reproduction (Rabon 2009; 
Sparkman et  al. 2011a). Two factors likely contributed to 
the low frequency of parent–offspring pairs. First, behavioral 
or physiological reproductive suppression of subordinates 
is widespread among canids and other cooperatively breed-
ing mammals (e.g., reviewed in Solomon and French 1997; 
O’Riain et al. 2000; Packard 2003); second, the high rate of 
dispersal from the natal pack (Sparkman et  al. 2011b), sug-
gests that young wolves rarely compete with a same-sex par-
ent for a breeding position (or at least succeed in doing so), 
and do not wait indefinitely for a position to become avail-
able. Although there were 7 instances of territory inheritance 
by resident offspring (Figure  2), a phenomenon previously 
reported in both gray and Eastern wolves (e.g., Mech and 
Boitani 2003; Jędrzejewski et  al. 2005; Rutledge et al. 2010), 
most dispersed elsewhere to breed, which is consistent 
with other cooperatively breeding species (Dickinson and 
Hatchwell 2004; Russell 2003).

Although the inbreeding among first-order relatives is rare 
in the red wolf population, we have not demonstrated that 
red wolves are statistically less likely to mate with close rela-
tives. Unfortunately, demonstrating this requires more than 
simply testing for inbreeding avoidance against a null model 
of random mating that incorporates spatial, temporal, and 
developmental constraints on mate formation. Ideally, an 
appropriate null model for a cooperative breeder should also 
incorporate the potential for a nonrandom preference for 
family members because, in the absence of behavioral mecha-
nisms for inbreeding avoidance, these individuals may be the 
most easily accessible and energetically inexpensive mates, 
especially considering high costs of dispersal (e.g., Sparkman 
et al. 2011b). Indeed, it is the prolonged association between 
relatives of or near breeding age that raises the theoretical 
enigma of how such social systems avoid dangerously high 
rates of inbreeding in the first place. An additional challenge 
to modeling potential versus actual breeding pairs in our pop-
ulation of red wolves is the unknown availability of coyotes as 
potential mates. Nevertheless, we hope that future work will 
use the information we present here as a starting point for 
exploring a variety of alternate models that formally test for 
evidence of inbreeding avoidance among individuals of vary-
ing degrees of relatedness (e.g., see Geffen et al. 2011).

Breeding-pair formation and inbreeding avoidance

Patterns of breeding-pair formation in the red wolf favored 
the breeding of unrelated individuals. There were 4 major 
patterns of pair formation, the most prevalent being the pair-
ing of 2 unrelated individuals in an otherwise unoccupied 
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home range (54%). This is not surprising given a previous 
finding that in approximately half of the cases where 1 mem-
ber of a breeding pair is lost, the breeding pack is disbanded 
(Sparkman et al. forthcoming), necessitating that the majority 
of new pairs be formed independently. Furthermore, the pop-
ulation was expanding during the first few years of the study 
period (USFWS 2007), and many home ranges remained 
unoccupied during that time. Pairing of 2 lone individuals in 
this way is highly conducive to inbreeding avoidance, and is 
likely facilitated by high dispersal rates, a high proportion of 
individuals spending time as lone wolves, and the high fre-
quency of unrelated male–female dyads even among pre- or 
nonreproductive wolves (Figure 1, Table 1).

Transitions resulting in the replacement of 1 or both 
members of a breeding pair occurred in the remaining 45% 
of cases (Figure  2). Interestingly, only 8% of total pair for-
mations involved resident offspring replacing a parent as 
a breeder, and 4 out of these 7 cases involved inbreeding 
between parents and offspring or siblings. Thus, breeding 
in the natal pack, when it occurs, is often associated with 
inbreeding, suggesting that the low frequency of this strategy 
is in general an important factor in inbreeding avoidance.

Among cooperatively breeding species, a major mecha-
nism for outbreeding can be adoption of unrelated immi-
grant individuals into a social group (e.g., Rood 1990). These 
individuals may take part in the regular activities of the pack, 
even providing care for young, with the possibility that, when 
the opportunity arises, they may eventually assume breeding 
dominance. Acceptance of “adoptees” into packs has previ-
ously been reported in gray and Eastern wolves (reviewed 
in Mech and Boitani 2003; Grewal et  al. 2004; Jędrzejewski 
et al. 2005; Rutledge et al. 2010). Nevertheless, in our study, 
although unrelated individuals were occasionally adopted 
into a breeding pack, only 9% of red wolves employed this 
strategy (Figure  1), and breeding opportunities for these 
individuals was even rarer than for offspring within their 
natal pack (4% vs. 8%, respectively) (Figure 2).

It is worth noting that in our study, males and females 
were equally likely to be adopted, and 3 females and 1 male 
remained to breed in their adopted packs. This is surprising 
given the preponderance of male adoptees in gray wolves 
(Mech and Boitani 2003), and the lack of female immigrants 
observed in Yellowstone wolves (Vonholdt et al. 2008). Future 
studies should evaluate if differences in pack social structure 
in Canis species are attributable to species-specific factors, or 
whether strategies vary from population to population.

Another mechanism for outbreeding in wolves is through 
the arrival of new immigrants. Second to breeding-pair for-
mation by 2 unrelated individuals on an unoccupied home 
range (54% of breeding pairs), immigration of new individu-
als into a pack to assume already-vacant breeding positions 
(17% of breeding pairs) was the most prevalent mechanism 
conducive to inbreeding avoidance in red wolves (Figure 2). 
There was also evidence that an additional 12% of breed-
ing pairs were formed via male–male competition. Although 
there exists evidence of competition within groups for breed-
ing status among cooperative breeders (e.g., Mumme et  al. 
1983; Reyer 1986), little is known regarding active displace-
ment of resident breeders by competitors (but see Doolan 
and Macdonald 1996). Among gray wolves, intraspecific 
competition has been observed, but the extent to which this 
acts as a mechanism for breeder transition in a population 
is unknown (reviewed in Mech and Boitani 2003). In this 
study, there were 3 instances where a son took over from his 
father, although an additional 8 instances involved the arrival 
of an apparent competitor, followed by the death or depar-
ture of the breeding male (Figure  2). Evidence for female–
female competition was negligible, and the fact that males 

were also much more likely to be found outside their breed-
ing pack after vacating a breeding position suggests that com-
petition for breeding positions, should it occur, is generally 
among males.

Interestingly, although more anecdotal accounts have sug-
gested that the dominant pattern of pair formation in gray 
wolves corresponds to our option “1,”, where 2 lone individu-
als form a pair bond (reviewed in Vonholdt et  al. 2008), a 
recent study of the reintroduced Yellowstone population sug-
gested that only 7% (2 out of 29) of pairs conformed to this 
pattern (Vonholdt et  al. 2008). The remaining pairs were 
formed when packs split, a vacancy was filled by an unrelated 
individual, or a group of individuals dispersed to be joined by 
an opposite-sex group. It remains to be seen which pattern of 
pair formation is most prevalent in other wolf populations. 
It is possible that in the red wolf population, high levels of 
anthropogenic mortality exerting an additive effect on rates 
of pair-bond dissolution may be at least partially responsible 
for the high rate of pair formation by 2 lone individuals 
(Sparkman et  al. 2011c). However, in spite of this disparity 
in the prevalence of different strategies for breeding-pair for-
mation, both Yellowstone gray wolves and red wolves showed 
equally low levels of breeding between closely related individ-
uals (Vonholdt et al. 2008, this study), suggesting that at any 
frequency, the employment of any or all of these strategies 
may culminate in similar levels of inbreeding avoidance.

Extrapair reproduction and inbreeding avoidance

Like the gray wolf (e.g., Smith et al. 1997; Vonholdt et al. 2008), 
the red wolf appears to be a rare case of both social and genetic 
monogamy. In 174 breeding events, there were only 4 excep-
tions, 2 involving resident offspring, and 2 involving individu-
als from adjoining home ranges. Furthermore, although there 
can be intraspecific variation in mating system in response to 
differences in ecological variables (Sun 2003), it is notable that 
although the red wolf population density rose steadily over the 
study period, reaching high and stable numbers from 2000 to 
2007 (USFWS 2007), extrapair reproduction occurred so rarely 
so as to make any potential density-dependent increase in its 
frequency indiscernible. This suggests that although delayed 
dispersal of offspring and adoption of unrelated individu-
als into a pack may provide ample opportunity for extrapair 
reproduction, red wolves have a strong tendency to exhibit 
reproductive suppression of subordinates, thereby favoring the 
maintenance of monogamous pair bonds. Furthermore, high 
levels of territoriality may reduce the possibility of extrapack 
breeding with neighboring wolves. Thus, although extrapair 
reproduction may be an important mechanism for outbreed-
ing in other cooperative breeders (e.g., Sillero-Zubiri et  al. 
1996; Randall et al. 2007; Young et al. 2007), red wolves appear 
to rely more on mechanisms compatible with a genetically 
monogamous mating system.

concLuSIon

We found few instances of breeding between first-degree rela-
tives in the reintroduced red wolf population, suggesting that 
there are elements to the red wolf life cycle that reduce the risk 
of inbreeding incurred by delayed dispersal of offspring. High 
dispersal rates, potentially accompanied by behavioral repro-
ductive suppression prior to dispersal, likely contributed to low 
rates of inbreeding within a pack. Furthermore, the high pro-
portion of young wolves spending time alone, or as members of 
nonbreeding packs primarily composed of unrelated individu-
als, could act as a barrier to breeding among siblings after dis-
persal. Outbreeding was at least partially facilitated by unrelated 
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individuals immigrating into a pack to replace 1 or both breed-
ers (either serendipitously or actively via competition); however, 
although adoption of unrelated wolves into breeding packs did 
occur, these individuals seldom attained dominance. Similarly, 
red wolves did not appear to rely on extrapair reproduction 
with either adopted pack members or extrapack individuals for 
inbreeding avoidance, as they primarily exhibited both social 
and genetic monogamy, and 2 of the 4 instances of extrapair 
reproduction involved family members. Instead, the most sig-
nificant guarantor of outbreeding appeared to be the high 
proportion of breeding pairs formed in new territories by 2 
unrelated individuals.

In general, we conclude that an array of dispersal, postdis-
persal, and pair formation behaviors have the potential to 
work together to reduce rates of inbreeding, and any associ-
ated fitness costs, in the cooperatively breeding red wolf.

The Red Wolf Recovery Program is conducted by the USFWS, and 
we are grateful to Service personnel for their diligent efforts in the 
field and access to the data. The fieldwork was funded by the USFWS, 
and data analysis and write-up were supported by grants to DLM from 
the Canada Research Chairs program and the Natural Sciences and 
Engineering Research Council (Canada). The findings and conclu-
sions in this article are those of the authors and do not necessarily 
represent the views of the USFWS.
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Coyotes (Canis latrans) are vilified throughout
the western United States as insatiable livestock
killers. This impression is based on the fact that
coyotes are the most important predator of sheep,
goats, and cattle. Sheep producers attributed
39,800 sheep and 126,000 lamb deaths (valued at
$9.6 million) to coyotes in 1999; this was 61% of
losses they ascribed to predators and 22% of their
total losses (National Agricultural Statistics Service
[NASS] 2000c). Coyotes therefore ate their way
through 2.3% of the country’s 1999 sheep popula-

tion, which was estimated at 7.2 million individuals
(NASS 2000b). Coyotes were blamed for the deaths
of 21,700 goats in Arizona, New Mexico, and Texas
in 1999, out of a total population of 1.3 million.
This accounted for 35.6% of the total loss to preda-
tors, at an economic cost of $1.6 million (NASS
2000b, c). Predation was a minor cause of loss to
the cattle industry; coyotes killed less than 0.1% of
the United States’ total cattle population in 2000
(NASS 2000a, 2001). In 1995 only 2.7% of total cat-
tle losses were due to predation (and 1.6% of total
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cattle losses were due to coyotes). Respiratory
problems, digestive problems, calving problems,
and weather each killed 6 to 17 times more cattle
than did coyotes (NASS 1996). Nevertheless, coy-
otes were the dominant cattle predator; they were
implicated in 65% of cattle losses due to predation
in 2000, or 8,000 cattle and 87,000 calves worth a
total of $31.8 million (NASS 2001).

Based on these statistics, coyotes are responsible
for over $40 million in damages to livestock pro-
ducers every year, with proportionally more dam-
age to sheep and goats than to cattle. While this
may seem negligible in the face of the $638 million
value of the United States sheep industry in 1999
and the $67 billion value of the United States cattle
industry in 2000 (NASS 2003), the livestock indus-
try traditionally operates on slim profit margins.
For example, a survey with 76 respondents (repre-
senting approximately 5% of United States lamb
meat production) revealed that net profits per ewe
were $3.70 in 1997, –$3.95 in 1998, and –$4.06 in
1999. During this period the annual proportion of
ranchers who lost money ranged from 36–64%
(United States International Trade Commission
2002). Losses of livestock due to coyote predation
can easily transform a narrowly profitable opera-
tion into an unprofitable one. The problem is com-
pounded by the fact that coyote damage is not
spread equally among producers. High losses at a
Montana ranch were documented by O’Gara et al.
(1983). These researchers reported 24% and 27% of
lambs lost to coyotes during a consecutive 2-year
period with minimal coyote control and a 13% loss
in the third year despite intensive control. In gen-
eral, large sheep operations tend to be harder hit by
depredation, with 10% of all sheep producers typi-
cally losing more than 20% of their lambs to coy-
otes (Wagner 1988). Producers generally choose to
protect their economic interests by controlling
their losses, including those related to predation.
Because coyote control is so prevalent in ranching
areas, it is worth examining the available data con-
cerning coyotes that kill livestock and then evaluat-
ing depredation management strategies in light of
this information.

Not all coyotes kill sheep
Many people believe that every coyote will kill

sheep if given the chance. For example,Timm and
Connolly (2001) blamed elevated levels of depre-
dation on increased predator abundance at the

University of California’s Hopland Research and
Extension Center (HREC). There is some evidence
that supports a relationship between coyote popu-
lation size and depredation levels, particularly
when wild prey is unavailable. Pearson and
Caroline (1981) observed that livestock predation
rates were highest during periods of low rainfall,
when prey populations presumably were at low
levels, and O’Gara et al. (1983) noted that predation
was highest when sheep arrived on their summer
range, which coincided with low rodent popula-
tions and coyote pup weaning. A nonsignificant
trend between coyote abundance indices and
sheep losses was found by Robel et al. (1981).

Stoddart et al. (2001) analyzed 6 years of data
during a black-tailed jackrabbit (Lepus californ-
icus) irruption and decline at an Idaho site. They
concluded that predation rates on ewes and lambs
were proportional to coyote density and that coy-
ote population reduction would therefore alleviate
sheep losses. However, this relationship was not
convincingly demonstrated. For example, total loss-
es were used as a proxy for losses due to coyotes,
under the assumption that nonpredation mortality
factors were constant during the study. Meanwhile,
other lines of evidence strongly indicate that only
certain coyotes kill sheep. Connolly et al. (1976)
studied the sheep-killing behavior of captive coy-
otes at HREC and reported that older males and the
females with which they were paired were highly
likely to attack and kill sheep, while younger males
rarely attacked sheep and unpaired females never
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Coyote being released for the authors' research investigating
conditions that enhance the efficacy of coyote calling.



killed sheep. When mated pairs attacked sheep, the
male almost always took the lead. A subsequent
series of field studies at HREC (Conner et al. 1998,
Sacks et al. 1999b, Blejwas et al. 2002) found that
breeding (or “alpha”) coyotes whose territories
overlapped sheep were the primary livestock
depredators and that nonbreeders rarely were asso-
ciated with sheep kills.

Till and Knowlton (1983) found that killing pups
of depredating alpha coyotes (denning) reduced
sheep kills by 88% in the week following removal
and that killing pups and the breeding pair reduced
sheep kills by 98%. These researchers suggested
that the need to provision pups caused breeding
coyotes to maximize foraging efficiency by focus-
ing on large and easily killed prey. They raised the
possibility that sterilized coyotes might abstain
from killing while maintaining exclusive territories
that prevent intrusion by other coyotes. One study
has shown a reduction in sheep depredation by
sterilized coyotes (Bromley and Gese 2001b). This
research was conducted in an area where sheep
had not been recently grazed, and each pack was
exposed to sheep for only 5–23 days per year.
While it was promising that the surgically sterilized
packs maintained their social structure for the 3-
year study (Bromley and Gese 2001a), it remains to
be seen whether sterilized coyotes will avoid
killing sheep that are available for longer periods.

The evidence from HREC suggests that domi-
nant, pair-bonded coyotes eventually will kill sheep
if they are available within the coyotes’ territory
year-round (Blejwas et al. 2002). At HREC, lambing
occurred in the winter, before pups were present,
yet the dominant coyotes still killed lambs (Sacks et
al. 1999b). The authors of this study suggested that
paired coyotes work cooperatively to attack larger
ungulate prey that they would not be able to han-
dle alone. These coyotes may start off with smaller
lambs in the winter and then work their way up to
adults as they gain experience. Alternatively, the
pressures of provisioning pups in the spring may
cause alpha coyotes to initially attack older lambs
and then adult sheep. Experience with older sheep
may then lead to a higher likelihood of coyotes
attacking young lambs when they become available
the following winter. Observations of coyote
attacks on wild ungulates (Gese and Grothe 1995)
support the notion that the breeding pair (and par-
ticularly the male) takes the lead in successful
ungulate attacks and that coyotes do cooperate
when making kills. It is reasonable to assume that

attacks on other ungulates,such as sheep,goats,and
calves, would be conducted in a similar manner.

The available evidence implicates breeders in the
vast majority of coyote-caused livestock losses. This
evidence does not preclude the possibility of an
effect of coyote density on depredation levels
because the number of breeders or their behavior
relative to sheep may vary with coyote population
density and wild prey abundance. For example,
regions with high coyote density typically are bet-
ter coyote habitat, with smaller territory sizes and
more breeders per unit area. Increases in depreda-
tion levels as wild prey populations decline could
be due primarily to an increase in livestock kills by
breeders (as opposed to the coyote population as a
whole).

Eradicating all coyotes in an area would certainly
stop coyote depredations, but this approach may
not be cost-effective and has potential ecosystem-
level repercussions, such as mesopredator release
(Crooks and Soulé 1999) and increased rodent pop-
ulations (Henke and Bryant 1999). Control meth-
ods will be most effective and ecologically sound
when they remove the threat posed by breeding
coyotes that live where livestock are pastured. The
best depredation management techniques would
be selective toward specific problem animals, effec-
tive at reducing livestock losses for an extended
period, have minimal environmental impact, be
socially acceptable to the general public, and cost
less than the losses they prevent.

Nonlethal depredation management
A number of animal husbandry techniques show

promise for meeting these criteria. Fences can be
built that, when properly maintained, are nearly
100% effective at preventing coyotes from access-
ing livestock (deCalesta and Cropsey 1978,
Conover 2002). Birthing in sheds, keeping herders
with livestock during the day, bedding animals near
people for the night, removing or burying carcass-
es, and lighting corrals where stock are kept at
night all have been suggested to reduce depreda-
tion (Davenport et al. 1973, Nass 1977,Tigner and
Larson 1977, Conover 2002). Guard animals may
effectively protect livestock, though not in all cir-
cumstances. Guard dogs commonly are used by
Europeans and native Americans, and the majority
of people who employ dogs to protect sheep and
goats report that they reduce predation (Black and
Green 1984, Green et al. 1984). Donkeys and lla-
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mas, which have a natural dislike for canids, also
have been successfully used as guard animals
(Conover 2002).

These husbandry techniques are selective, in that
they aim to prevent coyotes intent on killing live-
stock from contacting their prey, and they seem to
be effective in certain situations. The public gener-
ally approves of these methods because they are
nonlethal, selective, and do not cause serious eco-
logical damage. However, some do have ecological
impacts; for example, fencing may inhibit wildlife
movements (Knowlton et al. 1999), range quality
decreases in and around confined bedding grounds
(Davenport et al. 1973, Wagner 1988), and guard
dogs occasionally will harass wildlife (Black and
Green 1984). These husbandry practices also have
significant up-front and maintenance costs that
must be borne by the producer, ranging from mate-
rial costs for fencing and sheds to labor costs for
herding livestock and training dogs. Guard dogs
carry an additional risk, since up to 10% of them
eventually harass or kill livestock (Green et al.
1984).

An alternative class of nonlethal depredation
management techniques, behavioral modification,
has received considerable attention. The aversive-
conditioning (or “Clockwork Orange”) approach
involves using negative reinforcement to train indi-
vidual coyotes to avoid killing livestock. One
experiment with captive coyotes successfully
trained 3 of 4 individuals to avoid domestic rabbits
(Olsen and Lehner 1978). Another experiment
found that coyotes fitted with electronic shock col-
lars could be trained to avoid sheep (Andelt et al.
1999). Both of these studies documented behav-
ioral changes that lasted for over 4 months.
However, expenses involved in capturing and con-
ditioning all coyotes in an area that potentially
could depredate livestock undoubtedly exceeds the
benefits in the majority of situations. Recent
research at the National Wildlife Research Center
(Shivik and Martin 2000) could make aversive con-
ditioning more cost-effective by using sound-acti-
vated shock collars attached to coyotes when they
pass through snares; the collar would be activated
by special bells attached to livestock. Coyotes that
chased animals wearing the bells would be shocked
until they left the vicinity.

Another aversive-conditioning approach involves
using an emetic (such as lithium chloride) in sheep
carcasses and baits to train coyotes to avoid live
sheep. There is, however, no evidence that coyotes

actually generalize from the baits to live sheep, and
producers who tried this technique invariably
stopped using it because they felt it was not worth-
while (Conover and Kessler 1994).

Other behavioral modification strategies try to
frighten or repel coyotes away from their prey
without relying on a conditioning or training phase.
Lehner et al. (1976) tested over 45 potential olfac-
tory repellents and did not find any that produced
an avoidance reaction. They concluded that olfac-
tory repellents were likely to work only in combi-
nation with actual aversive conditioning. Other
researchers have used light or sound to scare coy-
otes. Linhart spent several years developing an
“electronic guard” incorporating a strobe light and
alarm (Linhart et al. 1984, 1992). He felt these
devices were effective for extended periods when
multiple guards were used. However, the first
experiment was uncontrolled and had several trials
(4 of 15) in which predation ceased for less than 4
weeks,and the second experiment was biased in its
presentation of loss reductions. Linhart (1992)
compared total losses during the entire summer
(10–12 weeks) for the year before experimental tri-
als with losses during the latter portion of the sum-
mer (<8–10 weeks) that guards were used. This
bias would be enhanced if losses decreased
through the summer as lambs got larger and breed-
ing coyotes stopped provisioning pups (O’Gara et
al. 1983).

Fright tactics like the electronic guard are vul-
nerable to habituation of coyotes to the stimuli
used. The devices may not be effective for more
than a few days, and they are usually not recom-
mended for reducing livestock depredation
(Koehler et al. 1990, Conover 2002). These tech-
niques might work better if guard device activation
was contingent on predator behavior instead of ran-
dom. When a device fires randomly, coyotes may
learn that activation has nothing to do with them.
If the device activates only when the coyote
approaches a particular pasture or engages in a cer-
tain behavior, the coyote is more likely to associate
activation of the device with its own actions (Shivik
and Martin 2000). Field tests of a Radio Activated
Guard (RAG) that was triggered by wolf (Canis
lupus) radiotransmitters had promising results
(Breck et al. 2002), and controlled trials with coy-
otes showed less habituation to behavior-contin-
gent alarms than to randomly fired alarms (Shivik
and Martin 2000). Behavior-contingent frightening
stimuli may become an attractive control option,
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particularly if the prohibitively priced ($3,800 US)
RAG could be made affordable by using inexpen-
sive motion or infrared sensors that would detect
uncollared predators.

Another nonlethal technique is sterilization of
alpha coyotes whose territories overlap sheep. This
may reduce depredation when sheep are only sea-
sonally grazed within coyote territories (Bromley
and Gese 2001b). However, reproductive inhibition
will not eliminate killing if ungulate predation
results from pair-bonding and cooperative foraging
rather than the need to provision pups (Sacks et al.
1999b). There currently are no chemical sterilants
proven safe and effective for coyotes that will not
interfere with territorial behavior, and there is no
reliable way to distinguish alphas from betas and
transients at the time of capture. Therefore, any
reproductive inhibition program would require the
capture and physical sterilization of all adult coy-
otes in an area.

Lethal coyote control: population
reduction

Because all of the aforementioned nonlethal coy-
ote control techniques require significant time and
initial expense on the part of livestock producers,
lethal control is more common. This is particularly
true when large numbers of sheep are grazed over
an extended area with rough terrain and cover that
favors coyotes;nonlethal methods often are imprac-
tical under these conditions. Lethal control also is
less expensive and less labor-intensive for many
producers, since they can supplement their own
efforts by calling in predator control specialists
who are paid through government sources.
However, lethal techniques can vary in their effica-
cy against problem coyotes and in their tendency
to affect nontarget species. Leghold traps, snares,
and cyanide ejectors (M-44s) can be used in ways
that are highly species-selective, by taking care to
use appropriate baits, equipment, and techniques.
These methods are not always effective at remov-
ing problem coyotes, though. Research at HREC in
north-coastal California (Sacks et al. 1999a) found
that young coyotes were particularly vulnerable to
M-44s and that older and alpha coyotes rarely were
trapped or snared during the winter lambing sea-
son when depredation losses peaked.

Aerial gunning of coyotes is highly species-selec-
tive, since shooters verify the target’s identity

before pulling the trigger. Aerial gunning often is
practiced in a population reduction or “preventa-
tive” mode, in which coyotes are shot in an area up
to 6 months prior to the arrival of sheep. Because
preventative aerial gunning is widely touted as an
effective management tool, it makes sense to criti-
cally evaluate the science upon which this claim is
based. The best available research on the efficacy of
this method (Wagner and Conover 1999) conclud-
ed that gunning significantly reduced lamb losses
the following summer. Unfortunately, this study
had several problems. Site selection was
pseudoreplicated; 6 of the 33 grazing allotments
were used 2 or 3 times, which violated the statisti-
cal assumption of independent replicates. In addi-
tion, the selection of treatment and control plots
appeared biased. Wagner and Conover (1999) pre-
sented data for 22 of the allotments that tested for
differences between treatment and control sites.
High variability in losses ensured there were no sig-
nificant differences in mean losses, yet sites that
were later gunned had lower confirmed yearly
lamb losses (2.9 versus 5.4), fewer lambs lost to all
causes (70 versus 100), and a smaller number of
ewes lost to all causes (28 versus 38). The statisti-
cal results also were artificially enhanced by a lack
of correction for multiple comparisons. Confirmed
lamb kills, estimated lamb kills, and lambs lost to all
causes were estimated from the same data set, and
the alpha level for significance should have been
reduced to 0.017. Using the revised alpha level, the
only significant result was the finding that gunned
allotments had fewer confirmed lamb kills than
control allotments. It is unclear whether this result
would have been statistically significant if site-selec-
tion bias and pseudoreplication were correctly
incorporated.

A concurrent study found “no consistent rela-
tionship between extent and intensity of aerial
hunting and lamb losses or the need for SPM”
(Wagner 1997:56), where SPM refers to summer
predation management with traps and shooting.
Wagner (1997) indicated that the lack of correla-
tion could be explained if gunning effort was
biased toward sheep units with more predation,yet
there was no correlation between lamb losses for
the previous year and the amount or extent of gun-
ning.

Traps, snares, M-44s, and preventative aerial gun-
ning are essentially aimed at reducing coyote pop-
ulation levels; they are nonselective methods used
to remove as many coyotes as possible. A study at
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HREC found no relationship between subsequent
lamb losses and the number of coyotes killed using
traps, snares, and M-44s (Conner et al. 1998).
Wagner (1988:113) said that the population reduc-
tion approach is “something of a sledge-hammer
one: If enough coyotes are shot, trapped, and
exposed to M-44s… their numbers can be reduced
and the chances are that the offending animal(s)
will be among those taken and the losses reduced.”
While this approach likely works to decrease live-
stock losses in many cases (e.g., Dorrance and Roy
[1976] discuss increased losses in the United States
after the 1972 toxicant ban), the general public dis-
approves of techniques that kill large numbers of
innocent animals,and this sentiment contributed to
California’s ban on leghold traps and M-44s in 1998
(California Fish and Game Code 1998). In addition,
overuse can decrease the efficacy of these tech-
niques (Sacks et al.1999a), and intensive lethal con-
trol affects coyote demographics. Exploited coyote
populations have a younger age structure, lower
survival, increased juvenile reproduction, larger lit-
ters, and smaller packs (Knowlton et al. 1999). If
populations are severely reduced, there also is the
potential of mesopredator release (Crooks and
Soulé 1999), in which small-carnivore populations
increase and negatively affect birds and small verte-
brates. Henke and Bryant (1999) found that when
coyote density was reduced by 50%, rodent and
black-tailed jackrabbit density increased, the abun-
dance of badgers (Taxidea taxus), bobcats (Lynx
rufus), and gray foxes (Urocyon cinereoargenteus)
increased, and rodent species diversity declined.

Lethal selective control
A few lethal control techniques seem to be selec-

tive toward depredating coyotes: livestock protec-
tion collars (LPCs) and techniques based on coyote
calling. Livestock protection collars are the most
specific; in one study the devices killed coyotes that
attacked sheep in 10 of 14 attacks (Burns et al.
1996). Livestock protection collars are rubber col-
lars that can be placed around the necks of sheep
or goats; each collar has 2 pouches filled with poi-
son. When a coyote attacks the throat of an animal
wearing a collar, one or both of the pouches usual-
ly are punctured and the attacker ingests the toxi-
cant (Conover 2002). Although any poison could
conceivably be used in an LPC, the only chemical
currently approved by the United States
Environmental Protection Agency is Compound

1080, or sodium monofluoroacetate. Compound
1080 is highly toxic to canids; 5 mg will kill a coy-
ote (Burns et al. 1986).

Livestock protection collars filled with
Compound 1080 have several drawbacks. The col-
lars are expensive (around $20 US each),the EPA lim-
its the number of collars that can be used in a given
area, collars must be closely monitored, and carcass-
es and spills must be treated as hazardous waste.
States are required to have registration, training, and
documentation programs before LPCs can be used,
and in 1999 only 7 states had these programs in
place (Timm and Connolly 2001, Conover 2002). In
addition, there are risks of accidental poisoning and
secondary toxicity from Compound 1080.

Accidental poisoning occurs when nontarget ani-
mals ingest poison that spills out of a ruptured collar.
One milliliter of fluid from an LPC exceeds the LD50
(the amount of poison that will kill 50% of individu-
als) of small scavenging birds, golden eagles (Aquila
chrysaetos), all canids,most mustelids,domestic cats,
and bobcats (Wagner 1988). A study examining the
potential for nontarget poisoning found that domes-
tic dogs were somewhat susceptible to poisoning,
and that scavenging magpies (Pica hudsonia) tend-
ed not to feed on contaminated material (Burns and
Connolly 1995). Because coyotes normally feed on
the flank, hindquarters, and viscera rather than the
neck (Wade and Bowns 1982), coyotes that scavenge
another animal’s kill also are unlikely to be poisoned.
Innocent coyotes are susceptible to poisoning if they
eat regurgitant from a poisoned coyote; in one study
the researchers believed that a coyote died in this
manner (Burns et al. 1986). Secondary toxicity
occurs when Compound 1080 levels are high
enough in a poisoned animal to affect other animals
that scavenge the carcass. When striped skunks
(Mephitis mephitis) and golden eagles were fed a
diet simulating toxin levels found in coyotes killed by
LPCs, all study animals reduced their food intake, and
half of the eagles showed sublethal signs of 1080 poi-
soning (Burns et al. 1991).

The other lethal techniques that show promise
for selecting depredating coyotes, denning and call-
ing and shooting, are both based on coyote calling.
Calling has been in use for decades (e.g., Alcorn
1946), and involves producing sounds that interest
coyotes enough for them to vocally respond or
approach. Calling techniques include imitating
coyote howls and prey by mouth, making sounds
with the help of small reed-based callers, or using
sophisticated electronic speakers that store a vari-
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ety of calls and can be operated by remote control.
Denning typically depends on vocal responses to
calling; these responses are used by trappers to pin-
point den sites. Once located, the den site is visit-
ed and pups or adults are killed; killing only the
pups has been shown to temporarily reduce coyote
depredations almost as much as killing the entire
pack (Till and Knowlton 1983). The combination of
calling and shooting is used by itself or in conjunc-
tion with denning; coyotes are shot when they
approach the site where a call was broadcast.
Calling is often used in conjunction with trained
dogs that enhance responsiveness to calls and help
damage-control specialists find active coyote dens
(Coolahan 1990). The selectivity of coyote calling
toward breeding males seems to vary depending on
the type of call used. Windberg and Knowlton
(1990), when they used rabbit distress calls to
attract coyotes, found that calling and shooting was
biased toward younger animals, but not sex-biased.
In contrast, Wagner (1997) found that calling and
shooting was strongly sex-biased when pup distress
calls,adult coyote calls,and trained dogs were used:
80 percent of coyotes shot were adult males
despite an apparently equal population sex-ratio.

Coyote calling has potential as a selective, effec-
tive, and inexpensive way of dealing with problem
animals. If used sparingly, denning and calling and
shooting have minimal population-level or environ-
mental effects; also, the public is more approving of
selective control measures than of poisons and indis-
criminate trapping and shooting (Reiter et al. 1999).
The selectivity of these methods needs to be evalu-
ated experimentally, and their use will remain limit-
ed without a more thorough understanding of how
coyotes respond to a variety of calls played in differ-
ent environmental conditions throughout the year.

A variety of common control methods can be used
selectively in certain situations. Traps, snares, and M-
44s can be set in locations that are more likely to be
visited by problem animals (e.g., around sheep bed-
ding grounds or coyote den sites); shooting can be
used to kill coyotes as they approach bedded flocks;
and aerial gunning can be used in conjunction with
coyote calling to remove coyote dens. It is likely
these techniques will work well for selective control,
but their efficacy remains to be demonstrated.

The future of coyote depredation
management research

Past and current research has improved our

understanding of coyote ecology and assisted in the
development of new and improved control meth-
ods, but this is not enough. New studies are need-
ed that will examine coyote behavior and the effi-
cacy of depredation management while following
strict experimental protocols under operational
conditions. These studies must be well designed,
with appropriate controls and randomization. This
level of rigor is rare in coyote depredation research,
primarily because it is difficult to convince produc-
ers to accept a random treatment assignment that
could require them to follow a strategy they feel is
inappropriate. Much of their resistance probably
could be overcome with the establishment of a
compensation fund for documented losses that
occur when producers participate in research.

We believe that research needs to continue and
expand along 4 fronts: studies aimed at developing
and improving depredation management tech-
niques; investigations of coyote ecology relative to
livestock and natural prey; comparative studies of
the efficacy of specific control methods; and exam-
ination of the relative costs and benefits of different
control strategies in different situations. Specific
ideas for research in each of these areas are out-
lined below. These experiments are not cheap or
easy, but they would go a long way toward improv-
ing the success and cost-effectiveness of coyote
depredation management.

Improved depredation management
techniques

This category includes separate phases for tech-
nique development and testing. Development
should begin with observations of coyote behavior
toward control devices and procedures. For exam-
ple, how do coyotes behave toward guard animals?
What do they do after a behavior-contingent guard
fires?  What are the conditions that increase the
responsiveness of dominant individuals to coyote
calling?  Which coyotes investigate traps set near
bedding grounds?  Observations and behavioral
experiments investigating how marked, free-rang-
ing coyotes behave toward various control meth-
ods are crucial for ensuring that techniques are as
effective as possible before expensive operational
tests are conducted.

Operational testing should incorporate 2 or 3
pairs of sites that are identical with respect to
important parameters (e.g., flock size, topography,
herding procedures, depredation levels, and previ-
ous and ongoing control efforts). One site in each
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pair should be randomly selected to receive the new
control method, and the treatment site should be
switched in the following year. Additional sets of
sites that differ for some of the important parame-
ters can be included in the experiment or pursued
as a separate experiment to determine how the con-
trol technique performs across a variety of depreda-
tion management conditions. A standardized proce-
dure for using the management technique and
measuring its success would be needed to allow for
comparisons of efficacy in different situations.

Investigations of coyote ecology
A long-term (>5 years) experiment is needed that

investigates the relationship between coyote popu-
lation density and depredation levels, examines
potential buffering by wild prey, and determines
whether depredation results from the actions of a
subgroup of the coyote population. This study
should be conducted at >2 sites, and planned to
coincide with natural variation in wild prey abun-
dance (e.g., a black-tailed jackrabbit population
irruption and crash, as in Stoddart et al. [2001]).
Accurate counts of livestock losses from coyotes
would be needed and could be facilitated by using
subcutaneous radiotransmitters on a subset of the
livestock so that causes of death of missing animals
can be estimated. Prey densities can be measured
using adequately calibrated line transects (for larg-
er prey like rabbits) and trapping grids for rodents.
Coyotes would not need to be captured for this
experiment; mark–recapture population estimates
can be obtained by analyzing DNA in coyote scats
collected along a grid of scat transects. The DNA
analysis also would allow for a determination of the
social structure, especially if the data were supple-
mented with DNA from pup scats at den sites. Scat
transects also would yield diet information and
approximate territory boundaries for coyotes in
the population; in addition, the scat DNA can be
compared with saliva DNA taken from wounds of
dead livestock (Williams et al. 2003) to identify
problem coyotes in the population.

Comparative efficacy of control methods
There currently is no solid data on the compara-

tive efficacy of various corrective (i.e., post-depre-
dation) lethal control methods,but this information
could be collected with the cooperation of depre-
dation management specialists. Participants would
collect predator DNA from saliva samples on dead
livestock, then carry out corrective control using

methods of their choosing. These methods could
include calling and shooting, denning, trapping
with snares or leghold traps, use of M-44s, or cor-
rective aerial gunning. As specialists kill coyotes in
the area, they would collect a DNA sample from
each carcass, note the control method, and record
their location. DNA from saliva swabs would be
matched to DNA from coyotes removed from the
same area to determine whether the livestock killer
was taken. This information would be supplement-
ed with geographic habitat and topography data,
plus information from livestock producers docu-
menting important covariates (e.g., whether live-
stock are present year-round, plus their numbers
and distribution). Finally, a cost-benefit analysis of
the various control techniques could be conducted
using additional information concerning the time
and physical resources used for control efforts.

Costs and benefits of different control
strategies

Several cost-benefit analyses suggest that lethal
coyote control is a cost-effective way of solving
depredation problems (Nass 1980, Pearson and
Caroline 1981, Bodenchuk et al. 2000). These analy-
ses were based on the same group of studies from
the 1970s that documented livestock losses in situa-
tions with and without lethal control. The studies
occurred in a variety of different habitats with mul-
tiple types of husbandry practices and differing base-
line predation levels. As Pearson and Caroline
(1981) noted, comparing these studies was not
strictly valid, but it did provide a reasonable starting
point for estimating the benefits of predator control.

The accuracy of these and other cost-benefit
analyses will be questioned until rigorous con-
trolled experiments produce reliable data about dif-
ferent control strategies. One potential experiment
would involve identifying 6 sites that are matched
for animal husbandry practices, ecological charac-
teristics, existing coyote control efforts, and live-
stock losses. At the start of the 3-year study, one-
third of the sites would receive no lethal control,
another third would receive selective control tar-
geted toward specific problem animals, and the
remaining sites would receive coyote population
reduction. Control methods would then be rotated
for the next year (e.g., of the 2 sites initially receiv-
ing no lethal control, 1 would receive population
reduction and the other would receive selective
control), and the remaining treatment for each site
would be applied in the final year. This counterbal-
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anced repeated-measures design should reduce any
potential carryover effect, in which the treatment
applied in one year affects the results for the fol-
lowing year (Zar 1999). Data collected would
include livestock losses and the costs and efficacy
of the different control strategies, and the analysis
would produce the first accurate assessment of the
benefits of lethal control for reducing livestock
losses. Replicating this experiment at other groups
of sites with different initial conditions would lead
to an accumulation of reliable data that livestock
producers and control agencies could use to deter-
mine the best depredation management strategy
for a given situation.
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ABSTRACT Evaluating anthropogenic mortality is important to develop conservation strategies for red wolf
(Canis lupus) recovery. We used 26 years of population data in a generalized linear mixed model to examine
trends in cause-specific mortality and a known-fate model in Program MARK to estimate survival rates for
the reintroduced red wolf population in North Carolina, USA. We found the proportion of mortality
attributable to anthropogenic causes, specifically mortality caused by gunshot during fall and winter hunting
seasons (Oct–Dec), increased significantly since 2000 and became the leading cause of red wolf death.
Mortality rates were greatest for red wolves <4 years of age, and we suspect inexperience with human
activities (e.g., hunting) likely caused younger wolves to be more susceptible to opportunistic killing by
hunters. Since 1987, the red wolf population steadily grew and peaked at an estimated 151 individuals during
2005 but declined to 45–60 by 2016. To reduce the negative effects of anthropogenic mortality and ensure
long-term persistence of red wolves, the United States Fish and Wildlife Service (USFWS) will need to
re-implement previous long-standing and proven management practices (e.g., Red Wolf Adaptive
Management Plan) on public and private lands and cease issuing take permits. The USFWS will also need to
establish an effective management response to mitigate gunshot mortality through stronger regulation of
coyote (Canis latrans) hunting and provide adequate ecologically and biologically supported regulatory
mechanisms to protect red wolves. Finally, the USFWS should enhance recovery by providing information
and education about red wolves to hunters and the general public. � 2016 The Wildlife Society.

KEY WORDS Canis rufus, conservation, hunting, mortality, population, red wolf, survival.

Fundamental to management strategies in conservation
biology is the connection between sources of mortality and
population size (Woodroffe et al. 2007, van de Kerk et al.
2013). Globally, large carnivore species have been subjected
to significant anthropogenic mortality, resulting in severe
population declines and range contractions (Treves and
Karanth 2003, Cardillo et al. 2004, Ripple et al. 2014). As a
result, many large carnivores exist as remnant populations
requiring legal protections and ongoing conservation to
persist in human-dominated landscapes (Linnell et al. 2001,
Musiani and Paquet 2004). In particular, intensive predator
control programs and excessive hunting reduced red wolves
(Canis rufus) to a single remnant population along the coastal
border of Louisiana and Texas by the mid-twentieth century
(Russell and Shaw 1971, Shaw 1975, U.S. Fish and Wildlife
Service [USFWS] 1990). This red wolf population was
intentionally extirpated from the wild during the 1970s by
the USFWS when recovery in situ was deemed unlikely

because of persecution, disease, poor habitat, and hybridiza-
tion with coyotes (Canis latrans; USFWS 1990, Hinton et al.
2013). Following the development of a captive red wolf
breeding program, the USFWS reintroduced wolves into
eastern North Carolina, USA during 1987 (USFWS 1990).
By 2007, the USFWS reported an increasing proportion of
red wolf deaths by anthropogenic sources and suggested that
wolf fatalities resulting from gunshots were most problem-
atic to recovery (USFWS 2007, Bartel and Rabon 2013).
Following the reintroduction of red wolves into eastern

North Carolina, a population and habitat viability assess-
ment (PHVA) conducted in 1999 predicted annual
population growth rate (l) increases of 20% from 2000 to
2010 with a carrying capacity of 150 individuals in the
designated Red Wolf Recovery Area (Kelly et al. 1999).
Annual tallies of red wolves fitted with radio-collars and pups
counted at dens conducted by the USFWS Red Wolf
Recovery Program (Recovery Program) peaked at 131 known
individuals in 2001 and then fluctuated between 90 and 125
until 2014 (USFWS 2007, 2014). Because the PHVA
reported red wolf hybridization with coyotes to be the
primary threat to recovery, the Red Wolf Adaptive
Management Plan (RWAMP) was initiated in 2000 to
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prevent coyote introgression into the wild red wolf
population (Stoskopf et al. 2005, Rabon et al. 2013,
Gese and Terletsky 2015, Gese et al. 2015). However, since
2004, the number of red wolves killed by gunshot increased
approximately 2.75 times when compared to years prior to
2004 (Bartel and Rabon 2013). As a result, recent concerns
regarding the wild population of red wolves have focused on
understanding sources of mortality affecting red wolf
population dynamics and their effects on long-term recovery,
and potential management strategies to reduce anthropo-
genic mortality (Sparkman et al. 2011; Hinton et al. 2015a,b;
Way 2014; Murray et al. 2015).
Two previous studies assessed effects of anthropogenic

mortality on the reintroduced red wolf population (Sparkman
et al. 2011, Murray et al. 2015). Sparkman et al. (2011)
suggested that anthropogenic mortality could have
additive effects on red wolf populations at low densities, but
non-breeding adults in the population could provide density-
dependent compensation by replacing breeders that were
killed. After reanalyzing the same dataset, Murray et al.
(2015) reported that red wolf demographics from 1999 to
2007were similar to those observed in stationary or increasing
wolf populations elsewhere. However, neither study
adequately addressed current trends in red wolf survival
because they lacked data collected since 2007 when the
RecoveryProgramreported that the average annual numberof
gunshot-related mortalities had increased significantly
(USFWS 2007, Bartel and Rabon 2013). Murray et al.
(2015) contended that current conditions were inadequate to
establish a viable self-sustaining red wolf population but
disagreedwith the suggestion ofHinton et al. (2013) formore
research to help improve recovery in eastern North Carolina.
We suggest that amore comprehensive assessment of redwolf
survival is required for several reasons.
First, most anthropogenic mortality was reported to occur

during fall and winter, which coincide with the red wolf
breeding season (USFWS 2007, Bartel and Rabon 2013).
Despite this, Murray et al. (2015) did not assess seasonal
variation in red wolf survival. Indeed, Hinton et al. (2015a)
reported that shooting deaths of red wolves during fall and
winter hunting seasons disrupted wolf breeding pairs,
allowed coyote encroachment into formerly held wolf
territories, and facilitated congeneric pair-bonding between
surviving wolves and transient coyotes, which resulted in
increased hybridization. Second,Murray et al. (2015) did not
account for survival of non-telemetered wolves (e.g., pups).
The Recovery Program has cross-fostered captive-born pups
into wild litters to augment genetic diversity and growth
rates of the wild red wolf population (Bartel and Rabon 2013,
Gese et al. 2015) and it is unknown whether captive-born
pups had survival rates similar with those born in the wild.
Finally, accurate estimates of annual population sizes for red
wolves require incorporating recapture rates of pups and age-
specific survival rates. To date, these data have not been
included in a comprehensive estimate of red wolf population
size over time. Therefore, a contemporary assessment of
survival, changes in causes of mortality of red wolves over
time, and abundance of red wolves in eastern North Carolina

is needed to better understand how variation in survival and
sources of mortality influence red wolf population size.
TheUSFWS is responsible for developing recovery plans to

address key threats to the survival of endangered species, such
as the red wolf (Hoekstra et al. 2002, Treves et al. 2015).
Indeed, the Endangered Species Act of 1973 (ESA) requires
the USFWS to document factors that imperil species
populations, conduct research to determine strategies to
eliminate those threats, and then implement those strategies
(Scott et al. 2010, Finkelstein et al. 2012). Anthropogenic
mortality and hybridization were identified as the 2 primary
threats to red wolves (Kelly et al. 1999, USFWS 2007,
Rabon and Bartel 2013). Despite measures taken to address
hybridization via the RWAMP (Stoskopf et al. 2005, Gese
and Terletzky 2015, Gese et al. 2015), the USFWS has not
addressed threats of anthropogenic mortality for red wolves.
Ultimately, understanding how causes of red wolf mortalities
change over time will allow the USFWS to respond with
effective management to reduce excessive mortality and
achieve population sizes essential to recovery. Our objective
was to assess population-level impacts of anthropogenic
mortality on the only wild population of red wolves.
Specifically, a primary purpose of our analysis was to predict
the probability of a given outcome (shooting deaths of red
wolves) at a given time (white-tailed deer [Odocoileus
virginianus] hunting season) for individual wolves. To
accomplish this, we assessed monthly and age-class specific
survival rates and identified factors influencing the timing
and occurrence of mortality.

STUDY AREA

The Red Wolf Recovery Area consisted of a 5-county area
(Beaufort, Dare, Hyde, Tyrrell, and Washington) in North
Carolina, including 4 national wildlife refuges (Alligator
River, Mattamuskeet, Pocosin Lakes, and Swanquarter), a
Department of Defense bombing range, and state-owned
lands that encompassed about 6,000 km2 (Fig. 1). Approxi-
mately 60–70% of the Recovery Area was privately owned
lands comprising agricultural croplands (i.e., corn, cotton,
soybean, winter wheat) andmanaged pine (Pinus spp.) forests.
Federal and state lands comprised mostly of coastal bottom-
land forests, pocosin, and fresh and saltwaterwetlands (Hinton
et al. 2015c). Further details of the study area can be found in
Hinton and Chamberlain (2010) and Hinton et al. (2015c).

METHODS

Field Data Collection
From 1987 to 2013, the Recovery Program annually trapped
wild red wolves to fit individuals with mortality-sensitive
radio-collars (Teleonics, Mesa, AZ, USA) and regularly
monitored radio-marked wolves until individuals died or
radio-collars stopped working. Red wolves were captured
using padded foot-hold traps (Victor no. 3 Softcatch,
Woodstream, Lititz, PA, USA). Detailed life-history data
permitted us to assign accurate ages to wolves. Red wolves
�8 months were not typically radio-collared if they were
below the minimum physical size to safely wear radio-collars
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and had the potential to increase in body mass (Hinton and
Chamberlain 2010, 2014). Although we used trapping data
to accomplish multiple objectives and trapping could not be
standardized temporally or spatially, we believe trapping
efforts that were part of the large-scale, long-term
monitoring efforts conducted across the 5-county Recovery
Area provided an adequate proxy for abundance of red wolves
in eastern North Carolina (Lovett et al. 2007, Stephens et al.
2015). Furthermore, standardized practices of monitoring
the reintroduced red wolf population (RWAMP; Rabon
et al. 2013) facilitated data collection in a relatively consistent
way to provide the context for interpreting observed changes
(Lovett et al. 2007, Gitzen et al. 2012). All methods used to
capture andprocess redwolveswere approvedby theLouisiana
State University Agricultural Institutional Animal Care
and Use Committee (Protocol Number AE2009-19) and
met guidelines recommended by the American Society of
Mammalogists (Sikes et al. 2011).
Recovery Program biologists conducted weekly radio-

telemetry flights as their primary means of monitoring
radio-collaredwolves.This allowed them to identify territories
and, during spring, locate dens and daybeds of radio-collared
females to count and process pups (Beck et al. 2009, Rabon
et al. 2013). From 2000 to 2013, after implementation of the
RWAMP, biologists took blood samples of red wolf pups
discovered during den checks to verify parentage andmaintain
a pedigree of the wild population (Miller et al. 2003, Brzeski

et al. 2014, Gese et al. 2015) and implanted passive integrated
transponder (PIT) tags in each pup subcutaneously to identify
non-collared red wolves captured during annual trapping
(Beck et al. 2009, Hinton and Chamberlain 2014). Collec-
tively, annual trapping and den work allowed the Recovery
Program to estimate population size, survival, and reproduc-
tion through a known count approach (USFWS 2007, Rabon
et al. 2013).
For radio-collared red wolves, the Recovery Program

identified mortality events through detection of a mortality
signalduringaerial telemetry surveys and recoveredcarcasses to
determine causes of mortality. Recovery Program biologists
recordedestimated timeofdeath, suspectedor confirmedcause
of death, location, and land ownership. If circumstances
surrounding the death appeared suspicious and biologists
suspected foul play, they contacted USFWS law enforcement
officers to collect additional evidence. For law enforcement
investigations, wolf carcasses were sent to the USFWS
National Forensics Laboratory (Ashland, OR, USA) for
necropsy and analysis. For other cases where initial cause of
death could not be determined, carcasses were transported
to the United States Geological Survey National Wildlife
Health Center (Madison, WI, USA) for necropsy. However,
citizens occasionally reported road-killed red wolves and
wolves mistakenly harvested as coyotes.
We examined capture and processing information, medical

history, and mortality reports for each red wolf mortality

Figure 1. North Carolina, USA, showing the location of the Red Wolf Recovery Area (hatched area) in the eastern portion of the state.
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event from October 1987 to September 2013. We classified
mortalities into 3 generalized categories: natural causes (i.e.,
disease or health-related, intraspecific strife), anthropogenic
(i.e., private trapping, vehicle collision, poison, suspected
or confirmed gunshot, other suspected illegal killing), or
unknown. We classified mortalities as unknown causes of
death if there was not enough biomaterial present to
determine cause of death (e.g., skeletal remains, hair mat
only), necropsy analyses were inconclusive, or multiple causes
of death were suspected and not confirmed by necropsy.
Mortalities caused by gunshot included suspected cases
where there was evidence of foul play (e.g., a cut or removed
radio-telemetry collar or bullet wounds), and confirmed cases
where there was evidence of bullet fragments through
radiographs or necropsy examinations. We confirmed
instances of poisoning by necropsy and toxicological analysis.
We excluded population monitoring activities (i.e., trapping
and den checks) as an anthropogenic source of mortality for 2
reasons. First, deaths caused by population monitoring
activities were intermittent, infrequent (4.7% of known
deaths), and mostly resulted from faulty genetic testing and
euthanizing of hybrids. Second, by not pooling all sources of
anthropogenic mortality, we avoided obscuring the relative
importance of other anthropogenic sources of mortality (e.g.,
gunshot, vehicle collisions) with mortalities caused during
monitoring efforts. We considered this approach important
for interpreting changes in causes of mortality for red wolves
because recommendations for reducing anthropogenic
sources of mortality caused by gunshots and vehicle collisions
are fundamentally different than those reducing mortalities
caused by population monitoring. Hereafter, we report
percentage of total mortality comprising each of the causes
described above.

Cause of Death Analysis
We evaluated changes in causes of mortalities of red wolf
carcasses recovered and summarized causes by year. For
consistency, we reported mortalities and causes of deaths
usingOctober 1 through September 30 as our biological year,
similar to the population estimates provided by the USFWS
(USFWS 2007). We calculated changes in the number of
mortalities of radio-marked red wolves recovered with
known causes of death for the entire data series (1987–2013)
with logistic regression models using PROC NLMIXED
(SAS 9.3, SAS Institute, Cary, NC, USA) in which fixed and
random effects were permitted to have a nonlinear
relationship to the proportion of red wolf deaths. We
considered models with constant, linear, and quadratic time
trends, plus we added a mean zero normally distributed
random effect of year on the logit scale to explain extra-
binomial variation around the trend line to the models. We
expected extra-binomial variation (over-dispersion) to occur
because logistic regression models are based on an underlying
binomial variation. Extra-binomial variation resulted from
heterogeneity and the lack of a perfect fit by our model.
Therefore, we modeled over-dispersion in our logistic
regression models and estimated the proportion of the 3
categories of mortality (i.e., natural, anthropogenic, and

unknown) through time. We selected models based on
Akaike’s Information Criterion for small samples (AICc),
Akaike weights (wi), and model deviance (Burnham and
Anderson 2002). We compared models including individual
covariates to the intercept-only model to determine if the
covariates improved fitted models. We considered the model
with the lowest AICc and the highest model weight as the
best model (Burnham and Anderson 2002).

Survival Analyses
We conducted 2 separate survival analyses because the
Recovery Program uses 2 types of population surveys to
monitor red wolves. Each spring, the Recovery Program
monitored radio-collared red wolves associated with breed-
ing territories (USFWS 2007, Gese et al. 2015, Hinton et al.
2015a). During spring den checks, Recovery Program
biologists located and PIT-tagged red wolf pups in breeding
territories by locating daybeds and dens of radio-collared
female breeders (Beck et al. 2009, Gese et al. 2015). As a
result, the USFWS estimated red wolf population during fall
seasons comprised a count of known radio-collared red
wolves and known PIT-tagged pups. Therefore, implanting
red wolf pups with PIT tags during annual den checks during
whelping seasons (Mar–May) allowed Recovery Program
biologists to later identify non-collared red wolves during
annual trapping efforts throughout the Recovery Area. These
mark-recapture encounters served as re-sighting data to
estimate annual survival of red wolf pups using a joint live-
dead analysis. When PIT-tagged red wolves were radio-
collared during annual trapping efforts, individuals were then
shifted to the known-fate analysis because routine monitor-
ing provided more frequent radio-telemetry data with higher
probabilities of encounters. Telemetry data made it possible
to estimate monthly variation in survival of juvenile and adult
red wolves.
Known-fate models are commonly used in telemetry

studies to estimate survival probability between sampling
occasions (White and Burnham 1999, Schwartz et al. 2006,
Gusset et al. 2008, Ackerman et al. 2014, Chitwood et al.
2015). For radio-collared red wolves, we calculated survival
rate estimates in Program MARK using a parameter
estimation analogous to the non-parametric Kaplan–Meier
product limit estimator (Kaplan and Meier 1958) through a
known-fate approach that employs binomial likelihood
functions over a specified interval and allows consideration of
individual and external covariates (White and Burnham
1999). Our known-fate model assumed that the process of
radio-collaring red wolves did not affect individual fates, that
fates among individuals were independent, that the
encounter probability was equal to 1, and that censoring
was unrelated to mortality (White and Burnham 1999). The
basic model used in our survival analysis was a logistic model
with a logit link. We defined October 1987 as the time of
origin of the study to obtain survival estimates.
Radio-telemetry flights were scheduled to occur twice a

week to monitor radio-collared red wolves. However,
inclement weather and other logistical constraints prevented
monitoring wolves for extended periods each year. Indeed,
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many red wolves were not found for greater than 2 weeks at a
time, and this introduced biases into our analysis as described
in Heisey et al. (2007). When time of death is not estimated
exactly, many tied death times result in the data, and
estimates are no longer valid. Therefore, we followed the
suggestion of Heisey and Patterson (2006) and used methods
for interval-censored data. The use of monthly intervals
accommodated the lack of information on exact time of
death and provided unbiased estimates of monthly and
annual survival.
We summarized capture data for all red wolves during

1987–2013 into monthly encounter histories based onWhite
and Burnham’s (1999) live-dead encounter format for entry
into Program MARK. This allowed for staggered data entry
of new red wolves and right-censoring of individuals to a
month when they were lost because of radio failure or other
reasons (Pollock et al. 1989, White and Garrott 1990). We
used data from censored individuals in the model up until the
time of censoring. Although cause of death for an individual
red wolf was not always known, knowing the interval in
which the animal died allowed us to use a known-fate model
(White and Burnham 1999). In cases where individuals were
not encountered during a subsequent interval, we estimated
time of morality as the midpoint between encounters. We
recorded red wolves as alive, dead, or censored for each
monthly interval.
We investigated the influence of individual and temporal

covariates on survival of radio-collared red wolves with all
possible models developed from combinations of year,
month, age, and sex. Structure for all models was additive,
with no interaction terms. We treated each year as an
attribute group in Program MARK, and estimated annual
survival as the product of the 12 monthly survival estimates.
We included age and sex as individual covariates to
investigate the potential influence of these factors on
survival. Temporal covariates included year and month.
We included month as a categorical effect and used
December as the reference category. We evaluated model
sets using AICc. We considered the model with the smallest
AICc and the largest Akaike weights (wi) to be the most
parsimonious. We did not conduct goodness-of-fit tests
because known-fate data types can be fit as a completely
saturated model leaving no degrees of freedom. The global
model considered in our survival analysis was also the
saturated model and no goodness-of-fit test was possible
because the saturated model left no degrees of freedom
(Schwartz et al. 2006). We calculated the relative deviance as
the difference in�2log (likelihood) of the current model and
�2log of the saturated model, in which the deviance is a
measure of the relative goodness of fit of each model (White
and Burnham 1999).
For non-collared red wolves marked with PIT tags, we used

the Burnham joint live-dead model in Program MARK to
estimate survival rates until recapture from their first year
through their fourth year of age (Burnham 1993, White and
Burnham 1999). Individuals entered our analysis via 1 of 3
origins: wild born, cross-fostered, and released. Most wild
born red wolves were encountered as pups in dens and then

marked with PIT tags. During annual trapping, wild born
red wolves were encountered a second time when fitted with
radio-collars. First encounters for wild born red wolves not
discovered as pups in dens occurred during annual trapping
when non-PIT tagged juveniles and adults were captured,
marked with PIT tags, and fitted with radio-collars. During
the initial phase of reintroduction, captive-born adult red
wolves and their pups (<6 months) were released from island
propagation sites into the wild (Phillips et al. 2003).
However, after the RWAMP was implemented in 2000,
captive-born red wolf pups were cross-fostered into wild
litters (Gese et al. 2015). In both situations, first encounters
occurred when pups were PIT tagged and introduced into
the wild. Like wild-born pups, second encounters for
released and cross-fostered pups occurred during annual
trapping efforts when they were recaptured and fitted with
radio-collars. When red wolf pups were recaptured and
radio-collared, they were entered into the known-fate model
described above.
With the Burnham joint live-dead model, both live

encounters and dead recoveries are used to estimate survival.
We set the site fidelity parameter (F) to 1 for allmodels (i.e., no
emigration from the study area). From the minimum AICc

model,weobtainedage-specific survival estimates (0–1and>1
years of age) for the combined origins. Using these survival
estimates, we constructed the probability of a redwolf living 1,
2, 3, and 4 years after being born, fostered, or released into the
wild population. The probability of surviving to 1 year of age
was the first-year survival estimate (Ŝ1). The probability of
survival to year 2 was the product of the first- and second-year
survival (Ŝ1Ŝ2). The probability of survival to year 3 was the
product of the first-year survival and the second-year survival

squared to provide a 3-year estimate (Ŝ1�ðŜ
2

2Þ), and similarly

for the fourth-year probability (Ŝ1�ðŜ
3

2Þ). We computed the

variances of these survival estimates with the delta method
using the formula below (age k¼ 0, 1, 2, 3), and used the
covariances of these estimates because themodel providing the
estimates had a sampling covariance between the estimates.

VarðŜ1Ŝ
k

2Þ ¼ Ŝ
2ðk�1Þ
2 2kŜ1Ŝ2CovðŜ1; Ŝ2Þ þ k2Ŝ

2

1VarðŜ2Þ þ Ŝ
2

2VarðŜ1Þ
� �

SEðS1Sk2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VarðS1Sk2Þ

q

We estimated the population of pups that remained after
4 years by first determining the number of pups released in a
particular year minus the number with known fate that were
removed each year, either through capture and marking with
radio-collars, or else recovered dead. To estimate fate of pups
with unknown status, we applied the probability of survival to
estimate number of these unknown pups remaining alive at
each year:

L1 ¼ n4Ŝ1;L2 ¼ n3Ŝ1Ŝ2;L3 ¼ n2Ŝ1Ŝ
2

2; and L4 ¼ n1Ŝ1Ŝ
3

2

where La were the number of pups of age a¼ 1, . . ., 4, from
years 4, . . ., 1, with number of unknowns n4, n3, n2, and n1,
respectively. We computed the standard error of the
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estimated population of pups with unknown fates for each
year as

SEðL1 þ L2 þ L3 þ L4Þ ¼ ½2Ŝ1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ

ðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4ÞCovðŜ1; Ŝ2Þ

þðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4Þ2VarðŜ1Þ

þŜ2

1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ2VarðŜ2Þ�1=2

We investigated the influence of individual and temporal
covariates on survival of non-collared red wolves with a set of
candidate models developed from all combinations of
survival (S), age (a), origin (g), probability of carcass recovery
(r), recapture probability (p), time-specific survival (t), and
constant survival (.). We evaluated model sets using AICc.
We considered the model with the smallest AICc and the
largest Akaike weights (wi) to be the most parsimonious.
Because the global model considered in our survival analysis
was also the saturated model, no goodness-of-fit test was
possible (Schwartz et al. 2006).

Annual Population Sizes and Growth Rates
The USFWS used combined counts of PIT-tagged pups
and radio-collared individuals to estimate annual sizes of
the wild population. Obviously, not all red wolves were
accounted for because not all pups were found or
recaptured. These individuals were usually radio-collared
as juveniles and adults during subsequent annual trapping
efforts, but some were never captured. Therefore, we used
Burnham live-dead models to provide a more accurate
estimate of population size by calculating the survival rates
of PIT-tagged pups. Specifically, we first determined the
number of pups PIT tagged in a particular year and then
used probabilities of pups being alive 1, 2, 3, and 4 years
after release to apportion them out across the 4-year period.
We then subtracted the number of PIT-tagged wolves
radio-collared or recovered dead for each year. This left the
red wolves that were of an unknown status. We then applied
the probability of survival estimates from the Burnham live-
dead models to determine the number of unknowns
remaining alive each year. We added the number of
unknowns estimated to be alive for a given year into the
radio-collared population to obtain the population estimate.
The standard error of the population estimate for each year
was the product of the standard error for unknown red
wolves and the probability of surviving to that year.
Therefore, the standard error of the population estimate for
each year was the same as the standard error of unknowns
remaining because the number of living radio-collared
wolves was known without error (i.e., it had no variance).
We reported standard errors only for 2000–2013 because
more thorough attempts to find and investigate dens to
construct a red wolf pedigree began in 2000 (Miller et al.
2003, Brzeski et al. 2014, Gese et al. 2015). In other words,
accurate estimates of recapture rates for non-collared red
wolves occurred after the implementation of the RWAMP
when finding and marking red wolves and monitoring
breeding pairs became essential to limiting hybridization.

We compiled annual estimates of population size by year
(1 Oct–30 Sep) from 1987 through 2013 by summing the
number of known radio-collared wolves with the number of
estimated non-collared wolves remaining alive each year.We
then used our estimates of population size to calculate annual
population growth rate (l) for year n by dividing the
estimated population size in the year nþ1 by the population
size in year n.

RESULTS

From 1987 and 2013, we recorded 372 red wolf deaths and
identified cause of death for 300 (80.6%) of these wolves.
Anthropogenic causes of death accounted for 73% of red wolf
mortality, whereas natural causes comprised 27%. Of 219
human-caused deaths, 51% involved foul play (n¼ 112),
including gunshot (n¼ 88), poison (n¼ 11), and other
suspected illegal killings (n¼ 13). The proportion of
mortality attributable to anthropogenic causes increased
over time (Wald x2

1¼ 20.47, P< 0.001; Table 1 and Fig. 2).
We also observed an increasing trend of red wolf mortalities
attributed to gunshot over time (Waldx2

1¼ 13.96, P< 0.001;
Table 2 and Fig. 3). Vehicle collisions, capture by private

Table 1. Model selection results from the cause-specific mortality analysis
for evaluating anthropogenic mortality as a proportion of total mortalities
with known cause of death in red wolves in eastern North Carolina, USA,
1987–2013. For each model, we provide Akaike’s Information Criterion
(AICc), Akaike weights (wi), number of estimable parameters (K), and
deviance.

Model AICc DAICc K wi Deviance

Trend 104.91 0.00 2 0.46 100.39
Trendþ random effect 105.61 0.70 3 0.33 98.52
Trend2 107.46 2.55 3 0.13 100.38
Trend2þ random effect 108.38 3.47 4 0.08 98.48
Constantþ random effect 113.44 8.53 2 0.01 108.92
Constant 124.34 19.43 1 0.00 122.17
Year 1,510.02 1,405.11 26 0.00 54.02

Figure 2. Proportion of red wolf mortalities caused by humans relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.
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trappers, and management-related activities accounted for
34%, 8%, and 7% of red wolf mortalities attributed to
anthropogenic causes, respectively. Health-related cases
accounted for 70.4% of natural causes of death, whereas
intraspecific strife accounted for 29.6%.
From 19 to 2013, 537 red wolves were radio-collared.

Demographic data were available for 365 of 372 observed red
wolf mortalities and included 72 pups, 95 juveniles, and 198
adults. Our analysis indicated that month and age were the 2
most important factors influencing red wolf survival, whereas
year and sex were not important (Tables 3 and 4). The
estimated average age at time of death was 3.2 years; only 9
wolves survived past age 10. Mean monthly survival rates
were lowest from October through December (Fig. 4). Age-
specific annual survival rates ranged between 0.14 and 0.81
(Fig. 5). Maximum annual survival occurred at age 5 (0.81),
and 68% of red wolves died before age 4.
From 1987 to 2013, the annual probability of recapturing

and radio-collaring previously PIT-tagged red wolf pups
was 62% (n¼ 826). Only 18 carcasses of non-collared red
wolves (18 wild born) were recovered; there were never any
carcasses recovered for fostered pups. Three carcasses of
released pups were recovered. Of the candidate models,

survival estimated as a function of 2 age classes (pups and
ages 2–4 combined) was our top model (Tables 5 and 6). We
considered this the most plausible model because few red
wolves survived to 4 years of age without being recaptured
and fitted with radio-collars, so there were little data to
estimate separate survival rates for 3- and 4-year-old wolves
without radio-collars. Further, assuming constant survival
after the first year is biologically reasonable and simplifies the
computation of the number of non-collared red wolves
remaining alive in the wild population. Mean estimates for
first-year pup survival (Ŝ) calculated by year ranged 0.505–
0.721 and mean survival was 0.619� 0.056 for the entire
study period. For red wolves that survived their first year
(ages 2–4), mean survival by year ranged between 0.218 and
0.531 and mean survival was 0.360� 0.083. Within the top
model, recapture probability (p) was constant across origin
(i.e., wild born, fostered, released) and ages, whereas the
probability of recovering dead (r) differed by origin. The
main reason that survival estimates required a group effect
was because there were never any dead recoveries for the
fostered group. Although sample sizes for fostered and
released individuals were smaller than those born in the wild,
we detected no differences in survival among wild born,
fostered, and released wolves.
Red wolf population estimates generally increased through

time, peaking in 2005–2006 and then decreasing from 2007

Table 2. Model selection results from the cause-specific mortality analysis
for evaluating gunshot mortality as a proportion of anthropogenic mortalities
over time for red wolves in eastern North Carolina, USA, 1987–2013. For
each model, we provide Akaike’s Information Criterion (AICc), Akaike
weights (wi), number of estimable parameters (K), and deviance.

Model AICc DAICc K wi Deviance

Trend 70.56 0.00 2 0.74 66.04
Trend2 72.64 2.08 3 0.26 65.55
Trend2þ random effect 83.53 12.97 4 0.00 73.63
Trendþ random effect 88.04 17.48 3 0.00 80.95
Constant 88.78 18.22 1 0.00 86.62
Constantþ random effect 91.07 20.51 2 0.00 86.54
Year 1,509.04 1,438.48 26 0.00 53.04

Figure 3. Proportion of red wolf mortalities caused by gunshot relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.

Table 3. The top 5 candidate models and null model {S(.)} from the
known-fate analysis used to model survival (S) of radio-collared red wolves
in eastern North Carolina, USA, 1987–2013. For each model, we provide
the change in Akaike’s Information Criterion (DAICc), Akaike weights
(wi), number of estimable parameters (K), and the deviance.

Model K AICc DAICc wi Deviance

S(monthþ age2) 14 2,975.32 0.00 0.99 2,947.27
S(month) 12 2,992.29 16.97 0.01 2,968.25
S(monthþ sex) 13 2,993.35 18.02 0.00 2,967.30
S(age2) 3 2,993.83 18.51 0.00 2,987.83
S(monthþ age) 13 2,994.22 18.90 0.00 2,968.17
S(.) 1 3,015.64 40.32 0.00 3,013.64

Table 4. Summary of results from the best model in the known-fate
analysis of survival for radio-collared red wolves, North Carolina, USA,
1987–2013. Month was a categorical variable and December was the
reference category. Shown are b coefficients, standard error (SE), 95%
upper confidence interval (UCI), and 95% lower confidence interval (LCI).

Parameter b SE UCI LCI

Intercept 2.82 0.17 3.16 2.48
Jan 0.66 0.26 1.17 0.15
Feb 0.59 0.25 1.08 0.09
Mar 1.04 0.29 1.62 0.47
Apr 0.67 0.26 1.18 0.16
May 0.40 0.24 0.86 �0.07
Jun 0.85 0.28 1.39 0.31
Jul 1.01 0.29 1.58 0.43
Aug 1.02 0.29 1.59 0.44
Sep 0.79 0.27 1.32 0.26
Oct 0.19 0.23 0.64 �0.25
Nov 0.06 0.21 0.48 �0.36
Age 0.28 0.06 0.40 0.16
Age2 �0.03 0.01 �0.02 �0.04
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to 2013 (Fig. 6). Overall, annual growth rates (l) ranged
between 0.78 and 2.07 (Fig. 7). From 1998 to 2005, the red
wolf population increased from an estimated 90 to 151
wolves with an average annual l of 1.12. However, from
2005 to 2013, the red wolf population decreased from an
estimated 151 to 103 wolves with an average annual l of
0.96.

DISCUSSION

Recently, Murray et al. (2015) reported that gunshots were
consistently responsible for approximately 25% of red wolf
deaths from 1999 to 2014, and detected no effect of age on
red wolf survival from 1999 to 2007. However, our findings
indicate that the proportion of red wolf deaths caused by
gunshot increased significantly after 1999, survival rates were
lowest during fall and winter hunting seasons, and younger
red wolves were more susceptible to gunshot mortalities.
From 2000 to 2013, gunshots comprised 42% of identified
causes of red wolf deaths and the annual proportion of wolf
deaths caused by gunshot increased from approximately 25%
to 60% (Fig. 3). Our findings differ from those of Murray
et al. (2015) because their analysis compared mortalities

evaluated through examination of data from 1999 to 2007 to
summaries reported in USFWS quarterly and annual
progress reports during 2008–2014 (USFWS 2016), whereas
our study was a consistent analysis of actual field data from
1987 to 2013. We suggest that our estimates of population
size, survival, and patterns of mortality are more robust and
detailed than previous assessments because of the inclusion of
data collected since 2007.
Corresponding with the North Carolina fall and winter

hunting seasons, monthly survival rates for red wolves were
lowest during October–December (Fig. 4). Although
mortality rates were greatest for younger red wolves, we
observed no difference in survival between captive-born and
wild-born wolves; 68% of monitored wolves died before age 4
regardless of their origin. During the past 2 decades, the
coyote population has increased in eastern North Carolina
and they are subject to intensive control efforts via shooting
and trapping (Way 2014; Hinton et al. 2015a,b). Despite

Figure 4. Mean monthly survival rates of red wolves in eastern North
Carolina, USA, 1987–2013, indicating survival declines precipitously from
October through December. The 95% confidence limits are represented by
the error bars.

Figure 5. Annual age-specific survival rates of red wolves in eastern North
Carolina, USA, 1987–2013. The 95% confidence limits are represented by
the shaded area.

Table 5. Models considered for the survival analysis of non-collared red
wolves in North Carolina, USA, 1987–2013, using the Burnham joint live-
dead model in Program MARK. For each model, we provide Akaike’s
Information Criterion (AICc), the change in Akaike’s Information
Criterion (DAICc), Akaike weights (wi), number of estimable parameters
(K), and deviance. Model selection notation follows White and Burnham
(1999). S¼ probability of survival; a¼ number of age classes; g¼ origin
(wild born, fostered, and released); r¼ probability of recovering dead;
p¼ recapture probability, and F¼ probability of remaining in the sampling
area fixed to 1.

Model AICc DAICc wi K Deviance

{S(a2þ g) p(.) r(g) F¼ 1} 1,225.08 0.00 0.19 8 822.86
{S(a2) p(.) r(g) F¼ 1} 1,225.33 0.25 0.17 6 827.22
{S(a3þ g) p(.) r(g) F¼ 1} 1,225.45 0.37 0.16 9 821.17
{S(a3) p(.) r(g) F¼ 1} 1,225.58 0.50 0.15 7 825.42
{S(.) p(.) r(g) F¼ 1} 1,225.60 0.52 0.14 5 829.52
{S(g) p(.) r(g) F¼ 1} 1,226.18 1.10 0.11 7 826.02
{S(a4) p(.) r(g) F¼ 1} 1,227.55 2.48 0.06 8 825.34
{S(g) p(g) r(g) F¼ 1} 1,229.26 4.18 0.02 9 824.98
{S(.) p(.) r(.) F¼ 1} 1,229.62 4.54 0.02 3 837.62
{S(g) p(.) r(.) F¼ 1} 1,230.17 5.09 0.02 5 834.10
{S(g) p(g) r(.) F¼ 1} 1,233.22 8.14 0.00 7 833.05

Table 6. Parameter estimates obtained from the best model in the
Burnham joint live-dead analysis of survival (S) for non-collared red wolves,
North Carolina, USA, 1987–2013. Shown are b coefficients, standard error
(SE), 95% upper confidence interval (UCI), and 95% lower confidence
interval (LCI).

Parametera b SE UCI LCI

Sage 1 �0.75 0.71 0.64 �2.13
Sage 2 �1.81 0.86 �0.13 �3.49
Swild 1.24 0.72 2.65 �0.18
Sfostered 1.66 0.84 3.30 0.01
p 0.78 0.29 1.35 0.22
rwild �2.71 0.24 �2.23 �3.19
rfostered �17.11 1,684.74 3,284.99 �3,319.21
rreleased �0.51 0.73 0.92 �1.94

a Sage 1¼ survival for pups; Sage 2¼ survival for ages 2–4; Swild¼ survival for
wild born pups; Sfostered¼ survival for fostered pups; p¼ recapture
probability; rwild¼ probability of recovering dead wild born pups;
rfostered¼ probability of recovering dead fostered pups; rreleased¼ proba-
bility of recovering dead released pups.
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being the larger of the 2 species, shooting deaths of red
wolves typically occurred when hunters confused wolves for
coyotes (Hinton et al. 2013, 2015a,b; Newsome et al. 2015).
In particular, red wolf pups during fall are not fitted with
radio-collars, are similar to coyotes in body size (Hinton and
Chamberlain 2014), and are more likely to be misidentified
by hunters as coyotes. Consequently, we likely under-
estimated pup mortality caused by shootings because pups
were not radio-monitored and their mortalities may have
gone undetected.
Decreased survival rates in October–December are not

surprising considering other studies that observed significant
declines in eastern coyote survival during fall and winter
hunting seasons (Chamberlain and Leopold 2001, Van
Deelen and Gosselink 2006). Van Deelen and Gosselink
(2006) reported coyote survival declined precipitously during
fall when harvest of agricultural crops coincided with
hunting seasons, when inexperienced juvenile coyotes were
more susceptible to opportunistic killing by hunters.
Similarly, approximately 30% of the Recovery Area
comprised agricultural fields where agricultural activities
influenced availability of vegetative cover for red wolves

(Chadwick et al. 2010, Hinton and Chamberlain 2010,
Dellinger et al. 2013). Harvest of agricultural crops occurred
just prior to fall and winter hunting seasons, and extensive
loss of vegetative cover reduced refugia for red wolves during
a period of elevated human activity. Younger red wolves
likely suffered greater mortality than adults during this time
for 2 reasons. First, juveniles typically disperse from their
natal areas between September and March (Karlin and
Chadwick 2012) and are at greater risk of encountering
hunters in areas unfamiliar to them. Second, red wolf pups
encounter significant decreases in availability of vegetative
cover and increases in human activity for the first time.
During 1999, when the red wolf population was estimated

by the Recovery Program to comprise approximately 80
individuals, the PHVA predicted the wild population would
increase 20% each year from 2000 to 2010 and reach a
carrying capacity of approximately 150 individuals (Kelly
et al. 1999). Our population estimates tracked the PHVA
projections until 2005, when the red wolf population peaked
at an estimated 151 individuals. Since 2005, the population
has steadily declined to about 103 individuals in 2013.
Although numbers of mortalities were generally consistent
across years, causes of death have changed. Previously,
Phillips et al. (2003) noted that most mortalities of red
wolves resulted from accidental (i.e., vehicle strike) or natural
(i.e., intraspecific strife) causes. Since 2002, the proportion of
mortalities resulting from vehicle collisions has declined and
gunshots are now the leading cause of death.
The 2007 USFWS 5-year review noted that the red wolf

population was increasing with stable recruitment and adult
survival, but documented the initial 2006 decline corre-
sponding with an increase in shooting deaths. Notably, since
2004, the number of red wolves killed by gunshot has
increased approximately 2.75 times when compared to years
prior to 2004 (Bartel and Rabon 2013). Additionally, the
wild population experienced a gradual decline in annual
growth rates since 2004 (Fig. 7). Our survival models
indicated no change in survival rate of red wolves over time
(i.e., no year effect), indicating that the population declined
despite no change in yearly survival rates. Some compensa-
tory mechanisms are likely operating within the red wolf
population because the increase in anthropogenic mortality
coincided with a similar decrease in the occurrence of natural
mortality, and compensatory processes are routinely docu-
mented (Sinclair and Pech 1996, P�eron 2012). However,
because red wolves and coyotes are capable of hybridizing, we
suggest that reproductive interference by coyotes may explain
how the wolf population could decline despite no change in
yearly survival rates (Mallet 2005, Gr€oning and Hochkirch
2008). Hinton et al. (2015a) reported increased occurrence of
coyote encroachment and replacement of resident red wolves
after resident wolf breeders were killed by humans.
Consequently, when no red wolf mates were available,
surviving resident wolves paired with coyotes creating
congeneric breeding pairs responsible for hybridization.
Indeed, hybridization was considered a primary threat to the
persistence of the wild population and, in response, the
RWAMPwas developed and implemented to prevent coyote

Figure 6. Estimated annual population sizes of red wolves in eastern North
Carolina, USA, 1987–2013. Error bars indicate standard errors. Standard
errors were reported only for 2000–2013 because after 1999 dens were
investigated more thoroughly to sample blood from pups each spring to
verify and construct a red wolf pedigree (Miller et al. 2003). Standard errors
represent unknown red wolves in the wild population.

Figure 7. Estimated annual growth rates of red wolves in eastern North
Carolina, USA, 1987–2013.
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introgression via sterilization of coyotes paired with red
wolves (Stoskopf et al. 2005, Hinton et al. 2013, Gese and
Terletzky 2015, Gese et al. 2015). Regardless of whether
coyote mates are fertile or sterile, congeneric pairings with
coyotes represents lost reproductive effort by the red wolf
population (Brzeski et al. 2014, Hinton et al. 2015a).
Despite no change in annual survival rates, pairings between
surviving red wolf mates with encroaching coyotes prevented
wolf compensation of losses to anthropogenic mortalities via
reproduction. The Recovery Program likely softened the
decline in population size and annual growth rates of the wild
red wolf population via intensive management (i.e., replacing
sterilized non-wolf placeholders with wolves; Gese and
Terletzky 2015) and annual augmentation with captive-born
wolves (Bartel and Rabon 2013, Gese et al. 2015).
Regardless, human activities, either intentional (i.e., gun-
shot) or not (i.e., vehicle collision), have become the leading
cause of mortality for wild red wolves and are affecting size
and annual growth of the wild population.
Anthropogenic mortality was ultimately responsible for the

extirpation of red wolves and continues to limit growth of the
reintroduced population. Hinton et al. (2013) suggested that
increased research was necessary to tally general threats to red
wolves and ultimately understand mechanisms that could
facilitate a stable red wolf population in eastern North
Carolina. Murray et al. (2015) disagreed with this suggestion
by asserting that the RWAMP provided red wolves with
conditions allowing them to survive and produce young. They
believed conditions in easternNorthCarolinawere inadequate
to establish a sustainable redwolf population, and asserted that
research suggested by Hinton et al. (2013) could only prove
valuable in the broader context of wolf colonization in eastern
North America and endangered species recovery. Although
the RWAMP was successful in limiting coyote introgression
(Gese and Terletzky 2015, Gese et al. 2015), it was not
successful in providing conditions favorable for red wolf
survival.This is evidentwhen considering that shootingdeaths
of red wolves were correlated with a significant increase in
breeding pair disbandment (Sparkman et al. 2011, Hinton
et al. 2015a), disruption of wolf packs (Bohling and Waits
2015, Hinton et al. 2015a), and facilitation of coyote
encroachment and hybridization (Bohling and Waits 2015;
Hinton et al. 2015a,c) simultaneous with the decline in
annual red wolf population size and growth rates reported
herein. TheRWAMPwas implemented in 2000 to establish a
framework to limit hybridization between red wolves and
coyotes (Stoskopf et al. 2005, Gese et al. 2015), not to address
factors affecting red wolf survival such as excessive anthropo-
genicmortality (Way 2014;Hinton et al. 2015a,b). Therefore,
we suggest site-specific research focused on evaluating ways
to minimize threats is fundamental to understand how
survival and population sizes are expected to change as red
wolves experience deteriorating conditions. Specifically, we
suggest further studies are needed to better understand how
anthropogenic factors disruptmechanisms that facilitate stable
and reproductively isolated red wolf populations (Fredrickson
and Hedrick 2006; Hinton et al. 2013, 2015a; Fredrickson
2016). This is crucial for the USFWS to respond to threats

with effective management and promote recovery of the
eastern North Carolina population as mandated by the ESA
(Scott et al. 2010, Finkelstein et al. 2012).

MANAGEMENT IMPLICATIONS

Mortalities of red wolves via gunshot that occur during
hunting seasons will have to involve regulation of coyote
hunting to prevent intentional and accidental killing of red
wolves. A court-approved settlement agreement between the
North Carolina Wildlife Resources Commission (NCWRC)
and environmental groups appears to be the first step in
developing an effectivemanagement policy designed to reduce
anthropogenic mortality (Red Wolf Coalition; Defenders of
Wildlife; and Animal Welfare Institute vs. North Carolina
Wildlife Resources Commission; Gordon Myers, Executive
Director, North Carolina Wildlife Resources Commission
2014). For example, 10 fewer red wolves were killed via
gunshot during the 2 years following the settlement than the
preceding2years (7vs. 17shootingdeaths).Toreducenegative
effects of anthropogenic mortality and ensure long-term
persistence of red wolves, the USFWS will need to
re-implement previous long-standing and proven manage-
ment practices on public and private lands (e.g., Red Wolf
Adaptive Management Plan), define conditions for when
wolves will be removed from recovery areas, implement more
effectivemanagement strategies toaddresswolves causing such
conditions, and cease issuing take permits as a first line
response to dealing with said wolves (USFWS 2016). Equally
as important, the USFWS should establish an effective
management response to mitigate gunshot mortality through
stronger regulation of coyote hunting, develop or revise
regulatory mechanisms that are ecologically and biologically
supported to protect red wolves. Finally, the USFWS can
improve public perception of red wolves and mitigate
anthropogenic factors negatively affecting recovery through
tailored education and outreach programs for hunters and the
general public.
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a b s t r a c t

Managing canid predation on livestock is the leading challenge facing canid conservation

worldwide. However, removing canids, and coyotes in particular, to reduce livestock pre-

dation is environmentally and socially controversial. In addition, it can be expensive and

logistically difficult to field evaluate the myriad of potential selective, spatial, and temporal

canid management strategies. Here, we develop a spatially explicit, individual-based simula-

tion model to evaluate commonly used or promoted coyote control strategies. We began with

an already constructed non-spatial, individual-based stochastic coyote population model

that incorporated behavioral features, such as dominance and territoriality. We added a

spatial component and enhanced the social rule set to more realistically model coyote move-

ment and territory replacement. This model merges coyote spatial, social, and population

ecology into a management framework. The development, structure, and parameterization

of this model are described in detail. For lethal methods, model results suggest that spa-

tially intensive removals are more efficient and long lasting compared to random removal

methods. However, sterilization appears to be the management strategy offering the largest

and most lasting impact on coyote population dynamics. We recommend adding spatial

prey/livestock density and environmental components to this model to further enhance its

ecological reality and management usefulness. Although this model is applied to coyotes in

particular, it is applicable to many canid species of conservation concern. This model pro-

vides a tool to assist in the development of more effective and socially acceptable livestock

predation management strategies.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Managing canid predation on livestock is the leading chal-
lenge facing canid conservation worldwide. Coyote predation
on livestock in general, and on domestic sheep in particu-

∗ Corresponding author. Tel.: +1 435 797 1481; fax: +1 435 797 3796.
E-mail address: mary.conner@usu.edu (M.M. Conner).

lar, has been a fundamental problem of livestock producers
in North America over the past 60 years (Conover, 2002). It has
been estimated that coyotes are responsible for over $40 mil-
lion in damages to livestock producers in just the United States
each year, with the proportionally highest losses to sheep pro-

0304-3800/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolmodel.2008.09.008
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ducers (Mitchell et al., 2004). However, removing canids, and
coyotes in particular, to reduce livestock predation is environ-
mentally and socially controversial.

A variety of lethal and non-lethal methods are employed
to reduce coyote depredation rates. Commonly used lethal
methods include large-scale aerial gunning of coyotes, local-
ized removal of all coyotes in the vicinity of an area or
ranch experiencing coyote depredation, and removal of coy-
otes just prior to the birth pulse. A less commonly used lethal
approach is selective removal of breeding adult (alpha) coy-
otes. Nonselective removal (e.g., aerial gunning) is based on
the assumption that fewer coyotes means fewer livestock
losses. Selective removal, which targets alpha coyotes, is based
on the assumption that provisioning offsping is energetically
costly, and one way to offset this cost is for alpha coyotes to
prey on domestic livestock (Till and Knowlton, 1983). Accord-
ingly, selective removal attempts to only remove the problem
animals (alphas) in an effort to more efficiently reduce losses
to livestock producers while simultaneously minimizing the
impact to non-problem coyotes. Non-lethal control methods
include guard animals, fencing, frightening devices, and hus-
bandry practices (see Knowlton et al., 1999 for a thorough
review). These approaches are preventative and usually focus
on changing the behavior of potential problem animals rather
than the manipulation of population numbers. Because we
evaluate management strategies aimed at coyote populations
in this paper, we restrict our analyses of non-lethal manage-
ment types to the approach of sterilization (e.g., vasectomy
and tubal ligation). Coyote sterilization is based on the same
underlying premise as removal of alpha coyotes just prior
to the birth pulse; coyotes are less likely to kill livestock if
they do not need to provision for pups (Bromley and Gese,
2001). While coyote sterilization shows promise at reduc-
ing livestock depredation, it has not yet proven effective for
long-term or large-scale use (Mitchell et al., 2004). Thus, for
methods aimed at the coyote population, most livestock pro-
ducers rely on lethal methods to reduce coyote depredation on
sheep.

Coyote depredation management is controversial. Those
involved in animal welfare question how well coyote removal
works and whether landscape level measures, such as aerial
gunning of coyotes, can be justified environmentally, econom-
ically or socially (Andelt, 1996). Mitchell et al. (2004) noted that
lethal strategies may fail because alpha coyotes, which are the
most likely social class to kill livestock, are the most resistant
to nonselective removal techniques. Recently, there has been
increased interest about selective removal, which focuses on
small spatial areas, specific classes of animals (i.e., alphas),
and limited timing of removal. The goal of this approach is
minimize the number of coyotes removed while maximizing
the reduction in depredation rates and length of the effect
(Conover, 2002).

Coyote social structure and demographics have been well
studied over a wide range of habitats throughout the United
States and Canada. Coyote population vital rates, dynamics,
and social structure vary with prey type and availability. Below
we briefly discuss coyote biological and social relationships
that are relevant to the construction of our model; for a thor-
ough review of coyote biology, ecology, and management, see
Knowlton et al. (1999).

Coyotes live in packs, are territorial, and have a strong
social hierarchical structure in which typically only the alpha
pair breeds for each pack (Camenzind, 1978; Gese et al., 1996b).
Packs and territories have an exclusive relationship with one
pack occupying and defending one territory (Camenzind, 1978;
Bekoff and Wells, 1986; Windberg and Knowlton, 1988). Terri-
tories are typically contiguous (Windberg and Knowlton, 1988;
Gese et al., 1989, 1996a,b), with each territory maintained by an
alpha pair (Gese and Ruff, 1997, 1998). Packs usually also con-
tain beta coyotes, which are typically related to the alpha pair,
and pups. The larger population also contains transient coy-
otes (Camenzind, 1978; Bekoff and Wells, 1986) that occupy the
interstitial area between several territories (Gese et al., 1988)
and generally do not produce offspring (Knowlton et al., 1999).
One of the biological mechanisms regulating coyote popula-
tion growth rates is litter size, which decreases as population
density increases (Todd et al., 1981; Todd and Keith, 1983). Two
other social factors implicated in mediating population regu-
lation are beta dispersal rates and transient mortality, which
are interrelated. As population density increases, pack sizes
reach a point where they no longer provide adequate resources
for the entire pack. Consequently, the proportion of betas
leaving territories to become transients increases (Gese et al.,
1996b), which increases transient density. Increased transient
density is thought to lead to increased transient mortality
rates (Mills and Knowlton, 1991), which in turn decreases, and
hence potentially regulates, population growth rates.

Virtually all decisions about predator management occur
in the face of incomplete data, a complex, often spatially and
socially structured environment, and in systems subject to
temporal variation. It can be costly and difficult to evaluate
the myriad of potential social, spatial, and temporal coyote
removal strategies. When it comes to coyote depredation and
sheep, the ultimate question is “Was the depredation rate
reduced by the control strategy?” The penultimate question,
which we address in this paper, is “Which strategy reduced
the number of potential livestock killers for the longest time?”
Modeling is a valuable heuristic tool to compare different
removal strategies. For these reasons, we created a realis-
tic, spatially explicit, individual-based, socially structured,
stochastic coyote population model.

This model is a direct descendant of an individual-based
stochastic coyote population model that incorporated social
structure that was constructed by Pitt et al. (2003). We used
parameter estimates and functional forms presented by Pitt et
al. (2003) in their individual-based coyote population model,
which were based mainly on estimates of coyote vital rates
from the Rocky Mountain region of the United States. We
consider this a ‘generic population’. Pitt et al. (2003) used
Swarm as their simulation environment (SDG, 2001) and mod-
eled individuals within packs hierarchically. With relatively
simple social and demographic rules, they realistically mod-
eled the dynamics of a 100-pack coyote population. Pitt et al.
(2003) adjusted model rules and calibrated parameter values
so that their output matched field studies of coyote population
dynamics and social structure, rather than doing a field vali-
dation. Pitt et al. (2003) model was non-spatial. However, the
application of control is spatial; that is coyotes can be removed
from spatially clustered locations (intensive removal over
small areas) versus random removals (less intensive removal
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over larger areas). Here, we began where Pitt et al. (2003) left
off; we used the basic structure, rules, and model parameter
values from their model, but made it spatially explicit and
added additional movement rules. Then, we used this model
to evaluate commonly used or promoted coyote control strate-
gies on coyote population dynamics and social structure.

2. The model

In this paper, we follow a standard protocol for describing
individual-based models (Grimm et al., 2006) because we agree
that “readers are better able to absorb information if it is pro-
vided in a familiar, meaningful structure” (Gopen and Swan,
1990). The purpose of this protocol is to facilitate understand-
ing and repeatability of individual-based simulation models
written across a variety of disciplines (Grimm et al., 2006).
We used the computer package IDL (Version 6.4, ITT Visual
Information Solutions, Boulder Co.) to develop a stochas-
tic, spatially explicit, socially structured (i.e., stage based),
individual-based model.

2.1. Purpose

The overall goal of this model is to heuristically evaluate differ-
ent spatially applied management actions, such as removing
coyotes from spatially clustered locations versus random
removals, on coyote population and social dynamics. From
the wildlife-damage perspective, we hope this model will
allow managers to find strategies that provide the results they
require with the minimum number of coyotes removed.

2.2. State variables and scales

We used four hierarchical levels in the model: individual,
territory (or pack), population, and management scenario.
Individual coyotes were classified by the state variables: iden-
tity number, age, sex, identity of the territory where the
individual lives, reproductive potential (sterile or fertile), and
social status. We defined alphas as coyotes >6 months old
who held a territory and reproduced. Betas were coyotes of >6
months old who were associated with a territory but did not
reproduce. Transients were coyotes >6 months old who did not
hold a territory and did not reproduce, and who moved among
several territories. Pups were coyotes ≤6 months old and were
associated with a territory. Herein, we consider pack and ter-
ritory to be synonymous in this model. That is, one pack was
exclusively associated with one territory, and all members of a
particular pack were also members of the associated territory.

Each territory was initialized to contain one pair (male and
female) of alpha coyotes and possibly betas and transients.
The simulated population consisted of all packs/territories
in the model. The spatial component was simulated using
square grid cells, in which each cell represented a coyote ter-
ritory. Because we did not use nearest neighbor statistics,
movement paths per se, or connectivity, we used the more
tractable square grids instead of hexagonal grids (Birch et
al., 2007). Spatial structure was accounted for by associating
each coyote with a territory, with their probability of moving
to another territory dependent on the coyote’s social status,

age, pack density, and the conditions of neighboring territo-
ries (e.g., whether neighboring territories were missing one or
both alphas).

2.3. Process overview and scheduling

We constructed the model to match the coyote biological
year using discrete time intervals of 1 month; each simu-
lation began in January. Within each month, modules are
processed so that intra-territory changes are handled prior
to inter-territory changes. Within each territory aging, birth
(if April), mortality, change in social status (i.e., beta → alpha,
beta → transient, and transient → alpha) were tracked. These
actions were followed by movement actions between terri-
tories, which included betas and transients moving to new
territories to become alphas, and transient simply moving
between territories (Fig. 1).

2.4. Design concepts

2.4.1. Emergence
Spatial population dynamics emerge from the combined
behavior of model agents (coyotes) as well as from differ-
ent management perturbations. All management strategies
are applied spatially (either spatially random or spatially
clumped) in the form of either coyote removal or sterilization.

2.4.2. Sensing
Each coyote is assumed to know, without error, their age, sex,
social rank, and associated territory. Furthermore, coyotes are
assumed to be able to sample, without error, their neighboring
territories for information such as the number of animals, and
each animal’s sex and social status.

2.4.3. Functional relationships
Within a pack, the number of offspring and probability of
becoming a transient (eviction) increased with pack size. For
the population, transient mortality increased with total tran-
sient density.

2.4.4. Stochasticity
All demographic parameters (i.e., vital rates) and social and
movement rules were based on probability distributions.
Stochasticity in model parameters represents demographic
variation. That is, the parameters were fixed and the stochas-
ticity is variation about the fixed parameters.

2.4.5. Observation
For model testing, the spatial distribution of individuals was
observed process-by-process, and then summarized and out-
put monthly. For model testing and evaluation of coyote
removal strategies, population level and spatial (local) pop-
ulation variables were recorded during a 5-year pre-control,
control, and post-control periods (for a total of 15 years).

2.5. Initialization and input

Because the model begins in January and coyotes are born in
April, all individuals enter the population at 8, 20, 32, 44, etc.
months. Alpha coyotes were required to be a minimum age of
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Fig. 1 – Flow diagram illustrating model processes and general scheduling of coyote population model. Initial spatial arrays
are based on user inputs including number of territories, average pack size, age, sex, social status parameters, and
management scenarios. Individual agents are coyotes. Packs and territories are synonymous. The box titled “agent “action”
loop by territory” occurs within each shaded box in the model flowchart.

32 months to prevent an unrealistically young breeding pop-
ulation and a realistic age structure within packs (i.e., alphas
older than betas). For this study, we used a 10 × 10 square grid
to represent 100 coyote territories. Each grid cell is assumed to
be the size of an average coyote home range. To mitigate edge
effects on model output (i.e., animals can leave the study area
but not come in), we buffered the number of territories in the
simulated study area by 1 additional “ring” of territories. Thus,
we tracked 144 territories (12 × 12 grid), but only summarized
data on the inner 100. No control was done in the buffer.

The initial seeding parameters for the population of coy-
otes were the same for all model runs. Each territory was
initially seeded with a pair of adult alphas, and possibly
beta and transient coyotes. The maximum number of resi-
dents in initial packs was 5, and the mean number was 4.
All coyote demographic and social parameters were common
across all management scenarios (Table 1), but stochastic-
ity was included to represent demographic variation. Using
transient mortality as an example, an equation represents
probability of transient mortality, which that is depen-
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Table 1 – Overview of model input variables, parameters, functions, and stochastic processes

Parameter/variable description Value/equation Stochastic processesa

User input at simulation initialization
Number of territories core output 100 (10 × 10)
Number of territories including buffer 144 (12 × 12)
Average resident pack size 4 (2 of which are always alphas) Uniform[3,5]
Percent of population that is resident 0.75
Sex ratio of betas 0.5
Sex ratio of transients 0.5
Min-max latency to fill alpha slot (months) 1–3 Uniform[1,3]

Vital rates
Mortality probability for adults 0.0100–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for transients [0.008 + 0.089(Ntrans/P)]–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for pups 0.1 Uniform[0,1]–if < 0.1, animal dies
Birth rate 6.93–0.72Npack Normal[equation mean, 1]

Transition within territory
Pup to beta 6 months
Beta to transient 0.005Npack

2 Uniform[0,1]–if < equation, animal dies
Beta to open alpha position Betas get first chance before transients, depending

on age and sex; see Section 2.6
Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position Transients get chance if position not filled by beta,
depending on age and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transition and movement between territories
Beta to open alpha position in different
territory

Betas get first chance before transients, depending
on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position in
different territory

Transients get chance if position not filled by beta,
depending on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient movement between territories Randomly chosen transient can move within local
neighborhood to territory with least transients; see
Section 2.6

Uniform[0,1]–if < 0.5, transient moves

a The stochastic process adds demographic variation to the model. For example, the term ‘Uniform[0,1]–if < equation animal dies’ represents
a Bernoulli trial; if the random number selected from the uniform distribution is less than the number produced by the equation, then the
animal dies, otherwise it lives. If there is no distribution then the variable is not stochastic.

dent on number of transients per pack (transient density):
ptm = [0.008 + 0.089(Ntrans/P)] − 0.0003A + 0.00025A2, where ptm

is the probability of transient mortality. If a randomly
selected number from a uniform distribution is less than
ptm, then the transient dies, which is represented as
‘Uniform[0,1]–if < equation, animal dies’ in Table 1. For all
model parameters except birth, which is describe below, we
used the Bernoulli random variables (i.e., Uniform[0,1]) as
indicator variables to determine whether a coyote transitions
during a particular time step, which is a month in the model
(Table 1).

2.6. Submodels

2.6.1. Mortality
We do not describe the logic behind the functions used for
demographic and social probabilities and rates in this paper
because they were described in detail by Pitt et al. (2003).
Stochasticity in mortality probabilities was added as demo-
graphic variation via Bernoulli trials (Table 1). The probability
of alpha and beta mortality per month was a quadratic func-
tion of a coyote’s age:

mad = 0.01 − 0.0003A + 0.00025A2

where A is age in years.

To prevent the immediate replacement of an alpha after
its death, we included a latency period in the replacement
matrix for both alpha males and females. This latency period
reflects the time needed to either find a replacement mate
when a single alpha dies or the competition between indi-
viduals when a territory breakdown occurs (i.e., both alphas
die and betas fail to take over territory). Thus, a latency
period was randomly selected between 1 and 3 months based
on a field study of alpha replacement (Blejwas et al., 2002).
Each month the latency period was counted down until it
equaled 0 and the open alpha position could be filled. In addi-
tion to being more biologically realistic, including a latency
period also more realistically allows control that takes place
during the mating season, a common depredation man-
agement strategy, to have an effect during the whelping
period.

The probability of transient mortality followed the same
function as resident adults, but was additively higher, depend-
ing on the average transient density per pack over the
simulated population:

mtrans =
[

0.008 + 0.089
(

Ntrans

P

)]
− 0.0003A + 0.00025A2

where Ntrans is total number of transients in the population,
P is the total number of packs in the population, and A is the
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age in years. The probability of pup mortality was constant:

mpup = 0.10

2.6.2. Birth
The number of offspring produced by a given pack was a linear
function of pack size:

b = 6.93 − 0.72Npack

where Npack was number of adults in the pack. Stochasticity
in the number of offspring produced was added differently
than for other vital rates. We used a normal distribution in
which the final number of offspring produced was drawn from
a normal distribution, with a mean (b) from the equation above
and a standard deviation of 1.0, that is, ∼N(b,1). We rounded
the number of offspring so that only whole numbers were used
in the model, and truncated so that any negative values were
set equal to zero.

2.6.3. Dispersal
We did not include long-distance dispersal explicitly. Rather,
we allowed betas to transition to transients (ejection) and
transients to move among a neighborhood of territories at
each time step as described below. This way, a transient could
make its way around all territories in a population, which is
a form of quasi-dispersal restricted to staying within the sim-
ulated area. The absence of long-distance dispersal is meant
to emulate the observed dynamics of coyote social structure
in which alpha individuals do not leave their territories once
they become “owners” and by which open territories are taken
by coyotes in neighboring territories.

2.6.4. Stage (social status) changes
There were four stage transition probabilities in the model.
Alphas could not change stage, but could be replaced by a
beta or transient of the same sex when they died. Thus, the 4
transition probabilities were pup to beta, beta to alpha, tran-
sient to alpha, and beta to transient. There were 2 levels of
stage changes; within and between territories. Within territory
changes occurred before changes that involved movement
(i.e., before between territory changes).

2.6.5. Alpha replacement from within territory
When there was an open alpha position, animals of the appro-
priate sex associated with the territory filled it in the order
of oldest to youngest beta, followed by oldest to youngest
transient associated with the territory at that time step. Each
individual at its turn had a probability of 0.5 of filling the open
alpha position.

2.6.6. Alpha replacement from outside its territory and
canonical movement
These transitions included a probability of movement
between territories. We used a random order to move through
all territories for each time step in the simulation to prevent
particular territories from always having first access to open
positions. We chose to model movement as movements “out”
of a territory, which we refer to as the focal territory, and into
an adjacent territory. We used a Moore neighborhood (i.e., 8

neighbors), which we refer to as the focal neighborhood, for
all local movement rules.

For each randomly chosen focal territory, the focal neigh-
borhood was checked for any open alpha positions that were
not filled by coyotes associated with the focal territory. If there
was no open alpha position, or if open alpha positions had an
associated latency value > 0, then there was no social status
change or movement. However, if there was an open alpha
position and a latency value of zero in the focal neighbor-
hood, then the opportunity to fill this position by animals in
the focal neighborhood was in the order of oldest to youngest
beta, followed by oldest to youngest transient. Each individ-
ual at its turn had a probability of 0.5 of filling the open alpha
position.

2.6.7. Transition of beta to transient (eviction)
The probability of betas being forced out of their territory, and
thus transitioning to transient status, was dependent on adult
(alphas and betas) pack density in the focal territory (N2

pack):

tevict = 0.005N2
pack

Although betas transition to transient status, movement from
their natal territory was handled in a separate step (see tran-
sient movement below).

2.6.8. Transient movement without social change
For each focal territory we randomly ordered the associated
transients to determine the order for movement processing.
Once ordered, for each transient animal, we queried the focal
neighborhood for the number of transients. The first randomly
chosen transient moved to the territory (cell) with the least
number of transients. If there were >1 territories tied for low-
est numbers of transients, then the transient was randomly
assigned to one of the tied territories. Each transient made ≤1
move per time step. We repeated this process for transients in
the neighborhood according to their randomly assigned order.
Transient movement occurred regardless of whether there
was an open alpha position in the neighborhood. Transient
coyotes had a probability of 0.5 of moving from one territory
to a neighboring territory during a given time step.

3. Simulation experiments

This study evaluated the response of spatial coyote population
dynamics to 6 different coyote control strategies. We ran the
model for 5 years pre-control, 5 years of control, and 5 years
post-control. We used a 5-year window because wildlife man-
agement plans and agency management plans often operate
on a 5-year time frame. In addition, 5 years was long enough
for model properties to emerge. We ran 100 simulations of each
strategy.

3.1. Management control strategies (input scenarios)

All management control strategies except no control and ster-
ilization were removals, which emulate lethal methods.

1. No control.
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2. Spatially random (nonselective): We removed 50% of the
pre-control population randomly across space over a 5-
month period (February–June). The total number of animals
removed was divided evenly across the 5 months. This
represents an area wide nonselective control technique
such as aerial gunning, trapping/snaring, or randomly dis-
tributed M-44 cyanide devices.

3. Selective spatially random: We removed 50% of the pre-
control alpha coyotes randomly across space over a
5-month period. The total number of alphas removed was
divided evenly across the 5 months. This represents area
wide selective lethal control such as livestock protection
collars, calling and shooting, and “denning” (i.e., a control
method whereby coyotes are called and shot during the
period when they have pups) strategies.

4. Sterilization spatially random: We sterilized 50% of the
pre-control population randomly across space over a 5-
month period. The total number of animals sterilized was
divided evenly across the 5 months. Because operational
examples of sterilization do not exist, we followed the
experimental protocol of sterilizing all animals regardless
of sex and social status (Bromley and Gese, 2001). Steriliza-
tion is assumed to only directly impact reproduction (i.e.,
not territoriality, mortality, dispersal, etc.).

5. Spatially clumped (nonselective): We removed 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. The total number of animals removed was
divided evenly across the 5 months. Stochastic behavior of
the model may result in the “control cluster” containing
slightly less than 50% of the population. In cases where
this occurred, 50% of the pre-control population could not
be removed and all animals in the “control area” were erad-
icated. This represents more intense nonselective control
methods intended to eradicate all coyotes from a particular
area.

6. Selective spatially clumped: We removed 50% of the pre-
control alpha coyotes from a spatially clustered area. We
divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the popula-
tion. That is, all removals were from a cluster comprised
of 50% of the territories. The total number of alpha coyotes
removed was divided evenly across the 5 months. This rep-
resents intense selective control methods such as calling
and shooting and denning that are intended to eradicate
all alpha coyotes from an area.

7. Sterilization spatially clumped: We sterilized 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a

contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. Because operational examples of steril-
ization do not exist, we followed the experimental protocol
of sterilizing all animals regardless of sex and social status
(Bromley and Gese, 2001). Sterilization is assumed to only
directly impact reproduction (i.e., not territoriality, mor-
tality, dispersal, etc.). Similar to the spatial lethal control,
stochastic behavior of the model may result in the “control
cluster” containing slightly less than 50% of the popula-
tion. In cases where this occurred, complete sterilization
occurred inside the control cluster area.

3.2. Outputs

We wanted to provide a useful “fingerprint” (Grimm and
Railsback, 2005) of coyote population dynamics that sum-
marized data by territory and for the whole population. For
territory statistics, we reported the mean of pack size, number
of alphas per territory, and number of transients per territory
summarized by month and year. We primarily reported results
output from December following Pitt et al. (2003). December
was chosen as a month that represented the population with-
out the fluctuation caused by pups because pups were already
graduated to adults (i.e., recruited into the population).

For the whole population (i.e., all territories summed), we
reported total population size and percent alphas and tran-
sients. We also reported population recovery time, which we
defined as the point when the coyote population size rose
to ≥90% of the maximum population size in the pre-control
period, based on December population sizes. To evaluate man-
agement effectiveness, we calculated the average outputs
across the 5 years of pre-control, control, and post-control
time periods, which were then averaged across the realiza-
tions of the 100 simulations.

It is redundant to calculate mean pack size, which could
be estimated from total population size and number of packs,
which was always 100. However, were interested in the spa-
tial variation in pack size for the random versus clumped
control strategies. We did not present litter size because it is
somewhat misleading during control. That is, average litter
size appears to increase partly due to a reduction in density,
but partly as an artifact of reducing the denominator dur-
ing control in the equation (average litter size = number of
pups/number of coyotes).

3.3. Simulation results

Because our spatial model was based on Pitt et al. (2003)
model, we compared our outputs, for the no control scenario,
to ensure our spatial base model was equivalent with their
field-result matched non-spatial model. Our model outputs
matched those of Pitt et al. (2003); specifically, we had simi-
lar mean pack size (4.0), proportion transients (0.27), litter size
(4.4), and proportion of females breeding (0.43).

For the no control scenario, and during pre-control for
all scenarios, the monthly mean pack size fluctuated widely
within a year due to the birth of pups in April and their sub-
sequent high mortality rate (Fig. 2). However, when any single
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Fig. 2 – Comparison of mean monthly outputs to mean
yearly outputs from December for the non-control scenario.
Means were calculated for 100 core territories in a
10 × 10 grid, and averaged across 100 simulations.

month is compared from year-to-year, mean pack size (and
hence total population size), as well as the mean number of
each social class per territory, was stable (Figs. 2 and 3).

All control strategies resulted in a reduction in coyote den-
sity during the control period (Fig. 3). For lethal removals (not
sterilization), spatially clumped strategies resulted in greater
reductions in coyote density relative to randomly applied
strategies, but selective removals performed similarly to their
nonselective counterparts (Fig. 3). For all lethal strategies,
reductions in coyote density were temporary with coyote
population responding to pre-control levels during the post-
control period (Fig. 3). In contrast, sterilization resulted in
the lasting reductions that lasted throughout the post-control
period; that is the coyote population did not rebound during
the 5-year post-control period (Fig. 3). In contrast to lethal
removal, random sterilization preformed better than spatially
clumped sterilization. Random sterilization resulted in the
largest reduction in coyote numbers and the longest effect
(Fig. 3).

We used averages across the 5-year windows and recov-
ery times to quantify differences between control strategies.
During the control period, spatially clumped lethal con-
trol was more efficient than its random counterpart, as the
mean number of coyotes removed was 21–33% less (Table 2),
while delivering somewhat better results. That is, spatially
clumped lethal strategies had recovery times that were 1.5–2.6
years longer and reduced the total population size 5–16%
lower during the control period than their random counter-
parts (Tables 2 and 3). In addition, spatially clumped lethal
strategies reduced the number of alphas (calculated as total
population size × percent alphas) by 28–39% more during the
control period, compared to their analogous random strategies
(Table 2).

There was little difference in coyote population
results between the nonselective and selective strategies

(Tables 2 and 3). During the control period, the total pop-
ulation size was larger for selective lethal control, but the
number of alphas was lower compared to its random coun-
terpart (Tables 2 and 3). However, removal of alphas was more
efficient; for similar effects on coyote population outputs,
the number of coyotes removed was 10–25% less for selective
strategies compared to their random counterparts.

Sterilization strategies had comparable results to lethal
strategies during the control period, but had the largest impact
on coyote population numbers post-control (Table 2). The
recovery time for random sterilization was >5 years (end of
simulation time frame), which was >4 years longer than its
random lethal counterpart (Table 3), and total population size
was 79% less in the post-control period (Table 2). Most impor-
tantly, only sterilization strategies had a lasting effect to year
15 (Table 3). For the random sterilization scenario, both total
population size and percent (and hence number) of alphas
were still dramatically reduced (84 and 63%, respectively) 5
years after the end of the control period (Table 3). This was in
contrast to all other lethal scenarios that showed no effect
(≤3% reduction) by year 15 (Table 3). In contrast to lethal
removals, spatially clumped sterilization did not perform as
well as spatially random sterilization. The total population
size was reduced by 18%, which was greater than any lethal
strategy, but substantially less than the reduction for random
sterilization (Table 3). Moreover, similar to lethal strategies,
there was no decrease in the percentage of alphas in the 5
years after the end of the control period (Table 3).

4. Discussion

Recent coyote depredation models have become more com-
plex as the understanding of the coyote biological, ecological,
and social systems has matured and computing speed has
increased. Originally, simple analytic and stochastic popula-
tion models were used to illuminate coyote dynamics and
evaluate management strategies (Connolly and Longhurst,
1975; Windberg and Knowlton, 1988; Stoddart et al., 2001).
More recently (Pitt et al., 2003), constructed an individual-
based stochastic coyote population model that incorporated
social structure via pack rules. Although not externally vali-
dated, the good match of that model with field results indicate
that the model is viable for addressing management actions
(Grimm and Railsback, 2005). Because our model outputs
matched those of Pitt et al. (2003), we conclude that it too is
useful for addressing management actions.

4.1. Simulation results: management scenarios

There are three main coyote control comparisons illuminated
by the simulation output: random versus spatially clumped
strategies, nonselective versus selective strategies, and lethal
versus contraceptive strategies. We begin by comparing ran-
dom to spatially clumped strategies.

Model results suggest that the spatial strategy of inten-
sively removing coyotes from a reduced area is more efficient
than random removal and produces better results, especially
considering that it resulted in a greater reduction in the
number of alphas, the putative primary livestock killers. In
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Fig. 3 – Territory means from December of each year for coyote management scenarios. Means were calculated for 100 core
territories in a 10 × 10 grid, and averaged across 100 simulations.

addition, the reduction in coyote numbers lasted longer, which
is important to reducing control cost. These results were
somewhat unexpected; consequently, we took a closer look
at our results to understand why spatially clumped lethal
control had more dramatic effects. The relatively more inten-
sive, spatially clumped removal resulted in more pack sizes
near 0 during the control period (Fig. 4 top, points B and C)
compared to random removal (Fig. 4 bottom, points B and C).

More packs with sizes near 0 resulted in more packs with-
out alphas, which explained the effect on alphas. Because of
the movement rules, the territories, especially those near the
control corner, took longer to fill for spatially clumped removal
(Fig. 4 top, between points C and D on graph) than for random
removal (Fig. 4 bottom, between points C and D on graph). This
temporal effect is likely due to our movement rules which do
not allow instantaneous movement into non-neighborhood
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Fig. 4 – Spatial and temporal depiction of coyote management effects for lethal spatially clumped and lethal random control.
Output at (A) is for December just prior to the start of control, (B) is for the second year of control in the month before births
(i.e., 14 months after start of first control event), (C) is for December in the last year of control, and (D) is for the last
December of the simulation. Black squares represent 0 coyotes/territory and white represent 8 coyotes/territory, with >0 and
<8 coyotes/territory classified into 6 bins and shown as graduations of gray. Buffer territories are shown with a dot, along
the periphery of the 100 core territories.

territories; that is, it takes a couple time steps or more before
a transient coyote can move to an open territory that is not in
its direct neighborhood.

These results are generally concordant with Windberg
and Knowlton’s (1988) simulation model. Based on their
model results, Windberg and Knowlton (1988) concluded
that removal from a specific area would influence coyote
abundance over a much larger area. However, they still pro-
moted applying removal efforts over a broader area based
on the assumption that transient animals almost immedi-
ately occupy vacant territories, which results in small scale
removals being effective for only short time periods (Windberg

and Knowlton, 1988). Future simulations could evaluate the
length of time to recovery for various sizes of spatially
clumped removal strategies to more thoroughly evaluate the
relative effectiveness of spatially clumped strategies and tim-
ing of the filling of distant open territories.

In contrast to lethal methods, spatially clumped ster-
ilization was not as effective as random sterilization. For
sterilization to work, only 1 of the alpha pair needs to be steril-
ized. Because spatially clumped sterilization concentrated the
number sterilized into a focused area, both alphas were ster-
ilized most of the time. Consequently, random sterilization,
which spread the impact of control over the entire area, left
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Table 2 – Average number of coyotes treated (i.e., removed or sterilized) and annual coyote population values

Control scenario Total treated Pre-control period Control period Post-control period

Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%)

No control 0 553 35 27 546 36 28 549 36 28
Spatially random (nonselective) 869 553 35 27 307 63 13 539 36 27
Selective spatially random 772 554 35 27 384 51 20 547 36 28
Sterilization spatially random 889/473 555 35 27 298 69 14 111 93 2
Spatially clumped (nonselective) 691 553 35 27 291 48 25 494 38 27
Selective spatially clumped 514 553 35 27 321 37 26 452 39 27
Sterilization spatially clumped 1044/395 552 35 27 386 50 24 389 49 25

Pre-treatment period was years 1–5, control period was years 6–10, and post-control period was years 11–15. Total treated was the sum of coyotes treated for all 5-control years. All values are means
across the 5-year periods for December of each year, calculated from totals across 100 core territories, which were then averaged across 100 simulations. The two numbers for sterilization scenarios
show first the number of attempts and second the number actually sterilized. Because choice of coyote for treatment was random, some coyotes captured were already sterilized.

Table 3 – Long-term effects of control strategies (control was enacted for 5 years; year 6–10) on coyote population numbers

Control scenario Recovery time Year 5 Year 15 Difference (Years 15 to 5)

Mean
(month)

Std Total
pop.

Total
alpha

Total
transient

Total
pop.

Total
alpha

Total
transient

Total pop.
% change

Total alpha
% change

Total trans.
% change

No control 0 0 548 194 148 542 195 148 −1.1 0.5 0.0
Spatially random (nonselective) 9 6 547 194 147 552 195 154 0.9 0.5 4.8
Selective spatially random 3 5 549 195 148 551 195 153 0.4 0.0 3.4
Sterilization spatially random >60 0 550 194 148 87 72 6 −84.2 −62.9 −95.9
Spatially clumped (nonselective) 27 8 549 194 148 549 195 151 0.0 0.5 2.0
Selective spatially clumped 34 16 549 194 149 532 193 146 −3.1 −0.5 −2.0
Sterilization spatially clumped >60 0 546 194 147 447 194 116 −18.1 0.0 −21.1

Recovery time is defined as the return to 90% of the maximum of pre-treatment total population size. Totals were across 100 core territories, which were averaged across 100 simulations.
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more “non-breeding” territories because at least 1 of the alpha
pair was sterilized. Clumped sterilization had less impact sim-
ply because fewer territories were “non-breeding”.

In general, there was little difference on coyote population
dynamics between the effects of nonselectively removing coy-
otes or selectively removing alpha coyotes. The theory behind
selective removal is based on coyote social behavior. First,
research has confirmed that not all coyotes with access to live-
stock kill livestock (Conner, 1995); most depredations can be
attributed to territorial, dominant coyotes (Till and Knowlton,
1983; Sacks et al., 1999). Second, selective removal of suspected
livestock killers has been found to be more efficient at reduc-
ing lamb predation rates than nonselective removals (Blejwas
et al., 2002). Thus, although there may be minimal differences
between nonselective and selective removals on coyote pop-
ulation outputs, targeting alphas may be more effective at
reducing livestock depredations, an output not included in our
model. Finally, because selective removal of alphas was more
efficient, in that it required fewer animals killed compared to
their random counterparts, it may have less ecological impacts
and be more socially acceptable. We caution that, at present,
the logistical difficulty and expense of identifying alpha coy-
otes to target for removal may outweigh ecological and social
factors.

Our simulation model highlighted the large impact fertil-
ity control could have on population dynamics. In all metrics,
sterilization had the greatest impact of any management
scenario we evaluated, especially in the post-control period.
However, coyote sterilization has not been widely used to
reduce livestock depredation, due to cost and difficulty of
application (Bromley and Gese, 2001), although several studies
have indicated it may be a highly effective strategy. For exam-
ple, Till and Knowlton (1983) found removal of pups stopped
depredation on lambs, the main component of livestock loss.
Based on this finding, they hypothesized that sterilizing alpha
coyotes in the vicinity of depredation areas would be highly
effective because, in addition to abstaining from lamb killing,
sterilized coyotes may exclude other coyotes from killing in
their territories and could have a multi-year effect. Another
computer model on canids has also illustrated dramatic pop-
ulation declines with periodic (every 5 years), but not intensive
(20% population treated) fertility control for wolves (Haight
and Mech, 1997). In one of the few field studies on fertility con-
trol, Bromley and Gese (2001) found a dramatic 91% reduction
in the lamb kill rate between packs that had been sterilized
and control packs of intact coyotes, and this effect lasted
through the following year (80% reduction). Bromley and Gese
(2001) concluded that coyotes changed their predatory behav-
ior when pups were present, by increasing predation on lambs,
a non-native prey. From a management standpoint, our simu-
lations suggest sterilization can have a lasting effect on coyote
population and social dynamics. When considered in light of
the Bromley and Gese (2001) and if we assume that steril-
ization only impacts reproduction (i.e., territoriality does not
breakdown), which has not been shown over the time scale of
our modeling exercise, we conclude sterilization could be an
effective method for reducing livestock depredation.

Based on our simulations, sterilization appears the man-
agement strategy offering the largest and most lasting impact
on coyote population dynamics. If it is true that more coy-

otes lead to more depredations, sterilization is most effective
coyote management strategy. However, the cost issues associ-
ated with coyote sterilization, given, at present, coyotes need
to be captured and surgically sterilized, may be prohibitive. In
general, fertility control will not be an option until inexpen-
sive and coyote-specific delivery methods become available.
And, contraception or sterilization, delivered inexpensively
through baits or vectors is in its infancy as a technology
(Barlow, 2000). Thus, for the present, lethal control will pre-
dominate. Within the realm of lethal removal, simulation
results suggest a spatial strategy of intensively removing
coyotes from a reduced area requires fewer removals and pro-
duces a larger impact than random removal over a larger area.
Most importantly, the spatial strategy reduced a greater num-
ber of alphas, the putative primary livestock killers compared
to the random strategy. Therefore we conclude that steril-
ization, when it becomes practical, will be the most efficient
coyote management strategy for reducing coyote population
numbers. But, until sterilization becomes practical, we recom-
mend the strategy of spatially clustered removal of coyotes
in small areas, particularly in the areas where depredation
occurs.

4.2. Model behavior

There were a couple unexpected results associated with hav-
ing a buffer in the model. For example, new transients from
the buffer territories occasionally moved into the 100-territory
core study population via the movement rules. Also, some
coyotes were “lost” from the core study area and then later
“reappeared” from the buffer area. This is unlike most models
in which animals are lost through dispersal, or are reflected
back into the simulation area at the boundary. The buffer
was logistically easy to incorporate and seems a realistic fea-
ture of spatial models that should be included. However, the
downside is that it takes geometrically more time to run a
simulation for each ring of territories added. For relative com-
parison, the lethal random scenario on our system took 13 min
to run 1 simulation (180 time steps) for 100 (core) territories
and 43 min (3.3× longer) for 144 (core plus buffer) territories.
The jump in time mostly reflects the number of spatial queries
(e.g., assessing the focal neighborhood) and array updates
required for each individual and/or territory.

5. Conclusions

Because modeling is constrained by complexity limitations,
“the essence of successful modeling is valid simplification” or
reducing the complexity of the system while still ensuring the
model is valid within its objectives (Aumann, 2007). Adding
a spatial component to an already constructed socially struc-
tured population model added a layer that allowed realistic
evaluation of typical coyote management strategies. Namely,
we could compare, given similar numbers of coyotes removed,
the spatial strategy of intensive removal over a small area with
random removal over a large area. Similar simulation studies
have found space a necessary component of their models. For
example, spatially explicit models have been used to describe
the spread of scabies through a coyote population (Leung and
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Grenfell, 2003) and to evaluate different aphid control strate-
gies (Parry et al., 2006). In addition, the spatial component will
facilitate additions of future spatial components such as land-
scape factors or livestock and prey density. In particular, a
spatial component paves the way for comparison of differ-
ent livestock management techniques (e.g., rotated grazing
regimes versus stationary grazing regimes, different densi-
ties, etc.) on coyote predation rates. The addition of space, in
general, greatly increases the ability to evaluate typically used
coyote and livestock management strategies.

On the down side, the improvement in model realism
added many layers of rules, some of which would be diffi-
cult to test empirically. Much of the complexity in our model
came from movement rules. In particular, the rules describing
alpha replacement, especially in distant neighborhoods, are a
good example of the model’s additional complexity beyond its
non-spatial progenitor (Pitt et al., 2003). Moreover, because we
have worked on field studies of coyotes that included trap-
ping and radio- or GPS-collaring, we understand the expense
and difficulty acquiring empirical data for validation of move-
ment rules. That is, it would take years of daily observations
on perhaps 40–60 animals, coupled with frequently recorded
location data (e.g., from GPS collars), to determine the age and
status of every coyote in a neighborhood of territories, as well
as determining who, how, and when open alpha positions are
filled.

We view this model as a starting point, like Pitt et al.
(2003) model was for this model, to which prey and/or live-
stock, environmental, and economic components could be
added as one step in the continuing evaluation and develop-
ment of useful coyote strategies. In addition, there are many
other coyote management strategies that could be evaluated
using this model to identify further efficiencies. For example,
future work could evaluate effects of reducing the length of
the removal period, shifting the removal period, and reduc-
ing the area of spatially clumped control strategies. We hope
this model will assist in the development of management
strategies that minimize the number of coyotes removed while
maximizing the reduction in depredation rates and length of
the effect.
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One of the most endangered species is the redwolf, Canis rufus. Reintroduction of the red wolf began in 1987, but
in 1993 hybridization between coyotes (Canis latrans) and wolves was documented. To reduce genetic introgres-
sion, coyotes and coyote–wolf hybrids were captured, sterilized, and released as “placeholders”. Placeholders held
territories until either displaced or killed by a wolf, or management personnel removed them before releasing a
wolf. We evaluated the placeholder concept by examining the number of animals sterilized and released, likeli-
hood of displacement by a wolf, factors influencing displacements, territory fidelity of placeholders, and survival
rates and causes of mortality of placeholders and wolves. Of the 182 placeholders, 125 were coyotes and 57
were hybrids. From 1999 to 2013, 51 placeholders were displaced or killed by wolves, and 16 were removed by
management personnel. Thus, 37% of the placeholders were displaced leading to occupancy by a wolf. Most dis-
placements occurred in winter (43%) and were always by the same sex. Males were more likely to be displaced
than females. Home range characteristics influencing the probability of displacement included home-range size
(i.e., more placeholders displaced from larger home ranges) and road density (i.e., more placeholders displaced
from home ranges with lower road density). Annual survival of placeholders was higher than wolves in 12 of
14 years, with cause-specific mortality similar among wolves and placeholders. Placeholders provided territories
for wolves to colonize, yet reduced the production of hybrid litters, thereby limiting genetic introgression to b4%
coyote ancestry in the wolf population.

Published by Elsevier Ltd.

1. Introduction

There is increasing concern about the status and distribution of
many carnivore populations throughout the world (Schaller, 1996;
Gittleman et al., 2001; Woodroffe, 2001; Ripple et al., 2014). With in-
creasing human populations, many populations of carnivores are ex-
posed to changes in land-use practices, increased habitat loss and
fragmentation, increased human persecution, declines in natural prey
species, increased disease transmission from domestic and wildlife spe-
cies, illegal poaching, and increased competition with other carnivores
(Gese, 2001; Sillero-Zubiri et al., 2004; Loveridge et al., 2010). As a result
of these varied and diverse influences, many populations of large, medi-
um, and small-bodied carnivores have undergone a general decline
with some species now occupying a fragment of their former range
(IUCN, 1990; Cole and Wilson, 1996; Woodroffe, 2001).

One threat facing a few carnivore species is hybridization resulting in
genetic introgressionwith sympatric species (Wayne et al., 2004).While
hybridization is an important evolutionary process (Allendorf et al.,
2001), it poses a threat to the persistence and conservation of several

wild canid species. Hybridization with domestic dogs poses a threat to
the Ethiopian wolf (Canis simensis; Gottelli et al., 1994) and the
European gray wolf (Canis lupus). Hybridization among several related
canids in Ontario, Canada, could threaten the genetic integrity of a pop-
ulation of eastern wolves (Canis lycaon) in Algonquin Provincial Park
(Patterson and Murray, 2008). In the United States, hybridization
between redwolves (Canis rufus) and coyotes (Canis latrans) was identi-
fied as one of the greatest threats to conservation efforts and recovery of
red wolves in eastern North Carolina (Kelly et al., 1999; Stoskopf et al.,
2005). Reducing genetic introgression of coyote genes into the red wolf
population presents a unique challenge for the U.S. Fish andWildlife Ser-
vice (USFWS), the agency chargedwith reintroducing andmanaging the
current red wolf population (U.S. Fish andWildlife Service, 1989, 2007).

In 1987, four pairs of red wolves were released at the Alligator River
National Wildlife Refuge (ARNWR) in eastern North Carolina (Phillips
and Parker, 1988). By 1993, the wolves had successfully bred and re-
establishment of a free-ranging experimental population was consid-
ered to be a success (Phillips et al., 2003). The experimental population
area primarily encompassed the Albemarle Peninsula, which did not
have coyotes present during the initial reintroduction. However, by
the early 1990s the presence of coyotes was documented and shortly
thereafter hybridization between red wolves and coyotes occurred
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(Adams et al., 2003; Phillips et al., 2003). In 1999, a population and hab-
itat viability assessment recognized several threats to the free-ranging
red wolf population (Kelly et al., 1999), with hybridizationwith coyotes
being the greatest threat to recovery of the species. Subsequently, the
USFWS adopted a Red Wolf Adaptive Management Plan (RWAMP)
with one of the objectives to reduce hybridization between coyotes
and red wolves (Kelly, 2000).

As part of the RWAMP (Kelly, 2000), sterilization of coyotes and hy-
brid animals was proposed to reduce genetic introgression into the red
wolf population. While sterilization has been tested as a management
tool to reduce predation on domestic livestock and wild neonatal ungu-
lates (Bromley and Gese, 2001a; Seidler et al., 2014) and proposed as a
method for population control (Mech et al., 1996; Haight and Mech,
1997), using sterilization to reduce genetic introgression was a novel ap-
plication. In essence, sterilized coyotes and hybrids would be allowed to
remain on the landscape, maintaining social bonds and territories
(Bromley and Gese, 2001b; Seidler and Gese, 2012), and serve as “place-
holders” that would maintain territories, thereby reducing residency of
home ranges in the recovery area by reproductive coyotes or hybrids,
and thus reducing the threat of hybridization with a red wolf
(i.e., producing hybrid offspring if pairing with a red wolf occurred;
Stoskopf, 2012) and facilitating expansion of the red wolf population.
The sterile placeholders could be displaced from their territories by a
red wolf, or the USFWS could remove these sterile animals and release
red wolves at that site when either a captive or wild-born red wolf was
available for release. Sterilization was not used to control or manage the
coyote population in the recovery area, but to create non-reproductive
territories with sterile animals that were incapable of successfully repro-
ducing with intact red wolves.

In late 1999, a plan to sterilize coyotes and hybrids to serve as place-
holders in the Red Wolf Recovery Experimental Population Area
(RWREPA) in eastern North Carolina was initiated. In this paper, we in-
troduce and evaluate the placeholder concept as a management tool,
covering its use in the red wolf recovery area from 1999 to 2013. As
part of this evaluation,we examined (1) the number of animals (coyotes
and hybrids) that were sterilized and released as placeholders, (2) the
likelihood of a placeholder being displaced by a red wolf and the biotic
and abiotic factors influencing these displacements, (3) the degree of
territory fidelity of placeholders (i.e., the likelihood of dispersing after

being sterilized), (4) survival rates and causes ofmortality of both place-
holders and red wolves, and (5) the number of hybrid litters born per
year in the recovery area. Ultimately, themanagement goal is the reduc-
tion and eventual elimination of genetic introgression from coyotes into
the red wolf population, thus allowing for continued persistence of a
free-ranging population of red wolves in the wild.

2. Materials and methods

2.1. Study area

The Red Wolf Recovery Experimental Population Area (RWREPA)
study area was located in northeastern North Carolina on the Albemarle
Peninsula and encompassed approximately 4900 km2 (Fig. 1). The pen-
insula is part of the South Atlantic Coastal Plain and is a combination of
tidal (estuarine) and non-tidal (palustrine)wetlands, andmixed upland
forests. The western region is dominated by mixed pine-hardwood for-
ests of loblolly pine (Pinus taeda), white oak (Quercus alba), hickory
(Carya tomentosa), beech (Fagus grandifolia), tulip tree (Liriodendron
tulipifera), sweetgum (Liquidambar styraciflua), and red maple (Acer
rubrum) (Hartshorn, 1972). Pocosins are palustrine wetlands endemic
to the Atlantic coast and are found throughout the study area. The acidic
and nutrient poor soils of pocosins facilitate dominance by pond pine
(P. serotina) although loblolly and longleaf pine (P. lalustris) are com-
mon. The vegetation of the central region exhibits a gradual west-to-
east change from upland species to palustrine wetlands dominated by
tupelo (Nyssa sylvatica), Atlantic white cedar (Chamaecyparis thyoides),
loblolly pine, and bald cypress (Taxodium distichum) (Lynch and
Peacock, 1982; Moorhead and Brinson, 1995). Estuarine wetlands have
their highest incidence in the eastern region of the study area (mainly
Dare andHyde counties), primarily along the coastline and are dominat-
ed by black rush (Juncus roemerianus) with areas of wetland grasses
(Spartina alterniflora, S. patens, Cladium jamaicense), marsh elder (Iva
frutescens), and false willow (Baccharis angustifolia) (Moorhead, 1992).

Within the RWREPA the principal landowners were private timber
and agricultural corporations with federal and state governments hav-
ing the next highest proportions of land ownership. There were numer-
ous wildlife refuges contained within the study area with the two
largest being the ARNWR and Pocosin Lakes National Wildlife Refuge

Fig. 1. The five county Red Wolf Recovery Experimental Population Area in northeastern North Carolina including the location of the two largest National Wildlife Refuges.
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(PLNWR; Fig. 1). The ARNWR was located in the extreme northeastern
section of the study area andwas designated as the initial red wolf rein-
troduction site in 1987 due to a lack of coyotes and human presence, but
with abundant prey (Phillips and Parker, 1988). Contained within the
ARNWR was a 19,020-ha U.S. Air Force bombing range. The average
annual rainfall for ARNWR was 145 cm without seasonal fluctuations,
although 4.8 cm of snow falls annually during the winter (U.S.
Department of the Interior, 2008). The 44,560-ha PLNWR was located
in the central portion of the study area (Fig. 1). The total human popu-
lation for the study area in 2010 was 105,124 people (U.S. Census
Bureau, 2010).

2.2. Capture, sterilization, and monitoring of study animals

All capture, handling, aerial telemetry, andmonitoring of redwolves,
coyotes, and hybridswas conducted by USFWS personnel. Genetic anal-
ysis of blood samples collected from captured animals was used for spe-
cies identification (Miller et al., 2003; Adams, 2006; Bohling et al.,
2013). Beginning with the reintroduction in 1987, all red wolves re-
leased from captivity were equipped with a very high frequency
(VHF) radio-collar (Telonics, Mesa, Arizona, USA; Phillips and Parker,
1988). Adults (N9 months old) born in the wild were trapped with a
padded, foot-hold trap, immobilized, and fitted with a VHF radio-
collar, body measurements and weight recorded, and a blood sample
drawn. Pups born in the wild were implanted with an integrated tran-
sponder (PIT) tag (Trovan®; Beck et al., 2009). Radio-collared adult
red wolves were located 2–3 times/week from an airplane or ground
based vehicle. Starting in 2007, many red wolves were fitted with a
GPS radio-collar (Lotek Wireless, Newmarket, Ontario, Canada) which
obtained a location every 5 h (Dellinger et al., 2013).

Starting in 1999 and continuing through to 2013, adult (N9 months
old) coyotes andhybridswithin the RWREPAwere sterilized to examine
the feasibility of the placeholder concept. Captured coyotes and hybrids
were either sterilized or removed (euthanatized) from the recovery
area (Kelly, 2000; Gese et al., 2015), and thus there were no intact coy-
otes and hybrids monitored during this study. Upon capture in a pad-
ded, foot-hold trap, coyotes and hybrids were transported to a surgical
facility, sterilized, then fitted with a VHF radio-collar (Telonics, Mesa,
Arizona, USA), body measurements and weight recorded, and blood

drawn. Females were sterilized by tubal ligation or spay, while males
were vasectomized or neutered (Bromley and Gese, 2001b; Seidler
and Gese, 2012). Animals spayed or neutered were classed as “hor-
mones not intact”, while animals undergoing tubal ligation or vasecto-
my were classed as “hormones intact” (Asa, 2005). All surgical
procedures were conducted by a licensed veterinarian after the animals
were anesthetized. Animals were monitored overnight for post-
operative complications and released at their capture site the following
day. Research techniques and animal care procedures were conducted
under permits and standard operating protocols approved by the U.S.
Fish and Wildlife Service.

Sterilized coyotes and hybridswearing VHF radio-collarswere locat-
ed on a regular basis (2–3 times/week) during the same aerial telemetry
flights as the red wolves. Locations of the placeholders provided spatial
information including home range location and boundaries (USFWS,
unpublished data) for the 182 placeholders (Fig. 2). Data were also re-
corded for the date of displacement, the species which displaced or
killed the coyote or hybrid, and if available, the specific individual that
displaced the placeholder. Because aerial telemetry was conducted dur-
ing the day, we were concerned if the home ranges determined from
daytime locations may underestimate space use (Gese et al., 1990).
However, the average home range size of the 182 VHF radio-collared
resident placeholders in the study area was 23.5 ± 12.0 (range
5.5–64.5 km2), similar to the mean home range of 27.2 km2 for coyotes
later equipped with GPS-collars (Hinton, 2014).

2.3. Biotic and abiotic factors influencing displacement

For each placeholder's home range,we determined thepercent com-
position of 10 land cover types within their home range using ArcGIS
10.2.2 (ESRI, Redlands, California, USA). Land cover typeswere obtained
from LANDFIRE 1.3.0 (LANDFIRE 1.3.0., 2012) and included agriculture,
sparse, developed, herbaceous, marsh, riparian, shrubland, swamp, for-
est, and water. Land ownership was compiled from state GIS databases
and included federal, state, private, and non-governmental organiza-
tions (NGO). A digital representation of primary and secondary roads
was obtained from the North Carolina Department of Transportation
(https://connect.ncdot.gov/resources/gis/; accessed July 2014). The
length of primary and secondary roads in each home range was

Fig. 2. Home ranges of placeholders (i.e., sterilized coyotes and hybrids) in the Red Wolf Recovery Experimental Population Area, North Carolina, 1999–2013.
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converted to road density (km/km2). We used generalized linear
models (GLM)with a binomial distribution and logit link function to ex-
amine the influence of abiotic (home range characteristics) and biotic
(placeholder characteristics) factors on the probability of being
displaced (y = 1) or not displaced (y = 0) by a red wolf. Home range
characteristicswere assessed for each placeholder's home range, includ-
ing home range size (km2), road density (km/km2), percent occurrence
of each land cover type, dominant land cover type, percent occurrence
of each land owner type, and dominant land owner type. Placeholder
characteristics included sex of the placeholder, body length, and sterili-
zation procedure (hormones intact or not intact). We developed sepa-
rate GLMs to examine the effects of the home range and placeholder
characteristics. Correlated variables (r N 0.25) were not allowed to
enter the same model as additive or interactive effects.

We ranked all home range and placeholder characteristic GLMs and
the null model using the Bayesian Information Criteria (BIC; Schwarz,
1978). Variables from the highest ranked model of home range charac-
teristics were combined with variables from the highest ranked model
of placeholder characteristics to generate a set of models containing
both combinations of predictor variables, and we again used BIC
(Schwarz, 1978) to compare models (Scheiner, 2004). All model devel-
opment and analysis was conducted in the R statistical software (R Core
Team, 2014).

2.4. Cause-specific mortality and survival rates

Radio-collared adult red wolves, coyotes, and hybrids were moni-
tored 2–3 times/week allowing for the early detection of amortality sig-
nal and facilitating recovery of the carcass to determine the cause of
death. If applicable, a field necropsy was conducted, or if the cause of
death was not apparent, the carcass was examined by a veterinary pa-
thologist. We classified mortalities into one of three classes: anthropo-
genic, natural, or unknown. Anthropogenic mortality included any
human-caused death not due to removal of coyotes or hybrids by agency
personnel tomake that home range available to a redwolf. Thus, anthro-
pogenic mortality included causes of death from gunshot, vehicle colli-
sion, foul play, trapping, and poisoning. Foul play included suspected
gunshot or suspected illegal take. Natural mortalities included health-
related incidences such as disease or parasite load, and interspecific
and intraspecific aggression resulting in death of the animal. A total of
182 placeholders and 410 red wolves were monitored from 1 January
1999 to 31 December 2013. We calculated annual survival rates for
red wolves, sterile coyotes, and sterile hybrids using the program
MICROMORT (Heisey and Fuller, 1985), but limited our survival analysis
to the time period of 2000 to 2013 as there was only one sterile coyote
and four sterile hybrids available for monitoring in 1999.

2.5. Composition of litters

During spring, personnel from the USFWS monitored radio-collared
redwolves and located breeding females at active dens to determine the
composition of the litter (Bohling and Waits, 2015; Gese et al., 2015).
Pups born in the wild were implanted with an integrated transponder
(PIT) tag (Trovan®; Beck et al., 2009) for future identification during
subsequent capture operations in the fall when pupswere large enough
to be radio-collared. If the genetic origin of the litter was questionable,
blood samples were obtained and examined using 18 nuclear DNA mi-
crosatellite loci to determine their ancestry and red wolf pedigree
(Miller et al., 2003; Adams, 2006; Bohling et al., 2013).

3. Results

3.1. Displacement events

From1999 to 2013, theUSFWS captured, sterilized, and released 218
animals to serve as placeholders within the RWREPA. Of these, 15 were

classed as transients (cf Gese et al., 1988), 13 were killed b3 months
after release, and 8 disappeared (i.e., lost contact with the radio-
collar) b3months after release, thereby leaving182 individuals for anal-
ysis. These 182 placeholders included 66 female and 59 male coyotes,
and 26 female and 31male hybrids. Of the 182 placeholders monitored,
51 were displaced by wolves (37 were spatially displaced by wolves
from their territories and 14 were killed by a red wolf). In addition, 16
placeholders were removed by USFWS personnel and a red wolf re-
leased into the territory. Thus, 67 (37%) of the 182 placeholders were
naturally displaced or artificially removed, leading to occupancy of the
territory by a red wolf. During the same time period, 146 (35%) dis-
placements out of 410 red wolves monitored were also documented.
No coyote or hybrid displaced a red wolf; red wolves were displaced
only by another red wolf. All displacements (100%) of placeholders
were by a red wolf of the same sex. Similarly, for red wolves 98% of
red wolf displacements were by a red wolf of the same sex.

Of the 51 naturally occurring displacements of placeholders, the fre-
quency of displacements varied seasonally (χ2 = 9.37, df = 3, P =
0.025) with the most displacements occurring in winter (43%; 1 Decem-
ber–28 February), followed by spring (25%; 1 March–31 May), fall (18%;
1 September–30November), and summer (14%; 1 June–31August). Sim-
ilarly, the 146 displacements of red wolves by red wolves varied season-
ally (χ2= 31.64, df= 3, P b 0.001)withmost displacements occurring in
winter (41%), followed by spring (26%), fall (25%), and summer (8%).

Although there were similar numbers of female (n = 92) and male
(n=90) placeholders, sterilizedmalesweremore likely to be displaced
than sterilized females (males: 34.4% displaced, females: 21.7%
displaced; χ2 = 3.64, df = 1, P = 0.056), regardless if the male was a
sterile coyote (32.2%) or a sterile hybrid (38.7%; Fig. 3). Female place-
holders that underwent tubal ligation and were hormonally intact
were no more likely to be displaced than females that underwent a
spay and were not hormonally intact (tubal ligation: 19.4% displaced;
spay: 30.0% displaced; χ2 = 1.025, df = 1, P = 0.31; Fig. 4). Similarly,
males that underwent vasectomy and were hormonally intact were
also nomore likely to be displaced thanmales that underwent a neuter
surgery and were not hormonally intact (vasectomy: 32.9% displaced,
neuter: 42.3% displaced; χ2 = 0.519, df = 1, P = 0.47; Fig. 4). The
weight at capture of displaced female placeholders (13.21 ± 2.57 kg,
standard deviation [SD]) was no different than female placeholders
that were not displaced (13.50 ± 2.58 kg; t = 0.450, df = 30.499, P =
0.65). Similarly, the weight at capture of male placeholders that were
displaced (15.84 ± 3.48 kg) was not different than the male place-
holders that were not displaced (14.94 ± 2.58 kg; t = −1.265, df =
47.725, P = 0.2119).

Fig. 3. The percent of male and female coyotes and hybrids serving as placeholders that
were displaced and not displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.
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3.2. Biotic and abiotic factors influencing displacement

We examined the abiotic (home range characteristics) and biotic
(placeholder characteristics) factors influencing the likelihood of a
placeholder being displaced. Of the 63models of home range character-
istics examined plus the null model, the highest ranked was the null
model followed by models containing home-range size or road density
(Table 1). We found that the percent of placeholders displaced by a red
wolf increased as home-range size increased (Fig. 5A). At home ranges
b20 km2, 17 of 85 (20%) placeholders were displaced by red wolves,
while in contrast, 10 of 26 (38%) of the placeholders with home ranges
N35 km2 in sizewere displaced. In contrast,we found that the percent of
placeholders displaced by a red wolf decreased with increasing road
density, with displacements being highest at low road densities
(Fig. 5B). All other models of home range characteristics had ΔBIC
values N10 and model weights b0.01, thus home-range size and road
density were carried forward to the combined models (Burnham and
Anderson, 2002). Interestingly, neither the composition of land owner-
ship or the dominant land ownership, nor the composition of land cover
type or dominant land cover type influencedwhether a placeholderwas
displaced by a red wolf.

Of the seven models of placeholder characteristics and the null
model, the highest ranked was the null model followed by the univari-
ate model of placeholder sex (Table 2). As described previously, we
found male placeholders were more likely to be displaced than female
placeholders (males: 34.4%, females: 21.7%). All other models of place-
holder characteristics had ΔBIC values N4 and model weights b0.08,
thus placeholder sex was the single variable carried over to generate
the combined models. Of the eight combined models examined and
the null model, the highest ranked model was the null model followed
by the univariate model containing placeholder sex, then the univariate
models containing home-range size and road density (Table 3).

3.3. Territory fidelity

Dispersal of juvenile animals from their natal home range is a com-
mon occurrence among most canid species. However, we emphasize
that because only adult coyotes and hybrids N9 months of age were
sterilized and used as placeholders, we only examined territory fidelity
for adult canids in the study area (i.e., we did not include juvenile dis-
persal from their natal home ranges). Territory fidelity of adult canids
was high during the study. During the 14 years of monitoring
(2000–2013), of the 125 adult coyotes serving as placeholders, only 2
(1.6%) adult sterile coyotes dispersed from their resident territory. Of
the 57 adult hybrid animals serving as placeholders, 4 (7.0%) adult hy-
brids dispersed from their territory. Similarly, of the 410 adult red
wolves monitored during the same time period, 11 (2.7%) adult red
wolves dispersed from their resident territory. In contrast to and for

Fig. 4. The percent of 182 placeholders, sterilized by four methods, which were displaced
and not displaced by red wolves in the RedWolf Recovery Experimental Population Area,
North Carolina, 1999–2013.

Table 1
The ΔBIC and model weights for the generalized linear models and the null model exam-
ining the influence of home range characteristics within a placeholder's home range and
the likelihood of being displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.68
Home-range size (km2) 2.6 2 0.19
Road density (km/km2) 3.8 2 0.10
Home-range size (km2) + Road density (km/km2) 7.0 3 0.02

Fig. 5. The percent of placeholders displaced by a redwolf across (A) five classes of home-
range size (km2) of theplaceholder, and (B)five classes of road density (km/km2)within a
placeholder's home range, RedWolf Recovery Experimental Population Area, North Caro-
lina, 1999–2013.

Table 2
The ΔBIC andmodel weights for the generalized linear models and the null model exam-
ining the influence of placeholder characteristics on the likelihood of being displaced by
red wolves in the Red Wolf Recovery Experimental Population Area, North Carolina,
1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.56
Sex 1.5 2 0.26
Hormones intact 4.1 2 0.07
Body length (cm) 5.2 2 0.04
Sex + Hormones intact 5.3 3 0.04
Sex + Body length (cm) 6.6 3 0.02
Hormones intact + Body length (cm) 9.3 3 0.01
Sex + Hormones intact + Body length (cm) 10.4 4 0.00
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comparative purposes, we found that 103 (25.1%) of the juvenile red
wolves dispersed at some time from their natal home range.

3.4. Survival rates and cause-specific mortality

We estimated annual survival rates for the 182 adult placeholders
that were monitored for 137,784 radio-days (sterile coyotes: 84,093
radio-days; sterile hybrids: 53,691 radio-days) during 1999 to 2013.
For comparison, we examined survival rates of 410 adult red wolves
monitored for 388,587 radio-days during the same time period. In gen-
eral, the sterilized adult placeholders (coyotes and hybrids combined)
had higher survival rates than adult red wolves (Fig. 6). Mean annual
survival was highest for sterilized hybrids (0.876± 0.11, standard devi-
ation, SD), lowest for red wolves (0.80 ± 0.04) and intermediate for
coyotes (0.843 ± 0.12). Red wolves exhibited higher annual survival
than the placeholders in only two (14%) of the 14 years of the study,
while placeholders had the highest survival in 12 (86%) of the
14 years monitored. Interestingly, sterilized coyotes had the highest
survival in 6 (43%) of the 14 years and hybrids also had the highest sur-
vival in 6 (43%) of the 14 years.

Some sources of mortality among adult red wolves and adult
placeholders were similar, while some specific causes were more
species related (Table 4). Anthropogenic causes of mortality was
similarly high for both adult red wolves and adult placeholders
(red wolves vs. placeholders: χ2 = 0.47, 1 df, P = 0.49), and the
number of deaths due to natural and unknown causes was similar

(Table 4). A similar high percentage of red wolves and placeholders
were killed by gunshot and foul play (red wolves vs. placeholders:
χ2 = 0.07, 1 df, P = 0.788). Six red wolves were killed by poisoning
and no placeholders were killed by poisoning (red wolves vs. place-
holders: χ2 = 1.65, 1 df, P = 0.199). No red wolves were killed by
placeholders (sterile coyotes or sterile hybrids), but 19% of the sterile
coyote mortalities and 21% of the sterile hybrids mortalities were
caused by interspecific aggression from red wolves (red wolves vs.
placeholders: χ2 = 50.36, 1 df, P = 0.0001). Red wolves were rarely
killed (~6% of mortality) by conspecifics (i.e., intraspecific aggres-
sion) and no placeholders were recorded as killed by conspecifics
(red wolves vs. placeholders: χ2 = 3.95, 1 df, P = 0.0469).

3.5. Composition of litters

In general there was little variation in the number of hybrid litters
from 2000 to 2013 with a mean of 2 hybrid litters/year (±1, standard
deviation) with a maximum of 5 litters in 2006 and no hybrid litters
in 2004 (Fig. 7). During the same time period, the number of red wolf
litters has varied with a mean of 9 litters (±2) and ranged from 6 to
12 litters each year.

Table 3
TheΔBIC andmodel weights for eight generalized linearmodels and the null model com-
bining biologically meaningful characteristics of the placeholder and the placeholder's
home range on the likelihood of being displaced by red wolves in the Red Wolf Recovery
Experimental Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.48
Sex 1.5 2 0.22
Home-range size (km2) 2.6 2 0.13
Road density (km/km2) 3.8 2 0.07
Home-range size (km2) + Sex 5.0 3 0.04
Road density (km/km2) + Sex 5.0 3 0.04
Home-range size (km2) + Road density (km/km2) 7.0 3 0.01
Home-range size (km2) + Road density (km/km2) + Sex 9.1 4 0.00
Home-range size (km2) * Road density (km/km2) + Sex 10.4 5 0.00

Fig. 6. Annual survival rates of adult red wolves (n= 410), sterilized adult coyotes (n= 125), and sterilized adult hybrids (n = 57), in the RedWolf Recovery Experimental Population
Area, North Carolina, 2000–2013.

Table 4
Anthropogenic, natural, and unknown causes of mortality for adult red wolves and sterile
placeholders (coyotes, hybrids) in the Red Wolf Recovery Experimental Population Area,
northeastern North Carolina, 1999–2013.

Red Wolves % (n) Sterile Coyotes % (n) Sterile Hybrids % (n)

Anthropogenic
Gunshot 37.1 (91) 23.8 (10) 33.3 (8)
Vehicle 17.6 (43) 19.0 (8) 8.3 (2)
Foul Play 4.1 (10) 14.3 (6) 8.3 (2)
Trapping 2.4 (6) 4.8 (2) 4.2 (1)
Poisoning 2.4 (6) 0 (0) 0 (0)
Total 63.7 (156) 61.9 (26) 54.2 (13)

Natural
Health-related 11.8 (29) 0 (0) 4.3 (1)
Interspecific 0 (0) 19.0 (8) 20.8 (5)
Intraspecific 5.7 (14) 0 (0) 0 (0)
Total 17.6 (43) 19.0 (8) 25.0 (6)

Unknown 18.8 (46) 19.0 (8) 20.8 (5)
Total deaths 245 42 24
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4. Discussion

Many factors threaten the persistence of canid populations through-
out the world (Gittleman et al., 2001; Woodroffe, 2001; Ripple et al.,
2014). Hybridization with coyotes followed by genetic introgression
was identified as one of the greatest threats to recovery of red wolves in
North Carolina (Kelly et al., 1999). Sterilization of coyotes and hybrid in-
dividuals was proposed to serve as placeholders to reduce hybridization
and genetic introgression of the red wolf population (Kelly, 2000). This
is the first documented case of using sterilization and the placeholder
concept tomediate hybridization and genetic introgression between sim-
ilar taxonomic canids. The primary objective of the placeholder concept
was to limit opportunities for intact red wolves to produce viable off-
spring during mating events with coyotes or hybrid animals, as well as
keeping space available for red wolves without the threat of producing
hybrid offspring if pairing with a red wolf occurred (Stoskopf, 2012).
These sterile placeholders could then be displaced from these territories
by a red wolf, or these sterile animals could be removed and red wolves
released into the now empty territory. Sterilization was not used to con-
trol or manage the coyote population in the recovery area, but to create
non-reproductive territories with sterile animals that were incapable of
successful reproduction (i.e., hybridization).

Natural displacements and strategic management removals of place-
holders resulted in 37% of those sterile placeholders being replaced by
red wolves in that territory. Displacements were unidirectional with
red wolves displacing and replacing placeholders, but no placeholder
displaced red wolves during the 14 years of monitoring. Interestingly,
animals not having hormonal systems intact (i.e., animals spayed or
neutered) were not displaced at a higher frequency than sterile animals
with intact hormones (i.e., animals tubal ligated or vasectomized). Intact
hormonal systems are generally believed to be necessary for pair bond-
ing and territorial maintenance (Asa, 1995). The higher frequency of
displacements in winter is not surprising given that the breeding season
would compel animals to seek mating opportunities. The finding that
male red wolves displaced male placeholders, and female red wolves
displaced female placeholders reinforces the mating opportunity
hypothesis.

We found that home range size and road density influenced the per-
centage of placeholders displaced by red wolves. At home ranges
b20 km2, 20% of the placeholders were displaced by red wolves, while
38% of the placeholders with home ranges N35 km2 were displaced.
Red wolves have larger home ranges (Chadwick et al., 2010) than coy-
otes, and may thus prefer to acquire larger areas in which to establish

residency. Similarly, home ranges of placeholders that contained low
road densities were preferred by redwolves, leading to higher displace-
ment rates. Dellinger et al. (2013) reported red wolves avoided areas
with high human density, and suggested red wolves will use human-
associated landscapes, but modify their habitat selection patterns with
increased human presence. Thus large home ranges with low road den-
sity appear to be preferred by red wolves and placeholders occupying
said home ranges have a higher likelihood of being displaced. Interest-
ingly, of the 26 placeholders with home ranges N35 km2, the 10 place-
holders displaced had a median home range size of 47 km2 and a
median road density of 0.48 km/km2, while the 16 placeholders not
displaced had a median home range size of 41 km2 and a median road
density of 0.63 km/km2. Past studies on gray wolves have suggested
wolves tended to survive where human density was low and road den-
sity was b0.58 km/km2 (Thiel, 1985;Mech et al., 1988). Red wolves and
coyotes used similar habitats and space (Hinton, 2014), thus the lack of
habitat variables influencing displacements was likely due to similar
habitat selection and requirements.

Annual survival rates of placeholderswere higher than redwolves in
12 of the 14 years of monitoring. Coyotes and hybrids each had the
highest survival rates in 6 of the 14 years. Even first generation hybrids
had survival values more similar to coyotes than red wolves, indicating
that hybridization conferred some level of increased survival abilities
more reminiscent of coyotes. Perhaps the smaller body size, dietary
breadth (Hinton, 2014), and behavioral plasticity of hybrids, which are
more similar to coyotes than red wolves, also allowed for increased sur-
vival rates. Coyotes are adaptable to human-modified environments
(Bekoff and Gese, 2003; Gehrt, 2004; Gese et al., 2012), and hybridiza-
tion appeared to confer similar “coyote-like” survival traits to hybrid
individuals.

While causes of mortality were similar among red wolves, coyotes,
and hybrid animals, red wolves did experience a higher frequency of
gunshot and health-related mortality. The high red wolf mortality due
to gunshot is cause for concern as many of these mortalities occurred
in the breeding season during the past 2–3 years (Hinton et al., in
review) and not only limited potential litter production of red wolf
pairs in the last 2 years (Fig. 7), but also opened opportunities for hy-
bridization between redwolves and coyotes by reducingmating oppor-
tunities with red wolves (Bohling and Waits, 2015; Gese et al., 2015).
While sterilization of placeholders does limit successful reproduction
between red wolves and coyotes, it is impractical to capture and steril-
ize all coyotes in the recovery area.

While only 37% of the placeholders were naturally or artificially
displaced leading to red wolf occupancy of the territory, the remain-
ing 63% did protect space in which no hybrid litters could be pro-
duced. Ultimately, limiting genetic introgression into the red wolf
population is the overall goal of the use of the placeholder concept.
In 2014, the genetic composition of the wild red wolf population
was estimated to include b4% coyote ancestry from recent introgres-
sion since reintroduction (Gese et al., 2015). Use of placeholders,
combined with removal of coyotes and hybrids, release of captive
adult red wolves, and cross-fostering of captive pups into wild red
wolf litters, appeared to be effectively limiting genetic introgression
into the red wolf population (Gese et al., 2015). Continued intensive
managementwill likely be necessary in the future to limit hybridization
and genetic introgression. Using the placeholder concept to limit
hybridization in other canid species has potential. Hybridization with
domestic dogs poses a threat to the Ethiopian wolf (Gottelli et al.,
1994) and the European gray wolf, but sterilization to generate place-
holders may not be an effective strategy in these situations because
domestic dogs are the introgressing species and sterilizing all free-
ranging domestic dogswould be impossible. Using the placeholder con-
cept to reduce or limit hybridization among several related canids in
Ontario and reduce the threat of genetic introgression into a population
of eastern wolves in Algonquin Provincial Park (Patterson and Murray,
2008) may be more practical.

Fig. 7. The number of red wolf and hybrid litters in the Red Wolf Recovery Experimental
Population Area, North Carolina, 2000–2013.
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5. Conclusions

Sterilization has been used in the recent past to reduce predation
rates by coyotes on domestic and native ungulates (Bromley and Gese,
2001a; Seidler et al., 2014), but using sterilization to limit genetic intro-
gression into the red wolf population is the first use of sterile animals
within the context of the “placeholder” concept. We emphasize that
sterilization was not used to limit the distribution or size of the coyote
population, but to reduce the incidence of hybridization between coy-
otes and redwolves and genetic introgression into the red wolf popula-
tion. Results from this experiment demonstrate the utility of the
placeholder concept to limit genetic introgression of coyotes into the re-
covering redwolf population in northeasternNorth Carolina. Territories
were held by sterilized placeholders and then being successfully
displaced by redwolves resulting in redwolf occupancy. Equally impor-
tant was production of hybrid litters was limited to a few each year in
the recovery area, and the genetic composition of the red wolf popula-
tion in 2014 contained b4% coyote introgression. The utility and appli-
cation of the placeholder concept may be practical for limiting genetic
introgression in similar situations where an introgressing species
threatens the genetic integrity of a sympatric carnivore.
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Abstract: Predation by coyotes (Canis latram) on domestic sheep is a problem for many livestock producers through- 
out the United States Intermountain West. We examined whether surgical sterilization of coyote packs would mod- 
ify their predatory behavior and reduce predation rates on domestic sheep as compared to coyote packs with pups. 
From June 1997 to December 1997, we gathered baseline information on coyote pack size and movements. In win- 
ter 1998, we surgically sterilized and radiocollared members of 5 coyote packs. We also captured and radiocollared 
members of 6 packs that remained intact (i.e., reproductive). During summer 1998, only 1 sterile pack killed a lamb, 
while 3 intact packs killed 11 lambs. When only sheepkilling packs were included, sterile packs killed an average of 
0.35 lambs/week, while intact packs killed 1.53 lambs/week in 1998. Duringwinter 1999, we monitored 4 sterile and 
8 intact packs. In summer 1999,3 sterile packs killed 3 lambs, while 4 intact packs killed 22 lambs. Considering only 
sheepkilling packs, sterile packs killed on average 0.38 lambs/week, while intact packs killed an average of 2.95 
lambs/week in 1999. Coyotes were more likely to kill lambs that were on the edges of coyote territories as com- 
pared to core areas. Lambs of less than average weight were also more likely to be killed by coyotes. The available 
rodent biomass in each territory was not an influence on the differential kill rates exhibited between sterile and 
intact packs, nor did the amount of available alternate prey influence annual coyote predation rates on sheep. We 
conclude that we could use surgical sterilization to modlfy the predatory behavior of coyotes associated with pup pro- 
duction and provisioning of pups. Sterilization successfully reduced, but did not eliminate, coyote predation on 
domestic sheep. The amount of losses averted in the first year exceeded the costs associated with surgically steriliz- 
ing a coyote pack, which indicates that surgical sterilization could prove beneficial on small-scale livestock operations. 

JOURNAL OF WILDLIFE MANAGEMENT 65(3):510-519 

Key words: Canis latrans, coyote, domestic sheep, predation, sterilization, survival. 

Coyotes are a major predator of domestic sheep 
and lambs throughout the western United States. 
Pearson ( 1986) reported that 2.5% of adult sheep 
and 9.0% of lambs were lost to predators annual- 
ly; coyotes were the major predator accounting 
for 74% and 78% of adult sheep and lamb losses, 
respectively. In 1994, predators accounted for 
the loss of 520,600 sheep and lambs, and coyotes 
caused 62% of those losses (Simpson 1995). Utah 
ranchers reported the loss of 19,000 sheep and 
lambs to coyotes in 1997 (31.3% of total losses; 
U.S. Department of Agriculture 1998). Sheep 
producers have cited high predation losses, low 
lamb and wool prices, and a shortage of good 
hired labor as reasons for leaving the sheep 
industry (Gee et al. 1977). 

Traditionally, lethal nonspecific methods have 
been used to reduce or stop coyote predation, 
assuming that fewer coyotes means fewer livestock 
losses. Recent research in California suggests that 

breeding pairs of coyotes are responsible for 
most of the killing (Sacks et al. 1999) and that tar- 
geting breeding individuals may be a more effec- 
tive control method. In addition, attitudes to- 
ward lethal control have changed (Andelt 1996, 
Reiter et al. 1999), and a variety of nonlethal con- 
trol methods are now available or in practice. 
Currently, nonlethal control methods include 
various livestock husbandry practices, fencing, 
guard animals (dogs, llamas, and other aggressive 
livestock), and frightening devices (Andelt 1987, 
Know1 ton et al. 1999). Aversive conditioning, 
repellents, and antifertility agents have been 
explored as a means to reduce coyote popula- 
tions and/or livestock losses (Balser 1964, 
Bourne and Dorrance 1982, Lehner 1987). How- 
ever, costs of labor and materials, maintenance, 
and lack of success in open range situations have 
limited the use of many nonlethal control tech- 
niques and made those techniques difficult to 
promote among sheep produce& (Knowlton et 
al. 1999). 
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(Garrott 1995). Most efforts have focused on 
developing and testing various contraceptive sub  
stances (Elder 1964, Stellfug et al. 1978, Millar et 
al. 1989) or methods of drug administration 
(Matschke 1977, Plotka and Seal 1989, Kirk- 
patrick et al. 1990). Computer models that illus- 
trate the potential of canid fertility control have 
been developed (Haight and Mech 1997, Pech et 
al. 1997). Research designed to evaluate the 
potential of canid fertility control has document- 
ed changes in reproduction (Balser 1964) as well 
as behavioral responses to sterilization (Mech et 
al. 1996, Saunders and McIlroy 1996, Bubela 
1999). However, no studies have addressed the 
effect of sterilization on depredation behavior. 

Till and Knowlton (1983) showed that predation 
on domestic lambs by adult coyotes stopped when 
their pups were removed. They theorized that 
sterilizing territorial coyotes could be more effec- 
tive than removing the pups of depredating adults 
because (1) no lamb loss would occur before the 
pups were removed; (2) the sterilized coyotes 
may keep out other reproductive coyotes that 
might cause sheep losses; and (3) sterilization may 
reduce losses for many years because pair bonds 
between coyotes are long-lasting. Implicit in this 
theory are the untested assumptions that (1) steril- 
ized resident (or dominant) coyotes maintain their 
territories to the exclusion of nonsterilized coy- 
otes; (2) sterilization has the same effects as pup 
removal; and (3) compensatory mechanisms with- 
in the population do not counteract the effects of 
sterilization. We did not attempt to control the 
size of the coyote population, but only modify 
predatory behavior. We hypothesized that sterile 
coyotes, without the energetic demands of provi- 
sioning pups, would kill fewer sheep than coyotes 
with pups. Because other factors may also influ- 
ence depredation rates (Knowlton et al. 1999), we 
examined the timing and location of depreda- 
tion events, the weight of lambs killed by coyotes, 
the availability of alternate prey, and food avail- 
ability (as measured by a rodent biomass index) in 
coyote territories exhibiting differential kill rates. 

STUDY AREA 
We conducted the project on a 400-km2 study 

area on the Deseret Land and Livestock ranch, 
northeastern Utah. The study area is primarily 
sagebrush (Artimesia tridentata wyomingensis) 
steppe, with an understory of western wheatgrass 
( Pascopyrum smithii) , needle-and-thread grass 
(Stipa comata) , Indian rice grass (Oryzqsis 
hymenoides), and planted crested wheatgrass 

(Agropyrum desertorum). Average annual rainfall is 
27.6 cm; temperatures range from an average of 
-9.4"C in winter to 15.6OC in summer. 

Coyotes were distributed throughout the study 
area and were relatively unexploited. While sheep 
grazing was a historical use of the area, sheep had 
not grazed the study area recently. Cattle were 
grazed intermittently throughout the area. Win- 
ter carrion in the form of cattle and elk (Ceruus 
elaphus) carcasses was plentiful. Mule deer 
(Odocoileus hemionus) and pronghorn antelope 
(Antilocafwa amem'cana) were common in the area. 
The most abundant small prey were white-tailed 
jackrabbits (Lepus townsendii) , cottontail rabbits 
(Sylvilagus nutallz] , Uinta ground squirrels (S'er- 
mqbhilus armatus), deer mice (Peromyscus manicu- 
latus) , and least chipmunks ( Tamias minimus). 

METHODS 
During summer 1997, coyotes were trapped 

with #3 padded-jaw, leg-hold traps equipped with 
tranquilizer tabs (Balser 1965, Sahr and Knowl- 
ton 2000) containing propriopromazine. Cap 
tured coyotes were immobilized with ketamine 
hydrochloride (10 mg/kg) and acepromozine 
(0.1 mg/kg) . Coyotes were weighed, sexed, blood 
sampled, and aged by tooth wear (Gier 1968). A 
premolar was extracted and sent to a commercial 
lab (Matson's Laboratory, Milltown, Montana, 
USA) for aging by cementum annuli analysis 
(Linhart and Knowlton 1967). Animals were 
radiocollared with a 150-g transmitter (Advanced 
Telemetry Systems, Isanti, Minnesota, USA) and 
released at the point of capture. 

During December 1997, January 1998, and Jan- 
uary 1999, a hand-held net-gun fired from a heli- 
copter was used to capture coyotes (Barrett et al. 
1982, Gese et al. 1987). Previously radiocollared 
animals were recaptured along with as many pack 
members as possible. Additional packs in the 
study area were also captured. Packs were ran- 
domly assigned to sterile and sham treatments. 
Because identification of alpha breeding coyotes 
is difficult without field observation, members of 
the same pack received the same treatment. Cap 
tured coyotes were transported by helicopter to a 
local veterinary clinic for surgical sterilization. 
Females were sterilized by tuba1 ligation and 
males by vasectomy, leaving hormonal systems 
intact (Zemlicka 1995). Animals in the sham 
treatment underwent all procedures except actu- 
al sterilization. All animals were held overnight 
for recovery and observation, then released at the 
point of capture the following morning. 
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During 1997 and 1998, coyotes were relocated 
primarily from fixed stations (null-peak) posi- 
tioned around the perimeter of the study area 
(U'hite and Garrott 1990). In 1999, we used 
hand-held triangulation to acquire bearings <10 
min apart with triangulation angles between 20" 
and 160" (Gese et al. 1990). The software pack- 
age LOCATE (Pacer, Truro, Nova Scotia) was 
used to calculate animal locations. We attempted 
to locate all coyotes twice daily (morning and 
evening) during the time sheep were in the study 
area (May through Sep). During the remainder 
of the year, coyotes were located approximately 
every 2 weeks using aerial telemetry (Mech 1983) 
when snow made roads impassable for ground 
relocations. Home ranges were calculated using 
CALHOME (Kie et al. 1996). The adaptive ker- 
nel estimator (Worton 1989) was used to delin- 
eate territory boundaries (90% isopleth) and 
core areas (60% isopleth) of use. To confirm 
breeding status of the pack, searches were made 
by foot and in the air of all coyote territories to 
find dens and confirm the presence or absence 
of pups. Responses to simulated howling were 
also used to determine the presence of pups dur- 
ing summer (Harrington and Mech 1982). 

To assess coyote predation rates on sheep, small 
bands of ewes and lambs were introduced into 
the study area. Because we herded and moni- 
tored the bands daily, we had the ability to sys- 
tematically move the sheep through all the coy- 
ote territories in the study area. In 1997, we 
released 222 ewes and 195 lambs on the ranch in 
mid-June; 10 ewes were radiocollared to assist in 
flock location. This flock served to expose all the 
coyotes in the area to sheep prior to any treat- 
ment. In 1998, we released 138 ewes and 173 
lambs on the study area in early June; we radio- 
collared 50 lambs (29% of the lambs) to aid in 
finding kills. In 1999,1ie started in mid-May with 
136 ewes and 150 lambs transported to the study 
site. Because finding all the kills in 1998 proved 
difficult, all lambs (n  = 150) in 1999 were radio- 
collared. In both 1998 and 1999, the sheep were 
split into 2 flocks to maximize coyote exposure to 
sheep. All flocks were removed from the ranch 
in mid-September of each year. Most lambs were 
about 3 weeks old at the time of release. 

Because lamb age affects vulnerability to coyote 
predation (Andelt 1987, Knowlton et al. 1999), 
we moved the flocks so that each coyote pack was 
exposed to 1 flock early in the season and the 
other flock later in the season. Approximately 
once a month, the sheep were penned, lambs 

weighed, and the radiocollars adjusted as neces- 
sary. The sheep were relocated each day, and 
whenever possible the bed site area was searched 
for kills. Radiocollared lambs with mortality sig- 
nals were located as soon as possible. Death sites 
were searched for tracks, scat, and other sign of 
predator presence. ~ e a d  lambs were necropsied, 
and hemorrhaging, bite marks, and other evi- 
dence at the kill site was used to determine the 
cause of death (Rowley 1970, Wade and Bowns 
1985). Kills located in a specific coyote pack ter- 
ritory were attributed to that pack unless evi- 
dence from telemetry suggested othenvise. 

Because the number of days sheep were in coy- 
ote territories varied, the kill rate of sheep in each 
coyote territory was standardized to a 1-week 
interval. A Students t-test was used to compare 
weekly kill rates of sterile and intact packs. To 
account for both flock size and length of time 
spent in each territory (i.e., exposure days), a 
weekly survival rate for the sheep grazed within 
each coyote territory was also calculated (Heisey 
and Fuller 1985). Sheep survival rates were only 
calculated for 1999 when all lambs were radiocol- 
lared. A t-test was used to compare the weekly 
sheep survival rates between intact and sterile coy- 
ote packs. Because coyote pack size could influ- 
ence depredation rates, we performed a regres- 
sion analysis of the number of coyotes in a pack 
versus the number of lambs killed by that pack. 

Small mammal-trapping grids and spotlight sur- 
veys were used to determine numbers and types 
of alternative prey available on the study area. 
Spotlighting transects (Smith and Nydegger 
1985) were conducted from a vehicle traveling at 
10-15 km/hr after dark in mid-June and late 
August. White-tailed jackrabbits and cottontail 
rabbits were counted, and the number of lago- 
morphs observed/km was compared to an exist- 
ing data set for the study area (Rick Danvir, 
Deseret Land and Livestock Co., unpublished 
data). Small mammal-trapping grids were locat- 
ed across 4 habitat types (meadow, sparse vegeta- 
tion, moderately dense sagebrush, and dense 
sagebrush). Two 30.5 x 91.4 m grids of 96 Sher- 
man live traps were established in each habitat 
type and run for 3 consecutive nights. Traps were 
checked each morning; animals were identified, 
marked, and released. The average weight of 
each small mammal species was multiplied by the 
number of small mammals captured per 100 
operable trapnights to calculate a rodent bio- 
mass index for each habitat type. After we deter- 
mined the amount of each habitat type in each 
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coyote territory, an index of available rodent bio- 
mass was then calculated for each territory by 
multiplying the amount of each habitat type in 
the territory by the biomass index for that habitat 
type. A t-test was then used to compare the 
indices of available rodent biomass between 
intact and sterile coyote packs. Home range size 
and habitat analyses were preformed for packs 
with 21 radiocollared coyote. 

were observed. If the alpha pair was not sterilized 
and pups were observed, the pack was classified 
as an intact pack. In 4 packs, no members were 
captured or radiocollared, but pack members 
were observed and the home range boundary was 
estimated based on the spatial arrangement of 
adjacent radiocollared packs (Fritts and Mech 
198 1, Messier 1985, Fuller 1989). 

Coyote Kill Rates 

RESULTS In 1998, we monitored 5 sterile and 6 intact 

Capture and Surgical Treatments 
Data were collected from June 1997 to Septem- 

ber 1999, with the most intense data collection 
occurring during the summer when sheep were 
present (May-Sep) . We captured 1 1 coyotes (7 M, 
4 F) in 1997. Two sessions of aerial net-gunning 
during winters 1998 and 1999 resulted in the cap  
ture of an additional 31 (22 M, 9 F) coyotes, plus 
the recapture of 10 of 11 coyotes trapped in 1997. 
Ten males and 9 females were given sham opera- 
tions, while 20 males and 6 females were steril- 
ized. No capture or surgery-related mortalities 

packs (Table 1). Sheep spent an average of 16.5 days 
in each coyote territory. The 5 sterile packs were 
responsible for 1 kill, and the average number of 
kills per week by all sterile packs was 0.07 (f. 0.16 
SD). The 6 intact packs killed 11 lambs, for a 
weekly average of 0.77 f 0.92 ( t  = 1.63, df = 9, P = 

0.068). The observed frequency of kills behveen 
the 2 treatments (sterile vs. intact) was different 
than expected (x2  = 6.656, df = 1, P= 0.0099), with 
intact packs killing more lambs (1 1 kills observed, 
6.55 expected) and sterile packs killing fewer 
lambs (1 kill observed, 5.45 expected) than expect- 
ed. A regression analysis of coyote pack size versus 

Table 1. Predation rates and pack sizes of sterile and intact coyote packs during 1998 and 1999, Deseret Land and Livestock, 
Utah. Pack counts do not include young-of-year and reflect pre-whelping pack size. 

- - -  

Minimum Days sheep Lamb survival 
Year Pack Treatment pack size # of kills present Killslweek rate (weekly) 

1998 Stacy 

South Cabin 
Crane 
Highway 

Alkali 

Red Hill 
Dry Creek 

~ o a d  Hollow 

Shortcut 

North Cabin 

McKay 
1999 Stacy 

Red Hill 

Murphy 

South Cabin 
Table 

Crane 
Dry Creek 

Road Hollow 
Munshaw 

Lake Hollow 

Shortcut 
~ o r t h  Cabin 

Sterile 
Sterile 

Sterile 
Sterile 

Sterile 

lntact 
lntact 

lntact 
lntact 

lntact 

lntact 
Sterile 

Sterile 
Sterile 

Sterile 
lntact 

lntact 
lntact 

lntact 

lntact 
lntact 

lntact 

lntact 
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the weekly kill rate on sheep revealed no signifi- 
cant relationship (? = 0.008, F= 0.078, P= 0.786). 

Of the 11 coyote packs monitored in 1998,4 ster- 
ile and 3 intact packs did not kill sheep. When only 
the sheepkilling coyote packs were considered, 
the sterile pack killed 0.35 lambs/week. The 3 in- 
tact packs killed an average of 1.53 lambs/week. 
Thus, among coyote packs that killed sheep, there 
were 4.4 times more lambs killed/week by intact 
coyote packs than by sterile packs. 

In 1999, we monitored 4 sterile and 8 intact 
packs (Table 1). Sheep spent an average of 16.6 
days in each territory. Sterile packs killed 3 
lambs, for an average of 0.29 kills/week (+ 0.20 
SD), while intact packs killed 22 sheep, for an 
average of 1.48 kills/week (+ 2.09; t = 1.167, df = 

10, P= 0.147). However, intact packs killed more 
lambs and sterile packs killed fewer lambs than 
expected (x2 = 5.1 14, df = 1, P = 0.0237). There 
was no relationship between coyote pack size and 
the weekly kill rate for each pack in 1999 ( r 2  = 
0.08, F = 0.87, P = 0.37). 

Of the 12 coyote packs monitored in 1999, 1 
sterile pack and 4 intact packs did not kill sheep. 
Among sheep-killing packs, the average number 
of sheep killed per week was lower (0.38 + 0.07) 
for sterile packs than for intact packs (2.95 + 2.10 
kills/wk; t = 2.0677, df = 5, P = 0.0468). Among 
coyote packs that killed sheep, intact packs were 
7.8 times more likely to kill sheep than were ster- 
ile packs. Combining both years, intact coyote 
packs (Z = 2.34 + 1.70 kills/wk) killed 6 times 
more sheep than sterile packs (Z = 0.38 + 0.06 
kills/wk; t = 2.23, df = 9, P = 0.0261). 

When sheep survival rates were compared 
between sham and sterile packs, the weekly sur- 
vival rate tended to be higher for sheep in sterile 
coyote territories (Z = 0.998) than in intact coyote 
territories (Z = 0.989). Among sheepkilling packs, 
the weekly sheep survival rate was higher in sterile 
coyote packs (Z = 0.997 + 0.00) than in intact packs 
(2  = 0.985 _+ 0.016; t = 2.01, df = 5, P= 0.05). 

Characteristics of Kills 
During 1999, coyotes killed 25 lambs. Seven 

additional lambs died of causes not related to 
coyote predation: drowning (I) ,  pneumonia (2), 
and unknown causes (4). Coyotes completely 
consumed 13 of the sheep killed, partially con- 
sumed 6 kills, and left 3 kills intact. No con- 
sumption data were available for 3 kills. Coyotes 
tended to kill lambs from the lightest weight 
quartile (x2 = 10.15, P < 0.01) more frequently 
than lambs from the heavier quartiles (Fig. l ) ,  

FIRST SECOND THIRD FOURTH 
QUARTILE 

Fig. 1. Percent of sheep killed by coyotes among the 4 quar- 
tile weight classes, Deseret Land and Livestock, Utah, 1999. 
Quartile ranges are: first (1-25%), second (2650%), third 
(51-75%), and fourth (76100%). 

but they were capable of killing even the heaviest 
lambs. Lambs were classed into weight quartiles 
by comparing their last live weight to the rest of 
the lambs in the herd. Thus, the weight of lambs 
in the lightest quartile increased over the grazing 
season, and coyotes were selecting mostly the 
lightest lambs available. Lambs that strayed or 
had been located apart from the main flock on 
the previous day were more likely to be killed 
than those remaining with the flock. 

Location and Timing of Kills 
In 1998, coyotes killed 3 sheep in the core and 4 

sheep on the edge of their territories. Based on a 
comparison of sheep locations and kill locations, 
the distribution of kills was not different from 
expected (x2 = 0.234, P= 0.62). In 1999, there was 
a slight difference (x2 = 3.01, P = 0.08) between 
the distribution of kills observed in the core (n = 

3), and on the edge (n = 16) of territories, and the 
expected distribution of kills. This is true even 
though the analysis accounted for the amount of 
time sheep spent on the edge and in the core. 
We found no evidence of coyotes following sheep 
outside their territory. However, many kills were 
located in areas of overlap between territories, 
and 1 kill that was just inside the 60% isopleth was 
assigned to the neighboring pack because, based 
on radiotelemetry locations, the residents were 
not in that area on the night of the kill. 

Kill rates of sheep by coyotes increased over the 
summer, particularly among intact coyote packs 
(Fig. 2). Sterile packs that killed sheep did so at 
a relatively constant rate. The increase in kill rate 
among intact coyote packs is likely due to the 
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Fig. 2. The timing of lambs killed over the 4-month grazing 
season by sterile and intact coyote packs, Deseret Land and 
Livestock, Utah, 1998-1 999. 

increasing energy demand of growing pups. A 
reduction in alternate prey (ground squirrels 
enter hibernation in late Aug) was also consid- 
ered as a possibility for increased killing, but did 
not explain the lack of increased killing among 
the sterile packs. 

Influence of Alternative Prey on Predation 
Rates 

White-tailed jackrabbit numbers were well below 
their 1991 peak (Rick Danvir, Deseret Land and 
Livestock Co., unpublished data), but increased 
during the study. The lagomorph spotlight index 
increased from 0.29 rabbits/km in 1997 to 1.25 
rabbits/km in 1999. Small mammal-trapping 
grids yielded 0 to 0.063 animals/trap night, with 
no significant difference (all paired comparisons 
had P > 0.10) in the number of animals captured 
between any of the years. Increasing lagomorph 
numbers did not appear to influence coyote pre- 
dation rates on sheep. The increase in sheep kills 
from 1998 to 1999 was probably due to our in- 
creased ability to find and recover kills because 
all lambs were radiocollared in 1999. 

Influence of Available Rodent Biomass on 
Predation Rates 

We found no significant difference in the 
indices of available rodent biomass between ster- 
ile coyote packs (8,766 f 1,552) and intact packs 
(7,930 + 1,752; t = -0.75, df = 10, P =  0.48). Thus, 

differences in kill rates between sterile and intact 
packs were not in response to differential prey 
biomass in the territories. Similarly, regression 
analysis indicated no relationship beh+?een the 
weekly kill rate on sheep and the rodent biomass 
index in each territory (r2 = 0.06, F= 4.34, P= 0.53). 

Costs and Benefits of Sterilization 
We estimated the cost to surgically sterilize a 

coyote was $560/animal (helicopter flight time: 
$300, surgery: $75, transport: $60, fixed-~ving fly- 
ing: $60, personnel: $55, supplies: $10). On aver- 
age we captured and sterilized 3 coyotes/pack; 
thus, the cost of sterilizing a coyote pack was 
$1,680. Sterile coyote packs killed an average of 
0.38 lambs/week, while intact packs killed on 
average 2.34 lambs/week. Since sterilization did 
not necessarily stop predation, we used the dif- 
ference between the 2 treatments as the amount 
of loss averted (1.96 lambs killed/wk). We used 
the kill rates of sheep-killing packs only because 
non-killing packs would require no management 
action. Using this difference in averted losses, we 
calculated that over a summer grazing season (16 
wks) approximately 32 lambs would not be killed. 
With a market value of $56/lamb ($0.70 per 
pound x 80 pound lamb), we estimated that 
$1,792 of lambs was the amount of losses averted 
in 1 4-month grazing season. Thus, if a small- 
scale livestock operation was affected by 1 coyote 
pack during the summer, then the cost to surgi- 
cally sterilize them would equal the amount of 
lambs saved in the first year. Considering the life 
span of coyotes and length of pair-bonds, surgi- 
cally sterilizing coyote packs on a small scale 
could be economically feasible if the sterilized 
coyotes are allowed to survive (i.e., if the coyotes 
are killed, then the costs to sterilize begin again). 

DISCUSSION 
Animals producing offspring may maximize 

their hunting efficiency by preying on larger prey 
(Royama 1970, Harrison and Harrison 1984). In 
addition, transport costs of delivering a larger 
prey item to the young may also be more prof- 
itable than small-sized prey (Till and Knowlton 
1983), at the same time providing for increased 
energetic requirements of a growing litter. Our 
data indicate that coyotes change their predatory 
tendencies when pups are present and that steril- 
ization could be an effective method of reducing 
coyote predation on domestic sheep in the Inter- 
mountain West. None of the sterile coyote packs 
killed more than 1 lamb per season, while intact 
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packs had multiple killing events. Among coyote 
packs that killed sheep, the rate of predation on 
sheep was significantly lower for packs that were 
not provisioning pups. 

For this technique to be successful, the breed- 
ing pair must be sterilized. In 1999, 1 of the 
packs that was originally believed to be sterile 
killed 5 lambs. No pups were seen in the area 
during initial searches from the air or on foot. 
However, further investigation showed the breed- 
ing pair had not been captured and sterilized, 
resulting in at least 2 pups being produced. This 
observation underscores the need to sterilize at 
least 1 and preferably both members of the 
breeding pair to prevent pup production. 

This study presents further evidence that not all 
coyotes kill sheep (Sacks et al. 1999). In some 
areas where pups were present, no lambs were 
killed by some coyote packs even after 3 years of 
exposure to sheep. These coyote territories r e p  
resent situations in which no control measures 
should be undertaken. The pressure for the 
adults to provision their pups is only 1 factor driv- 
ing predation on sheep. Characteristics of indi- 
vidual packs and territories may also be critical in 
determining which coyotes kill sheep. Further 
investigation in to the sheepkilling tendencies of 
pups from packs that killed and ate sheep versus 
pups from packs that seemed to ignore sheep 
may be useful. 

Alternate prey availability may influence coyote 
predation rates on native prey (Hoffman 1979, 
Hamlin et al. 1984) and domestic sheep 
(McAdoo 1975, Guthery 1977, Kauffeld 1977, 
Gober 1979). Deer fawn (0. virginianus) avail- 
ability, as regulated by winter severity, affected 
the rate at which wolves killed livestock in Min- 
nesota (Mech et al. 1988). Hamlin et al. (1984) 
suggested that coyote predation on deer fawns 
was lowest during summers when microtine 
rodent numbers were highest. Our study 
occurred during years when the abundance of 
lagomorphs and ground squirrels was fairly typi- 
cal for the region. We found that indices of avail- 
able rodent biomass did not affect the number of 
lambs killed in each territory. Similarly, lago- 
morph abundance did not appear to influence 
annual coyote predation rates on sheep. In addi- 
tion, coyotes had access to antelope and deer 
fawns, but it was unknown whether coyotes pre- 
ferred fawns over sheep, or if sterile coyotes 
killed fewer fawns similarly to killing fewer lambs. 

We documented 1 trespass kill, just inside the 
neighbors' core area (60% isopleth), but trespass 

killing seemed to be a rare occurrence. Unlike 
Shivik et al. (1996), we did not observe an in- 
crease in core area overlap between adjacent 
pack territories when sheep were present, nor 
did we record coyotes following sheep into neigh- 
bors' territory. We did document a higher rate of 
kills on the edges of territories than expected by 
chance, so sheep in an area of territory overlap 
(at the 95% isopleths) could be accessible to 
more than 1 pack. 

Most of the lambs killed were consumed- 
implying that they were being used as a food 
source-though unconsumed kills were located 
in both sterile and intact coyote territories. We 
had insufficient data to determine litter size of 
coyotes, but further research focusing on the 
relationship between the number of pups and 
predation rates on lambs should be considered. 
The timing of kills, with increasing kills by intact 
packs over the summer and into early fall has 
been documented (Klebenow and McAdoo 1976, 
Tigner and Larson 1977, Boggess et al. 1980). 
This increase in predation likely reflects in- 
creased energy demand of growing pups (Ofte- 
dal and Gittleman 1989). Reduced alternate prey 
levels (i.e., ground squirrels going into hiberna- 
tion) were also considered. However, sterile coy- 
ote packs did not increase their predation rate on 
sheep similarly to the intact packs when ground 
squirrels entered hibernation in mid-August. 
Learning and development of hunting behavior 
of pups (Till and Knowlton 1983) could also be a 
possibility, but seemed unlikely at that time of 
year (i.e., the pups would be 9l months old in 
mid-Aug) . 

Among the large social carnivores, hunting is a 
cooperative activity that usually involves several 
group members (e.g., wolves: Mech 1966, 1970; 
Peterson 1977; Carbyn et al. 1993). However, 
Thurber and Peterson (1993) observed single 
wolves capable of killing moose (Akes akes) on Isle 
Royale. We found that the size of the coyote pack 
had no effect on the weekly kill rate on lambs. 
Lambs can be killed by a single coyote (Wade and 
Bowns 1985), and since most kills on sheep are 
usually attributed to the breeding pair (Sacks et al. 
1999), additional pack members do not seem to 
increase the rate of depredation on sheep. For 
native ungulates, cooperative hunting by coyotes 
may facilitate capture of larger prey, but it is not 
always necessary (Gese and Grothe 1995). 

The coyotes followed in this study did not kill 
adult sheep. Two ewes were attacked and bitten 
on the neck, but both survived the attacks. The 
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largest lamb killed by coyotes weighed 44 kg and 
was larger than some of the ewes in the flock. It 
may be that coyotes would have killed ewes if 
exposure was continued, especially if ewes were 
present without lambs. Our research differs from 
studies conducted in north-coastal California 
(Conner et al. 1998, Sacks et al. 1999), because in 
our study area (and in much of the Intermoun- 
tain West) lambs were only available seasonally. 
Adult sheep are available on a year-round basis, 
and lambs are available over 9 months in north- 
coastal California (Conner et al. 1998, Sacks et al. 
1999). In the Intermountain West, the birth of 
lambs occurs later than in northcoastal Califor- 
nia and generally corresponds with the coyote 
puprearing season. Therefore, sterilization may 
not have as great an effect in modifying coyote 
predation behavior in areas where lambs are con- 
sidered a year-round prey item. 

MANAGEMENT IMPLICATIONS 
We designed this experiment to test whether 

surgical sterilization can change the predatory 
tendencies of coyotes and whether the procedure 
will reduce (but not completely stop) predation 
on domestic lambs. A more efficient method of 
fertility control would likely be needed for appli- 
cation as a viable management tool on a larger 
scale. Sterile coyotes maintained territories and 
pair bonds in a manner similar to non-sterile coy- 
otes (Bromley 2000). In areas where long-term 
removal has had a limited effect on reducing pre- 
dation (Conner et al. 1998), a pair of sterile coy- 
otes occupying a territory--that are not killing 
sheep or killing at very low rates-could serve as 
an effective deterrent to other coyotes. Our tech- 
nique of capture and surgical sterilization may be 
cost-effective. Till (1982) estimated that it costs 
$208 to locate and remove 1 den of pups. Wagn- 
er and Conover (1999) estimated that it costs 
about $185 to kill a coyote from a fixed-wing air- 
craft and about $805 to trap a coyote on the 
ground. However, trapping, denning, and aerial 
gunning all require annual reapplication of those 
techniques, while sterilization can be effective for 
as long as the coyotes survive (or continue as 
alpha animals). A comparison of costs versus 
benefits showed that on a small-scale livestock 
operation (i.e., an operation being affected by 
only 1 pack of coyotes), the cost of surgically ster- 
ilizing 1 coyote pack was recovered by the 
amount of losses averted within the same year. As 
alternative methods of delivering sterilants are 
developed (DeLiberto et al. 1998), sterilization 

may prove an efficient solution for changing the 
predatory bLhavior of coyotes on a larger scale. 
Sterilization could also be valuable in areas where 
lethal control is socially unacceptable (hlech et 
al. 1996) and where enhancement of fawn 
recruitment rates of native ungulates is a man- 
agement objective. 

ACKNOWLEDGMENTS 
We thank T. Chaudhry, K. Duran, R. Farrar, L. 

Kellogg, L. Kemp, H. Smith, J. Stevenson, M. 
Wichrowski, P. 'S\ilmot, and A. Woc-Colburn for 
field assistance; A. Barras, T. DeLiberto, T. Hall, 
A. Seglund, D. Zemlicka, and the staff at the Bear 
River Veterinary Clinic, Evanston, Wyoming, for 
assistance with surgical sterilization of coyotes; J. 
Anderson, G. Brennan, C. Meyer, and T. hlilliken 
of Hawkins and Powers Aviation for helicopter 
flying and aerial net-gunning; R. Danvir and B. 
Hopkin of Deseret Land and Livestock for logis- 
tical assistance and access to the ranch; G. Gantz 
of InterFIrest Wildlife for aerial telemetry and J. 
Bissonette, R. Danvir, M. Fall, F. Kno\vlton, D. 
Maehr, F. Provenza, and an anonymous reiiewer 
for reviews of the manuscript. This study was 
funded and supported by the U.S. Department of 
Agriculture, National Fl'ildlife Research Center, 
Logan Field Station. The Utah Agricultural 
Experiment Station at Utah State University pro- 
vided funds for some supplies. Procedures for 
coyote capture, handling, immobilization, and 
surgical sterilization, and sheep husband? pro- 
cedures were reviewed and approved by Institu- 
tional and Animal Care and Use Committees at 
the National Wildlife Research Center (Q-I\-487) 
and Utah State University (#845). 

LITERATURE CITED 
ANDEI.T, W. F. 1987. Coyote predation. Pages 128-140 

in ILI. Novak, J. A. Baker, M. E. Obbard, and B. Mal- 
loch, editors. Wild furbearer management and con- 
senation in North .America. Ontario Ministn of Nat- 
ural Resources and the Ontario Trappers Association, 
Canada. 

. 1996. Carnivores. Pages 133-155 in P. R. 
Krausman, editor. Rangeland wildlife. Society for 
Range Management, Denver, Colorado, USA. 

BALSER, D. S. 1964. Management of predator popula- 
tions with antifertility agents. Journal of \\Idlife 
Management 28:352-358. 

. 1965. Tranquilizer tabs for capturing wild car- 
nivores. Journal of Wildlife Management 29:438-442. 

BARREIT, M. W., J. Mr. NOLW, AKD L. D. ROY. 1982. Eval- 
uation of a hand-held net-gun to capture large mam- 
mals. Wildlife Society Bulletin 10: 108-1 14. 

BOGGESS, E. K., F. R. HENDERSON, AND C .  E. SPAETH. 
1980. Managing predator problems: practices and 



5 18 COYOTE STERILIZATION Bromlqr and Gese J. Wildl. Manage. 65(3):2001 

procedures for preventing and reducing livestock 
losses. Kansas State University Cooperative Extension 
Service Bulletin (2-620, Manhattan, USA. 

BOURNE, J., AND M. J. DORR~YCE. 1982. A field test of 
lithium chloride aversion to reduce coyote predation 
on domestic sheep. Journal of Wildlife Management 
46:235-239. 

BROMLEY, C. 2000. Coyote sterilization as a method of 
reducing depredations on domestic lambs. Thesis, 
Utah State University, Logan, USA. 

BUBELA, T. M. 1999. Social effects of sterilizing free- 
ranging red foxes in subalpine Australia. Disserta- 
tion, University of Sydney, Australia. 

CARBYN, L. N., S. M. O O S E ~ R U G ,  AND D. W. ANIONS. 
1993. Wolves, bison and the dynamics related to the 
Peace-Athabasca Delta in Canada's Wood Buffalo 
National Park. Circumpolar Research Series 4, Cana- 
dian Circumpolar Institute, University of Alberta, 
Edmonton, Canada. 

CONNER, M. M., M. M. JAEGER, T. J. WELLER, AND D. R. 
MCCULLOUGH. 1998. Effect of coyote removal on 
sheep depredation in northern California. Journal of 
Wildlife Management 62:690-699. 

DELIBERTO, T. J., E. M.GEsE, F. F. KNOWLTON, J. R. 
MASON, M. R. CONOVER, L. MILLER, R. H. SCHMIDT, AND 

M. K. HOLLAND. 1998. Fertility control in coyotes: is 
it a potential management tool? Vertebrate Pest Con- 
ference 18:144-149. 

ELDER, W. H. 1964. Chemical inhibitors of ovulation in 
the pigeon. Journal of Wildlife Management 
28:556575. 

F m s ,  S. H., AND L. D. MECH. 1981. Dynamics, move- 
ments, and feeding ecology of a newly protected wolf 
population in northwestern Minnesota. Wildlife 
Monographs 80. 

FULLER, T. K. 1989. Population dynamics of wolves in 
northcentral Minnesota. Wildlife Monographs 105. 

GARROTT, R. A. 1995. Effective management of free- 
ranging ungulate populations using contraception. 
Wildlife Society Bulletin 23:445452. 

GEE, C. K., R. S. MAGLEBY, D. B. NIELSON, AND D. M. 
STEVENS. 1977. Factors in the decline of the western 
sheep industry. U.S. Department of Agriculture, Eco- 
nomic Research Service, Agricultural Economic 
Report 377. 

GESE, E. M., D. E. ANDERSES, AND 0. J. RONGSTAD. 1990. 
Determining home-range size of resident coyotes 
from point and sequential locations. Journal of Wild- 
life Management 54:501-506. 

, AND S. GROTHE. 1995. Analysis of coyote pre- 
dation on deer and elk during winter in Yellowstone 
National Park, Wyoming. American Midland Natu- 
ralist 133:3643. 

0 .  J. RONGSTAD, ASD W. R. MY~TON. 1987. Man- 
ual and net-gun capture of coyotes from helicopters. 
Wildlife Society Bulletin 15:444-445. 

GIER, H. T. 1968. Coyotes in Kansas. Kansas State Col- 
lege Agriculture Experiment Station Bulletin 393, 
Manhattan, USA. 

GOBER, D. R. 1979. Factors affecting domestic sheep 
losses to predators in Trans-Pecos, Texas. Disserta- 
tion, Texas A&M University, College Station, USA. 

GUTHERY, F. S. 1977. Efficacy and ecological effect of 
predator control in south Texas. Dissertation, Col- 
orado State University, Fort Collins, USA. 

HAJGHT, R. G., AND L. D. MECH. 1997. Computer simu- 

lation of vasectomy for wolf control. Journal of Wild- 
life Management 61 : 1023-103 1. 

HAMLIN, K. L., S. J. RILEY, D. PYRAH, A. R. DOOD, AND R. J. 
MACKIE. 1984. Relationships among mule deer fawn 
mortality, coyotes and alternate prey species during 
summer. Journal of Wildlife Management 48:489499. 

HARRINGTON, F. H., AND L. D. MECH. 1982. An analysis of 
howling response parameters useful for wolf pack cen- 
susing. Journal of Wildlife Management 46:686-693. 

HARRISON, D. J., AND J. A. HARRISON. 1984. Foods of 
adult Maine coyotes and their known-aged pups. 
Journal of Wildlife Management 48:922-926. 

HEISEY, D. M., AND T. K. FULLER. 1985. Evaluation of sur- 
vival and cause-specific mortality rates using telemetry 
data. Journal of Wildlife Management 49:668-674. 

HOFFMAN, S. W. 1979. Coyote-prey relationships in 
Curlew Valley during a period of low jackrabbit den- 
sity. Thesis, Utah State University, Logan, USA. 

KAUFFELD, J. D. 1977. Availability of natural prey and its 
relationship to coyote predation on domestic sheep. 
Thesis, University of Nevada, Reno, USA. 

KIE, J. G., J. A. BALDWIN, AND C. J. EVARS. 1996. Calhome: 
a program for estimating animal home ranges. Wild- 
life Society Bulletin 24:342-344. 

KIRKPATRICK, J. F., I. K. M. Lu, AND J. W. TURNER, JR. 
1990. Remotelydelivered immunocontraception in 
feral horses. Wildlife Society Bulletin 18:326-330. 

KLEBENOW, D. A., AND K. M. MCADOO. 1976. Predation 
on domestic sheep in northeastern Nevada. Journal 
of Range Management 29:96-100. 

KNOWLTON, F. F., E. M. GESE, AND M. M. JAEGER. 1999. 
Coyote depredation control: an interface between 
biology and management. Journal of Range Man- 
agement 52:398412. 

LEHNER, P. N. 1987. Repellents and conditioned avoid- 
ance. Pages 56-61 in J. S. Green, editor. Protecting 
livestock from coyotes. U.S. Department of Agricul- 
ture, Agricultural Research Service. U.S. Sheep 
Experiment Station, Dubois, Idaho, USA. 

LINHART, S. B., AND F. F. KNOMZTON. 1967. Determining 
age of coyotes by tooth cementum layers. Journal of 
Wildlife Management 31:362-365. 

MATSCHKE, G. H. 1977. Microencapsulated diethylstil- 
bestrol as an oral contraceptive in the white-tailed 
deer. Journal of Wildlife Management 41 :87-9 1.  

McADoo, J. K. 1975. Predation on domestic sheep in 
northwestern Nevada. Thesis, University of Nevada, 
Reno, USA. 

MECH, L. D. 1966. The wolves of Isle Royale. U.S. Na- 
tional Park Service, Fauna Series 7:l-210. 

. 1970. The wolf: the ecology and behavior of an 
endangered species. Natural History Press, Garden 
City, New York, USA. 

. 1983. Handbook of animal radio tracking. 
University of Minnesota Press, Minneapolis, USA. 

, S. H. FRITTS, AND M. E. NELSON. 1996. Wolf 
management in the 21st century, from public input to 
sterilization. Journal of Wildlife Research 1:195-198. 
-- , , AND W. J. PAUL. 1988. ReIationship 

between winter severity and wolf depredations on 
domestic animals in Minnesota. Wildlife Society Bul- 
le tin 16:269-272. 

MESSIER, F. 1985. Social organization, spatial distribu- 
tion and population density of wolves in relation to 
moose density. Canadian Journal of Zoology 
63:106&1077. 



J. Wildl. Manage. 65(3):2001 COYOTE STERILIZATION Bromlqr and Gese 519 

MILLAR, S. E., S. M. CHAMOW, A. W. BAUR, C. OLIVER, F. 
ROBEY, AND J. DEAN. 1989. Vaccination with a syn- 
thetic zona pellucida peptide produces long-term 
contraception in female mice. Science 246:935-938. 

OF~EDAL, 0. T., AND J. L. GITTLEMAN. 1989. Patterns of 
energy output during reproduction in carnivores. 
Pages 355-378 in J. L. Gittleman, editor. Carnivore 
behavior, ecology and evolution. Comstock Publish- 
ing Associates, Cornell University Press, Ithaca, New 
York, USA. 

PEARSON, E. W. 1986. A literature review of livestock 
losses to predators in western U.S. U.S. Fish and Wild- 
life Service Final Report, Denver, Colorado, USA. 

PECH, R., G. M. HOOD, J. MCILROY, AND G. SAUNDERS. 1997. 
Can foxes be controlled by reducing their fertility? 
Reproduction, Fertility and Development 9:41-50. 

PETERSON, R. 0. 1977. Wolf ecology and prey relation- 
ships on Isle Royale. U.S. National Park Service Sci- 
entific Monograph Series 1 1:l-210. 

PLOTKA, E. D., AND U. S. SEAL. 1989. Fertility control in 
female white-tailed deer. Journal of Wildlife Diseases 
25:643-646. 

REITER, D. IC, M. W. BRUNSON, AND R. H. SCHMIDT. 1999. 
Public attitudes toward wildlife damage management 
and policy. Wildlife Society Bulletin 27:74&758. 

ROMZEY, I. 1970. Lamb predation in Australia: inci- 
dence, predisposition conditions, and the identifica- 
tion of wounds. CSIRO Wildlife Research 15:79-123. 

ROYMA, T. 1970. Factors governing the hunting behav- 
ior and selection of food by the great tit (Parus major). 
Journal of Animal Ecology 39:619-669. 

SACKS, B. N., M. M. JAEGER, J. C. C. NEALE, AND D. R. 
MCCULLOUGH. 1999. Territoriality and breeding sta- 
tus of coyotes relative to sheep predation. Journal of 
Wildlife Management 63:593-605. 

SAHR, D. P., AND F. F. KNOMZTON. 2000. Evaluation of 
tranquilizer trap devices (TTD's) for foothold traps 
used to capture gray wolves. Wildlife Society Bulletin 
285974305. 

SAUNDERS, C., AND J. MCILROY. 1996. The effect of im- 
posed sterility on the survival, fecundity, territoriality 
and social structure of foxes. Abstract, 4th Internation- 
al Conference on Fertility Control for Wildlife Man- 
agement, Great Keppel Island, Queensland, Australia. 

SHMK, J. A., M. M. JAEGER, AND R. H. BARRE-IT. 1996. 
Coyote movements in relation to the spatial distribu- 
tion of sheep. Journal of Wildlife Management 
60:422430. 

SIMPSON, L. L. 1995. Sheep and lamb death loss. U.S. 
Department of Agriculture, National Agricultural Sta- 
tistics Service, Staff Report LDP 95-01, Washington, 
D.C., USA. 

SMITH, G. W., AND N. C. NYDEGGER. 1985. A spotlight, 
line transect method for surveying jack rabbits. Jour- 
nal of Wildlife Management 49:699-702. 

STELLFUG, J. N., N. L. GATES, AND R. G. SASSER. 1978. 
Reproductive inhibitors for coyote population con- 
trol: development and current status. Vertebrate Pest 
Conference 8: 185-189. 

THURBER, J. M.,  AN^ R. 0. PETERSON. 1993. Effects of 
population density and pack size on the foraging 
ecology of gray wolves. Journal of Mammalogy 
74:879-889. 

TIGNER, J. R., AND G. E. LARSON. 1977. Sheep losses on 
selected ranches in southern Wyoming. Journal of 
Range Management 30:244-252. 

TILL, J. A. 1982. Efficacy of denning in alleviating coy- 
ote depredations upon domestic sheep. Thesis, Utah 
State University, Logan, USA. 

, AVD F. F. KSOWLTON. 1983. Eficacy of denning 
in alleviating coyote depredations upon domestic 
sheep. Journal of Wildlife Management 47: 101 8-1025. 

U.S. DEPARTMENT OF AGRICULTURE. 1998. Utah sheep 
report. National Agricultural Statistics Senice, Agri- 
cultural Statistics Board, Washington, D.C., USA. 

WADE, D. A,, AND J. E. BOWNS. 1985. Procedures for 
evaluating predation on livestock and wildlife. Texas 
Agricultural Experiment Station, Texas A&hl Univer- 
sity Bulletin B-1429, College Station, USA. 

WAGNER IL K., AND &I. R. CONOVER. 1999. Effect of pre- 
ventive coyote hunting on sheep losses to coyote pre- 
dation. Journal of Wildlife Management 63:606-612. 

WHITE, G. C., AND R. A. GARROTT. 1990. Analysis of wild- 
life radietracking data. Academic Press, New York, 
USA. 

WORTON, B. J. 1989. Kernel methods for estimating the 
utilization distribution of home range studies. Ecol- 
ogy 70:164-168. 

ZEMLICKA, D. E. 1995. Seasonal variation in the behav- 
ior of sterile and nonsterile coyotes. Thesis, Utah 
State University, Logan, USA. 

Received 17 July 2000. 
Accepted 1 February 2001 
Associate Editor: Maehr. 



UC Agriculture & Natural Resources
Proceedings of the Vertebrate Pest Conference

Title
Fertility control in coyotes: Is it a potential management tool?

Permalink
https://escholarship.org/uc/item/2564p4hf

Journal
Proceedings of the Vertebrate Pest Conference, 18(18)

Authors
DeLiberto, Thomas J.
Gese, Eric M.
Knowlton, Frederick F.
et al.

Publication Date
1998

eScholarship.org Powered by the California Digital Library
University of California
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ABSTRACT: Fertility control in wildlife is emerging as a potential management tool. Published research on feral 
horses, deer, rodents, and rabbits suggest an effective agent producing reversible infertility in these species could be 
developed. Furthermore, anecdotal reports suggest that infertility can be induced in a greater array of species. In this 
paper, the authors review methods of fertility control being studied for application in wildlife and focus on their studies 
designed to evaluate the effectiveness of fertility control agents in coyotes (Canis latrans). lmmunocontraception using 
porcine z.ona pellucida (PZP) is currently the most promising method of fertility control in coyotes the authors have 
studied. This is consistent with results from other species. However, the vital question of whether any fertility control 
agent can reduce livestock losses due to coyote predation will require more research. 

KEY WORDS: Canis lalrans, coyotes, fertility control, GnRH, immunocontraception, PZP 

INTRODUCTION 
The search for alternative methods of managing 

nuisance wildlife has intensified in recent years. This is 
largely a result of stricter controls on traditional 
management techniques (i.e., use of chemicals), an 
expanding human population encroaching on wildlife 
habitat, the adaptability of some wildlife species to urban 
and suburban environments, the inability to manage such 
populations by traditional methods (e.g., hunting white
tailed deer [Odocoileus virginianus] and Canada geese 
[Branta canadensis], and trapping coyotes), and changing 
public attitudes toward lethal control. An alternative 
strategy for dealing with nuisance wildlife that has 
received considerable attention is fertility control. The 
authors' objectives are to review the current research on 
fertility control, and discuss some issues that may 
influence the use of fertility control methods in wildlife 
management. They also present preliminary results 
produced by the organizations that contribute to the goal 
of increasing understanding of reproductive physiology 
and behavior in carnivores, and producing a contraceptive 
system, using the coyote as a model. 

METHODS OF FERTILITY CONTROL 
Fertility control research can be broadly categorized 

under three general strategies: 1) surgical/chemical 
sterilization; 2) endocrine perturbation; and 3) 
immunocontraception. Each method has a unique set of 
advantages and disadvantages that influences the 
practicality of use in managing wildlife damage. 
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Surgical Sterilization 
Surgical sterilization has been used successfully in 

domestic companion animals for many years, and with 
captive wildlife in z.oos and research facilities. The 
primary advantage of this technique is that one treatment 
renders the animal permanently incapable of reproducing. 
While this is an advantage in domestic species and in 
captive wildlife, permanent sterility is sometimes 
considered a disadvantage of surgical sterilization for 
populations of wild animals. Concerns over permanent 
sterility in wildlife include a loss of genetic information 
from a population; permanently altered behavior patterns; 
the impractical implementation in wild populations; 
difficulties in capture and handling large numbers of 
animals; anesthesia; post-operative care; and cost of 
implementation. 

While these concerns may be valid, surgical 
sterilization has been used effectively in several cases to 
manage some wild populations (Kennelly and Converse 
1997). Several populations of feral cats were managed 
effectively with surgical sterilization (Neville 1983; 
Neville and Remfry 1984). These examples demonstrated 
that a wild population could effectively be managed with 
surgical sterilization when most healthy adults could be 
captured. Although the initial costs of this control 
method were high, the authors estimated that long-term 
costs would be lower than other control methods because 
only monitoring and periodic castration was necessary. 

Bailey (1992) demonstrated that surgical sterility of 
introduced red fox (Vulpes vulpes) onto Alaskan islands 



occupied by arctic fox (Alopex lagopus) could reduce 
adverse effects on native avifauna. The two fox species 
are not sympatric and, after nine years, the arctic foxes 
were extirpated from the islands and only a few red fox 
remained on one of the islands. 

Brooks et al. (1980) and Kennelly and Lyons (1983) 
demonstrated that surgical sterilization could effectively 
control reproduction in beaver (Castor canadensis). 
Converse and Kennelly (1994) also successfully applied 
the technique to Canada geese. However, surgical 
sterilization was unsuccessful in controlling red-winged 
blackbird (Agelaius phoeniceus) production (Bray et al. 
1975). Kennelly and Converse (1997) implied that 
effective use of surgical sterility is limited to species that 
are monogomous. 

Little research has been conducted on surgical 
sterilization in wild canids. Mech and Fritts (1993) 
vasectomi.zed five wolves (Canis lupis) and released them 
in northern Minnesota. They concluded that vasectomi.zed 
wolves maintained pair bonds and territories, suggesting 
this method may be effective at reducing predation on 
livestock. Till and Knowlton (1983) demonstrated that 
adult coyotes (Canis latrans) reduced predation on 
livestock when the pups were removed from dens. They 
concluded that, in some situations, predation on livestock 
was driven by the presence of pups; when adults need to 
feed pups, they select larger prey items. These studies 
suggested that if reproduction in wild canids could be 
controlled while leaving territorial behavior intact, 
livestock losses could be reduced. This reduction might 
result if wild canids did not use larger prey sizes to 
support offspring, and the adults maintained territories, 
thereby preventing intact canids from immigrating into the 
area. National Wildlife Research Center biologists are 
currently testing this hypothesis. During December 1997 
and January 1998, wild coyotes from about seven packs 
in northeastern Utah were captured. Packs were 
randomly assigned to either a treatment or control group. 
All animals in treatment groups received either a tubal 
ligation or vasectomy. Control group animals received a 
sham surgery, which consisted of the same anesthesia and 
surgical protocols except the oviducts and vas def erens 
were left intact. All animals were released where they 
were captured within 24 hours. Over the next three 
years, territorial, reproductive, and predatory behavior of 
these animals will be monitored to determine if surgical 
sterilization without removal of gonads influences these 
factors. 

Endocrine Regulation 
Steroids. Hormonal control and regulation of fertility 

in vertebrate species has primarily been accomplished 
through the use of steroids (Kirkpatrick and Turner 1991 ; 
Asa 1997). Progestogens and androgens successfully 
surpress normal ovarian cyclicity in domestic canids and 
felids, and in captive wildlife. However, use of 
progestins reportedly increases growth of the uterine 
lining and, consequently, induces hyperplasia, pyometra, 
and neoplasia in canids and felids, in addition to 
mammary development and post-therapy lactation (Asa 
and Porton 1991). Androgens also have undesirable 
effects, the most significant being external masculization. 
These effects, expense, and requirement for regular 
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administration, are reasons steroids are generally 
considered impractical for use in wild populations. 

Melengestrol acetate implants are the most used 
contraceptive in zoos (Porton et al. 1990). This steroid 
has also been used in oral forms with varying success 
(Asa 1997). Experiments to control fertility in coyotes 
have been conducted using steroid compounds such as 
diethylstilbestrol, mibolerone, and prostaglandins (Balser 
1964). Although oral formulations would make these and 
other progestins (e.g., medroxyprogesterone acetate, 
levonorgestrel, megestrol acetate) more suitable for use in 
wild populations, the side effects previously discussed 
would still be expected. Additionally, oral presentation 
of these products could affect non-target species both 
directly via consumption of the compounds in baits, and 
indirectly if predators or scavengers consumed animals 
which had taken steroid-laden baits. 

GnRH and Agonists. Recent efforts in endocrine 
regulation of fertility have focused on gonadotropin
releasing hormone (GnRH). A non-steroidal hormone, 
GnRH would have the advantage of no secondary toxicity 
because it is rapidly metabolized into amino acids. 
Gonadotropin-releasing hormone, a key regulator of 
reproduction in male and female mammals (Figure 1), is 
released by the hypothalamus in the brain and travels 
through a portal blood system to the anterior pituitary at 
the base of the brain. Gonadotropin-releasing hormone 
stimulates the anterior pituitary to release lutenizing 
hormone (LH) and follicle-stimulating hormone (FSH) in 
both females and males. These hormones subsequently 
influence the release of progesterone and estradiol in the 
female, and testosterone and estradiol in the male. 

Female Male 

Tatoetero11e L~ EalradJol 

\~/ 

Figure 1. The mammalian hypothalamic-pituiiary-gonadal axis 
in males and females (adapted from Becker and Katz 1997). 

Gonadotropin-releasing hormone and its agonists have 
been used in male Hawaiian monk seals (Monachus 
schauinsland) (Atkinson et al. 1993) and African 
elephants (Loxodonta africana) (Brown et al. 1993). 
Single injections of GnRH in males of these species 
decreased blood testosterone levels and, subsequently, 



aggressive behavior. However, prolonged administration 
of GnRH in cattle and red deer ( Cervus elaphus) has 
resulted in stimulation of both pituitary and testicular 
function (Melson et al. 1986; Lincoln 1987). 

Continuous administration of GnRH has inhibited 
ovulation in several species due to a negative feedback 
response by the hypothalamus (Vickery et al. 1989; 
Herschler and Vickery 1981; McNeilly and Fraser 1987; 
Montovan et al. 1990). However, Becker and Katz 
(1995) were unsuccessful in inhibiting LH secretion by the 
anterior pituitary with continual infusion of an GnRH 
analog. They suggested more research is needed to 
determine the usefulness of GnRH as a technique for 
regulating reproduction. Becker and Katz (1997) 
suggested that variation in response of the hypothalmic
pituitary-gonadal axis may be due to the choice of agonist, 
dose, treatment regimen, reproductive status, and species. 
Furthermore, they point out that the practicality of using 
GnRH as a contraceptive is dependent on the development 
of long-acting, time-release agonist that can be delivered 
remotely. Such an agonist, though, is currently 
unavailable. 

Antiprogestins. Antiprogestins (also called anti
progestogens) are derivatives of cholesterol molecules and 
have some of the properties of steroid hormones (Dence 
1980; Teutsch et al. 1995). These compounds tend to be 
stable, which allows for oral delivery without degradation 
and loss of function in the digestive tract. It also 
prolongs the duration of stability in bait materials, an 
important consideration for field delivery systems. There 
are few reports regarding the use of antiprogestins in 
canids. When used in domestic canines, termination of 
pregnancy without negative side effects was reported 
(Concannon et al. 1990; Sankai et al. 1991). Baulieu et 
al. (1987) published the first papers dealing with the 
antiprogestin mifepristone (RU-486). This compound has 
since been used in a variety of species as a contragestive 
with up to 80 % effectiveness following a single oral dose 
(Brogden et al. 1993). However, when used in 
conjunction with prostaglandins, the success rate reaches 
100% (Brogden et al. 1993). 

The authors are currently evaluating the effectiveness 
of mifepristone and an analog (RTl3021-003; Research 
Triangle Institute, North Carolina) as contragestive agents 
in coyotes. Initial results suggest that RTI-003 used alone 
is not an effective contragestive agent in coyotes. 
However, the effectiveness of RTI3021-003 in 
combination with misoprostol, a prostaglandin, and 
mifepristone combined with misoprostol is also being 
evaluated. 

lmmunocontraception 
lmmunocontraception uses an individual' s own 

immune system to disrupt reproduction (Figure 2). This 
is accomplished through the administration of a vaccine 
that results in the production of circulating antibodies or 
cellular immune effector cells in the target animal. 
Unlike vaccines developed to protect animals from 
infectious agents, contraceptive vaccines must trigger an 
immune response to self-antigens. Thus, an individual's 
immune system must be trained to target antigens it 
normally would not. 
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Figure 2. Essential features of lhe immune response (adapted 
from Tizard 1996). 

Contraceptive vaccines studied to date can be 
classified as hormone-based vaccines and gamete-based 
vaccines. Hormone-based vaccines attempt to illicit an 
immune response against an individual's reproductive 
hormones. Studies have evaluated vaccines targeting 
GnRH, LH, and FSH (Thau et al. 1987; Mougdal 1990; 
Becker and Katz 1997). 

Active immunization against GnRH has had some 
success in numerous domestic species (Clarke et al. 1978; 
Adams and Adams 1986; Awoniyi et al. 1987; Safir et al. 
1987; Ladd et al. 1988; Baile et al. 1989; Adams et al. 
1993). Circulating GnRH antibodies produced by 
immunization bound GnRH after it was released from the 
hypothalamus and before it reached the pituitary. 
Antibody-bound GnRH was ineffective at stimulating the 
release of LH and FSH, which resulted in impaired 
reproductive function. The effectiveness of these 
immunizations at suppressing reproductive function was 
positively correlated to the GnRH antibody titer (Lincoln 
et al. 1982; Safir et al. 1987; Baile et al. 1989). 

Little research has been conducted on GnRH vaccines 
in wildlife. Studies on red deer (Cervus elaphus) have 
had mixed results (Lincoln et al. 1982; Ataja et al. 1992; 
Freudenberger et al. 1993). Ataja et al. (1992) found 
only a light suppression of LH and no reduction of 
testosterone levels. Alternatively, Lincoln et al. (1982) 
observed a significant decrease in testosterone combined 
with testicular atrophy and premature casting of antlers. 



Becker and Katz (1997) suggested that variable results 
from GnRH immunizations may result from differences in 
carrier proteins used in vaccines, timing of primary 
immunizations relative to the reproductive season, and 
variability of individual animal immune responses to the 
vaccines. 

The authors have conducted preliminary research on 
the use of GnRH vaccines to prevent reproduction in 
coyotes. They vaccinated five male and five female 
coyotes with 300µg of GnRH conjugated with keyhole 
limpet hemocyanin {KLH). The coyotes were boosted 
twice with 200µg injections of the GnRH-KLH vaccine at 
monthly intervals. Two of the females developed high 
antibody titers to GnRH and did not produce high levels 
of progesterone. Thus, it was assumed that these females 
did not ovulate or ovulated but did not maintain corpora 
lutea, which produce the progesterone required to 
maintain pregnancy. The remaining three females did not 
produce high GnRH antibody titers, or the antibodies 
were produced too late to prevent ovulation and a rise in 
progesterone. Of the five males vaccinated with GnRH, 
two developed high antibody titers, which resulted in a 
decrease of testosterone to levels observed prior to the 
breeding season. Three males had low antibody levels 
and either normal or only moderately reduced testosterone 
levels. It appears from this limited study that GnRH 
vaccines have some potential to control reproduction in 
coyotes; however, more research would be needed to 
evaluate the efficacy of such a vaccine. The problem of 
delivering such a vaccine in the absence of an orally 
active form seems particularly daunting. 

The second group of contraceptive vaccines studied to 
date are gamete-based vaccines. These vaccines are 
designed to affect spermatogenesis, oocyte maturation, 
fertilization, and trophoblast development. Of these, 
vaccines directed at oocyte maturation, and specifically 
the :zona pellucida (the glycoprotein matrix surrounding 
the mature mammalian egg), have received the most 
attention in wildlife (see reviews by Warren et al. 1997; 
Turner et al. 1997; Kirkpatrick et al. 1997). However, 
little research has been conducted on the use of such 
vaccines in predators. 

The authors initiated research to evaluate gamete
based vaccines for fertility control in coyotes. In 
December 1995, female coyotes were injected with 300 
µg of PZP, and boosted with 200 µg on PZP in January 
1996. This initial study resulted in a reduction of mean 
litter size from 3.5 pups among control females, to 1.3 
pups for vaccinated females. In December 1996, the 
same female coyotes were boosted again with 45 µg of 
PZP. This single, low dose boost was performed to 
evaluate if an annual boost would effectively keep litter 
sizes reduced. The results of this second year of research 
suggested that annual boosters of PZP were effective in 
maintaining reduced litter size; mean litter size during the 
second year was 3.8 pups/female and 2.6 pups/female for 
the control and PZP animals, respectively. 

Although their earlier research on PZP demonstrated 
it was an effective immunocontraceptive for reducing 
coyote litter size, the authors initiated a second study to 
determine if more frequent boosting with PZP prior to the 
breeding season could eliminate litters entirely. In 
December 1997, they vaccinated five female coyotes with 
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300µg of PZP and boosted with 200µg four and six weeks 
later. In this experiment, females were euthanized and 
necropsied 30 days after the last observed breeding date. 
All control females were pregnant and the mean number 
of fetuses/females was 5.8, compared to zero fetuses in 
PZP vaccinated females. Thus, the PZP vaccine can be 
an effective immunocontraceptive in coyotes. The 
authors are currently conducting research that will 
elucidate the mechanism through which PZP reduces 
fertility, and will conduct research designed to develop an 
orally deliverable form of PZP. 

CONCLUSIONS 
The most effective means of resolving wildlife-human 

conflicts in many situations is to reduce wildlife 
populations by shooting, poisoning, or trapping. 
However, as the human population expands into wildlife 
habitat, lethal control options become limited and 
controversial. Thus, there is an increasing need to 
develop non-lethal control strategies that can be integrated 
into damage management programs. 

Presently, relatively few cost-effective, non-lethal 
control options are available to managers. Fertility 
control could provide an effective addition to control 
programs. However, many hurdles must be overcome 
before fertility control becomes a viable alternative. 
These include, but are not limited to, the development of 
contraceptive agents that are orally deliverable, species 
specific, reversible, have few side-effects, and are cost 
effective (Sanborn et al. 1994). 

Is fertility control a potential management tool for 
coyotes? Current research suggests that it has 
possibilities. Studies conducted to date on immuno
contraception suggest it has the potential for at least 
reducing litter size in coyotes. Further studies on 
antiprogestins will assess the value of these compounds in 
reducing litter size. Will litter size reduction significantly 
alter predatory behavior of coyotes on livestock? If 
productivity in a local population of coyotes is reduced, 
or eliminated, but the loss of livestock in the area is not 
significantly reduced, then a fertility control program 
would not be an effective management tool. The 
authors' research with surgically sterilized coyotes should 
provide an answer to this key question. 
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Effects of sterilization on territory fidelity and
maintenance, pair bonds, and survival rates of
free-ranging coyotes

Cassity Bromley and Eric M. Gese

Abstract: Predation on sheep by coyotes (Canis latrans) is a longstanding problem for sheep producers. Current re-
search suggests that surgical sterilization of coyotes could prove to be an effective method of reducing their depreda-
tion rates on domestic sheep by modifying their predatory behavior. However, for sterilization to be a viable
management tool, the territorial and affiliative behaviors of pack members would need to remain in place. We tested
whether surgically sterilized coyotes maintained pair bonds and territories in the same manner as intact coyotes. We
also examined if territory fidelity and survival rates differed between sterile and intact coyotes. From June 1997 to
April 2000, 10 males and 9 females were sham-operated and radio-collared, while 20 males and 6 females were surgi-
cally sterilized and radio-collared. We monitored members of 5 sterile and 4 intact packs during 1998, 6 sterile and 7
intact packs during 1999, and 4 sterile and 6 intact packs through the 2000 breeding season. Behaviorally, sterile packs
appeared to be no different than intact packs. A half-weight association index showed that social dyads within sterile
coyote packs were located together as frequently as dyads within intact packs. Simultaneous radiolocations of members
of sterile packs showed that members of sterile packs were significantly closer to each other than would be expected
from random locations. There was no difference in size or degree of overlap between territories of sterile and sham-
operated coyote packs. Sterile coyotes had a higher annual survival rate than reproductive animals in 2 of the 3 years,
and there was no difference in the level of territory fidelity. We concluded that surgical sterilization did not modify the
territorial or affiliative behaviors of free-ranging coyotes, and therefore sterile coyotes could be used as a management
tool to exclude other potential sheep-killing coyotes.

Résumé: La prédation opérée sur les moutons par les Coyotes (Canis latrans) est un problème de longue date pour
les éleveurs de moutons. Des recherches récentes indiquent que la stérilisation chirurgicale des coyotes pourrait être
une façon efficace de diminuer les taux de prédation exercée sur les moutons domestiques car elle modifie le comporte-
ment prédateur des coyotes. Cependant, pour que la stérilisation soit un outil de gestion efficace, il faudrait que les
comportements territoriaux et les comportements d’affiliation restent les mêmes. Nous avons vérifié si les coyotes stéri-
lisés par chirurgie sont capables de maintenir la fidélité à un territoire et les liens entre deux individus aussi bien que
les coyotes témoins. Nous avons également vérifié si la fidélité au territoire et les taux de survie diffèrent chez les
coyotes stérilisés et les coyotes intacts. De juin 1997 à avril 2000, nous avons procédé à des opérations simulées sur
10 mâles et 9 femelles et stérilisé vraiment 20 mâles et 6 femelles et nous avons muni tous ces animaux d’un collier
émetteur. Nous avons suivi ainsi 5 meutes stériles et 4 intactes en 1998, 6 stériles et 7 intactes en 1999 et 4 stériles et
6 intactes pendant la saison de reproduction 2000. Le comportement des meutes stériles ne semblait pas différer de ce-
lui des meutes témoins. Un coefficient d’association (« half-weight association index ») a montré que les dyades socia-
les au sein des meutes stériles se retrouvaient ensemble aussi souvent que les dyades au sein des meutes intactes. Le
repérage simultané par radio de membres des meutes stériles a permis de constater que les individus des meutes stéri-
les se tiennent plus près les uns des autres que s’ils étaient répartis au hasard. Nous n’avons pas observé de différences
dans la taille des territoires ou l’importance du recoupement entre les meutes stériles et les meutes qui n’ont subi que
des opérations simulées. Le taux de survie annuel des coyotes stériles s’est révélé plus élevé que celui des coyotes re-
producteurs au cours de 2 des 3 années de l’étude et les deux groupes avaient le même degré de fidélité au territoire.
Nous concluons que la stérilisation par chirurgie ne modifie pas les comportements territoriaux ou les affiliations chez
les coyotes en nature. Les coyotes stérilisés pourraient ainsi être utilisés en gestion pour assurer l’exclusion d’autres
coyotes prédateurs de moutons.
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Introduction

People have been trying to prevent coyotes (Canis latrans)
from killing domestic sheep for as long as sheep grazing and
coyotes have coexisted. In Utah, ranchers reported the loss
of 19 000 lambs and sheep in 1997 (U.S. Department of Ag-
riculture 1998), and losses to predators have been cited as a
factor in ranchers leaving the industry (Gee et al. 1977). Till
and Knowlton (1983) suggested that provisioning of pups
may be a factor driving coyote predatory behavior. When
both pups and adult coyotes were removed, predation on
sheep declined by 98.8%. When just pups were removed and
adults were left in place, sheep losses declined by 91.6%. In
areas where no control was performed, losses declined by
4.2%. Those authors hypothesized that sterilization might be
even more effective because the sheep losses that occurred
before pups were removed would be avoided. In addition, if
sterilized coyotes maintain pair bonds and defend territories,
other benefits would accrue: pairs defending a territory could
exclude other potential sheep-killing coyotes, and these ben-
efits could continue for several years, as long as the coyotes
survived and pair bonds remained intact.

Sterilization has been discussed as a wildlife management
tool (Garrott 1995) in many contexts, including control of
rabies (Linhart and Enders 1964) and limiting the distribution
and numbers of animals such as feral horses (Kirkpatrick et
al. 1990), geese (Branta canadensis) (Converse and Kennelly
1994), deer (Odocoileus virginianus) (Matschke 1977; Plotka
and Seal 1989), burros (Turner et al. 1996), and red foxes
(Vulpes vulpes) (Linhart and Enders 1964; Oleyar and
McGinnes1974; Pech et al. 1997). However, the effect of
sterilization on wild carnivore behavior has not been widely
investigated (Asa 1995). Mech and Fritts (1993) reported
that 5 vasectomized wolves (Canis lupus) maintained territo-
ries and pair bonds. Haight and Mech (1997) developed a
model testing the use of vasectomy for wolf control. A study
of red foxes in Australia showed that during the first year af-
ter they were surgically sterilized, females maintained home
ranges similar in size to intact females, but overlap of home
ranges wasgreater among sterile vixens (Saunders and
McIlroy 1996).Dominance relationships, mortality rates, and
behavior did not change, and compensatory reproduction ap-
parently did not occur (Saunders and McIlroy 1996; Bubela
1999). Balser (1964) examined the effectiveness of diethyl-
stilbestrol drop baits in reducing coyote reproduction, but
did not examine any behavioral effects. Zemlicka (1995)
found no effect of sterilization on courtship and territorial
behaviors in captive coyotes.

Bromley (2000) demonstrated that packs of coyotes that
had been surgically sterilized killed sheep significantly less
often than packs of intact coyotes. However, for sterilization
to be effective in modifying the predatory tendencies of coy-
otes and reducing predation on sheep, the behavioral com-
ponents of coyote social ecology would need to remain
unchanged (Asa 1995). This study examined the behavioral
aspects of surgically sterilizing coyotes. Specifically, we ad-
dressed the following questions: (i) will free-ranging steril-
ized coyotes differ from reproductive coyotes in terms of
pair-bond maintenance? (ii ) will members of a sterile pack
remain together and maintain territory boundaries? (iii ) will

sterilization affect coyote pack size? (iv) will survival rates
differ between sterile and intact coyotes? and (v) will steril-
ization affect the residency rates of coyotes (i.e., the level of
territory fidelity), or will sterile members leave packs that
are not producing pups?

Methods

This study was conducted on 400 km2 of the Deseret Land and
Livestock Ranch in northeastern Utah. The primary vegetation type
is sagebrush steppe (Artimesia tridentata wyomingensis) with an
understory of grasses, including needle and thread grass (Stipa
comata), Indian rice grass (Oryzopsis hymenoides), and western
wheatgrass (Pascopyrum smithii). Crested wheatgrass (Agropyrum
desertorum) was planted on some areas of the ranch during the
1960s. Rocky outcrops and some irrigated meadow also make up a
small portion of the ranch. The area receives approximately 27 cm
of rainfall a year, and temperatures range from a winter average of
–9.5°C to a summer average of 15.6°C. Most of the ranch is grazed
by cattle each year.

During the spring and summer of 1997, coyotes were captured
using padded leg-hold traps with tranquilizer tabs (Balser 1965).
Traps were checked each morning and coyotes were weighed, aged
by tooth wear (Gier 1968), ear-tagged, sexed, and fitted with radio
transmitters (Advanced Telemetry Systems, Isanti, Minnesota). The
purpose of capturing animals in the summer and spring of 1997
was to confirm that the coyote packs would kill sheep, as well as to
allow for efficient capture of the pack with the aid of a helicopter
by relocating radio-collared coyotes during winter. Collared and
uncollared coyotes were captured using a helicopter and net gun
(Barrett et al. 1982; Gese et al. 1987) during December 1997, Jan-
uary 1998, and January 1999. Packs were randomly divided into
sham- and sterile-treatment groups. We captured and radio-collared
as many members of each pack as possible. All captured coyotes
were transported to a veterinary clinic for surgical sterilization. A
premolar was extracted from each animal for aging by cementum
annuli analysis (Linhart and Knowlton 1967). Females were sterilized
by tubal ligation and males by vasectomy, leaving the hormonal
system intact (Zemlicka 1995). Sham-treated animals underwent
the same surgical procedure, but sterilization was not completed.
All animals were held overnight for observation and released at the
point of capture the following morning.

When sheep were present, from mid-May to September, coyotes
were located once or twice daily from null telemetry stations or
with a hand-held antenna (Mech 1983; White and Garrott 1990).
Six null stations were placed on elevated points in an attempt to
cover much of the study area; telemetry error was ±1–2° for the
null stations. Coyotes were generally relocated during the time
when most coyote movement and activity occurred (evening, night,
and early morning). During the rest of the year, coyotes were lo-
cated every 2 weeks, either from the ground or during the day from
the air (Mech 1983). The software programLOCATE (Pacer, Truro,
Nova Scotia) was used to calculate location coordinates, andCALHOME

(Kie et al. 1996) was used to calculate adaptive kernel home-range
estimators (Worton 1989). Minimum pack sizes were estimated
from observations of coyote packs during aerial telemetry and re-
flect prewhelping (winter) pack sizes. To confirm the breeding sta-
tus of the pack, searches were made by foot and from the air in all
coyote territories to find dens and confirm the presence or absence
of pups. Response to simulated howling was also used to monitor
pup production (Harrington and Mech 1982).

Annual survival rates were calculated usingMICROMORT (Heisey
and Fuller 1985) by extrapolation of daily survival rates (Trent and
Rongstad 1974). Rates were calculated for animals of known fate;
these rates were compared with rates calculated assuming that all
missing animals still lived, and assuming that they had all died
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(Fuller 1989; Gese et al. 1989). The level of territory fidelity was
examined by calculating residency rates in the same manner as sur-
vival rates but substituting dispersal for death in the calculation
(Fuller 1989). Az test was used to compare both survival and resi-
dency rates between sterile and sham-operated coyotes.

Bonds between all radio-collared pack members were analyzed
by comparing the average distance between two animals located in
the same hour with the distance between random locations for the
same animals (Kitchen et al. 1999). At test was used to compare
the mean distances of simultaneous (<1 h apart) versus random
locations. A half-weight association index (Brotherton et al. 1997)
was also calculated:

n

n x y+ +1 2/ ( )

wheren is the number of times both animals were located together,
x is the number of times one animal was located without the other,
and y is the number of times the remaining animal was located
without thex animal. For animals that are always located together
the index is 1, and for animals that are never together it is 0.

Results

From June 1997 to April 2000, 10 males and 9 females
were sham-operated and 20 males and 6 females were steril-
ized and radio-collared; 3016 telemetry locations were col-
lected. Two females and 1 male were initially captured and
sham-operated in 1998, then recaptured and sterilized in the
second year. In 1998, coyotes from 9 packs were radio-
collared (5 packs of sterile coyotes and 4 packs of sham-
operated coyotes). In 1999 and 2000, coyotes from 10 packs
were radio-collared (4 packs of sterile coyotes and 6 packs
of sham-operated coyotes). In three cases sterile animals
were present in breeding packs, but they were associates
rather than members of the breeding pair. We monitored
members of 5 sterile and 4 intact packs during 1998, 6 ster-
ile and 7 intact packs during 1999 (4 sterile and 3 intact
packs were the same in 1998 and 1999), and 4 sterile and 6
intact packs through the 2000 breeding season (all 4 sterile
and all 6 intact packs in 2000 were monitored previously in
1999).

Pack affiliations and pair bonds
Sterile coyotes maintained pair bonds similarly to sham-

operated packs. The half-weight association index scores for
4 sterile breeding pairs were between 0.41 and 0.72 (Ta-
ble 1). We did not have a comparable sample of sham-

operated pairs, but these sterile pairs were located together,
on average, 57% of the time. When we compared the half-
weight association index scores for all dyads from sterile
packs (x = 0.313) with all dyads from sham-operated packs
(x = 0.19) summed over both years, there was no significant
difference in the scores between all members of sham-
operated and sterile packs (t = 1.32, P = 0.198). In 1999,
sterile dyads (x = 0.444) had a significantly higher score (t =
2.45,P = 0.031) than sham-operated dyads (x = 0.199). This
is probably due to a greater number of breeding pairs being
captured and radio-collared in the sterile cohort and a greater
number of nonbreedingassociates being radio-collared in the
sham-operated cohort.

The average distance between members of a sterile breed-
ing pair located within the same hour was 0.47 km (n = 4
pairs; Table 2). In Colorado, Kitchen et al. (1999) calculated
an average distance of 1.07 km between members of the
same pack.Breeding members of sterile packs were signif-
icantly (t = –10.17,P < 0.0001) closer to each other than
would be expected from random locations (x = 2.06 km
apart). In 1998, when the distances for all dyads from sterile
packs are compared with random locations, the difference is
not significant (t = –1.68,P = 0.11). This is probably due to
the small number of locations available for each animal
(mean 15.5), and 6 of the 10 dyads were from comparisons
of distances between members of 1 large pack.When the
distances for all dyads from sterile packs for 1999 are
comparedwith random locations(mean points/animal = 121),
the dyads are significantly closer than would be expected (t =
–2.70, P = 0.016). In 1999, all dyads from sham-operated
packs were also closerthan expected when compared with
random locations (t = –3.03,P = 0.016). The composition
of sterile coyote packs persisted over several years, and was
similar to relations among individuals in intact packs.

Home-range size and overlap
The density of coyotes in the study area was fairly high,

and all available territories were filled (i.e., evidence such as
scats and tracks was present even in areas where coyotes
were not radio-collared). The mean territory size (90%
isopleth) forsterile packs was 17.4 km2 (n = 5), while terri-
tories of sham-operated packs (n = 6) averaged 16.8 km2

(Fig. 1); there was no significant difference (t = –0.196,P =
0.85) between territory sizes of sterile and sham-operated
packs. Average overlap between coyote territories drawn to
the 95% isopleth was 21% (range 0–39%). The core areas
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1998 1999

Male–female Male–male Male–female Male–male

Sterile packs 0.54 0.57 0.53 0.36
0.38 0.18 0.61 0.03
0.08 0.07 0.03 0.54
0 0.31 0.41
0.06 0.72
0.07 0.52

Sham-operated packs 0.14 na 0.16 0.08
0.20 0.27 0.35

0.12

Table 1. Half-weight association index scores for coyote dyads in sterile and sham-
operated packs, Deseret Land and Livestock Ranch, Utah, 1998–1999.
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(estimated at the 60% isopleth) between 2 packs overlapped
only once: 3% between two packs. There was no significant
difference between the average overlap of 2 adjacent sterile
packs and the overlap of a sterile pack with an adjacent
sham-operated pack (t = 0.19,P = 0.85). Nor was the aver-
age overlap between 2 adjacent sterile packs significantly
different from that between 2 adjacent sham-operated packs
(t = –0.01,P = 0.91).

Territory fidelity
In 1998 there was no significant difference between the

annual residency rate of sham-operated and sterile coyotes
(z = 0.86, P = 0.195). Sham-operated coyotes remained in
territories at an annual rate of 0.88 (1 coyote dispersed) and
sterile coyotes at a rate of 0.74 (3 coyotes dispersed); in cal-
culating rates, animals of unknown fate were censored. In
1999, only 1 sterile male coyote is known to have dispersed
from its territory. In 2000 there were no confirmed dispersals
of coyotes in either treatment group from their territory.
Thus, sterile coyotes remained within their territory at simi-
lar rates to members of reproductive packs. The lack of re-
production in the sterile packs did not increase abandonment
of the territory, even after 3 breeding seasons.

Pack size
Our purpose in using sterilization was to modify the pred-

atory behavior of coyotes by reducing the motivation of
provisioning pups. However, because sterilization could af-
fect pack size, we compared minimum observed pack sizes
between sham-operated and sterile coyote packs. This mini-
mum count represents prewhelping (winter) pack size. In
1998 the mean size of sterile and sham-operated packs was
2.8 and 3.0, respectively (t = –0.25,P = 0.80). In 1999 the
mean size of sterile and sham-operated packs was 2.2 and
3.4 coyotes, respectively (t = –1.42,P = 0.18). In 2000 the
average size of the sham-operated packs was 3.0 coyotes and
that of the sterile packs was 2.4 coyotes (t = –1.04, P =
0.32). Thus, over 3 years there was no appreciable effect of

sterilization on the number of coyotes in each pack observed
in winter. We emphasize that these pack-size estimates are
from winter, after most dispersal of young has occurred.
Pups were produced in the intact packs, but these pups had
either dispersed or died by the next breeding season (Janu-
ary), hence the size of the core social unit remained un-
changed between reproductive and non-reproductive packs.

Survival
Forty-two coyotes were radio-collared and monitored for

22 167 radio-days over the course of the study; 20 coyotes
were alive and accounted for at the end of the study. Nine
coyotes were known to have died during the course of the
study: 4 died of unknown causes and 5 were shot (usually
outside the study area). Survival rates calculated when miss-
ing animals were censored versus rates calculated assuming
that missing animals had died and then assuming that they
still lived were not significantly different (z = 0.116, P =
0.45). In 1998, the annual survival rate for sham-operated
and sterile coyotes was 0.57 and 0.91, respectively (z = 2.06,
P = 0.02). In 1999, sterile and sham-operated coyotes had an
annual survival rate of 0.91 and 0.60, respectively (z = 1.36,
P = 0.09). In 2000 (January–April), sham-operated coyotes
had a higher survival rate (1.00) than sterile coyotes (0.89)
(z = 1.56,P = 0.03).

Discussion

A major concern when contraceptive intervention is used
with canids is the effects on behavior and social structure
(Asa 1995). Our results indicate that surgical sterilization
had no effect on pair-bond maintenance and territorial be-
havior among free-ranging coyotes. Sterile packs of coyotes
remained together, in the same territory, even after no pups
had been produced for 3 years. This observation of no be-
havioral change is supported by the results of other studies
of sterile carnivores. Zemlicka (1995), working with captive
coyotes, observed that sterile coyotes displayed all social
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Male–female Male–male

Concurrent Random Concurrent Random

Sterile pack 0.584 2.195 0.574 2.030
0.424 2.327 3.324 3.429
3.494 3.677 0.399 2.189
0.652 1.733 0.383 1.438
0.222 2.112 0.949 1.485
0.373 2.203 0.212 2.300
0.563 1.624 0.776 1.838
0.185 0.842
2.902 3.530
2.761 2.718
2.757 3.065
2.082 2.166

Sham-operated pack 2.117 3.019 1.303 1.638
1.190 2.822 0.919 2.278
1.258 1.421 1.912 3.164
1.401 2.538

Table 2. Distances (km) between members of social dyads in sterile and sham-operated
coyote packs when located in the same hour, compared with random pairs of locations,
Deseret Land and Livestock Ranch, Utah, 1998–1999.
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behaviors similarly to intact animals. In Minnesota, Mech et al.
(1996) vasectomized 5 free-ranging wolves and found that
all of them stayed in their respective territories after steril-
ization, although 1 male dispersed after 2 years and formed
a new pair bond in another pack. One vasectomized wolf re-
mained in his territory for 7 years before he was killed. In
another study, a contraceptive implant (melengesterol acetate)
was administered to 10 free-ranging female lions (Panthera
leo) (Orford and Perrin 1988). The treated lionesses pro-
duced no cubs but remained as members of their prides, and
no behavioral changes were noted. Red fox vixens have also
been surgically sterilized, with no evidence of changes in
their social behavior, dominance relationships, or survival
(Bubela 1999).

Territory overlap for sterile coyote packs was similar to
that for sham-operated packs, and associate animals stayed
with the pack. We also found no significant difference be-
tween the sizes of territories occupied by sterile and sham-
operated packs. Red fox vixens that had been surgically
sterilized maintained home ranges similar in size to those
of intact females; however, home-range overlap increased
among sterile females (Saunders and McIlroy 1996). Since
our surgical-sterilization method (vasectomy and tubal ligation)
left all hormonal systems intact (Zemlicka 1995), the results
may not be the same if spaying and castration (in which re-
productive systems are removed) are employed. Modification

of hormonal systems (e.g., castration) could have a negative
effect on behavior (Asa 1995). Territorial defense, aggres-
sion, pair-bond formation, and scent-marking behavior ap-
pear to be hormone-dependent (Asa et al. 1990; Asa 1995).
Therefore, the method of sterilization used should leave the
hormone systems intact.

While our principal aim in sterilizing the coyotes was to
modify their predatory behavior, a concern with sterilization
is that it may affect population size. Although we did not
study the long-term population effects of sterilization, during
the 3 years (1998–2000) of aerial telemetry and observation
in winter, prewhelping (winter) pack sizes did not differ be-
tween sham-operated and sterile coyote packs. We empha-
size that pup production was confirmed in the intact packs,
but loss of pups due to either dispersal or death reduced
these intact packs to levels similar to those of sterile packs
by the following winter. Thus, since territory size and pack
size were unchanged, the winter density of coyotes in the
study area was not reduced. If “problem” animals in individual
packs are closely targeted for sterilization, then any long-
term population effect should be minimal. Applying steril-
ization on a larger scale may affect a population, but this
remains untested.

Because we sterilized as many pack members as possible,
we have no data on whether nonsterile associates would re-
produce, or replace sterile alpha coyotes. It is important that
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Fig. 1. Territories (90% isopleth) of sham-operated and sterile coyote packs, Deseret Land and Livestock Ranch, Utah, 1999.
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the breeding pair be identified and targeted if possible, which
can prove difficult, particularly in areas where coyote packs
are large. During our study we captured as many coyotes as
possible from each pack and treated all members accord-
ingly in the attempt to stop pup production (i.e., the sample
unit in our study was the social group or pack). In research
with red foxes (Bubela 1999), where only the dominant vixen
was sterilized, none of the 3 vixens was replaced in the first
year. In the second year, 1 sterile dominant female was re-
placed by her sister.

Sterile coyotes had a significantly higher annual survival
rate than reproductive animals in 2 of the 3 years. Sterile an-
imals did not incur reproductive costs, but since there was no
significant difference between survival rates of males (0.78)
versus females (0.52) (for 2 years,z = –1.03,P = 0.15), this
may not explain the difference in survival rates. Our results
may have been confounded by the number of coyotes that
were shot. Coyotes were most often shot when off the study
area (shooting was prohibited in the study area), and some
of the “missing” coyotes were probably also shot. However,
our survival rates are similar to those reported for mostly un-
exploited coyote populations. Gese et al. (1989) studied a
relatively unexploited population in southeastern Colorado
and reported annual survival rates of 0.72–0.80, while Andelt
(1985) reported an annual adult survival rate of 0.68 in south
Texas.

Territory fidelity, as measured by residency rates, did not
differ significantly between the two treatment groups. The
sterile animals appeared to be more likely to disperse than
the sham-operated animals, but the sample size was small
(5). Intuitively, fewer internal pressures or stresses in the ab-
sence of pup recruitment should lessen the need for other
pack members to disperse (Gese et al. 1996), but our find-
ings do not support this assumption. Associates may gain
advantages by staying, particularly in areas where larger pack
size may facilitate the killing and defense of larger prey
(Bekoff and Wells 1986; Gese et al. 1996). Our dispersal
rates for adults were similar to those reported in the litera-
ture (Gese et al. 1989) for an unexploited coyote population.
We only examined residency rates for adult coyotes. Be-
cause we did not radio-collar pups or juvenile coyotes, and
capture efforts were made during December and January (af-
ter the main pulse of dispersal would have occurred), we
were unable to estimate dispersal rates. If we had radio-
collared pups in the fall, then dispersal could have been
measured in the intact packs but not in the sterile packs.

Attempts to limit coyote predation on sheep often involve
removing as many coyotes as possible. This type of nonspe-
cific control often has limited effectiveness (Conner et al.
1998). Not all coyotes kill sheep (Sacks et al. 1999; Bromley
2000) and most killing is performed by the breeding pair
(Sacks et al. 1999). Thus, the removal of coyotes that are not
actually killing sheep could be counterproductive, opening
territories to other potential sheep-killing coyotes. Bromley
(2000) demonstrated that sterile coyote packs killed fewer
sheep than packs with pups. Provisioning of pups appears to
be a major motivation for coyotes to kill more larger, more
profitable prey (Till and Knowlton 1983). Because packs of
sterile coyotes maintained pair bonds and territories, and had
higher survival rates in 2 of 3 years, a sterile coyote pair
could prove to be a viable management tool to reduce coyote

predation on sheep. Coyotes are long-lived and highly territo-
rial (Knowlton et al. 1999), thus a sterile pair could exclude
other potentially sheep-killing coyotes for several years if the
sterile coyotes are allowed to survive. Sterilization could
also prove an effective management tool where lethal con-
trol is not a socially acceptable option. Sterilization may be
more acceptable to the public (Arthur 1981; Cluff and
Murray 1995; Mech et al. 1996) than lethal control methods
such as aerial hunting or trapping. Although our method of
sterilization may appear to be costly (~$560 per coyote), an
alternative chemical sterilant (DeLiberto et al. 1998) that
does not affect the hormonal system (Asa 1995) and could
be delivered effectively and economically may be an effi-
cient method to sterilize coyotes and modify their predatory
behavior while leaving social behaviors intact.
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Dynamics of Hybridization and Introgression in Red
Wolves and Coyotes

RICHARD J. FREDRICKSON∗ AND PHILIP W. HEDRICK
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Abstract: Hybridization and introgression are significant causes of endangerment in many taxa and are
considered the greatest biological threats to the reintroduced population of red wolves (Canis rufus) in North
Carolina (U.S.A.). Little is known, however, about these processes in red wolves and coyotes (C. latrans). We used
individual-based simulations to examine the process of hybridization and introgression between these species.
Under the range of circumstances we considered, red wolves in colonizing and established populations were
quickly extirpated, persisted near the carrying capacity, or had intermediate outcomes. Sensitivity analyses
suggested that the probabilities of quasi extinction and persistence of red wolves near the carrying capacity
were most affected by the strength of two reproductive barriers: red wolf challenges and assortative mating
between red wolves and coyotes. Because model parameters for these barriers may be difficult to estimate,
we also sought to identify other predictors of red wolf population fate. The proportion of pure red wolves in
the population was a strong predictor of the future probabilities of red wolf quasi extinction and persistence.
Finally, we examined whether sterilization can be effective in minimizing introgression while allowing the
reintroduced red wolf population to grow. Our results suggest sterilization can be an effective short-term strategy
to reduce the likelihood of extirpation in colonizing populations of red wolves. Whether red wolf numbers are
increased by sterilization depends on the level of sterilization effort and the acting reproductive barriers.
Our results provide an outline of the conditions likely required for successful reestablishment and long-term
maintenance of populations of wild red wolves in the presence of coyotes. Our modeling approach may prove
generally useful in providing insight into situations involving complex species interactions when data are few.

Keywords: Canis rufus, hybridization, introgression, persistence, reproductive barriers, sensitivity analysis

Dinámica de la Hibridación e Introgresión en Lobos Rojos y Coyotes

Resumen: La hibridación y la introgresión son causas significativas de peligro en muchos taxa y son con-
sideradas como las mayores amenazas biológicas para las poblaciones reintroducidas de lobos rojos (Canis

rufus) en Carolina del Norte (E.U.A.). Sin embargo, se conoce poco sobre estos procesos en lobos rojos y coy-
otes (C. latrans). Utilizamos simulaciones basadas en individuos para examinar los procesos de hibridación e
introgresión entre estas dos especies. Bajo el rango de circunstancias que consideramos, los lobos rojos eran ex-
tirpados rápidamente de poblaciones colonizadoras y establecidas, persist́ıan cerca de la capacidad de carga,
o tenı́an resultados intermedios. Los análisis de sensibilidad sugirieron que las probabilidades de cuasi ex-
tinción y persistencia de lobos rojos cerca de la capacidad de carga se vieron afectadas por la fortaleza de dos
barreras reproductivas: retos de los lobos rojos y apareamiento concordante entre lobos rojos y coyotes. Debido
a que la estimación de los parámetros de estas barreras en el modelo puede ser dif́ıcil, también buscamos
identificar otros predictores de las probabilidades futuras de la cuasi extinción y persistencia de lobos rojos.
Finalmente, examinamos si la esterilización puede ser efectiva para minimizar la introgresión y al mismo
tiempo permita que crezca la población reintroducida de lobos rojos. Nuestros resultados sugieren que la
esterilización puede ser una estrategia efectiva a corto plazo para reducir la probabilidad de extirpación en
poblaciones de lobos rojos colonizadoras. El incremento del número de lobos rojos debido a la esterilización
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depende del nivel de esfuerzo de esterilización y de las barreras reproductivas activas. Nuestros resultados
proporcionan un bosquejo de las condiciones requeridas para el reestablecimiento exitosos y mantenimiento
a largo plazo de poblaciones de lobos rojos silvestres en presencia de coyotes. Nuestro modelo puede ser útil
para el entendimiento de situaciones que involucran interacciones complejas entre especies y los datos son
escasos.

Palabras Clave: análisis de sensibilidad, barreras reproductivas, Canis rufus, hibridación, introgresión, persis-

tencia

Introduction

Hybridization and introgression occur naturally among
many plants, insects, fishes, birds, and other organisms
and are thought to be an important aspect of evolution-
ary change (Smith et al. 2003). However, they may also
be a significant cause of endangerment in other taxa
(Rhymer & Simberloff 1996; Levin 2002). Hybridization
and introgression can cause the elimination of one or
both parental species when no genetically “pure” individ-
uals remain. In some cases, extinction of parental species
can occur in only a few generations (Wolf et al. 2001).
The recent increase in species threatened by hybridiza-
tion and introgression is largely a result of formerly al-
lopatric species that are closely related becoming sym-
patric through direct transport of one species by humans
or by human-caused habitat change facilitating range ex-
pansion (Rhymer & Simberloff 1996).

Whether hybridization and introgression are limited to
a zone between species ranges or act to eliminate one
or both parental species is largely determined by the
strengths and types of reproductive barriers operating in
a system (Wolf et al. 2001; Coyne & Orr 2004). Among
species that hybridize, either multiple prezygotic barri-
ers or a combination of prezygotic and postzygotic barri-
ers are generally necessary to prevent the loss of one or
both parental species. If substantive reproductive barri-
ers are lacking, there may be little hope of maintaining
in the wild a species threatened by hybridization (Rosen-
feld et al. 2004). Knowledge of and quantitative data for
these barriers, however, are commonly lacking for species
threatened by hybridization. This and the complexity of
species interactions can make the likely outcome of hy-
bridization difficult to predict.

Red wolves (Canis rufus) occurred historically throu-
ghout southeastern North America from eastern Texas
into Pennsylvania and perhaps through Maine (Nowak
2002). Prior to European settlement of North America,
the geographic range of red wolves had little overlap with
that of coyotes (C. latrans), whose eastern limits largely
coincided with the westerly plains (Nowak 2002). By the
early 1900s the combination of direct persecution, forest
clearing, road building, and perhaps the decline of deer
herds had eliminated red wolves from most of their his-
toric range (USFWS 1989), and hybridization between red

wolves and coyotes had begun in central Texas (Nowak
2002). By the 1960s red wolves were confined to a single
small population in Louisiana and Texas, encompassed by
coyotes that had expanded their range eastward (USFWS
1989).

Upon learning that few red wolves remained in the wild
and that they were interbreeding with coyotes, the U.S.
Fish and Wildlife Service (USFWS) listed red wolves as
endangered in 1967 and initiated a captive breeding pro-
gram for them in 1973 (Riley & McBride 1975; USFWS
1989). Over the next 7 years, more than 400 wild canids
were captured from the area of the remaining red wolf
population. Fewer than 10% of the canids captured were
determined to be pure red wolves, underscoring the pre-
carious status of the species in the 1970s. Ultimately 14 of
the red wolves brought into captivity founded the current
population of red wolves. Reintroduction efforts began
in 1986, and wolves were first released into northeastern
North Carolina (NENC) in 1987. By the early 1990s coyo-
tes began to colonize the reintroduction area, and pairings
between wolves and coyotes and the production of hy-
brid offspring were subsequently observed (Phillips et al.
2003). Introgression of coyote ancestry is considered the
greatest biological threat to the reintroduced population
of red wolves (Kelly et al. 1999), which currently numbers
about 100 individuals (B. Fazio, unpublished data).

Hybridization between wolves and other canids is not
exclusive to red wolves. Analyses of mitochondrial DNA
indicate past introgression of coyote ancestry into gray
wolves (Canis lupus lycaon) in Minnesota and southeast-
ern Canada (Lehman et al. 1991). Other information in-
dicates hybridization is ongoing in Ontario (Kolenosky &
Standfield 1975). Hybridization with domestic dogs is also
considered a factor in the decline of Ethiopian wolves,
where dogs (C. familiaris) outnumber wolves by as much
as 10 to 1 (Gottelli et al. 1994).

We use individual-based simulations with a focus on the
effects of reproductive barriers to explore the dynamics
of hybridization and introgression in the wild population
of red wolves in NENC and for red wolves more generally.
Little quantitative data exist on red wolf and coyote de-
mography and reproductive barriers, and the range of re-
productive barriers operating is unknown. Consequently,
we also focused on elucidating the factors with the great-
est potential effects on hybridization and the conditions
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under which red wolves are likely to persist in the pres-
ence of coyotes. We addressed four questions: (1) What
are the potential effects of introgression on small popula-
tions of red wolves? (2) What parameters (and reproduc-
tive barriers) most strongly affect the probabilities of red
wolf extinction and maintenance of population numbers
near the carrying capacity? (3) Is it possible to predict
the fates of red wolf populations using metrics readily
estimated in the field? and (4) Is sterilization effective
in minimizing introgression while allowing the red wolf
population to grow? We believe that our modeling ap-
proach may be generally useful in providing new insights
into situations involving complex interactions between
species when data are few.

Methods

To explore the dynamics of hybridization between red
wolves and coyotes, we used individual-based simula-
tions implemented in the Visual Basic programming lan-
guage. In the simulations, individual red wolves, hybrids,
and coyotes chose mates, reproduced, survived, and dis-
persed in time steps of 1 year. The simulations assumed
that interactions between the two populations were
consistent with a continent-island model of gene flow
(Hedrick 2005), where red wolves form a small “island”
population adjacent to a much larger “continental” popu-
lation of coyotes. The island habitat space was occupied
by red wolves, immigrant coyotes, and hybrids, whereas
the overall coyote population occupied separate but ad-
jacent habitats not explicitly modeled in the simulations.
With this model of gene flow, there will be ongoing coy-
ote immigration and hybridization even if red wolf pairs
fill all the island habitat space, but immigration of hy-
brids into the large continental population of coyotes is
assumed to have a negligible effect on allele frequencies.
The effects of reproductive barriers on red wolf persis-
tence or extinction, however, will differ little from that in
standard hybrid zones.

For colonizing populations we started simulations with
eight pairs of wolves and a carrying capacity of 50 pairs.
This approximated the number of red wolf pairs present
when hybridization with coyotes was thought to have be-
gun (Phillips et al. 2003). Although the carrying capacity
for red wolf pairs in and around the recovery area is un-
known, it likely does not exceed about 50 pairs (Kelly
et al. 1999; Phillips et al. 2003). To simulate established
populations, we started with 50 pairs of red wolves and
allowed these populations to equilibrate for 25 years be-
fore pairing with coyotes began. These simulations then
ran for 100 additional years. To explore the mechanistic
causes of red wolf extirpation and the utility of steriliza-
tion in limiting introgression, we used several sets of 1000
simulations with a range of starting conditions and param-
eter values (heuristic simulations Table 1). (Supplemen-

tal information on mating decisions, demographic rates,
sensitivity analysis, parameterization, and management of
hybridization is available [see Supplementary Materials
below].)

Mating Decisions

In the simulations, coyote gene flow into the red wolf
population was controlled by red wolf and hybrid mate
selection. Molecular data suggest that hybridization be-
tween wild red wolves and coyotes in NENC is bidi-
rectional and that hybrids backcross with both parental
species (Adams et al. 2003). Consequently, pairing rules
did not differ by sex and hybrids were able to backcross
with red wolves and coyotes in our simulations. We as-
sumed that the probability of a red wolf pairing with a
coyote (PWC) declines as the number of red wolves and
hybrids increase. We modeled this decrease with the ex-
ponential function

PWC = PmaxeNrW , (1)

where Pmax is the maximum probability of a red wolf pair-
ing with a coyote, N is the number of red wolf and hybrid
individuals in the population, and rW is a constant affect-
ing the rate of change in PWC. When N = 0, PWC = Pmax.
The value of rW for a set of simulations can be calculated
as

rW = ln (Pmin/Pmax)

Nthresh

, (2)

where Pmin is the minimum probability of a red wolf pair-
ing with a coyote and Nthresh is the threshold number of
red wolves and hybrids in the population at which Pmin is
reached. To calculate the probability of a hybrid pairing
with a coyote (PHC), the probability of a coyote pairing
with a coyote (PCC) must first be calculated

PCC = (1 − Pmax) eNrC , (3)

where

rC = ln[(1 − Pmin)/(1 − Pmax)]

Nthresh

.

Finally

PHC = PWC + (1 − AH ) × (PCC − PWC), (4)

where AH is the proportion of red wolf ancestry of the
hybrid. This proportion ranges from 0 for coyotes to 1
for pure red wolves; F1 hybrids have red wolf ancestry
of 0.5. Therefore, the increased probability of a hybrid
pairing with a coyote relative to that of a red wolf was
proportional to the ancestry difference between a red
wolf and the hybrid. In short, the probability of a red
wolf or hybrid pairing with a coyote was determined by
their abundance, the pairing parameters, and the ancestry
of hybrids. Coyotes entered the simulations only when a
red wolf or hybrid chose to pair with a coyote, and they
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Table 1. Parameter values and ranges used in heuristic simulations and sensitivity analysis for red wolves (W), coyotes (C), and hybrids (H).∗

Heuristic simulations Sensitivity analysis ranges

Parameter maximum minimum maximum minimum

Red wolf survival
resident adult 0.8 0.8 0.72–0.89 0.67–0.89
resident yearling/adult ratio 0.88 0.75 0.88–1.00 0.67–0.82
resident pup 0.49 0.32 0.4–0.7 0.23–0.42
adult transient/resident ratio 0.95 0.8 0.79–1.00 0.77–0.87
yearling transient/resident ratio 0.95 0.75 0.79–1.00 0.77–0.87
pup transient/resident ratio 0.80 0.72 0.79–1.00 0.75–0.89

Red wolf fecundity and dispersal
adult fecundity 2.5 1.9 1.62–3.45 1.63–2.45
yearling/adult fecundity ratio 0.8 0.68 0.80–0.95 0.69–0.78
pup fecundity 1.2 1.0 0.5–1.2 0.02–1.12
pup dispersal probability 0.10 0.05 0.10–0.35 0.05
yearling dispersal probability 0.40 0.35 0.40–0.83 0.35

Coyote survival
resident adult 0.7 0.7 0.69–0.87 0.69–0.87
resident yearling/adult ratio 0.93 0.93 0.9–1.0 0.75–0.80
resident pup 0.47 0.4 0.4–0.6 0.24–0.44
adult transient/resident ratio 0.95 0.86 0.8–1.0 0.62–0.70
yearling transient/resident ratio 0.95 0.82 0.8–1.0 0.67–0.75
pup transient/resident ratio 0.79 0.68 0.78–0.90 0.67–0.83

Coyote fecundity and dispersal
adult fecundity 3.5 2.1 2.63–3.87 2.05–2.50
yearling/adult fecundity ratio 0.8 0.71 0.80–0.95 0.66–0.76
pup fecundity 2.0 0.25 1.13–2.62 0.1
pup dispersal probability 1.0 0.3 0.9–1.0 0.2–0.5
yearling dispersal probability 1.0 0.25 1.0 0.10–0.50

Mate selection
probability of W:C pairing 0.05 0.01 0.05–0.25 0.01–0.15
threshold number of H & W for — 120 na 50–120

minimum W:C pairing probability
number of mate candidates 1, 3 — 1–5 —
number of challenge candidates 3 — 1–5 —
probability of challenger success 0.5 — 0.0–0.5 —

Ancestry threshold for H emigration 0.05 — 0.01–0.20 —

∗Details on the bases for parameter values and ranges are available (see Supplementary Material).

were terminated from the simulation when the coyote or
its mate died. We assumed that there were always single
coyotes available for pairing.

If a wolf or hybrid chose not to pair with a coyote,
then one or more unpaired individuals (singles) of the
opposite sex were randomly drawn and the single clos-
est in red wolf ancestry was selected as its mate. Pairings
among single red wolves and hybrids were random when
one mate candidate (a single considered for pairing) was
specified at program start (Table 1) because mate candi-
dates were selected at random from singles of the oppo-
site sex. When more than one mate candidate was spec-
ified, red wolves tended to mate with other red wolves
over hybrids (assortative mating), depending on the pro-
portion of red wolves of the opposite sex in the singles
pool. Similarly, hybrids tended to mate with other hybrids
of like ancestry rather than red wolves, slowing the rate
of introgression.

Although patterns of mate selection by hybrids and
red wolves in NENC are unknown, assortative mating

among hybrids and red wolves based on levels of red wolf
ancestry and mate availability is a conservative first hy-
pothesis. Prezygotic reproductive barriers are common
among hybridizing species (Coyne & Orr 2004), and as-
sortative mating is a common prezygotic barrier among
formerly allopatric species. Also, assortative mating based
on ancestry (or body size) may be advantageous for male
and female red wolves because it would allow red wolf
pairs to retain territories and minimize risk to their off-
spring in the presence of strong intraspecific aggression.
Prezygotic and extrinsic postzygotic barriers, however,
become weaker in F2 and backcross generations as hy-
brids become more like pure species (Coyne & Orr 2004),
suggesting that hybrids with high levels of red wolf an-
cestry may be the second-most desired mate choice by
red wolves. Assortative mating among red wolves may
enforce assortative mating among hybrids to an extent
when few red wolves are willing to pair with hybrids,
particularly those with low or moderate levels of red wolf
ancestry.
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In recent years, single red wolves or wolf pairs in NENC
have challenged and displaced paired and single hybrids
on at least eight occasions, taking over their home ranges
(B. Fazio, unpublished data). In these incidents all dis-
placed individuals were hybrids, except in one incident
when a pair of red wolves displaced a pair consisting of a
hybrid and a red wolf. No coyotes or hybrids are known to
have displaced red wolves. Displacements and mortality
from intraspecific aggression are also relatively common
among red wolves in the colonizing population in NENC
(Phillips et al. 2003; A. Beyers, unpublished data).

Consequently, red wolves in simulated populations
could challenge paired coyotes and hybrids for their
mates. For each individual challenger, one or more mixed
pairs (those including a coyote or hybrid) were randomly
chosen (“challenge candidates” Table 1). The red wolf
challenged for the canid of the opposite sex with the
highest ancestry among the randomly chosen pairs, pro-
vided that it was higher than that of its current mate or
>0.5 for single challengers. The probability of the chal-
lenging wolf dropping its current mate and pairing with
the potential new mate was the product of the probability
of challenger success (Table 1) and the absolute value of
the ancestry difference between the potential new mate
and its current mate. Therefore challengers were more
likely to pair with animals of high red wolf ancestry.

Demographic Rates

In simulations, survival, fecundity, and dispersal rates
were stochastic and density dependent. Maximum demo-
graphic rates were reached when there were no canid
pairs, and minimum rates were reached when there were
50 pairs. The ancestry threshold for hybrid emigration
(Table 1) was the ancestry level at which hybrids were
assumed to immigrate to the coyote population (Table 1).

Sensitivity Analysis

We conducted sensitivity analyses to determine which bi-
ological parameters (Table 1) in our simulations had the
greatest effects on persistence of red wolves in the pres-
ence of hybridization and introgression. To do this, we
first generated 5000 parameter sets with each parameter
value randomly drawn from uniform distributions of plau-
sible ranges (see Table 1 and Supplementary Material).

We used results from half of the sensitivity simulations
to construct logistic regression models to identify the pa-
rameters that most affected the probabilities of quasi ex-
tinction and persistence of red wolves at year 50 (Mc-
Carthy et al. 1995; Cross & Beissinger 2001). Logistic reg-
ression uses one or more independent variables to esti-
mate the probability of occurrence of a binary outcome
(e.g., quasi extinction or not). Regression coefficients
standardized by their standard errors, a measure of their
uncertainty, can be used to identify the parameters with
the greatest effects on the probability of quasi extinction

or persistence (McCarthy et al. 1995). We used forward
stepwise selection procedures to identify an initial set of
parameters of potential importance. From this initial set,
we identified the most important parameters by examin-
ing their standardized regression coefficients, their levels
of significance in the regression, the change in model log-
likelihood values if dropped, the contribution to Nagelk-
erke R2, and their ability to improve the classification
accuracy of the model.

We constructed separate logistic regression models to
estimate the probabilities of quasi extinction (<10 red
wolf pairs) and of persistence (>40 red wolf pairs) at year
50. Simulation results indicated that all populations with
<10 red wolf pairs at year 50 were extirpated by year 100.
Simulations not used in model construction were used to
assess the ability of logistic regression models to correctly
predict the fates of simulated populations.

Parameterization

Little quantitative information exists on demographic rat-
es, pairing decisions, and other possible reproductive bar-
riers between red wolves and coyotes in NENC. To set
demographic rate ranges for red wolves, we used all avail-
able information from the reintroduced and captive popu-
lations (Phillips et al. 2003; Waddell 2003). Because these
data were limited, we also used information from stud-
ies of gray wolf populations at or near saturation densi-
ties and colonizing or intensively controlled populations
(see Supplementary Materials). Red wolves in NENC are
ecologically and behaviorally similar to gray wolves and
dissimilar to coyotes in important aspects, including the
routine formation of packs by delayed dispersal of off-
spring even in a population well below carrying capac-
ity, the use of primarily large- and medium-sized prey,
and in high levels of intraspecific aggression resulting in
displacements and mortalities among red wolves (Andelt
1985; Harrison 1992; Gese 2001; Mech & Boitani 2003;
Phillips et al. 2003). Consequently, the use of information
from studies of gray wolves to guide parameterization for
our simulations is justified. Demographic rates for coy-
otes on the recovery area are also unknown. Therefore,
we based demographic parameters on studies of coyotes
at high densities and on studies contrasting populations
with and without population control programs (see Sup-
plementary Material).

For sensitivity analysis we chose parameter ranges that
would likely capture the actual values in NENC and incor-
porate a plausible range of values for red wolf and coy-
ote populations generally. Parameter ranges also reflected
the level of uncertainty associated with parameter values.
For example, because the strength of assortative mating
among red wolves and hybrids is unknown, the range for
the number of mate candidates (1 to 5) allows for simula-
tions with random-to-strong assortative mating (Table 1).
In contrast, available information on survival of adult red
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and gray wolves (see Supplementary Material) allowed us
to set a relatively narrow range.

Management of Hybridization

The primary management method used to control hy-
bridization in NENC is to sterilize paired hybrids and coy-
otes in the recovery area (B. Fazio unpublished data).
Identifying hybrids with more than 50% red wolf ances-
try, however, can be difficult based on appearance alone.
Consequently, assignment tests based on microsatellite
loci are used to help identify hybrid individuals (Miller et
al. 2003).

To explore the effectiveness of sterilization in limiting
introgression while allowing the population of red wolves
to grow, we simulated two sterilization regimes, high and
low effort, under which paired hybrids and coyotes were
sterilized with assignment errors based on those found
by Miller et al. (2003). For simulations with high steril-
ization effort, sterilization was initiated each year that the
proportion of nonsterilized mixed pairs exceeded 0.10 of
total pairs. At these times, hybrids and coyotes in 75% of
nonsterilized mixed pairs were sterilized. For simulations
with low sterilization effort, hybrids and coyotes in 50%
of nonsterilized mixed pairs were sterilized, when the
proportion of mixed pairs exceeded 0.40. These levels of
sterilization are possible in NENC.

Results

Dynamics of Introgression

Following the onset of hybridization with coyotes, three
changes occurred quickly in simulated populations of col-
onizing red wolves. First, there was a rapid increase in hy-
brids, with a wide range of red wolf ancestry levels (Table
2). Second, the proportion of simple hybrids (those with
red wolf ancestry proportions of 0.25, 0.5, and 0.75) was
quickly exceeded by the proportion of complex hybrids
(all other hybrids) such that by year 20 (less than four gen-
erations) complex hybrids were on average 6–10 times
more numerous than simple hybrids (Table 2). Complex
hybrids increased in frequency and number fastest when
reproductive barriers between red wolves and coyotes
were weak and slowest when they were strong (Table 2).
Thus, the increase of complex hybrids in simulated pop-
ulations was indicative of the increase in introgression.
Finally, the proportion of pure red wolves in the popu-
lation was decreased (Table 2). The rapidity and depth
of the decline in the frequency of red wolves was also
symptomatic of the extent of introgression.

Without coyotes present, red wolf pairs increased
quickly to carrying capacity in about 25 years on average
(Fig. 1a) with no red wolf pair extirpations among the
1000 simulated populations. When coyotes were present
and pairing among red wolves and hybrids was random,

Table 2. Mean proportions of red wolves, simple hybrids, complex
hybrid backcrosses, and coyotes over time in all colonizing
populations with different reproductive barriers.a

Simple Complex Red
Year Coyotes hybrids hybrids wolves

Random mate selection
0 0 0 0 1

10 0.066 0.085 0.106 0.744
20 0.094 0.042 0.344 0.520
30 0.122 0.023 0.538 0.317
50 0.193 0.006 0.733 0.068

100 0.380 0 0.62 �0.001
Weak assortative matingb

0 0 0 0 1
10 0.061 0.077 0.082 0.781
20 0.083 0.041 0.235 0.641
30 0.094 0.024 0.337 0.545
50 0.134 0.015 0.506 0.345

100 0.233 0.004 0.656 0.107
Red wolf challenges and weak assortative matingb

0 0 0 0 1
10 0.056 0.067 0.081 0.796
20 0.059 0.017 0.172 0.751
30 0.051 0.006 0.171 0.773
50 0.051 0.003 0.179 0.766

100 0.059 0.004 0.150 0.787

aSimple hybrids have proportions of red wolf ancestry equal to 0.25,
0.5, or 0.75; complex hybrids include all other hybrid types.
Standard errors ranged from 0.06% to 11.5% of mean values.
bRed wolves not pairing with coyotes select mates from three
randomly chosen singles.

however, the increase in red wolf pairs was quickly re-
versed and red wolf pairs were quickly extirpated in many
simulated populations. By year 20, the number of red wolf
pairs averaged 21.9 in nonextirpated populations, drop-
ping to 16.2 by year 30 (Fig. 1a). Although red wolf pairs
were extirpated in only 4% of simulated populations by
year 20, introgression resulted in rapid extirpation of pairs
thereafter with 13% and 80% of populations lacking red
wolf pairs by years 25 and 50, respectively (Table 3 no
sterilization). Rapid extirpation of red wolf pairs occurred
in these simulations despite low rates of pairing between
the parental species. The probability of a red wolf choos-
ing to pair with a coyote averaged 0.044 at the start of
these simulations and dropped to 0.01 as red wolf and
hybrid numbers increased.

In these simulations, the rapid decline in red wolf pair
numbers and proportions resulted primarily from the
backcrossing of hybrids with red wolves rather than from
hybridization between red wolves and coyotes. This is in-
dicated by the rarity of simple hybrids relative to complex
hybrids (Table 2). It is also indicated by the percentage
of red wolf pairs over time; after 5 years, red wolf pairs
comprised on average only 82% of total canid pairs, drop-
ping to an average of 61% of canid pairs by year 10. This
increase in the proportion of mixed pairs is much faster
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Figure 1. Mean numbers of red
wolf pairs in extant wolf
populations over time when
coyotes are not present, there is
random mating, there is weak
assortative mating between red
wolves and hybrids, and there is
weak assortative mating with red
wolf challenges for (a) colonizing
red wolf populations and (b)
established red wolf populations
(broken lines are 95% confidence
intervals).

than would be expected from the rate of hybridization
alone.

Introgression occurred much more slowly when each
wolf and hybrid not pairing with a coyote selected as its
mate the individual most similar in ancestry to itself from
three randomly chosen singles (weak assortative mating).
Complex hybrids arose more slowly in the population.
At year 20 their mean proportion, 0.235, was two-thirds
of that found in random mating populations at year 20
(Table 2). As a result red wolf pairs were extirpated in
only 3.3% of populations by year 25, roughly a quarter of
that found among random mating populations (Table 3 no
sterilization). Also, the mean number of red wolf pairs in
nonextirpated populations, 27.6, was almost 50% greater
than that in random mating populations (Fig. 1). Introgres-
sion, however, was not limited. By year 50, red wolf pairs
were extirpated in 35% of populations and averaged only

23.6 in extant populations. Mixed pairs averaged 26.0 in
extant red wolf populations, indicating that extirpations
resulting from introgression would continue.

When there was weak assortative mating among red
wolves and hybrids and red wolves challenged paired coy-
otes or hybrids for mates with higher ancestry, introgres-
sion was eventually stabilized. In these populations, red
wolf pairs were extirpated in 1.1% and 10% of populations
by years 25 and 50, respectively (Table 3 no sterilization).
Over the same period their numbers increased in extant
populations from 36.2 to 40.9 pairs on average (Fig. 1a).
The mean proportion of hybrids in extant populations
dropped over the same time period from 0.173 in year
25 to 0.123 in year 50 and 0.028 in year 100. In contrast,
the mean proportion of hybrids in extant populations in-
creased over time with random or weak assortative mat-
ing without red wolf challenges. With random mating,
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Table 3. Percentage of colonizing populations in which red wolf pairs
are extirpated.

Year 25 Year 50 Year 100

No sterilization
random mating 12.7 79.9 99.9
weak assortative matinga 3.3 35.2 81.9
red wolf challenges 1.1 10 23.7

High sterilization effortb,d

random mating 0.4 16.8 —
weak assortative matinga 0 0.1 —
red wolf challenges 0.1 0.1 —

Low sterilization effortc,d

random mating 2.9 59.5 —
weak assortative matinga 0.4 4.7 —
red wolf challenges 0.1 0.3 —

aRed wolves not pairing with coyotes select mates from three
randomly chosen singles.
bCoyotes and perceived hybrids are sterilized in 75% of
nonsterilized mixed pairs each year that nonsterilized mixed pairs
exceed 10% of total pairs.
cCoyotes and perceived hybrids are sterilized in 50% of nonsterilized
mixed pairs each year that nonsterilized mixed pairs exceed 40% of
total pairs.
dPopulations with sterilization were simulated for only 50 years.

hybrids averaged 0.434 of extant populations in year 25,
increasing to 0.596 in year 50. With weak assortative mat-
ing, hybrids averaged 0.305 in year 25, reaching 0.403 by
year 50.

The simulations described above used the parameter
values for “heuristic simulations” (Table 1). Simulations
with lower but equal maximum net reproductive rates
for red wolves and coyotes resulted in increased rates of
introgression. Hybrids accumulated in populations more
rapidly and reached higher proportions, and complex hy-
brids were more common relative to simple hybrids. In-
creases in red wolf pair numbers were slower, and de-
clines were faster, resulting in increased extirpation rates
(results not shown).

The same patterns were evident in established popu-
lations of red wolves with random or weak assortative
mating once they came into contact with coyotes. Num-

Table 4. Standardized regression coefficients from logistic regressions for quasi-extinction (<10 red wolf pairs) and persistence (>40 red wolf
pairs) probabilities of simulated red wolf populations at year 50.

Colonizing populations Established populations

Parameter quasi extinction persistence quasi extinction persistence

Probability of challenger success −19.64 19.49 −18.48 26.35
Minimum probability of wolf:coyote pairing 18.10 −14.05 15.20 −12.46
Maximum red wolf resident adult survival −16.27 11.86 — —
Ancestry threshold for hybrid emigration −11.66 9.90 −5.21 —
Number of mate candidates −9.84 — −6.59 —
Number of challenge candidates −9.66 7.04 −6.88 —
Maximum red wolf adult fecundity −9.47 7.03 — —
Maximum red wolf resident pup survival −8.36 6.07 — —
Minimum red wolf demographic rate set — — −7.78 —

bers of red wolf pairs immediately began to decrease (Fig.
1b) as hybrids became established in the populations. The
proportion of hybrids in extant, random mating popula-
tions increased from 21% in year 25 to 59% and 75% in
years 50 and 100, respectively. Concurrently, red wolf
pairs were extirpated in 46.3% of populations in year 50
and 99.7% in year 100. Similarly, the proportion of hy-
brids in extant populations with weak assortative mating
increased from 8% in year 25 to 23% and 46% in years
50 and 100, respectively. Although red wolves pairs were
extirpated in only 0.6% of populations in year 50, they
were absent in 53.7% of populations by year 100.

In contrast, populations with red wolf challenges dif-
fered little from red wolf populations with no coyote con-
tact (Fig. 1b). After 100 years, populations with red wolf
challenges averaged 46.6 red wolf pairs. Hybrids averaged
1.3% of individuals, and red wolf pairs had not been ex-
tirpated in any populations.

Sensitivity Analysis

Forward stepwise logistic regressions identified 12 pa-
rameters of potential importance to the probability of
quasi extinction and 11 parameters of potential impor-
tance to persistence in year 50 for colonizing red wolf
populations. Of these parameters, 8 were most impor-
tant in determining the probability of quasi extinction,
and 7 were most important in determining the probabil-
ity of persistence (Table 4). All parameters included in
the persistence model were also included in the quasi-
extinction model, and the parameter importance rank-
ings based on standardized regression coefficients were
identical. All but one of the identified parameters speci-
fied components of reproductive barriers or the red wolf
population growth rate.

The two most important parameters, the probability of
challenger success and the minimum probability of a red
wolf pairing with a coyote, both relate to reproductive
barriers. The third most important parameter, maximum
resident red wolf adult survival, is an important determi-
nant of the growth rate of the red wolf population. The
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one parameter not related to isolating mechanisms or red
wolf population growth was the ancestry threshold for
hybrid emigration. None of these parameters and only
1 of the 23 parameters included in stepwise regressions
were related to the growth rate of the coyote population.
This suggests that within the range of values included in
our simulations the outcome of hybridization between
red wolves and coyotes is little affected by the growth
rate of the coyote population.

To explore whether the wide ranges assigned to the
two most important parameters were the source of their
importance, we eliminated the upper halves of their
ranges and ran new simulations. The probability of chal-
lenger success and the minimum probability of a red wolf
pairing with a coyote were still the two most important
parameters in all steps of forward stepwise logistic regres-
sions for quasi extinction and persistence.

For established populations of red wolves, the proba-
bility of challenger success and the minimum probability
of a red wolf pairing with a coyote were also the most
important parameters affecting quasi extinction and per-
sistence (Table 4). These were the only two parameters
strongly affecting the probability of persistence, with the
former being twice as important as the latter. Of the six
parameters strongly affecting the probability of quasi ex-
tinction, only one related to red wolf demography, the
minimum red wolf demographic rate set, and no parame-
ters associated with red wolf or coyote population growth
were included in either of these models.

Predicting Population Fate

Because many of the parameters that were important in
determining the probability of red wolf quasi extinction
and persistence may be difficult to estimate in the field,
we also examined the ability of two state variables at year
20, the proportion of pure red wolves in the population
and mean ancestry of hybrids, to predict the outcome
of hybridization at year 50 with logistic regression. Of
these variables, only the proportion of pure red wolves
had strong predictive ability of population fates. This
variable correctly identified 95% of colonizing and es-
tablished populations that reached the quasi-extinction
threshold and correctly predicted 80.6% and 86.9% of
colonizing and established populations, respectively, that
did not reach the threshold.

The proportion of pure red wolves at year 20 was less
able to accurately predict population persistence (>40
red wolf pairs) and nonpersistence at year 50. Among
colonizing populations, 95% of populations that dropped
below the persistence threshold were correctly identi-
fied, but only 61.9% of populations that remained above
the threshold were correctly identified. The proportion of
pure red wolves at year 20 was marginally effective in pre-
dicting persistence among established populations, but
at year 25 this variable correctly identified 95% of pop-

ulations below the persistence threshold and 73.2% of
populations above it. We prioritized correct identification
of populations that ultimately dropped below the quasi-
extinction and persistence thresholds at year 50 when
choosing probability cutpoints. Plots of mean probabil-
ities of quasi extinction and persistence from the logis-
tic regression models suggested that populations that fail
to support high proportions of pure red wolves after 20
years had elevated risks of quasi extinction and reduced
likelihood of persistence by year 50 (Fig. 2).

Management of Hybridization

With high sterilization effort, the numbers of red wolf
pairs maintained in extant colonizing populations were
substantially increased relative to populations without

Figure 2. Mean probabilities of (a) quasi extinction
and (b) persistence in year 50 as predicted from the
proportion of pure red wolves in the population at
year 20 for colonizing and established populations of
red wolves.
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Figure 3. Mean numbers of red wolf pairs in
nonextirpated wolf populations over time when there
is high or low sterilization effort for populations with
(a) random mating, (b) weak assortative mating, and
(c) red wolf challenges (broken lines are 95%
confidence intervals).

sterilization (Fig. 3) and red wolf pair extirpations were
greatly reduced in the first 50 years (Table 3). For popu-
lations with weak assortative mating and those with red
wolf challenges, extirpations in the first 50 years were
nearly eliminated.

When assignment errors were made in deciding which
canids should be sterilized, some red wolves were mistak-
enly sterilized, and some hybrids were identified as red
wolves and escaped sterilization. As a result, hybrids were
allowed to enter what was perceived to be the breeding
population of red wolves. When mate selection was ran-
dom and sterilization effort was high, the mean number
of perceived red wolf pairs exceeded actual pair numbers
(Fig. 3) by 50% at year 50 (39.3 vs. 26.0), and the mean
proportion of individuals in “red wolf” pairs that were
actually hybrids reached 0.373. As a result, red wolf pairs
were perceived to be extirpated in only 0.2% of popula-
tions but were actually extirpated in 16.8% of populations
by year 50 (Table 3). For populations with weak assorta-

tive mating and those with red wolf challenges, the mean
perceived numbers of red wolf pairs in extant populations
were similar to the actual red wolf pair numbers, and the
proportion of hybrids in “red wolf” pairs remained low,
0.023 and 0.001, respectively, for the first 50 years. De-
spite the undetected entrance of hybrids into the breed-
ing populations of red wolves in each of the three types
of populations, the mean ancestry of perceived red wolf
pairs exceeded 0.99 through year 50 in all cases, and the
introgression of coyote ancestry into the red wolf breed-
ing population was minimal.

When there was low sterilization effort, the rate of ex-
tirpation of red wolf pairs was still reduced relative to pop-
ulations with no sterilization (Table 3). However, red wolf
population growth was inhibited (Fig. 3). Mean numbers
of red wolf pairs were similar to or only slightly higher
than those in populations with no sterilization. Also, the
mean proportions of members of red wolf pairs that were
actually hybrids increased. By year 50, hybrids accounted
for 0.74, 0.22, and 0.03 of perceived members of red wolf
pairs among populations with random mating, weak as-
sortative mating, and red wolf challenges, respectively.
For random mating populations perceived to be extant,
the proportion of red wolf ancestry among perceived red
wolf pairs dropped to 0.98.

Discussion

Despite a general paucity of quantitative data on demog-
raphy, pairing decisions, and other possible mechanisms
acting to reproductively isolate red wolves and coyotes
in NENC, we gained considerable information relevant
to restoring red wolf populations. First, our simulations
provide insight into the likely process of hybridization
and introgression that is ongoing in NENC. Second, us-
ing sensitivity analyses, we identified two reproductive
barriers—red wolf challenges and assortative mating be-
tween red wolves and coyotes—that appear to have large
effects on the likelihood of persistence and extinction
of colonizing and established red wolf populations and a
number of other parameters that may have lesser effects.
These analyses also suggest that the conditions necessary
for red wolf populations to simultaneously have a low
probability of quasi extinction (<0.05) and a high proba-
bility of persistence (≥0.80) are restrictive. For colonizing
populations, either the probability of challenger success
must be high and the minimum probability of a red wolf
pairing with a coyote low or these parameters must have
moderate values and the values of remaining parameters
must be high relative to their ranges. For established pop-
ulations, either the probability of challenger success must
be high or the minimum probability of a red wolf pairing
with a coyote must be low.

Displacement behavior by red wolves appears to be
critical in determining the fate of the red wolf population
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in NENC. The level of aggression among red wolves ap-
pears to be a fundamental life-history difference between
the two parental species that forms the basis for a poten-
tially important extrinsic reproductive barrier that may
act prezygotically and postzygotically. Although it has not
been observed, hybrids with high red wolf ancestry may
be expected to at times display this type of competitive
behavior. If it occurs, hybrids may be less successful chal-
lengers than red wolves, and displacement of red wolves
by hybrids may be rare. Other factors not included in our
simulations may also be important in determining the out-
come of hybridization between red wolves and coyotes,
including the fitness of hybrids and inbreeding among red
wolves.

Low reproductive fitness or viability of hybrids rela-
tive to parental species combined with prezygotic bar-
riers may in some cases confine hybridization to a zone
of interspecific overlap. However, even greatly reduced
hybrid fitness may not prevent a parental species from
being replaced by hybrids or the other parental species,
if other reproductive barriers are weak (Wolf et al. 2001).
Fitness of hybrids in NENC is unknown, but observation
suggests that if their fitness differs from red wolves, the
differences are probably not large. Simulations including
sterilization indicate that large decreases in hybrid repro-
ductive fitness would be needed to qualitatively change
the outcome of our simulations for colonizing popula-
tions. Because established populations of red wolves do
not appear to be sensitive to variation in demographic
rates (Table 4), it is unlikely that small changes in hybrid
fitness would notably affect these populations. A small
increase or decrease in hybrid fitness, therefore, likely
would not qualitatively change the outcome of our simu-
lations and the conditions necessary for a low probability
of quasi extinction and a high probability of persistence
may not be appreciably expanded.

Inbreeding among red wolves would be expected to
lower demographic rates and perhaps competitive abili-
ties, possibly affecting displacement behavior (Meagher
et al. 2000; Keller & Waller 2002) thereby hastening in-
trogression and the extirpation of red wolves. Wild-born
wolves with inbreeding coefficients as high as 0.305 have
been observed in NENC, although most wolves have
substantially lower inbreeding levels (Waddell 2003).
If inbreeding depression becomes severe and common
among red wolves, partially outbred hybrids may have
increased relative fitness, which could accelerate the in-
trogression of coyote alleles into the red wolf population
(Ebert et al. 2002; Vilà et al. 2003). Among red wolves in
NENC some genetic management of the population may
be prudent in minimizing introgression and ensuring a fit
red wolf population.

Our simulations also suggest that the proportion of
pure red wolves in the population is a strong predictor of
future red wolf population failure and a reasonably good
predictor of persistence that improves over time. This
metric is readily estimated for actual populations through

the combination of ongoing management and monitoring
activities in NENC and genetic assignment tests (Miller et
al. 2003) and may be useful in monitoring the status of
red wolf populations over time.

Finally, our simulations suggest that sterilization can
be an effective short-term strategy to reduce the likeli-
hood of red wolf extirpation in colonizing populations.
Whether the red wolf component of the population is
increased with sterilization depends on the level of steril-
ization effort and the reproductive barriers acting in the
population. Although it may be difficult to establish a pop-
ulation of wild red wolves with no introgression of coyote
ancestry, the level of introgression may be similar to that
occurring naturally in some populations of gray wolves
(Lehman et al. 1991).

Hybridization and introgression threaten the persiste-
nce of many species and populations (Rhymer & Simber-
loff 1996). In many cases, the future outcome of hybridiza-
tion and the effectiveness of potential management op-
tions are unclear. Also, quantitative data on reproductive
barriers, demographic rates, and other potentially impor-
tant biological considerations are often lacking. Because
the dynamics of hybridization and introgression between
species are typically influenced by multiple reproductive
barriers (Coyne & Orr 2004), simple models may be inad-
equate to provide useful insights. However, more realistic
(and complex) models often include many parameters for
which little data exist.

We approached this problem by developing a simu-
lation model incorporating known and potential repro-
ductive barriers and realistic life histories of parental
species. We incorporated uncertainty in parameter values
and used sensitivity analysis to identify biological factors
that likely have the greatest effects on hybridization and
introgression. Our findings provide an outline of the con-
ditions likely required for successful reestablishment and
long-term maintenance of populations of wild red wolves
in the presence of coyotes. Our approach may be gener-
ally useful in other cases where quantitative data are in
short supply and there is (1) at least a qualitative under-
standing of the life histories of the species involved, (2)
enough quantitative information on demographic param-
eters from other populations or a closely related species
with similar ecological characteristics to set ranges for
demographic parameters that will likely capture the true
values, and (3) some knowledge of the reproductive bar-
riers that may be operating. Our modeling approach may
also prove useful in situations involving complex species
interactions other than hybridization (e.g., the effects of
invasive species or in situations where inclusion of sub-
stantial biological detail into models is important).

Our findings and those of others (Wolf et al. 2001;
Rosenfield et al. 2004) indicate that for species threatened
by hybridization, management efforts to increase popula-
tion numbers will fail to prevent their demise if substan-
tive barriers to hybridization do not exist. In these cases,
preventing or stopping contact between the hybridizing
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species is the only course of action likely to prevent their
loss. If substantive reproductive barriers do exist, man-
agement to increase the size of small, threatened popula-
tions may allow these species to persist in the presence of
ongoing hybridization. In many cases, the specific set of
reproductive barriers operating and their strengths may
be unique to the hybridizing species pair. Thus, general-
ization from one case of hybridization to another may not
prove useful in predicting outcomes or suggesting appro-
priate management options, even among closely related
species (Echelle & Echelle 1994; Rosenfield et al. 2004).
Identification of the factors likely important in determin-
ing the outcome of hybridization and introgression can
focus research and monitoring efforts and potentially pro-
vide guidance for appropriate management responses.
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Abstract  Hybridization presents a unique challenge for conservation biologists and managers. While hybridization is an im-

portant evolutionary process, hybridization is also a threat formany native species. The endangered species recovery effort for the 

red wolf Canis rufus is a classic system for understanding and addressing the challenges of hybridization. From 1987‒1993, 63 

red wolves were released from captivity in eastern North Carolina, USA, to establish a free-ranging, non-essential experimental 

population. By 1999, managers recognized hybridization with invasive coyotes Canis latrans was the single greatest threat to 

successful recovery, and an adaptive management plan was adopted with innovative approaches for managing the threat of hybri-

dization. Here we review the application and results of the adaptive management efforts from 1993 to 2013 by comparing: (1) the 

numbers of wolves, coyotes, and hybrids captured, (2) the numbers of territorial social groups with presumed breeding capabili-

ties, (3) the number of red wolf and hybrid litters documented each year and (4) the degree of coyote introgression into the wild 

red wolf gene pool. We documented substantial increases in the number of known red wolves and red wolf social groups from 

1987–2004 followed by a plateau and slight decline by 2013.The number of red wolf litters exceeded hybrid litters each year and 

the proportion of hybrid litters per year averaged 21%. The genetic composition of the wild red wolf population is estimated to 

include < 4% coyote ancestry from recent introgression since reintroduction. We conclude that the adaptive management plan 

was effective at reducing the introgression of coyote genes into the red wolf population, but population recovery of red wolves 

will require continuation of the current management plan, or alternative approaches, for the foreseeable future. More broadly, we 

discuss the lessons learned from red wolf adaptive management that could assist other endangered species recovery efforts facing 

the challenge of minimizing hybridization [Current Zoology 61 (1): 191–205, 2015 ]. 

Keywords  Canid, Conservation, Genetics, Hybrid, Management 

Hybridization, the interbreeding among distinct taxa, 
presents a unique challenge for conservation biologists 
and managers. While hybridization is an important evo-
lutionary process for speciation (Arnold, 1992; Allendorf 
et al., 2001), hybridization also poses a threat to the 
conservation of native species, particularly when it is 
facilitated by anthropogenic alteration of habitats, trans-
location of species, and excessive exploitation (Wayne 
et al., 2004). Such human activities have caused a glob-
al escalation in hybridization, resulting in multiple ex-

tinctions of plant and animal populations and species 
(Rhymer and Simberoff, 1996; Wolf et al., 2001). The 
need to develop strategies to minimize anthropogenic-    
driven hybridization is a key conservation challenge 
(Allendorf et al., 2001). 

Hybridization followed by introgression is the most 
difficult type of hybridization to control and manage 
(Allendorf et al., 2001). Over time, breeding among 
hybrids and backcrossing of hybrids and parentals can 
lead to the formation of a hybrid swarm and the loss of 
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the gene pool of one or both parental species (Rhymer 
and Simberloff, 1996). This process, known as genomic 
extinction (Allendorf and Luikart, 2007), has been do-
cumented as a major threat for a diverse group of plant 
and animal taxa (McCarley, 1962; Rogers et al., 1982; 
Dowling and Childs, 1992; Abernethy, 1994; Rhymer et 
al., 1994), including several species of wild canids 
(Wayne et al., 2004). 

One intensive effort to address the threat of hybridi-
zation and introgression has been implemented for the 
endangered red wolf (Canis rufus; USFWS, 1989). This 
species, first described by Bartram (1791), was listed as 
endangered in 1967, and starting in 1973 the last known 
wild individuals were captured and placed in a captive 
breeding program to avoid genomic extinction due to 
hybridization with coyotes C. latrans. The red wolf re-
covery effort has been clouded by debate over the taxo-
nomic status and evolutionary history of this species. It 
has been classified as a distinct species (Nowak, 1979, 
2002), a species of hybrid origin due to breeding be-
tween gray wolves C. lupus and coyotes (Wayne and 
Jenks, 1991; Roy et al., 1994, 1996), and as member of 
a third group of independently evolving North Ameri-
can canids called the eastern wolf Canis lycaon that 
includes the Algonquin wolf and wolf-like canids in the 
Great Lakes region (Wilson et al., 2000, 2003; Kyle et 
al., 2006, 2007). The grouping of red wolves and east-

ern wolves as a distinct species was challenged by re-
sults from a large-scale genomic survey of grey wolves, 
coyotes, red wolves and eastern wolves (VonHoldt et al., 
2011). Using over 48,000 single nucleotide polymor-
phism (SNP) loci, VonHoldt et al. (2011) rejected the 
hypothesis that red wolves were part of a third species 
group of North American canids and concluded there 
were only two main groups of canids in North America 
(coyotes and gray wolves), and red wolves and eastern 
wolves have a hybrid origin. In response, Rutledge et al. 
(2012b) argued the VonHoldt et al. (2011) study in-
cluded insufficient sampling of Algonquin wolves (n = 
2) and flawed analyses. After reanalysis of the Von-
Holdt et al. (2011) data, they concluded that the three 
species hypothesis grouping Algonquin wolves and red 
wolves cannot be rejected.  

The goal of this study was not to address the red wolf 
taxonomic debate but instead to evaluate the efforts of 
the U.S. Fish and Wildlife Service (USFWS) to prevent 
introgression of coyote genes into the reintroduced wild 
population. Between 1987 and 1993, the USFWS rein-
troduced red wolves to the Alligator River National 
Wildlife Refuge (ARNWR) in northeastern North Caro-
lina to re-establish a free-ranging experimental popula-
tion (Phillips et al., 2003). The experimental population 
area (Fig. 1) primarily encompassed the Albemarle Pe- 
ninsula, which was characterized by a diversity of habi-

 

 
 

Fig. 1  Historic and current management zones within the red wolf experimental area on the Albemarle Peninsula, North 
Carolina 
In 2002, based on an evaluation of the known spatial distribution of red wolves and non-red wolf canids, the boundaries of the management zones 
were realigned (dotted lines to solid lines). 
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tats (Hinton and Chamberlain, 2010; Dellinger et al., 
2013). Initially, coyotes were not thought to occupy the 
experimental population area, but by the early 1990’s 
their presence was documented and shortly thereafter 
hybridization between red wolves and coyotes occurred 
(Phillips et al., 1995, 2003; Adams et al., 2003; Adams, 
2006). In 1999, a population and habitat viability as-
sessment recognized several threats to establishing a 
free-ranging red wolf population (Kelly et al., 1999), 
and the group acknowledged hybridization with coyotes 
was the greatest risk to recovery of the species. Subse-
quently, the USFWS adopted a Red Wolf Adaptive 
Management Plan (RWAMP) to reduce or eliminate this 
threat (Kelly, 2000).  

By its very nature, an adaptive management plan in-
corporates new or modified procedures as new informa-
tion becomes available. Such changes in procedures, as 
well as the amount and geographic distribution of ef-
fects, precludes a rigorous quantitative approach, how-
ever, we have documented and evaluated the actions 
taken and their effectiveness. Here we review the results 
of management actions for the red wolf ARNWR expe-
rimental population area from 1993–2013 by evaluating: 
(1) the numbers of wolves, coyotes, and hybrids cap-
tured and monitored each year, (2) the numbers of terri-
torial social groups with presumed breeding capabilities, 
(3) the number of red wolf and hybrid litters documented 
each year, and (4) the degree of coyote introgression 
into the wild red wolf gene pool. If the RWAMP was 
successful at controlling hybridization and facilitating 
recovery, we expected (1) an increase in the number of 
red wolves and the number of canid territories con-
trolled by red wolves, (2) a decrease in the number of 
hybrid and coyote-like animals occupying the recovery 
area, (3) more red wolf litters than hybrid litters and a 
decline in the proportion of hybrid litters over time, and 
(4) < 10% introgression of coyote ancestry into the wild 
red wolf population. These results are examined for 
their implications concerning the future of red wolf re-
covery, and more broadly, other conservation efforts 
facing the challenge of hybridization.  

1  Materials and Methods 
1.1  Field methods 

This study occurred within the Red Wolf Recovery 
Experimental Population Area on the Albemarle Penin-
sula in northeastern North Carolina (Phillips et al., 2003; 
Dellinger et al., 2013). During 1993 to 2013, USFWS 
personnel used padded foot-hold traps to capture all 
adult (> 9 months old) red wolves, coyotes, and hybrids. 

Prior to implementing the RWAMP, management efforts 
concentrated on capturing, radio-collaring, and radio-   
tracking as many red wolves as possible. In addition, 
biologists attempted to locate dens and mark pups with 
microchip “PIT” tags for future identification during 
subsequent capture operations. At the request of land-
owners, red wolves were removed from areas where 
they were not wanted and released at other locales. Co-
yotes were removed and euthanized when they were 
encountered. 

 Conceptually, the RWAMP partitioned the Peninsu-
la into three management zones (Fig. 1), with the most 
intensive efforts initially deployed in the eastern-most 
zone and progressing successively westward (Stoskop-
fet al., 2005). The goals for the eastern-most zone (Zone 
I) were to radio-collar and release all red wolves, and to 
remove all coyotes and hybrids. In Zone II the goals 
were to radio-collar and release all red wolves, and ei-
ther remove or sterilize (via tubal ligation or vasectomy) 
and release all coyotes and hybrids at their points of 
capture. Surgical procedures were performed by a li-
censed veterinarian following methods described in 
Seidler and Gese (2012). These sterile animals were left 
as “placeholders” to defend and maintain their territo-
ries (Bromley and Gese, 2001; Seidler and Gese, 2012) 
with minimal risk to the red wolf gene pool before be-
ing removed when there were dispersing red wolves 
seeking to establish territories, or a red wolf naturally 
displaced a placeholder. In the remainder of the area 
(Zone III), Zone II management activities were oppor-
tunistically extended westward as resources allowed. In 
theory, creating a functional red wolf population occu-
pying the entire Albemarle Peninsulawould ultimately 
saturate the landscape and naturally exclude immigrat-
ing coyotes (Kelly, 2000).  

Field personnel located radio-collared animals via 
ground and aerial telemetry every 3- to 7-days to define 
home ranges and territorial limits, and locate mortalities 
and identify causes of death. Personnel conducted field 
surveys to identify areas occupied by unknown canids, 
translocated red wolves from areas where landowners 
objected to their presence, located dens to collect sam-
ples for genotyping pups, and cross-fostered red wolf 
pups from captivity to wild parents to augment wild 
productivity particularly after removing a hybrid litter 
(cf. Kitchen and Knowlton, 2006). The radio-telemetry 
data was also used to estimate the proportion of the re-
covery area occupied by red wolf territories (see online 
supplemental). Scat sampling for DNA analyses, cou-
pled with location data, was intermittently applied to 
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provide additional information concerning the genetic 
characteristics and distribution of canids without cap-
turing and handling animals (Adams et al., 2003, 2007; 
Adams and Waits, 2007; Bohling, 2011). 
1.2  Species identification methods 

We defined a red wolf as an individual whose gene-
alogy could be traced directly to the 14 captive red wolf 
population founders (see online supplemental), or an 
individual whose genotype contained no coyote-specific 
alleles and was classified as red wolf using a maximum 
likelihood assignment test (Miller et al., 2003; Adams, 
2006). The genetic assignment test uses a maximum-  
likelihood approach to compare the genotype of an un-
known individual to the allele frequencies of the red 
wolf founders (with modeled drift) and North Carolina 
coyotes using 18 nuclear DNA microsatellite loci (Mil-
ler et al., 2003). This test considers allele frequency 
differences, as well as the presence of coyote-specific 
alleles, which are absent in the red wolf founders but 
observed in the current coyote population in northeas-
tern North Carolina. Results from the genetic analyses 
were integrated with data on morphology and parentage 
to determine whether to retain, sterilize, or euthanize an 
individual (Stoskopf et al., 2005; Adams, 2006). To be 
retained in the wild population, animals originally had 
to have at least 75% red wolf ancestry (Stoskopf et al., 
2005). This threshold was raised to ≥ 87.5% red wolf 
ancestry in 2002. The percentage of red wolf ancestry 
for each individual was determined in two ways: di-
rectly based upon a genetically reconstructed pedigree 
(e.g., 75% red wolf female x 100% red wolf male = 
87.5% red wolf offspring, Adams, 2006) and, in cases 
where parentage is unknown, from the maximum-   
likelihood assignment test (Miller et al., 2003). Pedigree 
analysis methods are described in more detail in online 
supplemental. For our 2014 sample of known red 
wolves, 100% can be placed into the pedigree, and the 
percentage of ancestry that can be traced to the red wolf 
founders and the proportion of coyote introgression are 

estimated from the pedigree. 
1.3  Assessment of progress 

Our assessment of population numbers relies on the 
number of radio-collared canids ≥ 5 months old known 
to be alive on 1 March and 1 September each year, 1993– 
2013. Individuals not identified as being alive on or 
after specific inventory dates were subsequently cen-
sored after that date. By design, the RWAMP was flexi-
ble and adaptive (Kelly, 2000). Consequently, we pro-
vide results from a management process in which data 
interpretations are confounded by changes in procedures 
as well as changes in the geographic distribution of ef-
forts. An example is the more stringent criteria adopted 
for genetically discriminating between red wolves and 
hybrids in 2002 (Miller et al., 2003), forcing re-evalua-
tion of all current and former animals in each manage-
ment zone. Also in 2002, based on an evaluation of the 
known spatial distribution of red wolves and non-red 
wolf canids, the boundaries between zones were moved 
westward, enlarging Zone I and decreasing the size of 
Zone III (Fig. 1; Stoskopfet al., 2005). Results and in-
terpretations that follow are presented in accord with the 
zone boundaries recognized in 2007 rather than those 
accepted at times during which specific management 
actions were taken. Similarly, the more conservative 
assignment of genetic ancestry, based on microsatellite 
genotyping adopted in 2002, is used for animals from 
all years. 

2  Results 
2.1  Summary of population management 

In the 6 years preceding adoption of the RWAMP, the 
average number of canids captured for the 1st time (“1st 
captures”) was about 28 per year, and most (75%) were 
retrospectively identified via genetic analysis as being 
red wolves (Table 1). During 1999–2013, the number of 
first captures averaged 63.5 per year, but during this 
time the proportion of red wolves declined and that of 
coyotes increased (Table 1). 

 

Table 1  Numbers, by genetic assignment, of adult canids captured for the first time on the Albemarle Peninsula, North 
Carolina, during four periods, 1993 through 2013 

Period No. canids captured 
Mean No.  

captures/yr. 

Mean No. by genetic assignment (%) 

Red wolf Hybrid Coyote 

1993–19981 167 27.8 20.8 (75) 2.8 (10) 4.2 (15) 

1999–20002 129 64.5 40.5 (63) 16.5 (26) 7.5 (11) 

2001–20023 87 43.5 26.5 (61) 10.0 (23) 7.0 (16) 

2003–20134 735 66.8 22.6 (34) 10.1 (15) 34.1 (51) 

1 Prior to adoption of RWAMP. 2 Post-adoption of RWAMP relying on physical characteristics. 3 Initiation of reliance on genetic testing. 4 Full im-
plementation of genetic testing of all canids. 
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Prior to adoption of the RWAMP, the number of ca-
nids (> 5 months of age) removed from the Peninsula 
averaged 11.2 per year (6.5 red wolves, 1.0 hybrids, and 
3.7 coyotes; Fig. 2A). Red wolves were primarily re-
moved to accommodate landowners, to initiate breeding 
on island populations and to establish a second release 
site in the Great Smoky Mountains National Park. Fol-

lowing implementation of the RWAMP, 13–63 ( x = 

28.2) canids were removed per year. As the years pro-
gressed, the genetic classification of animals that were 
removed changed, with red wolf captures declining and 
numbers of hybrids and coyotes removed increasing 

dramatically (Fig. 2A). The high incidence of red 
wolves removed in 2000 and 2001 (12 and 11, respec-
tively) occurred while management efforts increased 
substantially but prior to implementing use of genetic 
criteria for assessing ancestry. Between 2004 and 2013, 
the number of red wolves removed declined while the 
removal of animals with coyote ancestry increased (Fig. 
2A). 

No animals were sterilized prior to 1999, but after 
that 252 animals were sterilized and released, including 
3 red wolves inaccurately classified as hybrids before 
genetic testing (Fig. 2B); 35 of these occurred in the 

 

 
 

Fig. 2  Numbers of canids (A) removed,and(B) sterilized and released, by genetic classification and year, within the red 
wolf experimental area, Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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first 3 years of the RWAMP. The number sterilized was 
relatively small (1–10 per year) between 2003 and 2005.  
In 2006 as efforts increased toward the west, 17 animals 
were sterilized. During 2007–2013, an increasing num-
ber of coyotes were sterilized to serve as “placeholders” 
to hold space on the landscape and prevent genetic in-
trogression (Fig. 2B). Many of these sterilized animals 
were eventually removed from the population (n = 19) 
when red wolves appeared to be seeking new territories 
in areas occupied by sterile animals. In addition, many 
of these sterile animals were naturally displaced (n = 50) 
by red wolves. 

Other types of management actions were sporadical-
ly employed. An additional 41 wolves born in captivity 
or on island propagation sites were released within the 
experimental population area, 29 prior to 1999 and 12 
afterwards. Between 1999 and 2013, 27 captive-born 
red wolf pups were cross-fostered into wild litters to 
augment wild recruitment and enhance genetic diversity 
after removing a hybrid litter. All cross-fostered pups 
were accepted by the wild, surrogate parents and at least 
seven became breeders responsible for 98 red wolf pups 
born from 2004 to 2013 (A. Beyer, USFWS, unpubl. 
data). 
2.2  Canid population demography and social groups 

Sixty-three red wolves (32 adults and 31 juveniles) 
were released on the Alligator River National Wildlife 
Refuge (within Zone I) between 1987 and 1994 (Phil-
lips et al., 2003). Fourteen of the releases (11 adults and 
3 juveniles) were considered successful and breeding 
was documented in the wild. Our initial census indicates 
33 red wolves known to be present in March 1993 (22, 
8, and 3 in Zones I, II, and III, respectively; Fig. 3A). 
Between 1993 and 1998, 125 additional red wolves > 5 

months of age ( x = 20.8 annually) were captured (Table 

1), with the spring 1999 census indicating 52 red wolves 
within the experimental area (22, 18, and 12 in Zones I, 
II, and III, respectively; Fig. 3A). During the same 6-   
year period, 43 red wolf litters were located. 

In the first 2 years after implementation of the 
RWAMP, 81 additional red wolves were captured, plus 
another 303 red wolves in the ensuing 13 years. Despite 
the large number of potential recruits to the population, 
in the next 3 years the census of known living red 

wolves only increased to 85‒90 ( x = 86.7) animals in 

the fall, with slightly lower numbers ( x = 77.0) in spr-

ing (Fig. 3A). Thereafter, the known number of free-   
ranging red wolves across the recovery area has re-
mained relatively stable at around 90‒95 adult red wolves. 

The relative distribution of red wolves on the land-

scape changed over time. Both the number of wolves 
(Fig. 3A) and the number of social units in Zone I de-
clined to about half after implementation of the RWAMP 
(Fig. 3B), without evidence that hybrids and/or coyotes 
had appropriated those territories. In Zone II, known 
numbers of red wolves increased from around 30 to 
perhaps 50, while an increase from 15 to 25 occurred in 
Zone III (Fig. 3A).  

Coyotes have increased in numbers of first captures 
(Table 1), numbers removed (Fig. 2A), and numbers 
sterilized (Fig. 2B) during the recovery effort. During 
inventories for all intact canids on the Albemarle Pe-
ninsula, most coyotes captured and identified were re-
moved and were not alive at our inventory dates, or 
were sterilized and released. Coyotes were routinely 
removed in small numbers during the pre-RWAMP pe-
riod (Fig. 4B) with an increasing number of coyotes 
being removed throughout the recovery area. Only ste-
rile coyotes were documented in our inventories; intact 
coyotes were removed. Since 2009, extensive trapping 
efforts in Zones II and III have resulted in removal of 

15–41 ( x = 24.0) coyotes annually (Fig. 4B). The at-

tempt to capture and genotype all Canis on the Penin-
sula, starting in 1999, resulted in a dramatic surge in the 
number of hybrids removed, principally in Zone II (Fig. 
4A). Additional hybrid individuals were regularly re-
moved, mostly in Zones II and III. Another surge in 
hybrid removal followed adoption of the more stringent 
genotype criteria in 2002, resulting in removal of 9 hy-
brid individuals, including 7 within Zone I (Fig. 4A). 
Subsequently, the number of hybrids removed declined 
erratically (Fig. 4A) with surviving individuals being 
removed from Zone I and increased removals from 
Zones II and III. 

The number of recognized red wolf social groups in-
creased from 5 in 1993 to 14 by 1999 (Fig. 5D). Subse-
quently, this increased to about 20 social units between 
2003 and 2008 (Fig. 5D) and then declined to about 15 
social units during 2009 to 2013 as breeding pairs have 
been disrupted by gunshot mortalities associated with 
coyote hunting in the recovery area during the past seve-
ral years (USFWS, 2009–2013). In Zone I, the number 
of social units increased from 4 in 1993 to 10 by 2001, 
where it remained through 2003 but then dropped to 5 
by 2005, and subsequently declined to 2 breeding units 
during 2011–2013 (Fig. 5A). The change in known 
numbers of desirable social units in Zone II from one in 
1993 to 10 in 2004 was associated with an intermediate 
shift to “neutral” social units associated with the sterili-
zation of one or both alpha animals (Fig. 5B). The 
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known number of wolf social units in Zone III was rela-
tively stationary (12) until implementation of the 
RWAMP. As in Zone II, it appears the use of steriliza-
tion assisted in an increase to 5–6 social units with de-
sirable red wolf ancestry (Fig. 5C). 
2.3  Summary of genetic results 

As the number of radio-collared animals increased, 

so did the location of natal dens (8.5/yr before RWAMP 
adoption to 12.6/yr afterward). Genetic assessment of 
litters indicated the number of hybrid litters fluctuated 
over time (0–5/yr) with an average of 1.5/year (Fig. 6). 
The number of red wolf litters per year was always 
higher than the number of hybrid litters and averaged 
6.9/year (Fig. 6). The ratio of hybrid to red wolf litters 

 

 
 

Fig. 3  Known numbers and distribution of (A) red wolves during spring (March 1st) and fall (September 1st) inventories, 
and (B) known red wolf social units in spring, among management zones within the red wolf experimental area on the Al-
bemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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Fig. 4  Numbers of (A) hybrids removed, and (B) coyotes removed, by zone and year, from the red wolf experimental area 
on the Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 

 

averaged 21% and peaked at 55% in 2006 (Fig. 6). 
Overall, 37 of the 40 (92.5%) litters with coyote ance-
stry were detected and removed, while 7 of 147 (4.8%) 
red wolf litters were mistakenly removed before genetic 
testing. 

Retrospective molecular genotyping suggested the 
known number of free-ranging reproductively-intact 
hybrids alive at any inventory point in the pre-RWAMP 
period never exceeded two. No reproductively-intact 
hybrids were noted at any inventory date from 2004 

through 2013 (i.e., all known hybrids were removed or 
sterilized). The average ancestry of all known, repro-
ductively intact red wolves and introgressed individuals 
in the recovery zone in 2014 is 96.5% based on genetic 
testing and pedigree analysis. 

3  Discussion 

3.1  Success of current program 
Minimizing the threat of hybridization for threatened 

and endangered species is particularly challenging when  
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Fig. 5  Numbers and suitability of canid social units in Zones (A) I, (B) II, and (C) III, and (D) the entire red wolf experi-
mental area, Albemarle Peninsula, North Carolina, 1993–2013 
“Desirable” indicates the alpha male and female individuals are ≥75 % red wolf ancestry; “neutral” indicates one or both alpha individuals are ste-
rile; “undesirable” indicates both breeding individuals are reproductively intact and one or both are genotypically identified as coyote or hybrid; and 
“unknown” indicates that the genotype of one individual of the breeding pair is unknown. Vertical lines represent initiation of the Red Wolf Adap-
tive Management Plan. 

 

 
 

Fig. 6  Number of red wolf and hybrid litters detected each year since the reintroduction of red wolves into North Carolina 
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the hybridizing species greatly outnumbers the threat-
ened population (Allendorf et al., 2001) as with red 
wolves and coyotes in North Carolina. The success of 
the RWAMP at controlling hybridization and facilitating 
red wolf recovery was mixed, based our criteria. The 
number of red wolves did increase over time but pla-
teaued around 2009 and declined slightly thereafter. The 
number of coyotes and hybrids detected did not de-
crease over time as desired. Despite predictions of ge-
netic swamping (Kelly et al., 1999; Fredrickson and 
Hedrick, 2006), our estimate of average ancestry of all 
known, reproductively intact red wolves and intro-
gressed individuals in the recovery zone in 2014 is cur-
rently 96.5% indicating the success of the RWAMP at 
limiting introgression of coyote genes into the reintro-
duced population. We also documented more red wolf 
litters than hybrid litters, but the ratio of hybrid litters to 
red wolf litters did not decline over time indicating hy-
bridization is an ongoing challenge. 

The RWAMP is an intensive long-term management 
effort that includes removal of coyotes and hybrids, 
sterilization and release of others to control space (i.e., 
the “placeholder” concept), the release of red wolves 
from captive-breeding programs, genetic testing of lit-
ters, cross-fostering captive born pups to wild parents, 
and a public relations effort to promote the recovery 
program and reduce anthropogenic mortalities. It is dif-
ficult to speculate about the relative contribution of in-
dividual activities, but we consider the removal, as well 
as sterilization and release, of coyotes and hybrids as 
critical components. Another key management activity 
has been the genetic testing of wild born litters to pro-
vide the opportunity to remove hybrids before they 
reach breeding age. Although such activities were not a 
part of the original recovery effort, they now constitute 
a core component of the program, and in the absence of 
such efforts it seems unlikely that introgression of co-
yote genes into the red wolf population could be ade-
quately controlled (Fredrickson and Hedrick, 2006). We 
recognize the potential biases of monitoring hybridiza-
tion based on capture efforts alone and suggest com-
plementary, non-invasive sampling of scats (Adams and 
Waits, 2007; Bohling and Waits, 2011) to assess the 
genetic composition and distribution of canids. In 2010, 
this type of analysis was conducted in the recovery area 
and revealed that 1) only 4% of samples had hybrid 
ancestry, and 2) red wolf ancestry was highest in zone 1 
(> 80%) and decreased from East to West (Bohling, 2011) 
consistent with results from the trapping efforts pre-
sented here.  

3.2  Implications for future management of red 
wolves 

The U.S. Fish and Wildlife Service continues to ac-
tively promote recovery efforts of the red wolf in east-
ern North Carolina (USFWS, 2007; Hinton et al., 2013). 
These efforts are consistent with the conclusion that we 
should “protect the red wolf as a component of the evo-
lutionary legacy of canids” (Allendorf et al., 2001), and 
recent analyses of North American canids indicating 
this species has a distinct genetic signature (VonHoldt et 
al., 2011; Rutledge et al, 2012b). We acknowledge that 
these efforts have required considerable financial and 
social investments each year (USFWS 2013), and the 
population is not self-sustaining. In theory, efforts to 
remove or sterilize coyotes might be relaxed with time 
as red wolves fully occupy available habitat within the 
recovery area. Under such conditions, wolves dispersing 
within the recovery area would be successful in finding 
conspecific mates and coyotes immigrating to the area 
would be naturally excluded by resident wolves (Mur-
ray and Waits, 2007; Roth et al., 2008; Wheeldon et al., 
2010). However, we believe this scenario is unlikely 
because wolf habitat is discontinuous within the recove-
ry area and anthropogenic habitat changes will continue 
to favor coyotes because of their ability to more effec-
tively colonize landscapes in closer proximity to human 
activity (Benson et al., 2012; Gese et al., 2012; Benson 
and Patterson, 2013). Further, there is little evidence red 
wolves naturally control the coyote population through 
strife, which is a core prediction derived from the com-
petitive exclusion hypothesis (Murray et al., 2015). 
However, it is notable that recent records also report 
gunshot mortality remains prevalent for coyotes, indi-
cating that mistaken identity by coyote hunters could 
continue to disrupt red wolf breeding pairs. Yet, a recent 
legal ruling banning coyote hunting in the recovery area 
(Red Wolf Coalition et al., v. Cogdellet al., No. 2:13-cv- 
60-BO, 2014 WL 1922234 [E.D. N.C. May 13, 2014]) 
may help promote stability of red wolf social groups. 

While the wolf population had a relatively high base-
line mortality risk relative to other wolf populations 
(Fuller et al., 2003; Smith et al., 2010) and the majority 
of deaths were related to anthropogenic activities, it 
does not appear the additive nature of human-related 
mortality exceeds that observed in other wolf popula-
tions (Creel and Rotella, 2010; Murray et al., 2010; 
Sparkman et al., 2011). However, anthropogenic mor-
tality can lead to increased hybridization in other canid 
systems (Rutledge et al., 2012a). In red wolves, over 
half of the detected hybridization events followed the 
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disruption of a stable breeding pair of red wolves due to 
mortality of one or both breeders (Bohling, 2011). Of 
these 69% were due to anthropogenic causes, primarily 
gunshot mortality during the local fall hunting season, 
which occurs just prior to the red wolf breeding season 
(Bohling and Waits, press).  

The number of known wolves appeared to plateau at 
around 90 to 95 adult red wolves, indicating the popula-
tion may have reached carrying capacity, as also sug-
gested by Murray et al. (2015). In 2007, red wolf social 
units were using about 1,043 km2 – about 48% of “usa-
ble” (cumulatively used) habitat and about 23% of the 
total recovery area (USFWS 2007, online supplemental), 
but the remainder of acceptable habitat is fragmented in 
small patches located across the recovery area and less 
likely to be colonized by wolves given recent habitat 
studies (Dellinger et al., 2013). In addition, we consider 
expansion of the red wolf population beyond the current 
recovery area unlikely given recent survey results 
showing few red wolves in adjacent areas (Bohling and 
Waits, 2011). The current USFWS recovery goals re-
quire establishing 3 independent populations (USFWS, 
1989), and such efforts would require a rigorous as-
sessment of red wolf habitat availability, combined with 
empirical and modeling analysis of coyote abundance 
and potential hybridization, in candidate recovery areas. 
If reintroduction efforts are initiated in new geographic 
areas, the management actions for controlling hybridi-
zation described here will likely be critical to success as 
most of the historical red wolf range is now occupied by 
coyotes. Given the extensive loss of habitat and the 
challenge of hybridization with invasive coyotes, the 
red wolf is a species fitting the definition of “conserva-
tion reliant” (Scott et al., 2005), and the ongoing pro-
gram review should be considered an opportunity to 
chart a new direction that reflects the changing stan-
dards and expectations regarding endangered species 
recovery (Scott et al., 2010; Jackowski et al., 2014; 
Murray et al., 2015). 
3.3  Implications for other species 

Our assessment suggests that access to appropriate 
resources can curtail or reverse genetic introgression in 
some situations. Our data indicate the use of steriliza-
tion and the removal of hybrids to limit introgression of 
unwanted coyote genes has enhanced effectiveness of 
red wolf recovery efforts. Red wolves are relatively 
long-lived, territorial, form social hierarchies, and de-
velop strong and persistent social bonds. This enables 
the use of sterile individuals of the introgressing species  
and hybrids to control space without compromising the 

status of the target species. In our case the introgressing 
species, the coyote, is abundant and adaptable to hu-
man-modified landscapes. While procedures similar to 
those used in the RWAMP might work in the case of 
European gray wolves or Ethiopian wolves Canis si-
mensis, there could be additional social conflicts be-
cause domestic dogs represent the introgressing species. 
Perhaps more realistically, the population of eastern 
wolves in Algonquin Provincial Park (Patterson and 
Murray, 2008) ultimately may benefit from removal of 
hybrids occurring in the same region, especially given 
the unique genetic and taxonomic status of wolves in-
side the park (Rutledge et al., 2010). Similar considera-
tions might apply for conserving the European wildcat 
Felis silvestris, with the added caveat that felids may 
not have as persistent social bonds and strong territorial 
constraints common among many canids, thereby prec-
luding some of the measures enacted in North Carolina 
to protect wolves. Reduced social fidelities among cer-
vids (e.g., red deer Cervus elaphus), or among aquatic 
species, may reduce the utility of such efforts.  

An important contribution of the RWAMP has been 
to help elucidate mechanisms of hybridization affecting 
recovering populations, and to test methods of manag-
ing such hybridization to improve chances of recovery 
success (Murray and Waits, 2007). Another novel mana-
gement method used for red wolves that might be bene-
ficial in other systems is the genetic testing of litters to 
remove hybrid individuals and cross-fostering pure 
offspring from captivity to increase recruitment into the 
wild population. Aggressive management actions de-
signed specifically to undermine the negative influence 
of invasive species can enhance population recovery 
efforts (Peterson et al., 2008; Finlayson et al., 2010), at 
least over the short-term. Such management, based on 
intensive and adaptive research, is a much-   needed 
addition for other species threatened by hybridization 
and introgression (Laikre et al., 2010). 
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Supplemental information 
 

Red Wolf Founders 
The red wolf founders are the 14 individuals removed from the wild along the Gulf coast of Texas and Louisiana 

who were chosen, based upon morphology, skull radiographs, sonographic analysis, breeding experiments, and elec-
trophorectic and chromosomal analysis, to initiate the captive breeding program (Carley, 1975; Riley and McBride, 
1975). These individuals also have a unique mitochondrial DNA haplotype that has not been observed in coyotes 
(Adams et al., 2003). 
Pedigree Analysis Methods 

Pedigree analysis methods are described in detail in Adams 2006, but are summarized here. Parentage was deter-
mined using a combination of field and genetic data. USFWS biologists typically identified potential parents of a 
newly captured red wolf or litter of puppies based upon observational knowledge of breeding pairs and the proximity 
of the various red wolf packs. Parents were unknown or uncertain for approximately 25% of captured individuals.  
Genotypic data at 18 microsatellite loci was used to determine parentage relationships using the program Cervus 
(Marshall et al., 1998; Kalinowski et al., 2007). We used Cervus to identify the most likely parents from the potential 
pool of reproductive individuals in the population. We allowed a maximum of one mismatch for a potential parent pair, 
but only if the mismatch was due to allelic dropout. We also checked all parentage assignments with a 1 allele mis-
match to confirm that the pairing was realistic based on detailed field observations and/or telemetry of wolves during 
the breeding season. Fifteen percent of identified parent-offspring relationships had 1 genotypic mismatch; the re-
mainder had zero mismatches.   
Red Wolf Pack Territory Estimates 

Using data from 1987–2007, wolf pack territory estimates were generated by including data for every known pack 
member in a 95% kernel density estimation with a root-n bandwidth estimator (Worton, 1989; Wu and Tsai, 2004; 
Steury et al., 2010). Locations from all wolves (> 75% ancestry) within a pack were combined for home range estima-
tion, although exploratory and emigrant movements were excluded, and more than one location per pack per day was 
included only if individual wolves were > 500 m apart (Oakleaf et al., 2006). We considered any habitat that had ever 
been occupied by a red wolf pack between 1987 and 2007 as “usable habitat”. 

The recovery area encompasses about 4,600 km2 (not including large water features). From 1987 through 2007 wolf 
pack territories cumulatively covered a total of 2,172 km2, or about 47% of the total experimental area. In 2007, red 
wolf social units were using about 1,043 km2 – about 48% of “usable” (cumulatively used) habitat and about 23% of 
the total recovery area (Fig. 1).   

 

 
 

Fig. 1  Availability of red wolf habitat on the Albemarle Peninsula, North Carolina 
Usable habitat includes any habitat known to be used by red wolves (1987–2007). 
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Importance: High

I have the morning of the 13th(afternoon conflict), the 17th, 21st, 22nd, 23rd, 29th, and 30th open
currently.
 
---------------------------------------------------------------------
Andrea J. Shipley
Mammalogist, Wildlife Diversity Program
 
NC Wildlife Resources Commission
Mailing Address: PO Box 209
Castalia, North Carolina 27816
office: 919-495-4001
mobile: 919-208-9200
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be
disclosed to third parties.
 
 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, December 11, 2019 4:10 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>;
Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W
<brad.howard@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>; Michelle Eversen
<michelle_eversen@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>; Joseph Madison
<joseph_madison@fws.gov>
Subject: [External] Scheduling the next AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Howdy,
 



Good to see most of you last night.  I'd like to get a date on the calendar in January
for our next AP3C meeting.  I think a primary focus of that meeting (if not the sole
focus) should be coyote sterilization, as we (FWS) could be needing to do some of
that on-refuge depending on how our plans to form some breeding pairs plays out. 
Attached are the assembled scientific literature that addresses the use of
placeholders.  
 
In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and
30.  Please reply-all to this message with your respective availabilities.  
 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 











From: Benjamin, Pete
To: Briggs, M. Kyle; David Cobb
Subject: Re: Scheduling the next AP3C meeting
Date: Thursday, December 12, 2019 10:42:24 AM

Hey guys,

I forgot that you had mentioned adding a couple folks to our team.  I think it was Chris Lasher and Liz
Rutledge?  I thought I also heard someone mention getting Colleen more involved.  Do you want me to
extend this invite to others?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Dec 11, 2019 at 4:09 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Howdy,

Good to see most of you last night.  I'd like to get a date on the calendar in January for our next
AP3C meeting.  I think a primary focus of that meeting (if not the sole focus) should be coyote
sterilization, as we (FWS) could be needing to do some of that on-refuge depending on how our plans
to form some breeding pairs plays out.  Attached are the assembled scientific literature that
addresses the use of placeholders.  

In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30.  Please
reply-all to this message with your respective availabilities.  

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Briggs, M. Kyle
To: Benjamin, Pete; Cobb, David T.
Subject: RE: [External] Re: Scheduling the next AP3C meeting
Date: Thursday, December 12, 2019 11:04:09 AM
Importance: High

Let me verify with Gordon who he and Leo agreed to add and get back with you.
 
Kyle
 
M. Kyle Briggs
Chief Deputy Director
 
NC Wildlife Resources Commission
Mailing Address: 1701 Mail Service Center
Raleigh, North Carolina 27699-1701
office: 919-707-0016  
mobile: 919-414-9322  
 
ncwildlife.org 
 

 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Thursday, December 12, 2019 10:42 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>
Subject: [External] Re: Scheduling the next AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Hey guys,
 
I forgot that you had mentioned adding a couple folks to our team.  I think it was
Chris Lasher and Liz Rutledge?  I thought I also heard someone mention getting
Colleen more involved.  Do you want me to extend this invite to others?
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
 



 
On Wed, Dec 11, 2019 at 4:09 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Howdy,
 
Good to see most of you last night.  I'd like to get a date on the calendar in
January for our next AP3C meeting.  I think a primary focus of that meeting (if
not the sole focus) should be coyote sterilization, as we (FWS) could be needing
to do some of that on-refuge depending on how our plans to form some breeding
pairs plays out.  Attached are the assembled scientific literature that addresses
the use of placeholders.  
 
In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29
and 30.  Please reply-all to this message with your respective availabilities.  
 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Howard, Bradley W
To: Benjamin, Pete; Briggs, M. Kyle; Cobb, David T.; Schweitzer, Sara H; Shipley, Andrea J; Eversen, Michelle; Martin,

Rebekah; Madison, Joseph S; Olfenbuttel, Colleen
Subject: RE: [External] Scheduling the next AP3C meeting
Date: Thursday, December 12, 2019 11:45:02 AM
Attachments: image001.png
Importance: High

My availability:
 
January 21 & 22 if we meet somewhere down east as we will be having the District 1 & D2
Public Hearings on those nights.
 
January 29th (afternoon)
 
January 30th

 
 
___________________________________________________________________________________________
 
Brad Howard
Chief
 
NC Wildlife Resources Commission
Wildlife Management Division
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699
Office: 919-707-0054
cell:  828-413-1939 
 
Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.
 
Check out The Upland Gazette at: Upland Gazette
 
ncwildlife.org 
 

 

 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, December 11, 2019 4:10 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Schweitzer,
Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W <brad.howard@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>
Subject: [External] Scheduling the next AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov



 
Howdy,
 
Good to see most of you last night.  I'd like to get a date on the calendar in January for
our next AP3C meeting.  I think a primary focus of that meeting (if not the sole focus)
should be coyote sterilization, as we (FWS) could be needing to do some of that on-refuge
depending on how our plans to form some breeding pairs plays out.  Attached are the
assembled scientific literature that addresses the use of placeholders.  
 
In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30. 
Please reply-all to this message with your respective availabilities.  
 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.





From: Cobb, David T.
To: Benjamin, Pete
Subject: [EXTERNAL] AP3C
Date: Thursday, December 12, 2019 11:48:34 AM
Importance: High

Just asking, but before we expand the group too far should we reevaluate the goals? Going
outside our two agencies could significantly change the dynamic and ability to have some
deliberations. Ultimately not my call though.

Get Outlook for iOS

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Benjamin, Pete
To: Cobb, David T.
Subject: Re: [EXTERNAL] AP3C
Date: Thursday, December 12, 2019 12:13:22 PM

I had the same thought.  The original memo (authored by some crazy person - but that's an aside) is
between WRC and FWS.  NCWF and DNCR are going to have different interests/concerns.  But, this was
apparently decided by Gordan and Leo, and I don't have a problem with it (they're both great to work
with).  NCWF is on the NWAC, so I guess that's a good connection back to the original memorandum,
and DNCR is a sister State agency, so we can figure out a way to make it work.  Nonetheless, we'll need
to have that as item one on the agenda I suppose.  Probably need to update the charter.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Dec 12, 2019 at 11:48 AM Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Just asking, but before we expand the group too far should we reevaluate the goals? Going
outside our two agencies could significantly change the dynamic and ability to have some
deliberations. Ultimately not my call though.

Get Outlook for iOS

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Cobb, David T.
To: Benjamin, Pete
Subject: Re: [EXTERNAL] AP3C
Date: Thursday, December 12, 2019 12:14:30 PM
Importance: High

Ok

Get Outlook for iOS

From: Benjamin, Pete <pete_benjamin@fws.gov>
Sent: Thursday, December 12, 2019 12:13:22 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Re: [EXTERNAL] AP3C
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

I had the same thought.  The original memo (authored by some crazy person - but that's an aside) is
between WRC and FWS.  NCWF and DNCR are going to have different interests/concerns.  But, this was
apparently decided by Gordan and Leo, and I don't have a problem with it (they're both great to work
with).  NCWF is on the NWAC, so I guess that's a good connection back to the original memorandum,
and DNCR is a sister State agency, so we can figure out a way to make it work.  Nonetheless, we'll need
to have that as item one on the agenda I suppose.  Probably need to update the charter.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Thu, Dec 12, 2019 at 11:48 AM Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Just asking, but before we expand the group too far should we reevaluate the goals? Going
outside our two agencies could significantly change the dynamic and ability to have some
deliberations. Ultimately not my call though.

Get Outlook for iOS

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Schweitzer, Sara H
To: Howard, Bradley W; Benjamin, Pete; Briggs, M. Kyle; Cobb, David T.; Shipley, Andrea J; Eversen, Michelle; Martin,

Rebekah; Madison, Joseph S; Olfenbuttel, Colleen
Subject: Re: [External] Scheduling the next AP3C meeting
Date: Thursday, December 12, 2019 4:24:42 PM
Attachments: image001.png
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I'm available Jan. 21st (near the Edenton Public Hearing) and Jan. 30th (after 2:00 p.m.).

thanks!
Sara

From: Howard, Bradley W <brad.howard@ncwildlife.org>
Sent: Thursday, December 12, 2019 11:45 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: RE: [External] Scheduling the next AP3C meeting
 
My availability:
 
January 21 & 22 if we meet somewhere down east as we will be having the District 1 & D2
Public Hearings on those nights.
 

January 29th (afternoon)
 

January 30th

 
 
___________________________________________________________________________________________
 
Brad Howard
Chief
 
NC Wildlife Resources Commission
Wildlife Management Division
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699
Office: 919-707-0054
cell:  828-413-1939 
 
Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.
 
Check out The Upland Gazette at: Upland Gazette
 
ncwildlife.org 
 



 

 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, December 11, 2019 4:10 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Schweitzer,
Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W <brad.howard@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>
Subject: [External] Scheduling the next AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Howdy,
 
Good to see most of you last night.  I'd like to get a date on the calendar in January for
our next AP3C meeting.  I think a primary focus of that meeting (if not the sole focus)
should be coyote sterilization, as we (FWS) could be needing to do some of that on-refuge
depending on how our plans to form some breeding pairs plays out.  Attached are the
assembled scientific literature that addresses the use of placeholders.  
 
In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30. 
Please reply-all to this message with your respective availabilities.  
 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.





From: Briggs, M. Kyle
To: Schweitzer, Sara H; Howard, Bradley W; Benjamin, Pete; Cobb, David T.; Shipley, Andrea J; Eversen, Michelle; Martin,

Rebekah; Madison, Joseph S; Olfenbuttel, Colleen
Subject: RE: [External] Scheduling the next AP3C meeting
Date: Thursday, December 12, 2019 5:04:11 PM
Attachments: image010.png
Importance: High

It is hard to predict my schedule right now for January, as we are trying to schedule public input meetings
to discuss impacts from delineation of waters in and around public hearings and late January and early
February.
 
Kyle
 
M. Kyle Briggs
Chief Deputy Director
 
NC Wildlife Resources Commission
Mailing Address: 1701 Mail Service Center
Raleigh, North Carolina 27699-1701
office: 919-707-0016  
mobile: 919-414-9322  
 
ncwildlife.org 
 

 
 

From: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org> 
Sent: Thursday, December 12, 2019 4:25 PM
To: Howard, Bradley W <brad.howard@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>; Briggs,
M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: Re: [External] Scheduling the next AP3C meeting
 
I'm available Jan. 21st (near the Edenton Public Hearing) and Jan. 30th (after 2:00 p.m.).
 
thanks!
Sara

From: Howard, Bradley W <brad.howard@ncwildlife.org>
Sent: Thursday, December 12, 2019 11:45 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: RE: [External] Scheduling the next AP3C meeting
 
My availability:



 
January 21 & 22 if we meet somewhere down east as we will be having the District 1 & D2
Public Hearings on those nights.
 
January 29th (afternoon)
 
January 30th

 
 
___________________________________________________________________________________________
 
Brad Howard
Chief
 
NC Wildlife Resources Commission
Wildlife Management Division
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699
Office: 919-707-0054
cell:  828-413-1939 
 
Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.
 
Check out The Upland Gazette at: Upland Gazette
 
ncwildlife.org 
 

 

 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, December 11, 2019 4:10 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Schweitzer,
Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W <brad.howard@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>
Subject: [External] Scheduling the next AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Howdy,
 
Good to see most of you last night.  I'd like to get a date on the calendar in January for
our next AP3C meeting.  I think a primary focus of that meeting (if not the sole focus)
should be coyote sterilization, as we (FWS) could be needing to do some of that on-refuge
depending on how our plans to form some breeding pairs plays out.  Attached are the
assembled scientific literature that addresses the use of placeholders.  



 
In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30. 
Please reply-all to this message with your respective availabilities.  
 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.





From: Cobb, David T.
To: Benjamin, Pete
Cc: Briggs, M. Kyle
Subject: RE: [External] Scheduling the next AP3C meeting
Date: Friday, December 13, 2019 8:45:39 AM
Attachments: image001.png
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Importance: High

Pete,
 
While I hesitate to speak for others and realizing that many have already replied,
based on Gordon, Kyle, Brad, and Sara’s schedules for January (public hearings and
public input meetings among other things) I suggest not trying to schedule this
meeting in January.  I recommend a doddle poll for the month of February as based
on your desire to discuss the coyote issues having all of them in attendance is
critical.
 
David
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Research Director
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           

 
From: Briggs, M. Kyle <kyle.briggs@ncwildlife.org> 
Sent: Thursday, December 12, 2019 5:04 PM
To: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W
<brad.howard@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>; Michelle Eversen
<michelle_eversen@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>; Joseph Madison
<joseph_madison@fws.gov>; Olfenbuttel, Colleen <Colleen.Olfenbuttel@ncwildlife.org>
Subject: RE: [External] Scheduling the next AP3C meeting
 
It is hard to predict my schedule right now for January, as we are trying to schedule public input meetings
to discuss impacts from delineation of waters in and around public hearings and late January and early



February.
 
Kyle
 
M. Kyle Briggs
Chief Deputy Director
 
NC Wildlife Resources Commission
Mailing Address: 1701 Mail Service Center
Raleigh, North Carolina 27699-1701
office: 919-707-0016  
mobile: 919-414-9322  
 
ncwildlife.org 
 

 
 

From: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org> 
Sent: Thursday, December 12, 2019 4:25 PM
To: Howard, Bradley W <brad.howard@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>; Briggs,
M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: Re: [External] Scheduling the next AP3C meeting
 
I'm available Jan. 21st (near the Edenton Public Hearing) and Jan. 30th (after 2:00 p.m.).
 
thanks!
Sara

From: Howard, Bradley W <brad.howard@ncwildlife.org>
Sent: Thursday, December 12, 2019 11:45 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: RE: [External] Scheduling the next AP3C meeting
 
My availability:
 
January 21 & 22 if we meet somewhere down east as we will be having the District 1 & D2
Public Hearings on those nights.
 
January 29th (afternoon)
 
January 30th

 
 
___________________________________________________________________________________________



 
Brad Howard
Chief
 
NC Wildlife Resources Commission
Wildlife Management Division
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699
Office: 919-707-0054
cell:  828-413-1939 
 
Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.
 
Check out The Upland Gazette at: Upland Gazette
 
ncwildlife.org 
 

 

 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, December 11, 2019 4:10 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Schweitzer,
Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W <brad.howard@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>
Subject: [External] Scheduling the next AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Howdy,
 
Good to see most of you last night.  I'd like to get a date on the calendar in January for
our next AP3C meeting.  I think a primary focus of that meeting (if not the sole focus)
should be coyote sterilization, as we (FWS) could be needing to do some of that on-refuge
depending on how our plans to form some breeding pairs plays out.  Attached are the
assembled scientific literature that addresses the use of placeholders.  
 
In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30. 
Please reply-all to this message with your respective availabilities.  
 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive



Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.













From: Olfenbuttel, Colleen
To: Schweitzer, Sara H; Howard, Bradley W; Benjamin, Pete; Briggs, M. Kyle; Cobb, David T.; Shipley, Andrea J; Eversen,

Michelle; Martin, Rebekah; Madison, Joseph S
Subject: RE: [External] Scheduling the next AP3C meeting
Date: Friday, December 13, 2019 10:47:46 AM
Attachments: image006.png

image007.png
Importance: High

I will be staying overnight in Plymouth on the 13th to check cameras along highway 64, so I can do either

the 13th or 14th, and just schedule fieldwork around the meeting.
 

I will be at the D1 public hearing on the 21st, so Jan. 21st or 22nd work for me.
 

Other available dates are Jan. 15th, 17th, and 23rd.
 

Our agency is scheduling a first aid/CPR training in the mountains, and it may occur the week of Jan. 27th,

so I would be tentative for Jan. 29th or 30th, depending on whether the training occurs on either of those
dates.
 
 
 
Colleen Olfenbuttel
Certified Wildlife Biologist®
Black Bear & Furbearer Biologist, Surveys & Research Program
Wildlife Management Division
NC Wildlife Resources Commission
office: 919-920-6302   //   mobile: 919-920-6302  
ncwildlife.org 
 
Learn to live responsibly with bears by following the 6 BearWise Basics: bearwise.org

Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.
 

From: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org> 
Sent: Thursday, December 12, 2019 4:25 PM
To: Howard, Bradley W <brad.howard@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>; Briggs,
M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: Re: [External] Scheduling the next AP3C meeting
 
I'm available Jan. 21st (near the Edenton Public Hearing) and Jan. 30th (after 2:00 p.m.).
 
thanks!
Sara



From: Howard, Bradley W <brad.howard@ncwildlife.org>
Sent: Thursday, December 12, 2019 11:45 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: RE: [External] Scheduling the next AP3C meeting
 
My availability:
 
January 21 & 22 if we meet somewhere down east as we will be having the District 1 & D2
Public Hearings on those nights.
 
January 29th (afternoon)
 
January 30th

 
 
___________________________________________________________________________________________
 
Brad Howard
Chief
 
NC Wildlife Resources Commission
Wildlife Management Division
Mailing Address: 1722 Mail Service Center
Raleigh, North Carolina 27699
Office: 919-707-0054
cell:  828-413-1939 
 
Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.
 
Check out The Upland Gazette at: Upland Gazette
 
ncwildlife.org 
 

 

 
 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, December 11, 2019 4:10 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Schweitzer,
Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W <brad.howard@ncwildlife.org>; Shipley,
Andrea J <andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>



Subject: [External] Scheduling the next AP3C meeting
 
CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 
Howdy,
 
Good to see most of you last night.  I'd like to get a date on the calendar in January for
our next AP3C meeting.  I think a primary focus of that meeting (if not the sole focus)
should be coyote sterilization, as we (FWS) could be needing to do some of that on-refuge
depending on how our plans to form some breeding pairs plays out.  Attached are the
assembled scientific literature that addresses the use of placeholders.  
 
In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30. 
Please reply-all to this message with your respective availabilities.  
 
Thanks,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.







From: Martin, Rebekah
To: Olfenbuttel, Colleen
Cc: Schweitzer, Sara H; Howard, Bradley W; Benjamin, Pete; Briggs, M. Kyle; Cobb, David T.; Shipley, Andrea J; Eversen,

Michelle; Madison, Joseph S
Subject: Re: [External] Scheduling the next AP3C meeting
Date: Thursday, January 2, 2020 8:43:07 AM
Attachments: image006.png

image007.png
Importance: High

I'm available on the 21st and 22nd  as well as the 29th and 30th. 

Happy New Year!
Rebekah

Rebekah P. Martin
North Carolina Coastal NWR Complex
100 Conservation Way
P.O. Box 1969
Manteo, NC 27954
o: 252.473.1132 x222
c: 252.414.1877
https://www.wingsoverwater.org/

On Fri, Dec 13, 2019 at 10:48 AM Olfenbuttel, Colleen <Colleen.Olfenbuttel@ncwildlife.org> wrote:

I will be staying overnight in Plymouth on the 13th to check cameras along highway 64, so I can do either

the 13th or 14th, and just schedule fieldwork around the meeting.

 

I will be at the D1 public hearing on the 21st, so Jan. 21st or 22nd work for me.

 

Other available dates are Jan. 15th, 17th, and 23rd.

 

Our agency is scheduling a first aid/CPR training in the mountains, and it may occur the week of Jan. 27th,

so I would be tentative for Jan. 29th or 30th, depending on whether the training occurs on either of those
dates.

 

 

 

Colleen Olfenbuttel

Certified Wildlife Biologist®

Black Bear & Furbearer Biologist, Surveys & Research Program



Wildlife Management Division

NC Wildlife Resources Commission

office: 919-920-6302   //   mobile: 919-920-6302  

ncwildlife.org 

 

Learn to live responsibly with bears by following the 6 BearWise Basics: bearwise.org

Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.

 

From: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org> 
Sent: Thursday, December 12, 2019 4:25 PM
To: Howard, Bradley W <brad.howard@ncwildlife.org>; Benjamin, Pete <pete_benjamin@fws.gov>; Briggs,
M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: Re: [External] Scheduling the next AP3C meeting

 

I'm available Jan. 21st (near the Edenton Public Hearing) and Jan. 30th (after 2:00 p.m.).

 

thanks!

Sara

From: Howard, Bradley W <brad.howard@ncwildlife.org>
Sent: Thursday, December 12, 2019 11:45 AM
To: Benjamin, Pete <pete_benjamin@fws.gov>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Shipley, Andrea J
<andrea.shipley@ncwildlife.org>; Michelle Eversen <michelle_eversen@fws.gov>; Rebekah Martin
<rebekah_p_martin@fws.gov>; Joseph Madison <joseph_madison@fws.gov>; Olfenbuttel, Colleen
<Colleen.Olfenbuttel@ncwildlife.org>
Subject: RE: [External] Scheduling the next AP3C meeting

 



My availability:

 

January 21 & 22 if we meet somewhere down east as we will be having the District 1 & D2
Public Hearings on those nights.

 

January 29th (afternoon)

 

January 30th

 

 

___________________________________________________________________________________________

 

Brad Howard

Chief

 

NC Wildlife Resources Commission

Wildlife Management Division

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699

Office: 919-707-0054

cell:  828-413-1939 

 

Get NC Wildlife Update - news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.

 

Check out The Upland Gazette at: Upland Gazette

 

ncwildlife.org 

 



 

 

 

From: Benjamin, Pete <pete_benjamin@fws.gov> 
Sent: Wednesday, December 11, 2019 4:10 PM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>;
Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W
<brad.howard@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>; Michelle
Eversen <michelle_eversen@fws.gov>; Rebekah Martin <rebekah_p_martin@fws.gov>; Joseph
Madison <joseph_madison@fws.gov>
Subject: [External] Scheduling the next AP3C meeting

 

CAUTION: External email. Do not click links or open attachments unless you verify. Send all suspicious email as an
attachment to report.spam@nc.gov

 

Howdy,

 

Good to see most of you last night.  I'd like to get a date on the calendar in January for
our next AP3C meeting.  I think a primary focus of that meeting (if not the sole focus)
should be coyote sterilization, as we (FWS) could be needing to do some of that on-refuge
depending on how our plans to form some breeding pairs plays out.  Attached are the
assembled scientific literature that addresses the use of placeholders.  

 

In terms of dates, my calendar is open on January 13, 14, 15, 17, 21, 22, 23, 29 and 30. 
Please reply-all to this message with your respective availabilities.  

 

Thanks,

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office



U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.







From: Madison, Joseph S
To: Eversen, Michelle
Cc: Benjamin, Pete; Miranda, Leopoldo
Subject: Re: [External] Canid Questions
Date: Friday, November 15, 2019 2:43:28 PM
Attachments: image005.png
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Importance: High

Michelle,

Your interpretation of my original email is entirely accurate. 

Respectfully, 

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
P.O. Box 1969
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
Cell:  (252) 475-8259
joseph_madison@fws.gov

On Fri, Nov 15, 2019 at 2:29 PM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Joe - 

I wanted to follow up on our discussion from yesterday regarding this email chain and
potential confusion regarding what we are proposing to do relative to coyotes as part of the
Partners for Fish and Wildlife Prey for the Pack strategy.   I am not sure how Andrea
interpreted that we were going to be trapping coyotes from your message.

My read is that you were wanting to ensure that private landowners working with us on
Partners for Fish and Wildlife Funded Habitat restoration and enhancement projects within
the NEP as part of the Prey for the Pack funding that want to trap coyotes on their property
would be eligible to either be reimbursed themselves or have their trappers reimbursed out
of the funds that were established jointly by FWS and WRC for this purpose.   Therefore,
the Service would not be doing any coyote trapping as part of this - only helping them get
themselves or their trappers reimbursed for their trapping efforts should they successfully
trap a coyote. 

Am I understanding this correctly?  Let me know if I am clear so that I can get back to Leo
with that clarification and so that you can follow up with Andrea to that same end.

Thanks,



Michelle 

---------- Forwarded message ---------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Nov 13, 2019 at 1:19 PM
Subject: Fwd: [External] Canid Questions
To: Michelle Eversen <michelle_eversen@fws.gov>

As discussed... FYI 

Leo

Leopoldo Miranda, Regional Director 
USFWS, South Atlantic-Gulf & 
Mississippi-Basin 
404-679-4000 

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Begin forwarded message:

From: "Myers, Gordon S." <gordon.myers@ncwildlife.org>
Date: November 13, 2019 at 12:23:14 PM EST
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Subject: Fwd: [External] Canid Questions

FYI
Get Outlook for iOS

From: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Sent: Wednesday, November 13, 2019 10:58 AM
To: Myers, Gordon S.
Subject: FW: [External] Canid Questions
 

 

 

M. Kyle Briggs



Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016  

mobile: 919-414-9322  

 

ncwildlife.org 

 

 

 

From: Howard, Bradley W <brad.howard@ncwildlife.org> 
Sent: Wednesday, November 13, 2019 9:11 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Subject: FW: [External] Canid Questions

 

FYI

 

See email at bottom of the string.

 

Brad Howard

Chief

 

NC Wildlife Resources Commission

Wildlife Management Division

Mailing Address: 1722 Mail Service Center



Raleigh, North Carolina 27699

Office: 919-707-0054

cell:  828-413-1939 

 

GetNC Wildlife Update - news including season dates, bag limits, legislative updates and
more -- delivered to your Inbox from the N.C. Wildlife Resources Commission.

 

Check outThe Upland Gazette at: Upland Gazette

 

ncwildlife.org 

 

 

 

 

 

From: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Sent: Wednesday, November 6, 2019 11:46 AM
To: Howard, Bradley W <brad.howard@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>
Subject: RE: [External] Canid Questions

 

I did send Joe an email regarding the need for a permit for these activities and
that the last one the program held was revoked. I have not heard back.

 

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

Andrea J. Shipley



Mammalogist, Wildlife Diversity Program

 

NC Wildlife Resources Commission

Mailing Address: PO Box 209

Castalia, North Carolina 27816

office: 919-495-4001

mobile: 919-208-9200

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public
Records Law and may be disclosed to third parties.

 

 

 

From: Howard, Bradley W <brad.howard@ncwildlife.org>
Sent: Friday, November 01, 2019 1:36 PM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>
Subject: RE: [External] Canid Questions

 

Interesting,  I am not sure what they say they want to do in terms of the “Prey
for the Pack” idea is legal at least not under current law, protocol and policy. 
The only legal way to trap coyotes and “sale” them (which is what they are
doing if the someone pays them for trapping the animal and it stays alive) is for
the trappers to sale them to a Controlled Fox Hunting Preserve. They would
absolutely have to have a special conditions permit with some interesting
components in the permits.  I’ll have to think about this some more but this is in
no way as simple as what he suggests below.

 



 

 

Brad Howard

Chief

 

NC Wildlife Resources Commission

Wildlife Management Division

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699

Office: 919-707-0054

cell:  828-413-1939 

 

GetNC Wildlife Update - news including season dates, bag limits, legislative updates and
more -- delivered to your Inbox from the N.C. Wildlife Resources Commission.

 

Check outThe Upland Gazette at: Upland Gazette

 

ncwildlife.org 

 

 

 

 

From: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Sent: Thursday, October 31, 2019 3:01 PM



To: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W
<brad.howard@ncwildlife.org>
Subject: FW: [External] Canid Questions

 

The recent email from Joe…

 

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

Andrea J. Shipley

Mammalogist, Wildlife Diversity Program

 

NC Wildlife Resources Commission

Mailing Address: PO Box 209

Castalia, North Carolina 27816

office: 919-495-4001

mobile: 919-208-9200

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public
Records Law and may be disclosed to third parties.

 

 

 

From: Madison, Joseph <joseph_madison@fws.gov>
Sent: Tuesday, October 29, 2019 11:57 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Canid Questions



 

CAUTION: External email. Do not click links or open attachments unless you verify. Send all
suspicious email as an attachment to report.spam@nc.gov

 

Andrea,,

 

First I wanted to express my condolences on your mother's passing.  It's hard to
know the best things to express, but I know you worked very hard to do the best
by her and she is lucky to have you for a daughter, and I'm guessing by your
actions that vice versa is likely true as well.  

 

As you are aware, there are a few things in the works for this fall/winter
regarding red wolves.  I am referring to the translocation of two red wolves
from St. Vincent NWR to Alligator River NWR and one male red wolf from
Alligator River NWR to Pocosin Lakes NWR, as well as the implementation of
the Prey for the Pack project.  

 

There is a particular aspect in both of those endeavors that involve WRC, or at
least potentially could.  For the translocations, we need to capture
approximately 12 specific canids in order for us to have the best shot at it being
successful, including the ones in Florida.  Ryan and Shaun are actually heading
down there to assist with the trapping at the beginning of December.  That
leaves us potentially a bit short handed up here as we attempt to capture in
likely 3 different places minimum.  My question to you is if Worth's time this
winter is fully booked or way over booked, or if he would potentially from a
time standpoint and WRC concerns standpoint be able to assist us with
trapping.  This is just an initial ask to see if it is even a possibility.  I haven't
come close to figuring out the logistics of where or when or FWS paying for his
time, etc.  

 

With regards to Prey for the Pack, there is also coyote trapping on private land
to be done associated with that project.  I wasn't thinking WRC would be
involved in that trapping, though I am certainly not opposed to it.  However, I
wanted to make sure you/WRC were comfortable with landowners or trappers
they allow on their property to be reimbursed for canids they capture through
the trapper reimbursement program.  At first, the Red Wolf Coalition was
potentially going to pay private trappers to do the trapping on private lands. 
However, they decided they did not want to participate in that fashion, although



they are paying for the coyote sterilizations.  Anyway, in the absence of some
entity paying trappers to trap on a private landowners property as part of the
Prey for the Pack project, in my mind it seems appropriate that if a private
trapper, or the landowner, traps on their land that they would receive the same
reimbursement for capturing that canid as anybody else would.  So essentially,
while they wouldn't be paid directly to trap on the private land, they would get
payment if they trap successfully.  In my mind it falls within the parameters of
the agreement, but like I said, I wanted to discuss it with you so we are on the
same page.

 

Thanks,

Joe Madison

Red Wolf Recovery Program

Assistant Field Supervisor for

Eastern North Carolina Ecological Services Sub-Office

U.S. Fish and Wildlife Service

P.O. Box 1969

100 Conservation Way

Manteo, NC 27954

Office: (252) 473-1132 ext 245

Cell:  (252) 475-8259

joseph_madison@fws.gov

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties















From: Eversen, Michelle
To: Madison, Joseph S
Cc: Benjamin, Pete; Miranda, Leopoldo
Subject: Fwd: [External] Canid Questions
Date: Friday, November 15, 2019 2:29:00 PM
Attachments: image005.png

image001.png
image002.png
image003.png
image004.png

Importance: High

Joe - 

I wanted to follow up on our discussion from yesterday regarding this email chain and
potential confusion regarding what we are proposing to do relative to coyotes as part of the
Partners for Fish and Wildlife Prey for the Pack strategy.   I am not sure how Andrea
interpreted that we were going to be trapping coyotes from your message.

My read is that you were wanting to ensure that private landowners working with us on
Partners for Fish and Wildlife Funded Habitat restoration and enhancement projects within the
NEP as part of the Prey for the Pack funding that want to trap coyotes on their property would
be eligible to either be reimbursed themselves or have their trappers reimbursed out of the
funds that were established jointly by FWS and WRC for this purpose.   Therefore, the Service
would not be doing any coyote trapping as part of this - only helping them get themselves or
their trappers reimbursed for their trapping efforts should they successfully trap a coyote. 

Am I understanding this correctly?  Let me know if I am clear so that I can get back to Leo
with that clarification and so that you can follow up with Andrea to that same end.

Thanks,

Michelle 

---------- Forwarded message ---------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Nov 13, 2019 at 1:19 PM
Subject: Fwd: [External] Canid Questions
To: Michelle Eversen <michelle_eversen@fws.gov>

As discussed... FYI 

Leo

Leopoldo Miranda, Regional Director 
USFWS, South Atlantic-Gulf & 
Mississippi-Basin 
404-679-4000 



Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Begin forwarded message:

From: "Myers, Gordon S." <gordon.myers@ncwildlife.org>
Date: November 13, 2019 at 12:23:14 PM EST
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Subject: Fwd: [External] Canid Questions

FYI
Get Outlook for iOS

From: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Sent: Wednesday, November 13, 2019 10:58 AM
To: Myers, Gordon S.
Subject: FW: [External] Canid Questions
 

 

 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016  

mobile: 919-414-9322  

 

ncwildlife.org 

 



 

 

From: Howard, Bradley W <brad.howard@ncwildlife.org> 
Sent: Wednesday, November 13, 2019 9:11 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Subject: FW: [External] Canid Questions

 

FYI

 

See email at bottom of the string.

 

Brad Howard

Chief

 

NC Wildlife Resources Commission

Wildlife Management Division

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699

Office: 919-707-0054

cell:  828-413-1939 

 

GetNC Wildlife Update - news including season dates, bag limits, legislative updates and
more -- delivered to your Inbox from the N.C. Wildlife Resources Commission.

 

Check outThe Upland Gazette at: Upland Gazette

 

ncwildlife.org 

 



 

 

 

 

From: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Sent: Wednesday, November 6, 2019 11:46 AM
To: Howard, Bradley W <brad.howard@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>
Subject: RE: [External] Canid Questions

 

I did send Joe an email regarding the need for a permit for these activities and that
the last one the program held was revoked. I have not heard back.

 

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

Andrea J. Shipley

Mammalogist, Wildlife Diversity Program

 

NC Wildlife Resources Commission

Mailing Address: PO Box 209

Castalia, North Carolina 27816

office: 919-495-4001

mobile: 919-208-9200

 

ncwildlife.org 

 



Email correspondence to and from this sender is subject to the N.C. Public
Records Law and may be disclosed to third parties.

 

 

 

From: Howard, Bradley W <brad.howard@ncwildlife.org>
Sent: Friday, November 01, 2019 1:36 PM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>; Schweitzer, Sara H
<sara.schweitzer@ncwildlife.org>
Subject: RE: [External] Canid Questions

 

Interesting,  I am not sure what they say they want to do in terms of the “Prey for
the Pack” idea is legal at least not under current law, protocol and policy.  The
only legal way to trap coyotes and “sale” them (which is what they are doing if
the someone pays them for trapping the animal and it stays alive) is for the
trappers to sale them to a Controlled Fox Hunting Preserve. They would
absolutely have to have a special conditions permit with some interesting
components in the permits.  I’ll have to think about this some more but this is in
no way as simple as what he suggests below.

 

 

 

Brad Howard

Chief

 

NC Wildlife Resources Commission

Wildlife Management Division

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699

Office: 919-707-0054



cell:  828-413-1939 

 

GetNC Wildlife Update - news including season dates, bag limits, legislative updates and
more -- delivered to your Inbox from the N.C. Wildlife Resources Commission.

 

Check outThe Upland Gazette at: Upland Gazette

 

ncwildlife.org 

 

 

 

 

From: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Sent: Thursday, October 31, 2019 3:01 PM
To: Schweitzer, Sara H <sara.schweitzer@ncwildlife.org>; Howard, Bradley W
<brad.howard@ncwildlife.org>
Subject: FW: [External] Canid Questions

 

The recent email from Joe…

 

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

Andrea J. Shipley

Mammalogist, Wildlife Diversity Program

 

NC Wildlife Resources Commission



Mailing Address: PO Box 209

Castalia, North Carolina 27816

office: 919-495-4001

mobile: 919-208-9200

 

ncwildlife.org 

 

Email correspondence to and from this sender is subject to the N.C. Public
Records Law and may be disclosed to third parties.

 

 

 

From: Madison, Joseph <joseph_madison@fws.gov>
Sent: Tuesday, October 29, 2019 11:57 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Subject: [External] Canid Questions

 

CAUTION: External email. Do not click links or open attachments unless you verify. Send all
suspicious email as an attachment to report.spam@nc.gov

 

Andrea,,

 

First I wanted to express my condolences on your mother's passing.  It's hard to
know the best things to express, but I know you worked very hard to do the best
by her and she is lucky to have you for a daughter, and I'm guessing by your
actions that vice versa is likely true as well.  

 



As you are aware, there are a few things in the works for this fall/winter regarding
red wolves.  I am referring to the translocation of two red wolves from St. Vincent
NWR to Alligator River NWR and one male red wolf from Alligator River NWR
to Pocosin Lakes NWR, as well as the implementation of the Prey for the Pack
project.  

 

There is a particular aspect in both of those endeavors that involve WRC, or at
least potentially could.  For the translocations, we need to capture approximately
12 specific canids in order for us to have the best shot at it being successful,
including the ones in Florida.  Ryan and Shaun are actually heading down there to
assist with the trapping at the beginning of December.  That leaves us potentially
a bit short handed up here as we attempt to capture in likely 3 different places
minimum.  My question to you is if Worth's time this winter is fully booked or
way over booked, or if he would potentially from a time standpoint and WRC
concerns standpoint be able to assist us with trapping.  This is just an initial ask to
see if it is even a possibility.  I haven't come close to figuring out the logistics of
where or when or FWS paying for his time, etc.  

 

With regards to Prey for the Pack, there is also coyote trapping on private land to
be done associated with that project.  I wasn't thinking WRC would be involved in
that trapping, though I am certainly not opposed to it.  However, I wanted to make
sure you/WRC were comfortable with landowners or trappers they allow on their
property to be reimbursed for canids they capture through the trapper
reimbursement program.  At first, the Red Wolf Coalition was potentially going to
pay private trappers to do the trapping on private lands.  However, they decided
they did not want to participate in that fashion, although they are paying for the
coyote sterilizations.  Anyway, in the absence of some entity paying trappers to
trap on a private landowners property as part of the Prey for the Pack project, in
my mind it seems appropriate that if a private trapper, or the landowner, traps on
their land that they would receive the same reimbursement for capturing that
canid as anybody else would.  So essentially, while they wouldn't be paid directly
to trap on the private land, they would get payment if they trap successfully.  In
my mind it falls within the parameters of the agreement, but like I said, I wanted
to discuss it with you so we are on the same page.

 

Thanks,

Joe Madison

Red Wolf Recovery Program

Assistant Field Supervisor for



Eastern North Carolina Ecological Services Sub-Office

U.S. Fish and Wildlife Service

P.O. Box 1969

100 Conservation Way

Manteo, NC 27954

Office: (252) 473-1132 ext 245

Cell:  (252) 475-8259

joseph_madison@fws.gov

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties













From: Madison, Joseph S
To: Briggs, M. Kyle; Cobb, David T.; Schweitzer, Sara H; Shipley, Andrea J; Eversen, Michelle; Martin, Rebekah;

Benjamin, Pete; gordon.myers@ncwildlife.org
Subject: Fwd: Research Papers Regarding Using Placeholder Canids and Sterlization
Date: Thursday, August 15, 2019 10:26:47 AM
Attachments: Bromley_and_Gese_2001_Effects_of_sterliziation_on_territory_pairs_survival_in_coyotes.pdf

Fredrickson_and_Hedrick_2006_Dynamics_of_hybridization_intogression_coyotes_red_wolves .pdf
DeLiberto_et_al_1998_Fertility_control_coyotes_potential_management_tool.pdf
Bromley_and_Gese_2001_Sterilization_as_method_of_reducing_coyote_predation_on_domestic_sheep.pdf
Gese_and_Terletzky_2015_Using_placeholder concept_to_reduce_introgression.pdf
Conner_et_al_2008_Coyote_mgmt_using_spatial_individual_social_pop_model.pdf
Mitchell_et_al_2004_Coyote_depredation_management_sterilization.pdf
Hinton_et_al_2017_Survival_and_population_estimates_red_wolves.pdf
Roth_et_el_2008_Spatial_dynamics_coyotes_on_red_wolves.pdf
Seidler_and_Gese_2012_Territory_fedelity_space_use_survival_coyotes_after_sterilization.pdf
Rutledge_et_al_2011_Intense_harvesting _of_eastern_wolves_facilitated_hybridization_with_coyotes.pdf
Seidler_2009_Surgical_sterilization_of_coyotes_to_reduce_predation.pdf
Hinton_et_al_2015_Coyote_space_use_residents_transients.PDF
Seidler_et_al_2014_Sterilization_to_change_predation_rates_coyotes.pdf
Gese_et_al_2015_Managing_hybridization_red_wolf.pdf
Sparkman_et_al_2012_Pack dynamics_inbreeding_avoidance_red_wolf.pdf

Importance: High

All,

At the AP3C meeting in June, I was tasked with compiling the available research on the
subject of canid sterilization and using placeholder animals, for the purpose of sharing that
information with the group.  Attached are 16 research papers that we are aware of and
reference with respect to this subject matter.

Respectfully,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov
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Effects of sterilization on territory fidelity and
maintenance, pair bonds, and survival rates of
free-ranging coyotes

Cassity Bromley and Eric M. Gese

Abstract: Predation on sheep by coyotes (Canis latrans) is a longstanding problem for sheep producers. Current re-
search suggests that surgical sterilization of coyotes could prove to be an effective method of reducing their depreda-
tion rates on domestic sheep by modifying their predatory behavior. However, for sterilization to be a viable
management tool, the territorial and affiliative behaviors of pack members would need to remain in place. We tested
whether surgically sterilized coyotes maintained pair bonds and territories in the same manner as intact coyotes. We
also examined if territory fidelity and survival rates differed between sterile and intact coyotes. From June 1997 to
April 2000, 10 males and 9 females were sham-operated and radio-collared, while 20 males and 6 females were surgi-
cally sterilized and radio-collared. We monitored members of 5 sterile and 4 intact packs during 1998, 6 sterile and 7
intact packs during 1999, and 4 sterile and 6 intact packs through the 2000 breeding season. Behaviorally, sterile packs
appeared to be no different than intact packs. A half-weight association index showed that social dyads within sterile
coyote packs were located together as frequently as dyads within intact packs. Simultaneous radiolocations of members
of sterile packs showed that members of sterile packs were significantly closer to each other than would be expected
from random locations. There was no difference in size or degree of overlap between territories of sterile and sham-
operated coyote packs. Sterile coyotes had a higher annual survival rate than reproductive animals in 2 of the 3 years,
and there was no difference in the level of territory fidelity. We concluded that surgical sterilization did not modify the
territorial or affiliative behaviors of free-ranging coyotes, and therefore sterile coyotes could be used as a management
tool to exclude other potential sheep-killing coyotes.

Résumé: La prédation opérée sur les moutons par les Coyotes (Canis latrans) est un problème de longue date pour
les éleveurs de moutons. Des recherches récentes indiquent que la stérilisation chirurgicale des coyotes pourrait être
une façon efficace de diminuer les taux de prédation exercée sur les moutons domestiques car elle modifie le comporte-
ment prédateur des coyotes. Cependant, pour que la stérilisation soit un outil de gestion efficace, il faudrait que les
comportements territoriaux et les comportements d’affiliation restent les mêmes. Nous avons vérifié si les coyotes stéri-
lisés par chirurgie sont capables de maintenir la fidélité à un territoire et les liens entre deux individus aussi bien que
les coyotes témoins. Nous avons également vérifié si la fidélité au territoire et les taux de survie diffèrent chez les
coyotes stérilisés et les coyotes intacts. De juin 1997 à avril 2000, nous avons procédé à des opérations simulées sur
10 mâles et 9 femelles et stérilisé vraiment 20 mâles et 6 femelles et nous avons muni tous ces animaux d’un collier
émetteur. Nous avons suivi ainsi 5 meutes stériles et 4 intactes en 1998, 6 stériles et 7 intactes en 1999 et 4 stériles et
6 intactes pendant la saison de reproduction 2000. Le comportement des meutes stériles ne semblait pas différer de ce-
lui des meutes témoins. Un coefficient d’association (« half-weight association index ») a montré que les dyades socia-
les au sein des meutes stériles se retrouvaient ensemble aussi souvent que les dyades au sein des meutes intactes. Le
repérage simultané par radio de membres des meutes stériles a permis de constater que les individus des meutes stéri-
les se tiennent plus près les uns des autres que s’ils étaient répartis au hasard. Nous n’avons pas observé de différences
dans la taille des territoires ou l’importance du recoupement entre les meutes stériles et les meutes qui n’ont subi que
des opérations simulées. Le taux de survie annuel des coyotes stériles s’est révélé plus élevé que celui des coyotes re-
producteurs au cours de 2 des 3 années de l’étude et les deux groupes avaient le même degré de fidélité au territoire.
Nous concluons que la stérilisation par chirurgie ne modifie pas les comportements territoriaux ou les affiliations chez
les coyotes en nature. Les coyotes stérilisés pourraient ainsi être utilisés en gestion pour assurer l’exclusion d’autres
coyotes prédateurs de moutons.
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Introduction

People have been trying to prevent coyotes (Canis latrans)
from killing domestic sheep for as long as sheep grazing and
coyotes have coexisted. In Utah, ranchers reported the loss
of 19 000 lambs and sheep in 1997 (U.S. Department of Ag-
riculture 1998), and losses to predators have been cited as a
factor in ranchers leaving the industry (Gee et al. 1977). Till
and Knowlton (1983) suggested that provisioning of pups
may be a factor driving coyote predatory behavior. When
both pups and adult coyotes were removed, predation on
sheep declined by 98.8%. When just pups were removed and
adults were left in place, sheep losses declined by 91.6%. In
areas where no control was performed, losses declined by
4.2%. Those authors hypothesized that sterilization might be
even more effective because the sheep losses that occurred
before pups were removed would be avoided. In addition, if
sterilized coyotes maintain pair bonds and defend territories,
other benefits would accrue: pairs defending a territory could
exclude other potential sheep-killing coyotes, and these ben-
efits could continue for several years, as long as the coyotes
survived and pair bonds remained intact.

Sterilization has been discussed as a wildlife management
tool (Garrott 1995) in many contexts, including control of
rabies (Linhart and Enders 1964) and limiting the distribution
and numbers of animals such as feral horses (Kirkpatrick et
al. 1990), geese (Branta canadensis) (Converse and Kennelly
1994), deer (Odocoileus virginianus) (Matschke 1977; Plotka
and Seal 1989), burros (Turner et al. 1996), and red foxes
(Vulpes vulpes) (Linhart and Enders 1964; Oleyar and
McGinnes1974; Pech et al. 1997). However, the effect of
sterilization on wild carnivore behavior has not been widely
investigated (Asa 1995). Mech and Fritts (1993) reported
that 5 vasectomized wolves (Canis lupus) maintained territo-
ries and pair bonds. Haight and Mech (1997) developed a
model testing the use of vasectomy for wolf control. A study
of red foxes in Australia showed that during the first year af-
ter they were surgically sterilized, females maintained home
ranges similar in size to intact females, but overlap of home
ranges wasgreater among sterile vixens (Saunders and
McIlroy 1996).Dominance relationships, mortality rates, and
behavior did not change, and compensatory reproduction ap-
parently did not occur (Saunders and McIlroy 1996; Bubela
1999). Balser (1964) examined the effectiveness of diethyl-
stilbestrol drop baits in reducing coyote reproduction, but
did not examine any behavioral effects. Zemlicka (1995)
found no effect of sterilization on courtship and territorial
behaviors in captive coyotes.

Bromley (2000) demonstrated that packs of coyotes that
had been surgically sterilized killed sheep significantly less
often than packs of intact coyotes. However, for sterilization
to be effective in modifying the predatory tendencies of coy-
otes and reducing predation on sheep, the behavioral com-
ponents of coyote social ecology would need to remain
unchanged (Asa 1995). This study examined the behavioral
aspects of surgically sterilizing coyotes. Specifically, we ad-
dressed the following questions: (i) will free-ranging steril-
ized coyotes differ from reproductive coyotes in terms of
pair-bond maintenance? (ii ) will members of a sterile pack
remain together and maintain territory boundaries? (iii ) will

sterilization affect coyote pack size? (iv) will survival rates
differ between sterile and intact coyotes? and (v) will steril-
ization affect the residency rates of coyotes (i.e., the level of
territory fidelity), or will sterile members leave packs that
are not producing pups?

Methods

This study was conducted on 400 km2 of the Deseret Land and
Livestock Ranch in northeastern Utah. The primary vegetation type
is sagebrush steppe (Artimesia tridentata wyomingensis) with an
understory of grasses, including needle and thread grass (Stipa
comata), Indian rice grass (Oryzopsis hymenoides), and western
wheatgrass (Pascopyrum smithii). Crested wheatgrass (Agropyrum
desertorum) was planted on some areas of the ranch during the
1960s. Rocky outcrops and some irrigated meadow also make up a
small portion of the ranch. The area receives approximately 27 cm
of rainfall a year, and temperatures range from a winter average of
–9.5°C to a summer average of 15.6°C. Most of the ranch is grazed
by cattle each year.

During the spring and summer of 1997, coyotes were captured
using padded leg-hold traps with tranquilizer tabs (Balser 1965).
Traps were checked each morning and coyotes were weighed, aged
by tooth wear (Gier 1968), ear-tagged, sexed, and fitted with radio
transmitters (Advanced Telemetry Systems, Isanti, Minnesota). The
purpose of capturing animals in the summer and spring of 1997
was to confirm that the coyote packs would kill sheep, as well as to
allow for efficient capture of the pack with the aid of a helicopter
by relocating radio-collared coyotes during winter. Collared and
uncollared coyotes were captured using a helicopter and net gun
(Barrett et al. 1982; Gese et al. 1987) during December 1997, Jan-
uary 1998, and January 1999. Packs were randomly divided into
sham- and sterile-treatment groups. We captured and radio-collared
as many members of each pack as possible. All captured coyotes
were transported to a veterinary clinic for surgical sterilization. A
premolar was extracted from each animal for aging by cementum
annuli analysis (Linhart and Knowlton 1967). Females were sterilized
by tubal ligation and males by vasectomy, leaving the hormonal
system intact (Zemlicka 1995). Sham-treated animals underwent
the same surgical procedure, but sterilization was not completed.
All animals were held overnight for observation and released at the
point of capture the following morning.

When sheep were present, from mid-May to September, coyotes
were located once or twice daily from null telemetry stations or
with a hand-held antenna (Mech 1983; White and Garrott 1990).
Six null stations were placed on elevated points in an attempt to
cover much of the study area; telemetry error was ±1–2° for the
null stations. Coyotes were generally relocated during the time
when most coyote movement and activity occurred (evening, night,
and early morning). During the rest of the year, coyotes were lo-
cated every 2 weeks, either from the ground or during the day from
the air (Mech 1983). The software programLOCATE (Pacer, Truro,
Nova Scotia) was used to calculate location coordinates, andCALHOME

(Kie et al. 1996) was used to calculate adaptive kernel home-range
estimators (Worton 1989). Minimum pack sizes were estimated
from observations of coyote packs during aerial telemetry and re-
flect prewhelping (winter) pack sizes. To confirm the breeding sta-
tus of the pack, searches were made by foot and from the air in all
coyote territories to find dens and confirm the presence or absence
of pups. Response to simulated howling was also used to monitor
pup production (Harrington and Mech 1982).

Annual survival rates were calculated usingMICROMORT (Heisey
and Fuller 1985) by extrapolation of daily survival rates (Trent and
Rongstad 1974). Rates were calculated for animals of known fate;
these rates were compared with rates calculated assuming that all
missing animals still lived, and assuming that they had all died
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(Fuller 1989; Gese et al. 1989). The level of territory fidelity was
examined by calculating residency rates in the same manner as sur-
vival rates but substituting dispersal for death in the calculation
(Fuller 1989). Az test was used to compare both survival and resi-
dency rates between sterile and sham-operated coyotes.

Bonds between all radio-collared pack members were analyzed
by comparing the average distance between two animals located in
the same hour with the distance between random locations for the
same animals (Kitchen et al. 1999). At test was used to compare
the mean distances of simultaneous (<1 h apart) versus random
locations. A half-weight association index (Brotherton et al. 1997)
was also calculated:

n

n x y+ +1 2/ ( )

wheren is the number of times both animals were located together,
x is the number of times one animal was located without the other,
and y is the number of times the remaining animal was located
without thex animal. For animals that are always located together
the index is 1, and for animals that are never together it is 0.

Results

From June 1997 to April 2000, 10 males and 9 females
were sham-operated and 20 males and 6 females were steril-
ized and radio-collared; 3016 telemetry locations were col-
lected. Two females and 1 male were initially captured and
sham-operated in 1998, then recaptured and sterilized in the
second year. In 1998, coyotes from 9 packs were radio-
collared (5 packs of sterile coyotes and 4 packs of sham-
operated coyotes). In 1999 and 2000, coyotes from 10 packs
were radio-collared (4 packs of sterile coyotes and 6 packs
of sham-operated coyotes). In three cases sterile animals
were present in breeding packs, but they were associates
rather than members of the breeding pair. We monitored
members of 5 sterile and 4 intact packs during 1998, 6 ster-
ile and 7 intact packs during 1999 (4 sterile and 3 intact
packs were the same in 1998 and 1999), and 4 sterile and 6
intact packs through the 2000 breeding season (all 4 sterile
and all 6 intact packs in 2000 were monitored previously in
1999).

Pack affiliations and pair bonds
Sterile coyotes maintained pair bonds similarly to sham-

operated packs. The half-weight association index scores for
4 sterile breeding pairs were between 0.41 and 0.72 (Ta-
ble 1). We did not have a comparable sample of sham-

operated pairs, but these sterile pairs were located together,
on average, 57% of the time. When we compared the half-
weight association index scores for all dyads from sterile
packs (x = 0.313) with all dyads from sham-operated packs
(x = 0.19) summed over both years, there was no significant
difference in the scores between all members of sham-
operated and sterile packs (t = 1.32, P = 0.198). In 1999,
sterile dyads (x = 0.444) had a significantly higher score (t =
2.45,P = 0.031) than sham-operated dyads (x = 0.199). This
is probably due to a greater number of breeding pairs being
captured and radio-collared in the sterile cohort and a greater
number of nonbreedingassociates being radio-collared in the
sham-operated cohort.

The average distance between members of a sterile breed-
ing pair located within the same hour was 0.47 km (n = 4
pairs; Table 2). In Colorado, Kitchen et al. (1999) calculated
an average distance of 1.07 km between members of the
same pack.Breeding members of sterile packs were signif-
icantly (t = –10.17,P < 0.0001) closer to each other than
would be expected from random locations (x = 2.06 km
apart). In 1998, when the distances for all dyads from sterile
packs are compared with random locations, the difference is
not significant (t = –1.68,P = 0.11). This is probably due to
the small number of locations available for each animal
(mean 15.5), and 6 of the 10 dyads were from comparisons
of distances between members of 1 large pack.When the
distances for all dyads from sterile packs for 1999 are
comparedwith random locations(mean points/animal = 121),
the dyads are significantly closer than would be expected (t =
–2.70, P = 0.016). In 1999, all dyads from sham-operated
packs were also closerthan expected when compared with
random locations (t = –3.03,P = 0.016). The composition
of sterile coyote packs persisted over several years, and was
similar to relations among individuals in intact packs.

Home-range size and overlap
The density of coyotes in the study area was fairly high,

and all available territories were filled (i.e., evidence such as
scats and tracks was present even in areas where coyotes
were not radio-collared). The mean territory size (90%
isopleth) forsterile packs was 17.4 km2 (n = 5), while terri-
tories of sham-operated packs (n = 6) averaged 16.8 km2

(Fig. 1); there was no significant difference (t = –0.196,P =
0.85) between territory sizes of sterile and sham-operated
packs. Average overlap between coyote territories drawn to
the 95% isopleth was 21% (range 0–39%). The core areas
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1998 1999

Male–female Male–male Male–female Male–male

Sterile packs 0.54 0.57 0.53 0.36
0.38 0.18 0.61 0.03
0.08 0.07 0.03 0.54
0 0.31 0.41
0.06 0.72
0.07 0.52

Sham-operated packs 0.14 na 0.16 0.08
0.20 0.27 0.35

0.12

Table 1. Half-weight association index scores for coyote dyads in sterile and sham-
operated packs, Deseret Land and Livestock Ranch, Utah, 1998–1999.
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(estimated at the 60% isopleth) between 2 packs overlapped
only once: 3% between two packs. There was no significant
difference between the average overlap of 2 adjacent sterile
packs and the overlap of a sterile pack with an adjacent
sham-operated pack (t = 0.19,P = 0.85). Nor was the aver-
age overlap between 2 adjacent sterile packs significantly
different from that between 2 adjacent sham-operated packs
(t = –0.01,P = 0.91).

Territory fidelity
In 1998 there was no significant difference between the

annual residency rate of sham-operated and sterile coyotes
(z = 0.86, P = 0.195). Sham-operated coyotes remained in
territories at an annual rate of 0.88 (1 coyote dispersed) and
sterile coyotes at a rate of 0.74 (3 coyotes dispersed); in cal-
culating rates, animals of unknown fate were censored. In
1999, only 1 sterile male coyote is known to have dispersed
from its territory. In 2000 there were no confirmed dispersals
of coyotes in either treatment group from their territory.
Thus, sterile coyotes remained within their territory at simi-
lar rates to members of reproductive packs. The lack of re-
production in the sterile packs did not increase abandonment
of the territory, even after 3 breeding seasons.

Pack size
Our purpose in using sterilization was to modify the pred-

atory behavior of coyotes by reducing the motivation of
provisioning pups. However, because sterilization could af-
fect pack size, we compared minimum observed pack sizes
between sham-operated and sterile coyote packs. This mini-
mum count represents prewhelping (winter) pack size. In
1998 the mean size of sterile and sham-operated packs was
2.8 and 3.0, respectively (t = –0.25,P = 0.80). In 1999 the
mean size of sterile and sham-operated packs was 2.2 and
3.4 coyotes, respectively (t = –1.42,P = 0.18). In 2000 the
average size of the sham-operated packs was 3.0 coyotes and
that of the sterile packs was 2.4 coyotes (t = –1.04, P =
0.32). Thus, over 3 years there was no appreciable effect of

sterilization on the number of coyotes in each pack observed
in winter. We emphasize that these pack-size estimates are
from winter, after most dispersal of young has occurred.
Pups were produced in the intact packs, but these pups had
either dispersed or died by the next breeding season (Janu-
ary), hence the size of the core social unit remained un-
changed between reproductive and non-reproductive packs.

Survival
Forty-two coyotes were radio-collared and monitored for

22 167 radio-days over the course of the study; 20 coyotes
were alive and accounted for at the end of the study. Nine
coyotes were known to have died during the course of the
study: 4 died of unknown causes and 5 were shot (usually
outside the study area). Survival rates calculated when miss-
ing animals were censored versus rates calculated assuming
that missing animals had died and then assuming that they
still lived were not significantly different (z = 0.116, P =
0.45). In 1998, the annual survival rate for sham-operated
and sterile coyotes was 0.57 and 0.91, respectively (z = 2.06,
P = 0.02). In 1999, sterile and sham-operated coyotes had an
annual survival rate of 0.91 and 0.60, respectively (z = 1.36,
P = 0.09). In 2000 (January–April), sham-operated coyotes
had a higher survival rate (1.00) than sterile coyotes (0.89)
(z = 1.56,P = 0.03).

Discussion

A major concern when contraceptive intervention is used
with canids is the effects on behavior and social structure
(Asa 1995). Our results indicate that surgical sterilization
had no effect on pair-bond maintenance and territorial be-
havior among free-ranging coyotes. Sterile packs of coyotes
remained together, in the same territory, even after no pups
had been produced for 3 years. This observation of no be-
havioral change is supported by the results of other studies
of sterile carnivores. Zemlicka (1995), working with captive
coyotes, observed that sterile coyotes displayed all social
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Male–female Male–male

Concurrent Random Concurrent Random

Sterile pack 0.584 2.195 0.574 2.030
0.424 2.327 3.324 3.429
3.494 3.677 0.399 2.189
0.652 1.733 0.383 1.438
0.222 2.112 0.949 1.485
0.373 2.203 0.212 2.300
0.563 1.624 0.776 1.838
0.185 0.842
2.902 3.530
2.761 2.718
2.757 3.065
2.082 2.166

Sham-operated pack 2.117 3.019 1.303 1.638
1.190 2.822 0.919 2.278
1.258 1.421 1.912 3.164
1.401 2.538

Table 2. Distances (km) between members of social dyads in sterile and sham-operated
coyote packs when located in the same hour, compared with random pairs of locations,
Deseret Land and Livestock Ranch, Utah, 1998–1999.
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behaviors similarly to intact animals. In Minnesota, Mech et al.
(1996) vasectomized 5 free-ranging wolves and found that
all of them stayed in their respective territories after steril-
ization, although 1 male dispersed after 2 years and formed
a new pair bond in another pack. One vasectomized wolf re-
mained in his territory for 7 years before he was killed. In
another study, a contraceptive implant (melengesterol acetate)
was administered to 10 free-ranging female lions (Panthera
leo) (Orford and Perrin 1988). The treated lionesses pro-
duced no cubs but remained as members of their prides, and
no behavioral changes were noted. Red fox vixens have also
been surgically sterilized, with no evidence of changes in
their social behavior, dominance relationships, or survival
(Bubela 1999).

Territory overlap for sterile coyote packs was similar to
that for sham-operated packs, and associate animals stayed
with the pack. We also found no significant difference be-
tween the sizes of territories occupied by sterile and sham-
operated packs. Red fox vixens that had been surgically
sterilized maintained home ranges similar in size to those
of intact females; however, home-range overlap increased
among sterile females (Saunders and McIlroy 1996). Since
our surgical-sterilization method (vasectomy and tubal ligation)
left all hormonal systems intact (Zemlicka 1995), the results
may not be the same if spaying and castration (in which re-
productive systems are removed) are employed. Modification

of hormonal systems (e.g., castration) could have a negative
effect on behavior (Asa 1995). Territorial defense, aggres-
sion, pair-bond formation, and scent-marking behavior ap-
pear to be hormone-dependent (Asa et al. 1990; Asa 1995).
Therefore, the method of sterilization used should leave the
hormone systems intact.

While our principal aim in sterilizing the coyotes was to
modify their predatory behavior, a concern with sterilization
is that it may affect population size. Although we did not
study the long-term population effects of sterilization, during
the 3 years (1998–2000) of aerial telemetry and observation
in winter, prewhelping (winter) pack sizes did not differ be-
tween sham-operated and sterile coyote packs. We empha-
size that pup production was confirmed in the intact packs,
but loss of pups due to either dispersal or death reduced
these intact packs to levels similar to those of sterile packs
by the following winter. Thus, since territory size and pack
size were unchanged, the winter density of coyotes in the
study area was not reduced. If “problem” animals in individual
packs are closely targeted for sterilization, then any long-
term population effect should be minimal. Applying steril-
ization on a larger scale may affect a population, but this
remains untested.

Because we sterilized as many pack members as possible,
we have no data on whether nonsterile associates would re-
produce, or replace sterile alpha coyotes. It is important that
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Fig. 1. Territories (90% isopleth) of sham-operated and sterile coyote packs, Deseret Land and Livestock Ranch, Utah, 1999.
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the breeding pair be identified and targeted if possible, which
can prove difficult, particularly in areas where coyote packs
are large. During our study we captured as many coyotes as
possible from each pack and treated all members accord-
ingly in the attempt to stop pup production (i.e., the sample
unit in our study was the social group or pack). In research
with red foxes (Bubela 1999), where only the dominant vixen
was sterilized, none of the 3 vixens was replaced in the first
year. In the second year, 1 sterile dominant female was re-
placed by her sister.

Sterile coyotes had a significantly higher annual survival
rate than reproductive animals in 2 of the 3 years. Sterile an-
imals did not incur reproductive costs, but since there was no
significant difference between survival rates of males (0.78)
versus females (0.52) (for 2 years,z = –1.03,P = 0.15), this
may not explain the difference in survival rates. Our results
may have been confounded by the number of coyotes that
were shot. Coyotes were most often shot when off the study
area (shooting was prohibited in the study area), and some
of the “missing” coyotes were probably also shot. However,
our survival rates are similar to those reported for mostly un-
exploited coyote populations. Gese et al. (1989) studied a
relatively unexploited population in southeastern Colorado
and reported annual survival rates of 0.72–0.80, while Andelt
(1985) reported an annual adult survival rate of 0.68 in south
Texas.

Territory fidelity, as measured by residency rates, did not
differ significantly between the two treatment groups. The
sterile animals appeared to be more likely to disperse than
the sham-operated animals, but the sample size was small
(5). Intuitively, fewer internal pressures or stresses in the ab-
sence of pup recruitment should lessen the need for other
pack members to disperse (Gese et al. 1996), but our find-
ings do not support this assumption. Associates may gain
advantages by staying, particularly in areas where larger pack
size may facilitate the killing and defense of larger prey
(Bekoff and Wells 1986; Gese et al. 1996). Our dispersal
rates for adults were similar to those reported in the litera-
ture (Gese et al. 1989) for an unexploited coyote population.
We only examined residency rates for adult coyotes. Be-
cause we did not radio-collar pups or juvenile coyotes, and
capture efforts were made during December and January (af-
ter the main pulse of dispersal would have occurred), we
were unable to estimate dispersal rates. If we had radio-
collared pups in the fall, then dispersal could have been
measured in the intact packs but not in the sterile packs.

Attempts to limit coyote predation on sheep often involve
removing as many coyotes as possible. This type of nonspe-
cific control often has limited effectiveness (Conner et al.
1998). Not all coyotes kill sheep (Sacks et al. 1999; Bromley
2000) and most killing is performed by the breeding pair
(Sacks et al. 1999). Thus, the removal of coyotes that are not
actually killing sheep could be counterproductive, opening
territories to other potential sheep-killing coyotes. Bromley
(2000) demonstrated that sterile coyote packs killed fewer
sheep than packs with pups. Provisioning of pups appears to
be a major motivation for coyotes to kill more larger, more
profitable prey (Till and Knowlton 1983). Because packs of
sterile coyotes maintained pair bonds and territories, and had
higher survival rates in 2 of 3 years, a sterile coyote pair
could prove to be a viable management tool to reduce coyote

predation on sheep. Coyotes are long-lived and highly territo-
rial (Knowlton et al. 1999), thus a sterile pair could exclude
other potentially sheep-killing coyotes for several years if the
sterile coyotes are allowed to survive. Sterilization could
also prove an effective management tool where lethal con-
trol is not a socially acceptable option. Sterilization may be
more acceptable to the public (Arthur 1981; Cluff and
Murray 1995; Mech et al. 1996) than lethal control methods
such as aerial hunting or trapping. Although our method of
sterilization may appear to be costly (~$560 per coyote), an
alternative chemical sterilant (DeLiberto et al. 1998) that
does not affect the hormonal system (Asa 1995) and could
be delivered effectively and economically may be an effi-
cient method to sterilize coyotes and modify their predatory
behavior while leaving social behaviors intact.
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Dynamics of Hybridization and Introgression in Red
Wolves and Coyotes

RICHARD J. FREDRICKSON∗ AND PHILIP W. HEDRICK

School of Life Sciences, Arizona State University, Tempe, Arizona 85287-4601, U.S.A.

Abstract: Hybridization and introgression are significant causes of endangerment in many taxa and are
considered the greatest biological threats to the reintroduced population of red wolves (Canis rufus) in North
Carolina (U.S.A.). Little is known, however, about these processes in red wolves and coyotes (C. latrans). We used
individual-based simulations to examine the process of hybridization and introgression between these species.
Under the range of circumstances we considered, red wolves in colonizing and established populations were
quickly extirpated, persisted near the carrying capacity, or had intermediate outcomes. Sensitivity analyses
suggested that the probabilities of quasi extinction and persistence of red wolves near the carrying capacity
were most affected by the strength of two reproductive barriers: red wolf challenges and assortative mating
between red wolves and coyotes. Because model parameters for these barriers may be difficult to estimate,
we also sought to identify other predictors of red wolf population fate. The proportion of pure red wolves in
the population was a strong predictor of the future probabilities of red wolf quasi extinction and persistence.
Finally, we examined whether sterilization can be effective in minimizing introgression while allowing the
reintroduced red wolf population to grow. Our results suggest sterilization can be an effective short-term strategy
to reduce the likelihood of extirpation in colonizing populations of red wolves. Whether red wolf numbers are
increased by sterilization depends on the level of sterilization effort and the acting reproductive barriers.
Our results provide an outline of the conditions likely required for successful reestablishment and long-term
maintenance of populations of wild red wolves in the presence of coyotes. Our modeling approach may prove
generally useful in providing insight into situations involving complex species interactions when data are few.

Keywords: Canis rufus, hybridization, introgression, persistence, reproductive barriers, sensitivity analysis

Dinámica de la Hibridación e Introgresión en Lobos Rojos y Coyotes

Resumen: La hibridación y la introgresión son causas significativas de peligro en muchos taxa y son con-
sideradas como las mayores amenazas biológicas para las poblaciones reintroducidas de lobos rojos (Canis

rufus) en Carolina del Norte (E.U.A.). Sin embargo, se conoce poco sobre estos procesos en lobos rojos y coy-
otes (C. latrans). Utilizamos simulaciones basadas en individuos para examinar los procesos de hibridación e
introgresión entre estas dos especies. Bajo el rango de circunstancias que consideramos, los lobos rojos eran ex-
tirpados rápidamente de poblaciones colonizadoras y establecidas, persist́ıan cerca de la capacidad de carga,
o tenı́an resultados intermedios. Los análisis de sensibilidad sugirieron que las probabilidades de cuasi ex-
tinción y persistencia de lobos rojos cerca de la capacidad de carga se vieron afectadas por la fortaleza de dos
barreras reproductivas: retos de los lobos rojos y apareamiento concordante entre lobos rojos y coyotes. Debido
a que la estimación de los parámetros de estas barreras en el modelo puede ser dif́ıcil, también buscamos
identificar otros predictores de las probabilidades futuras de la cuasi extinción y persistencia de lobos rojos.
Finalmente, examinamos si la esterilización puede ser efectiva para minimizar la introgresión y al mismo
tiempo permita que crezca la población reintroducida de lobos rojos. Nuestros resultados sugieren que la
esterilización puede ser una estrategia efectiva a corto plazo para reducir la probabilidad de extirpación en
poblaciones de lobos rojos colonizadoras. El incremento del número de lobos rojos debido a la esterilización

∗email richard.fredrickson@asu.edu
Paper submitted April 15, 2005; revised manuscript accepted September 13, 2005.

1272

Conservation Biology Volume 20, No. 4, 1272–1283
C©2006 Society for Conservation Biology

DOI: 10.1111/j.1523-1739.2006.00401.x



Fredrickson & Hedrick Hybridization in Red Wolves 1273

depende del nivel de esfuerzo de esterilización y de las barreras reproductivas activas. Nuestros resultados
proporcionan un bosquejo de las condiciones requeridas para el reestablecimiento exitosos y mantenimiento
a largo plazo de poblaciones de lobos rojos silvestres en presencia de coyotes. Nuestro modelo puede ser útil
para el entendimiento de situaciones que involucran interacciones complejas entre especies y los datos son
escasos.

Palabras Clave: análisis de sensibilidad, barreras reproductivas, Canis rufus, hibridación, introgresión, persis-

tencia

Introduction

Hybridization and introgression occur naturally among
many plants, insects, fishes, birds, and other organisms
and are thought to be an important aspect of evolution-
ary change (Smith et al. 2003). However, they may also
be a significant cause of endangerment in other taxa
(Rhymer & Simberloff 1996; Levin 2002). Hybridization
and introgression can cause the elimination of one or
both parental species when no genetically “pure” individ-
uals remain. In some cases, extinction of parental species
can occur in only a few generations (Wolf et al. 2001).
The recent increase in species threatened by hybridiza-
tion and introgression is largely a result of formerly al-
lopatric species that are closely related becoming sym-
patric through direct transport of one species by humans
or by human-caused habitat change facilitating range ex-
pansion (Rhymer & Simberloff 1996).

Whether hybridization and introgression are limited to
a zone between species ranges or act to eliminate one
or both parental species is largely determined by the
strengths and types of reproductive barriers operating in
a system (Wolf et al. 2001; Coyne & Orr 2004). Among
species that hybridize, either multiple prezygotic barri-
ers or a combination of prezygotic and postzygotic barri-
ers are generally necessary to prevent the loss of one or
both parental species. If substantive reproductive barri-
ers are lacking, there may be little hope of maintaining
in the wild a species threatened by hybridization (Rosen-
feld et al. 2004). Knowledge of and quantitative data for
these barriers, however, are commonly lacking for species
threatened by hybridization. This and the complexity of
species interactions can make the likely outcome of hy-
bridization difficult to predict.

Red wolves (Canis rufus) occurred historically throu-
ghout southeastern North America from eastern Texas
into Pennsylvania and perhaps through Maine (Nowak
2002). Prior to European settlement of North America,
the geographic range of red wolves had little overlap with
that of coyotes (C. latrans), whose eastern limits largely
coincided with the westerly plains (Nowak 2002). By the
early 1900s the combination of direct persecution, forest
clearing, road building, and perhaps the decline of deer
herds had eliminated red wolves from most of their his-
toric range (USFWS 1989), and hybridization between red

wolves and coyotes had begun in central Texas (Nowak
2002). By the 1960s red wolves were confined to a single
small population in Louisiana and Texas, encompassed by
coyotes that had expanded their range eastward (USFWS
1989).

Upon learning that few red wolves remained in the wild
and that they were interbreeding with coyotes, the U.S.
Fish and Wildlife Service (USFWS) listed red wolves as
endangered in 1967 and initiated a captive breeding pro-
gram for them in 1973 (Riley & McBride 1975; USFWS
1989). Over the next 7 years, more than 400 wild canids
were captured from the area of the remaining red wolf
population. Fewer than 10% of the canids captured were
determined to be pure red wolves, underscoring the pre-
carious status of the species in the 1970s. Ultimately 14 of
the red wolves brought into captivity founded the current
population of red wolves. Reintroduction efforts began
in 1986, and wolves were first released into northeastern
North Carolina (NENC) in 1987. By the early 1990s coyo-
tes began to colonize the reintroduction area, and pairings
between wolves and coyotes and the production of hy-
brid offspring were subsequently observed (Phillips et al.
2003). Introgression of coyote ancestry is considered the
greatest biological threat to the reintroduced population
of red wolves (Kelly et al. 1999), which currently numbers
about 100 individuals (B. Fazio, unpublished data).

Hybridization between wolves and other canids is not
exclusive to red wolves. Analyses of mitochondrial DNA
indicate past introgression of coyote ancestry into gray
wolves (Canis lupus lycaon) in Minnesota and southeast-
ern Canada (Lehman et al. 1991). Other information in-
dicates hybridization is ongoing in Ontario (Kolenosky &
Standfield 1975). Hybridization with domestic dogs is also
considered a factor in the decline of Ethiopian wolves,
where dogs (C. familiaris) outnumber wolves by as much
as 10 to 1 (Gottelli et al. 1994).

We use individual-based simulations with a focus on the
effects of reproductive barriers to explore the dynamics
of hybridization and introgression in the wild population
of red wolves in NENC and for red wolves more generally.
Little quantitative data exist on red wolf and coyote de-
mography and reproductive barriers, and the range of re-
productive barriers operating is unknown. Consequently,
we also focused on elucidating the factors with the great-
est potential effects on hybridization and the conditions

Conservation Biology

Volume 20, No. 4, August 2006



1274 Hybridization in Red Wolves Fredrickson & Hedrick

under which red wolves are likely to persist in the pres-
ence of coyotes. We addressed four questions: (1) What
are the potential effects of introgression on small popula-
tions of red wolves? (2) What parameters (and reproduc-
tive barriers) most strongly affect the probabilities of red
wolf extinction and maintenance of population numbers
near the carrying capacity? (3) Is it possible to predict
the fates of red wolf populations using metrics readily
estimated in the field? and (4) Is sterilization effective
in minimizing introgression while allowing the red wolf
population to grow? We believe that our modeling ap-
proach may be generally useful in providing new insights
into situations involving complex interactions between
species when data are few.

Methods

To explore the dynamics of hybridization between red
wolves and coyotes, we used individual-based simula-
tions implemented in the Visual Basic programming lan-
guage. In the simulations, individual red wolves, hybrids,
and coyotes chose mates, reproduced, survived, and dis-
persed in time steps of 1 year. The simulations assumed
that interactions between the two populations were
consistent with a continent-island model of gene flow
(Hedrick 2005), where red wolves form a small “island”
population adjacent to a much larger “continental” popu-
lation of coyotes. The island habitat space was occupied
by red wolves, immigrant coyotes, and hybrids, whereas
the overall coyote population occupied separate but ad-
jacent habitats not explicitly modeled in the simulations.
With this model of gene flow, there will be ongoing coy-
ote immigration and hybridization even if red wolf pairs
fill all the island habitat space, but immigration of hy-
brids into the large continental population of coyotes is
assumed to have a negligible effect on allele frequencies.
The effects of reproductive barriers on red wolf persis-
tence or extinction, however, will differ little from that in
standard hybrid zones.

For colonizing populations we started simulations with
eight pairs of wolves and a carrying capacity of 50 pairs.
This approximated the number of red wolf pairs present
when hybridization with coyotes was thought to have be-
gun (Phillips et al. 2003). Although the carrying capacity
for red wolf pairs in and around the recovery area is un-
known, it likely does not exceed about 50 pairs (Kelly
et al. 1999; Phillips et al. 2003). To simulate established
populations, we started with 50 pairs of red wolves and
allowed these populations to equilibrate for 25 years be-
fore pairing with coyotes began. These simulations then
ran for 100 additional years. To explore the mechanistic
causes of red wolf extirpation and the utility of steriliza-
tion in limiting introgression, we used several sets of 1000
simulations with a range of starting conditions and param-
eter values (heuristic simulations Table 1). (Supplemen-

tal information on mating decisions, demographic rates,
sensitivity analysis, parameterization, and management of
hybridization is available [see Supplementary Materials
below].)

Mating Decisions

In the simulations, coyote gene flow into the red wolf
population was controlled by red wolf and hybrid mate
selection. Molecular data suggest that hybridization be-
tween wild red wolves and coyotes in NENC is bidi-
rectional and that hybrids backcross with both parental
species (Adams et al. 2003). Consequently, pairing rules
did not differ by sex and hybrids were able to backcross
with red wolves and coyotes in our simulations. We as-
sumed that the probability of a red wolf pairing with a
coyote (PWC) declines as the number of red wolves and
hybrids increase. We modeled this decrease with the ex-
ponential function

PWC = PmaxeNrW , (1)

where Pmax is the maximum probability of a red wolf pair-
ing with a coyote, N is the number of red wolf and hybrid
individuals in the population, and rW is a constant affect-
ing the rate of change in PWC. When N = 0, PWC = Pmax.
The value of rW for a set of simulations can be calculated
as

rW = ln (Pmin/Pmax)

Nthresh

, (2)

where Pmin is the minimum probability of a red wolf pair-
ing with a coyote and Nthresh is the threshold number of
red wolves and hybrids in the population at which Pmin is
reached. To calculate the probability of a hybrid pairing
with a coyote (PHC), the probability of a coyote pairing
with a coyote (PCC) must first be calculated

PCC = (1 − Pmax) eNrC , (3)

where

rC = ln[(1 − Pmin)/(1 − Pmax)]

Nthresh

.

Finally

PHC = PWC + (1 − AH ) × (PCC − PWC), (4)

where AH is the proportion of red wolf ancestry of the
hybrid. This proportion ranges from 0 for coyotes to 1
for pure red wolves; F1 hybrids have red wolf ancestry
of 0.5. Therefore, the increased probability of a hybrid
pairing with a coyote relative to that of a red wolf was
proportional to the ancestry difference between a red
wolf and the hybrid. In short, the probability of a red
wolf or hybrid pairing with a coyote was determined by
their abundance, the pairing parameters, and the ancestry
of hybrids. Coyotes entered the simulations only when a
red wolf or hybrid chose to pair with a coyote, and they
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Table 1. Parameter values and ranges used in heuristic simulations and sensitivity analysis for red wolves (W), coyotes (C), and hybrids (H).∗

Heuristic simulations Sensitivity analysis ranges

Parameter maximum minimum maximum minimum

Red wolf survival
resident adult 0.8 0.8 0.72–0.89 0.67–0.89
resident yearling/adult ratio 0.88 0.75 0.88–1.00 0.67–0.82
resident pup 0.49 0.32 0.4–0.7 0.23–0.42
adult transient/resident ratio 0.95 0.8 0.79–1.00 0.77–0.87
yearling transient/resident ratio 0.95 0.75 0.79–1.00 0.77–0.87
pup transient/resident ratio 0.80 0.72 0.79–1.00 0.75–0.89

Red wolf fecundity and dispersal
adult fecundity 2.5 1.9 1.62–3.45 1.63–2.45
yearling/adult fecundity ratio 0.8 0.68 0.80–0.95 0.69–0.78
pup fecundity 1.2 1.0 0.5–1.2 0.02–1.12
pup dispersal probability 0.10 0.05 0.10–0.35 0.05
yearling dispersal probability 0.40 0.35 0.40–0.83 0.35

Coyote survival
resident adult 0.7 0.7 0.69–0.87 0.69–0.87
resident yearling/adult ratio 0.93 0.93 0.9–1.0 0.75–0.80
resident pup 0.47 0.4 0.4–0.6 0.24–0.44
adult transient/resident ratio 0.95 0.86 0.8–1.0 0.62–0.70
yearling transient/resident ratio 0.95 0.82 0.8–1.0 0.67–0.75
pup transient/resident ratio 0.79 0.68 0.78–0.90 0.67–0.83

Coyote fecundity and dispersal
adult fecundity 3.5 2.1 2.63–3.87 2.05–2.50
yearling/adult fecundity ratio 0.8 0.71 0.80–0.95 0.66–0.76
pup fecundity 2.0 0.25 1.13–2.62 0.1
pup dispersal probability 1.0 0.3 0.9–1.0 0.2–0.5
yearling dispersal probability 1.0 0.25 1.0 0.10–0.50

Mate selection
probability of W:C pairing 0.05 0.01 0.05–0.25 0.01–0.15
threshold number of H & W for — 120 na 50–120

minimum W:C pairing probability
number of mate candidates 1, 3 — 1–5 —
number of challenge candidates 3 — 1–5 —
probability of challenger success 0.5 — 0.0–0.5 —

Ancestry threshold for H emigration 0.05 — 0.01–0.20 —

∗Details on the bases for parameter values and ranges are available (see Supplementary Material).

were terminated from the simulation when the coyote or
its mate died. We assumed that there were always single
coyotes available for pairing.

If a wolf or hybrid chose not to pair with a coyote,
then one or more unpaired individuals (singles) of the
opposite sex were randomly drawn and the single clos-
est in red wolf ancestry was selected as its mate. Pairings
among single red wolves and hybrids were random when
one mate candidate (a single considered for pairing) was
specified at program start (Table 1) because mate candi-
dates were selected at random from singles of the oppo-
site sex. When more than one mate candidate was spec-
ified, red wolves tended to mate with other red wolves
over hybrids (assortative mating), depending on the pro-
portion of red wolves of the opposite sex in the singles
pool. Similarly, hybrids tended to mate with other hybrids
of like ancestry rather than red wolves, slowing the rate
of introgression.

Although patterns of mate selection by hybrids and
red wolves in NENC are unknown, assortative mating

among hybrids and red wolves based on levels of red wolf
ancestry and mate availability is a conservative first hy-
pothesis. Prezygotic reproductive barriers are common
among hybridizing species (Coyne & Orr 2004), and as-
sortative mating is a common prezygotic barrier among
formerly allopatric species. Also, assortative mating based
on ancestry (or body size) may be advantageous for male
and female red wolves because it would allow red wolf
pairs to retain territories and minimize risk to their off-
spring in the presence of strong intraspecific aggression.
Prezygotic and extrinsic postzygotic barriers, however,
become weaker in F2 and backcross generations as hy-
brids become more like pure species (Coyne & Orr 2004),
suggesting that hybrids with high levels of red wolf an-
cestry may be the second-most desired mate choice by
red wolves. Assortative mating among red wolves may
enforce assortative mating among hybrids to an extent
when few red wolves are willing to pair with hybrids,
particularly those with low or moderate levels of red wolf
ancestry.
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In recent years, single red wolves or wolf pairs in NENC
have challenged and displaced paired and single hybrids
on at least eight occasions, taking over their home ranges
(B. Fazio, unpublished data). In these incidents all dis-
placed individuals were hybrids, except in one incident
when a pair of red wolves displaced a pair consisting of a
hybrid and a red wolf. No coyotes or hybrids are known to
have displaced red wolves. Displacements and mortality
from intraspecific aggression are also relatively common
among red wolves in the colonizing population in NENC
(Phillips et al. 2003; A. Beyers, unpublished data).

Consequently, red wolves in simulated populations
could challenge paired coyotes and hybrids for their
mates. For each individual challenger, one or more mixed
pairs (those including a coyote or hybrid) were randomly
chosen (“challenge candidates” Table 1). The red wolf
challenged for the canid of the opposite sex with the
highest ancestry among the randomly chosen pairs, pro-
vided that it was higher than that of its current mate or
>0.5 for single challengers. The probability of the chal-
lenging wolf dropping its current mate and pairing with
the potential new mate was the product of the probability
of challenger success (Table 1) and the absolute value of
the ancestry difference between the potential new mate
and its current mate. Therefore challengers were more
likely to pair with animals of high red wolf ancestry.

Demographic Rates

In simulations, survival, fecundity, and dispersal rates
were stochastic and density dependent. Maximum demo-
graphic rates were reached when there were no canid
pairs, and minimum rates were reached when there were
50 pairs. The ancestry threshold for hybrid emigration
(Table 1) was the ancestry level at which hybrids were
assumed to immigrate to the coyote population (Table 1).

Sensitivity Analysis

We conducted sensitivity analyses to determine which bi-
ological parameters (Table 1) in our simulations had the
greatest effects on persistence of red wolves in the pres-
ence of hybridization and introgression. To do this, we
first generated 5000 parameter sets with each parameter
value randomly drawn from uniform distributions of plau-
sible ranges (see Table 1 and Supplementary Material).

We used results from half of the sensitivity simulations
to construct logistic regression models to identify the pa-
rameters that most affected the probabilities of quasi ex-
tinction and persistence of red wolves at year 50 (Mc-
Carthy et al. 1995; Cross & Beissinger 2001). Logistic reg-
ression uses one or more independent variables to esti-
mate the probability of occurrence of a binary outcome
(e.g., quasi extinction or not). Regression coefficients
standardized by their standard errors, a measure of their
uncertainty, can be used to identify the parameters with
the greatest effects on the probability of quasi extinction

or persistence (McCarthy et al. 1995). We used forward
stepwise selection procedures to identify an initial set of
parameters of potential importance. From this initial set,
we identified the most important parameters by examin-
ing their standardized regression coefficients, their levels
of significance in the regression, the change in model log-
likelihood values if dropped, the contribution to Nagelk-
erke R2, and their ability to improve the classification
accuracy of the model.

We constructed separate logistic regression models to
estimate the probabilities of quasi extinction (<10 red
wolf pairs) and of persistence (>40 red wolf pairs) at year
50. Simulation results indicated that all populations with
<10 red wolf pairs at year 50 were extirpated by year 100.
Simulations not used in model construction were used to
assess the ability of logistic regression models to correctly
predict the fates of simulated populations.

Parameterization

Little quantitative information exists on demographic rat-
es, pairing decisions, and other possible reproductive bar-
riers between red wolves and coyotes in NENC. To set
demographic rate ranges for red wolves, we used all avail-
able information from the reintroduced and captive popu-
lations (Phillips et al. 2003; Waddell 2003). Because these
data were limited, we also used information from stud-
ies of gray wolf populations at or near saturation densi-
ties and colonizing or intensively controlled populations
(see Supplementary Materials). Red wolves in NENC are
ecologically and behaviorally similar to gray wolves and
dissimilar to coyotes in important aspects, including the
routine formation of packs by delayed dispersal of off-
spring even in a population well below carrying capac-
ity, the use of primarily large- and medium-sized prey,
and in high levels of intraspecific aggression resulting in
displacements and mortalities among red wolves (Andelt
1985; Harrison 1992; Gese 2001; Mech & Boitani 2003;
Phillips et al. 2003). Consequently, the use of information
from studies of gray wolves to guide parameterization for
our simulations is justified. Demographic rates for coy-
otes on the recovery area are also unknown. Therefore,
we based demographic parameters on studies of coyotes
at high densities and on studies contrasting populations
with and without population control programs (see Sup-
plementary Material).

For sensitivity analysis we chose parameter ranges that
would likely capture the actual values in NENC and incor-
porate a plausible range of values for red wolf and coy-
ote populations generally. Parameter ranges also reflected
the level of uncertainty associated with parameter values.
For example, because the strength of assortative mating
among red wolves and hybrids is unknown, the range for
the number of mate candidates (1 to 5) allows for simula-
tions with random-to-strong assortative mating (Table 1).
In contrast, available information on survival of adult red
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and gray wolves (see Supplementary Material) allowed us
to set a relatively narrow range.

Management of Hybridization

The primary management method used to control hy-
bridization in NENC is to sterilize paired hybrids and coy-
otes in the recovery area (B. Fazio unpublished data).
Identifying hybrids with more than 50% red wolf ances-
try, however, can be difficult based on appearance alone.
Consequently, assignment tests based on microsatellite
loci are used to help identify hybrid individuals (Miller et
al. 2003).

To explore the effectiveness of sterilization in limiting
introgression while allowing the population of red wolves
to grow, we simulated two sterilization regimes, high and
low effort, under which paired hybrids and coyotes were
sterilized with assignment errors based on those found
by Miller et al. (2003). For simulations with high steril-
ization effort, sterilization was initiated each year that the
proportion of nonsterilized mixed pairs exceeded 0.10 of
total pairs. At these times, hybrids and coyotes in 75% of
nonsterilized mixed pairs were sterilized. For simulations
with low sterilization effort, hybrids and coyotes in 50%
of nonsterilized mixed pairs were sterilized, when the
proportion of mixed pairs exceeded 0.40. These levels of
sterilization are possible in NENC.

Results

Dynamics of Introgression

Following the onset of hybridization with coyotes, three
changes occurred quickly in simulated populations of col-
onizing red wolves. First, there was a rapid increase in hy-
brids, with a wide range of red wolf ancestry levels (Table
2). Second, the proportion of simple hybrids (those with
red wolf ancestry proportions of 0.25, 0.5, and 0.75) was
quickly exceeded by the proportion of complex hybrids
(all other hybrids) such that by year 20 (less than four gen-
erations) complex hybrids were on average 6–10 times
more numerous than simple hybrids (Table 2). Complex
hybrids increased in frequency and number fastest when
reproductive barriers between red wolves and coyotes
were weak and slowest when they were strong (Table 2).
Thus, the increase of complex hybrids in simulated pop-
ulations was indicative of the increase in introgression.
Finally, the proportion of pure red wolves in the popu-
lation was decreased (Table 2). The rapidity and depth
of the decline in the frequency of red wolves was also
symptomatic of the extent of introgression.

Without coyotes present, red wolf pairs increased
quickly to carrying capacity in about 25 years on average
(Fig. 1a) with no red wolf pair extirpations among the
1000 simulated populations. When coyotes were present
and pairing among red wolves and hybrids was random,

Table 2. Mean proportions of red wolves, simple hybrids, complex
hybrid backcrosses, and coyotes over time in all colonizing
populations with different reproductive barriers.a

Simple Complex Red
Year Coyotes hybrids hybrids wolves

Random mate selection
0 0 0 0 1

10 0.066 0.085 0.106 0.744
20 0.094 0.042 0.344 0.520
30 0.122 0.023 0.538 0.317
50 0.193 0.006 0.733 0.068

100 0.380 0 0.62 �0.001
Weak assortative matingb

0 0 0 0 1
10 0.061 0.077 0.082 0.781
20 0.083 0.041 0.235 0.641
30 0.094 0.024 0.337 0.545
50 0.134 0.015 0.506 0.345

100 0.233 0.004 0.656 0.107
Red wolf challenges and weak assortative matingb

0 0 0 0 1
10 0.056 0.067 0.081 0.796
20 0.059 0.017 0.172 0.751
30 0.051 0.006 0.171 0.773
50 0.051 0.003 0.179 0.766

100 0.059 0.004 0.150 0.787

aSimple hybrids have proportions of red wolf ancestry equal to 0.25,
0.5, or 0.75; complex hybrids include all other hybrid types.
Standard errors ranged from 0.06% to 11.5% of mean values.
bRed wolves not pairing with coyotes select mates from three
randomly chosen singles.

however, the increase in red wolf pairs was quickly re-
versed and red wolf pairs were quickly extirpated in many
simulated populations. By year 20, the number of red wolf
pairs averaged 21.9 in nonextirpated populations, drop-
ping to 16.2 by year 30 (Fig. 1a). Although red wolf pairs
were extirpated in only 4% of simulated populations by
year 20, introgression resulted in rapid extirpation of pairs
thereafter with 13% and 80% of populations lacking red
wolf pairs by years 25 and 50, respectively (Table 3 no
sterilization). Rapid extirpation of red wolf pairs occurred
in these simulations despite low rates of pairing between
the parental species. The probability of a red wolf choos-
ing to pair with a coyote averaged 0.044 at the start of
these simulations and dropped to 0.01 as red wolf and
hybrid numbers increased.

In these simulations, the rapid decline in red wolf pair
numbers and proportions resulted primarily from the
backcrossing of hybrids with red wolves rather than from
hybridization between red wolves and coyotes. This is in-
dicated by the rarity of simple hybrids relative to complex
hybrids (Table 2). It is also indicated by the percentage
of red wolf pairs over time; after 5 years, red wolf pairs
comprised on average only 82% of total canid pairs, drop-
ping to an average of 61% of canid pairs by year 10. This
increase in the proportion of mixed pairs is much faster
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Figure 1. Mean numbers of red
wolf pairs in extant wolf
populations over time when
coyotes are not present, there is
random mating, there is weak
assortative mating between red
wolves and hybrids, and there is
weak assortative mating with red
wolf challenges for (a) colonizing
red wolf populations and (b)
established red wolf populations
(broken lines are 95% confidence
intervals).

than would be expected from the rate of hybridization
alone.

Introgression occurred much more slowly when each
wolf and hybrid not pairing with a coyote selected as its
mate the individual most similar in ancestry to itself from
three randomly chosen singles (weak assortative mating).
Complex hybrids arose more slowly in the population.
At year 20 their mean proportion, 0.235, was two-thirds
of that found in random mating populations at year 20
(Table 2). As a result red wolf pairs were extirpated in
only 3.3% of populations by year 25, roughly a quarter of
that found among random mating populations (Table 3 no
sterilization). Also, the mean number of red wolf pairs in
nonextirpated populations, 27.6, was almost 50% greater
than that in random mating populations (Fig. 1). Introgres-
sion, however, was not limited. By year 50, red wolf pairs
were extirpated in 35% of populations and averaged only

23.6 in extant populations. Mixed pairs averaged 26.0 in
extant red wolf populations, indicating that extirpations
resulting from introgression would continue.

When there was weak assortative mating among red
wolves and hybrids and red wolves challenged paired coy-
otes or hybrids for mates with higher ancestry, introgres-
sion was eventually stabilized. In these populations, red
wolf pairs were extirpated in 1.1% and 10% of populations
by years 25 and 50, respectively (Table 3 no sterilization).
Over the same period their numbers increased in extant
populations from 36.2 to 40.9 pairs on average (Fig. 1a).
The mean proportion of hybrids in extant populations
dropped over the same time period from 0.173 in year
25 to 0.123 in year 50 and 0.028 in year 100. In contrast,
the mean proportion of hybrids in extant populations in-
creased over time with random or weak assortative mat-
ing without red wolf challenges. With random mating,
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Table 3. Percentage of colonizing populations in which red wolf pairs
are extirpated.

Year 25 Year 50 Year 100

No sterilization
random mating 12.7 79.9 99.9
weak assortative matinga 3.3 35.2 81.9
red wolf challenges 1.1 10 23.7

High sterilization effortb,d

random mating 0.4 16.8 —
weak assortative matinga 0 0.1 —
red wolf challenges 0.1 0.1 —

Low sterilization effortc,d

random mating 2.9 59.5 —
weak assortative matinga 0.4 4.7 —
red wolf challenges 0.1 0.3 —

aRed wolves not pairing with coyotes select mates from three
randomly chosen singles.
bCoyotes and perceived hybrids are sterilized in 75% of
nonsterilized mixed pairs each year that nonsterilized mixed pairs
exceed 10% of total pairs.
cCoyotes and perceived hybrids are sterilized in 50% of nonsterilized
mixed pairs each year that nonsterilized mixed pairs exceed 40% of
total pairs.
dPopulations with sterilization were simulated for only 50 years.

hybrids averaged 0.434 of extant populations in year 25,
increasing to 0.596 in year 50. With weak assortative mat-
ing, hybrids averaged 0.305 in year 25, reaching 0.403 by
year 50.

The simulations described above used the parameter
values for “heuristic simulations” (Table 1). Simulations
with lower but equal maximum net reproductive rates
for red wolves and coyotes resulted in increased rates of
introgression. Hybrids accumulated in populations more
rapidly and reached higher proportions, and complex hy-
brids were more common relative to simple hybrids. In-
creases in red wolf pair numbers were slower, and de-
clines were faster, resulting in increased extirpation rates
(results not shown).

The same patterns were evident in established popu-
lations of red wolves with random or weak assortative
mating once they came into contact with coyotes. Num-

Table 4. Standardized regression coefficients from logistic regressions for quasi-extinction (<10 red wolf pairs) and persistence (>40 red wolf
pairs) probabilities of simulated red wolf populations at year 50.

Colonizing populations Established populations

Parameter quasi extinction persistence quasi extinction persistence

Probability of challenger success −19.64 19.49 −18.48 26.35
Minimum probability of wolf:coyote pairing 18.10 −14.05 15.20 −12.46
Maximum red wolf resident adult survival −16.27 11.86 — —
Ancestry threshold for hybrid emigration −11.66 9.90 −5.21 —
Number of mate candidates −9.84 — −6.59 —
Number of challenge candidates −9.66 7.04 −6.88 —
Maximum red wolf adult fecundity −9.47 7.03 — —
Maximum red wolf resident pup survival −8.36 6.07 — —
Minimum red wolf demographic rate set — — −7.78 —

bers of red wolf pairs immediately began to decrease (Fig.
1b) as hybrids became established in the populations. The
proportion of hybrids in extant, random mating popula-
tions increased from 21% in year 25 to 59% and 75% in
years 50 and 100, respectively. Concurrently, red wolf
pairs were extirpated in 46.3% of populations in year 50
and 99.7% in year 100. Similarly, the proportion of hy-
brids in extant populations with weak assortative mating
increased from 8% in year 25 to 23% and 46% in years
50 and 100, respectively. Although red wolves pairs were
extirpated in only 0.6% of populations in year 50, they
were absent in 53.7% of populations by year 100.

In contrast, populations with red wolf challenges dif-
fered little from red wolf populations with no coyote con-
tact (Fig. 1b). After 100 years, populations with red wolf
challenges averaged 46.6 red wolf pairs. Hybrids averaged
1.3% of individuals, and red wolf pairs had not been ex-
tirpated in any populations.

Sensitivity Analysis

Forward stepwise logistic regressions identified 12 pa-
rameters of potential importance to the probability of
quasi extinction and 11 parameters of potential impor-
tance to persistence in year 50 for colonizing red wolf
populations. Of these parameters, 8 were most impor-
tant in determining the probability of quasi extinction,
and 7 were most important in determining the probabil-
ity of persistence (Table 4). All parameters included in
the persistence model were also included in the quasi-
extinction model, and the parameter importance rank-
ings based on standardized regression coefficients were
identical. All but one of the identified parameters speci-
fied components of reproductive barriers or the red wolf
population growth rate.

The two most important parameters, the probability of
challenger success and the minimum probability of a red
wolf pairing with a coyote, both relate to reproductive
barriers. The third most important parameter, maximum
resident red wolf adult survival, is an important determi-
nant of the growth rate of the red wolf population. The
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one parameter not related to isolating mechanisms or red
wolf population growth was the ancestry threshold for
hybrid emigration. None of these parameters and only
1 of the 23 parameters included in stepwise regressions
were related to the growth rate of the coyote population.
This suggests that within the range of values included in
our simulations the outcome of hybridization between
red wolves and coyotes is little affected by the growth
rate of the coyote population.

To explore whether the wide ranges assigned to the
two most important parameters were the source of their
importance, we eliminated the upper halves of their
ranges and ran new simulations. The probability of chal-
lenger success and the minimum probability of a red wolf
pairing with a coyote were still the two most important
parameters in all steps of forward stepwise logistic regres-
sions for quasi extinction and persistence.

For established populations of red wolves, the proba-
bility of challenger success and the minimum probability
of a red wolf pairing with a coyote were also the most
important parameters affecting quasi extinction and per-
sistence (Table 4). These were the only two parameters
strongly affecting the probability of persistence, with the
former being twice as important as the latter. Of the six
parameters strongly affecting the probability of quasi ex-
tinction, only one related to red wolf demography, the
minimum red wolf demographic rate set, and no parame-
ters associated with red wolf or coyote population growth
were included in either of these models.

Predicting Population Fate

Because many of the parameters that were important in
determining the probability of red wolf quasi extinction
and persistence may be difficult to estimate in the field,
we also examined the ability of two state variables at year
20, the proportion of pure red wolves in the population
and mean ancestry of hybrids, to predict the outcome
of hybridization at year 50 with logistic regression. Of
these variables, only the proportion of pure red wolves
had strong predictive ability of population fates. This
variable correctly identified 95% of colonizing and es-
tablished populations that reached the quasi-extinction
threshold and correctly predicted 80.6% and 86.9% of
colonizing and established populations, respectively, that
did not reach the threshold.

The proportion of pure red wolves at year 20 was less
able to accurately predict population persistence (>40
red wolf pairs) and nonpersistence at year 50. Among
colonizing populations, 95% of populations that dropped
below the persistence threshold were correctly identi-
fied, but only 61.9% of populations that remained above
the threshold were correctly identified. The proportion of
pure red wolves at year 20 was marginally effective in pre-
dicting persistence among established populations, but
at year 25 this variable correctly identified 95% of pop-

ulations below the persistence threshold and 73.2% of
populations above it. We prioritized correct identification
of populations that ultimately dropped below the quasi-
extinction and persistence thresholds at year 50 when
choosing probability cutpoints. Plots of mean probabil-
ities of quasi extinction and persistence from the logis-
tic regression models suggested that populations that fail
to support high proportions of pure red wolves after 20
years had elevated risks of quasi extinction and reduced
likelihood of persistence by year 50 (Fig. 2).

Management of Hybridization

With high sterilization effort, the numbers of red wolf
pairs maintained in extant colonizing populations were
substantially increased relative to populations without

Figure 2. Mean probabilities of (a) quasi extinction
and (b) persistence in year 50 as predicted from the
proportion of pure red wolves in the population at
year 20 for colonizing and established populations of
red wolves.
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Figure 3. Mean numbers of red wolf pairs in
nonextirpated wolf populations over time when there
is high or low sterilization effort for populations with
(a) random mating, (b) weak assortative mating, and
(c) red wolf challenges (broken lines are 95%
confidence intervals).

sterilization (Fig. 3) and red wolf pair extirpations were
greatly reduced in the first 50 years (Table 3). For popu-
lations with weak assortative mating and those with red
wolf challenges, extirpations in the first 50 years were
nearly eliminated.

When assignment errors were made in deciding which
canids should be sterilized, some red wolves were mistak-
enly sterilized, and some hybrids were identified as red
wolves and escaped sterilization. As a result, hybrids were
allowed to enter what was perceived to be the breeding
population of red wolves. When mate selection was ran-
dom and sterilization effort was high, the mean number
of perceived red wolf pairs exceeded actual pair numbers
(Fig. 3) by 50% at year 50 (39.3 vs. 26.0), and the mean
proportion of individuals in “red wolf” pairs that were
actually hybrids reached 0.373. As a result, red wolf pairs
were perceived to be extirpated in only 0.2% of popula-
tions but were actually extirpated in 16.8% of populations
by year 50 (Table 3). For populations with weak assorta-

tive mating and those with red wolf challenges, the mean
perceived numbers of red wolf pairs in extant populations
were similar to the actual red wolf pair numbers, and the
proportion of hybrids in “red wolf” pairs remained low,
0.023 and 0.001, respectively, for the first 50 years. De-
spite the undetected entrance of hybrids into the breed-
ing populations of red wolves in each of the three types
of populations, the mean ancestry of perceived red wolf
pairs exceeded 0.99 through year 50 in all cases, and the
introgression of coyote ancestry into the red wolf breed-
ing population was minimal.

When there was low sterilization effort, the rate of ex-
tirpation of red wolf pairs was still reduced relative to pop-
ulations with no sterilization (Table 3). However, red wolf
population growth was inhibited (Fig. 3). Mean numbers
of red wolf pairs were similar to or only slightly higher
than those in populations with no sterilization. Also, the
mean proportions of members of red wolf pairs that were
actually hybrids increased. By year 50, hybrids accounted
for 0.74, 0.22, and 0.03 of perceived members of red wolf
pairs among populations with random mating, weak as-
sortative mating, and red wolf challenges, respectively.
For random mating populations perceived to be extant,
the proportion of red wolf ancestry among perceived red
wolf pairs dropped to 0.98.

Discussion

Despite a general paucity of quantitative data on demog-
raphy, pairing decisions, and other possible mechanisms
acting to reproductively isolate red wolves and coyotes
in NENC, we gained considerable information relevant
to restoring red wolf populations. First, our simulations
provide insight into the likely process of hybridization
and introgression that is ongoing in NENC. Second, us-
ing sensitivity analyses, we identified two reproductive
barriers—red wolf challenges and assortative mating be-
tween red wolves and coyotes—that appear to have large
effects on the likelihood of persistence and extinction
of colonizing and established red wolf populations and a
number of other parameters that may have lesser effects.
These analyses also suggest that the conditions necessary
for red wolf populations to simultaneously have a low
probability of quasi extinction (<0.05) and a high proba-
bility of persistence (≥0.80) are restrictive. For colonizing
populations, either the probability of challenger success
must be high and the minimum probability of a red wolf
pairing with a coyote low or these parameters must have
moderate values and the values of remaining parameters
must be high relative to their ranges. For established pop-
ulations, either the probability of challenger success must
be high or the minimum probability of a red wolf pairing
with a coyote must be low.

Displacement behavior by red wolves appears to be
critical in determining the fate of the red wolf population
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in NENC. The level of aggression among red wolves ap-
pears to be a fundamental life-history difference between
the two parental species that forms the basis for a poten-
tially important extrinsic reproductive barrier that may
act prezygotically and postzygotically. Although it has not
been observed, hybrids with high red wolf ancestry may
be expected to at times display this type of competitive
behavior. If it occurs, hybrids may be less successful chal-
lengers than red wolves, and displacement of red wolves
by hybrids may be rare. Other factors not included in our
simulations may also be important in determining the out-
come of hybridization between red wolves and coyotes,
including the fitness of hybrids and inbreeding among red
wolves.

Low reproductive fitness or viability of hybrids rela-
tive to parental species combined with prezygotic bar-
riers may in some cases confine hybridization to a zone
of interspecific overlap. However, even greatly reduced
hybrid fitness may not prevent a parental species from
being replaced by hybrids or the other parental species,
if other reproductive barriers are weak (Wolf et al. 2001).
Fitness of hybrids in NENC is unknown, but observation
suggests that if their fitness differs from red wolves, the
differences are probably not large. Simulations including
sterilization indicate that large decreases in hybrid repro-
ductive fitness would be needed to qualitatively change
the outcome of our simulations for colonizing popula-
tions. Because established populations of red wolves do
not appear to be sensitive to variation in demographic
rates (Table 4), it is unlikely that small changes in hybrid
fitness would notably affect these populations. A small
increase or decrease in hybrid fitness, therefore, likely
would not qualitatively change the outcome of our simu-
lations and the conditions necessary for a low probability
of quasi extinction and a high probability of persistence
may not be appreciably expanded.

Inbreeding among red wolves would be expected to
lower demographic rates and perhaps competitive abili-
ties, possibly affecting displacement behavior (Meagher
et al. 2000; Keller & Waller 2002) thereby hastening in-
trogression and the extirpation of red wolves. Wild-born
wolves with inbreeding coefficients as high as 0.305 have
been observed in NENC, although most wolves have
substantially lower inbreeding levels (Waddell 2003).
If inbreeding depression becomes severe and common
among red wolves, partially outbred hybrids may have
increased relative fitness, which could accelerate the in-
trogression of coyote alleles into the red wolf population
(Ebert et al. 2002; Vilà et al. 2003). Among red wolves in
NENC some genetic management of the population may
be prudent in minimizing introgression and ensuring a fit
red wolf population.

Our simulations also suggest that the proportion of
pure red wolves in the population is a strong predictor of
future red wolf population failure and a reasonably good
predictor of persistence that improves over time. This
metric is readily estimated for actual populations through

the combination of ongoing management and monitoring
activities in NENC and genetic assignment tests (Miller et
al. 2003) and may be useful in monitoring the status of
red wolf populations over time.

Finally, our simulations suggest that sterilization can
be an effective short-term strategy to reduce the likeli-
hood of red wolf extirpation in colonizing populations.
Whether the red wolf component of the population is
increased with sterilization depends on the level of steril-
ization effort and the reproductive barriers acting in the
population. Although it may be difficult to establish a pop-
ulation of wild red wolves with no introgression of coyote
ancestry, the level of introgression may be similar to that
occurring naturally in some populations of gray wolves
(Lehman et al. 1991).

Hybridization and introgression threaten the persiste-
nce of many species and populations (Rhymer & Simber-
loff 1996). In many cases, the future outcome of hybridiza-
tion and the effectiveness of potential management op-
tions are unclear. Also, quantitative data on reproductive
barriers, demographic rates, and other potentially impor-
tant biological considerations are often lacking. Because
the dynamics of hybridization and introgression between
species are typically influenced by multiple reproductive
barriers (Coyne & Orr 2004), simple models may be inad-
equate to provide useful insights. However, more realistic
(and complex) models often include many parameters for
which little data exist.

We approached this problem by developing a simu-
lation model incorporating known and potential repro-
ductive barriers and realistic life histories of parental
species. We incorporated uncertainty in parameter values
and used sensitivity analysis to identify biological factors
that likely have the greatest effects on hybridization and
introgression. Our findings provide an outline of the con-
ditions likely required for successful reestablishment and
long-term maintenance of populations of wild red wolves
in the presence of coyotes. Our approach may be gener-
ally useful in other cases where quantitative data are in
short supply and there is (1) at least a qualitative under-
standing of the life histories of the species involved, (2)
enough quantitative information on demographic param-
eters from other populations or a closely related species
with similar ecological characteristics to set ranges for
demographic parameters that will likely capture the true
values, and (3) some knowledge of the reproductive bar-
riers that may be operating. Our modeling approach may
also prove useful in situations involving complex species
interactions other than hybridization (e.g., the effects of
invasive species or in situations where inclusion of sub-
stantial biological detail into models is important).

Our findings and those of others (Wolf et al. 2001;
Rosenfield et al. 2004) indicate that for species threatened
by hybridization, management efforts to increase popula-
tion numbers will fail to prevent their demise if substan-
tive barriers to hybridization do not exist. In these cases,
preventing or stopping contact between the hybridizing

Conservation Biology

Volume 20, No. 4, August 2006



Fredrickson & Hedrick Hybridization in Red Wolves 1283

species is the only course of action likely to prevent their
loss. If substantive reproductive barriers do exist, man-
agement to increase the size of small, threatened popula-
tions may allow these species to persist in the presence of
ongoing hybridization. In many cases, the specific set of
reproductive barriers operating and their strengths may
be unique to the hybridizing species pair. Thus, general-
ization from one case of hybridization to another may not
prove useful in predicting outcomes or suggesting appro-
priate management options, even among closely related
species (Echelle & Echelle 1994; Rosenfield et al. 2004).
Identification of the factors likely important in determin-
ing the outcome of hybridization and introgression can
focus research and monitoring efforts and potentially pro-
vide guidance for appropriate management responses.
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FERTILITY CONTROL IN COYOTES: IS IT A POTENTIAL MANAGEMENT TOOL? 
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ABSTRACT: Fertility control in wildlife is emerging as a potential management tool. Published research on feral 
horses, deer, rodents, and rabbits suggest an effective agent producing reversible infertility in these species could be 
developed. Furthermore, anecdotal reports suggest that infertility can be induced in a greater array of species. In this 
paper, the authors review methods of fertility control being studied for application in wildlife and focus on their studies 
designed to evaluate the effectiveness of fertility control agents in coyotes (Canis latrans). lmmunocontraception using 
porcine z.ona pellucida (PZP) is currently the most promising method of fertility control in coyotes the authors have 
studied. This is consistent with results from other species. However, the vital question of whether any fertility control 
agent can reduce livestock losses due to coyote predation will require more research. 

KEY WORDS: Canis lalrans, coyotes, fertility control, GnRH, immunocontraception, PZP 

INTRODUCTION 
The search for alternative methods of managing 

nuisance wildlife has intensified in recent years. This is 
largely a result of stricter controls on traditional 
management techniques (i.e., use of chemicals), an 
expanding human population encroaching on wildlife 
habitat, the adaptability of some wildlife species to urban 
and suburban environments, the inability to manage such 
populations by traditional methods (e.g., hunting white
tailed deer [Odocoileus virginianus] and Canada geese 
[Branta canadensis], and trapping coyotes), and changing 
public attitudes toward lethal control. An alternative 
strategy for dealing with nuisance wildlife that has 
received considerable attention is fertility control. The 
authors' objectives are to review the current research on 
fertility control, and discuss some issues that may 
influence the use of fertility control methods in wildlife 
management. They also present preliminary results 
produced by the organizations that contribute to the goal 
of increasing understanding of reproductive physiology 
and behavior in carnivores, and producing a contraceptive 
system, using the coyote as a model. 

METHODS OF FERTILITY CONTROL 
Fertility control research can be broadly categorized 

under three general strategies: 1) surgical/chemical 
sterilization; 2) endocrine perturbation; and 3) 
immunocontraception. Each method has a unique set of 
advantages and disadvantages that influences the 
practicality of use in managing wildlife damage. 
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Surgical Sterilization 
Surgical sterilization has been used successfully in 

domestic companion animals for many years, and with 
captive wildlife in z.oos and research facilities. The 
primary advantage of this technique is that one treatment 
renders the animal permanently incapable of reproducing. 
While this is an advantage in domestic species and in 
captive wildlife, permanent sterility is sometimes 
considered a disadvantage of surgical sterilization for 
populations of wild animals. Concerns over permanent 
sterility in wildlife include a loss of genetic information 
from a population; permanently altered behavior patterns; 
the impractical implementation in wild populations; 
difficulties in capture and handling large numbers of 
animals; anesthesia; post-operative care; and cost of 
implementation. 

While these concerns may be valid, surgical 
sterilization has been used effectively in several cases to 
manage some wild populations (Kennelly and Converse 
1997). Several populations of feral cats were managed 
effectively with surgical sterilization (Neville 1983; 
Neville and Remfry 1984). These examples demonstrated 
that a wild population could effectively be managed with 
surgical sterilization when most healthy adults could be 
captured. Although the initial costs of this control 
method were high, the authors estimated that long-term 
costs would be lower than other control methods because 
only monitoring and periodic castration was necessary. 

Bailey (1992) demonstrated that surgical sterility of 
introduced red fox (Vulpes vulpes) onto Alaskan islands 



occupied by arctic fox (Alopex lagopus) could reduce 
adverse effects on native avifauna. The two fox species 
are not sympatric and, after nine years, the arctic foxes 
were extirpated from the islands and only a few red fox 
remained on one of the islands. 

Brooks et al. (1980) and Kennelly and Lyons (1983) 
demonstrated that surgical sterilization could effectively 
control reproduction in beaver (Castor canadensis). 
Converse and Kennelly (1994) also successfully applied 
the technique to Canada geese. However, surgical 
sterilization was unsuccessful in controlling red-winged 
blackbird (Agelaius phoeniceus) production (Bray et al. 
1975). Kennelly and Converse (1997) implied that 
effective use of surgical sterility is limited to species that 
are monogomous. 

Little research has been conducted on surgical 
sterilization in wild canids. Mech and Fritts (1993) 
vasectomi.zed five wolves (Canis lupis) and released them 
in northern Minnesota. They concluded that vasectomi.zed 
wolves maintained pair bonds and territories, suggesting 
this method may be effective at reducing predation on 
livestock. Till and Knowlton (1983) demonstrated that 
adult coyotes (Canis latrans) reduced predation on 
livestock when the pups were removed from dens. They 
concluded that, in some situations, predation on livestock 
was driven by the presence of pups; when adults need to 
feed pups, they select larger prey items. These studies 
suggested that if reproduction in wild canids could be 
controlled while leaving territorial behavior intact, 
livestock losses could be reduced. This reduction might 
result if wild canids did not use larger prey sizes to 
support offspring, and the adults maintained territories, 
thereby preventing intact canids from immigrating into the 
area. National Wildlife Research Center biologists are 
currently testing this hypothesis. During December 1997 
and January 1998, wild coyotes from about seven packs 
in northeastern Utah were captured. Packs were 
randomly assigned to either a treatment or control group. 
All animals in treatment groups received either a tubal 
ligation or vasectomy. Control group animals received a 
sham surgery, which consisted of the same anesthesia and 
surgical protocols except the oviducts and vas def erens 
were left intact. All animals were released where they 
were captured within 24 hours. Over the next three 
years, territorial, reproductive, and predatory behavior of 
these animals will be monitored to determine if surgical 
sterilization without removal of gonads influences these 
factors. 

Endocrine Regulation 
Steroids. Hormonal control and regulation of fertility 

in vertebrate species has primarily been accomplished 
through the use of steroids (Kirkpatrick and Turner 1991 ; 
Asa 1997). Progestogens and androgens successfully 
surpress normal ovarian cyclicity in domestic canids and 
felids, and in captive wildlife. However, use of 
progestins reportedly increases growth of the uterine 
lining and, consequently, induces hyperplasia, pyometra, 
and neoplasia in canids and felids, in addition to 
mammary development and post-therapy lactation (Asa 
and Porton 1991). Androgens also have undesirable 
effects, the most significant being external masculization. 
These effects, expense, and requirement for regular 
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administration, are reasons steroids are generally 
considered impractical for use in wild populations. 

Melengestrol acetate implants are the most used 
contraceptive in zoos (Porton et al. 1990). This steroid 
has also been used in oral forms with varying success 
(Asa 1997). Experiments to control fertility in coyotes 
have been conducted using steroid compounds such as 
diethylstilbestrol, mibolerone, and prostaglandins (Balser 
1964). Although oral formulations would make these and 
other progestins (e.g., medroxyprogesterone acetate, 
levonorgestrel, megestrol acetate) more suitable for use in 
wild populations, the side effects previously discussed 
would still be expected. Additionally, oral presentation 
of these products could affect non-target species both 
directly via consumption of the compounds in baits, and 
indirectly if predators or scavengers consumed animals 
which had taken steroid-laden baits. 

GnRH and Agonists. Recent efforts in endocrine 
regulation of fertility have focused on gonadotropin
releasing hormone (GnRH). A non-steroidal hormone, 
GnRH would have the advantage of no secondary toxicity 
because it is rapidly metabolized into amino acids. 
Gonadotropin-releasing hormone, a key regulator of 
reproduction in male and female mammals (Figure 1), is 
released by the hypothalamus in the brain and travels 
through a portal blood system to the anterior pituitary at 
the base of the brain. Gonadotropin-releasing hormone 
stimulates the anterior pituitary to release lutenizing 
hormone (LH) and follicle-stimulating hormone (FSH) in 
both females and males. These hormones subsequently 
influence the release of progesterone and estradiol in the 
female, and testosterone and estradiol in the male. 

Female Male 

Tatoetero11e L~ EalradJol 

\~/ 

Figure 1. The mammalian hypothalamic-pituiiary-gonadal axis 
in males and females (adapted from Becker and Katz 1997). 

Gonadotropin-releasing hormone and its agonists have 
been used in male Hawaiian monk seals (Monachus 
schauinsland) (Atkinson et al. 1993) and African 
elephants (Loxodonta africana) (Brown et al. 1993). 
Single injections of GnRH in males of these species 
decreased blood testosterone levels and, subsequently, 



aggressive behavior. However, prolonged administration 
of GnRH in cattle and red deer ( Cervus elaphus) has 
resulted in stimulation of both pituitary and testicular 
function (Melson et al. 1986; Lincoln 1987). 

Continuous administration of GnRH has inhibited 
ovulation in several species due to a negative feedback 
response by the hypothalamus (Vickery et al. 1989; 
Herschler and Vickery 1981; McNeilly and Fraser 1987; 
Montovan et al. 1990). However, Becker and Katz 
(1995) were unsuccessful in inhibiting LH secretion by the 
anterior pituitary with continual infusion of an GnRH 
analog. They suggested more research is needed to 
determine the usefulness of GnRH as a technique for 
regulating reproduction. Becker and Katz (1997) 
suggested that variation in response of the hypothalmic
pituitary-gonadal axis may be due to the choice of agonist, 
dose, treatment regimen, reproductive status, and species. 
Furthermore, they point out that the practicality of using 
GnRH as a contraceptive is dependent on the development 
of long-acting, time-release agonist that can be delivered 
remotely. Such an agonist, though, is currently 
unavailable. 

Antiprogestins. Antiprogestins (also called anti
progestogens) are derivatives of cholesterol molecules and 
have some of the properties of steroid hormones (Dence 
1980; Teutsch et al. 1995). These compounds tend to be 
stable, which allows for oral delivery without degradation 
and loss of function in the digestive tract. It also 
prolongs the duration of stability in bait materials, an 
important consideration for field delivery systems. There 
are few reports regarding the use of antiprogestins in 
canids. When used in domestic canines, termination of 
pregnancy without negative side effects was reported 
(Concannon et al. 1990; Sankai et al. 1991). Baulieu et 
al. (1987) published the first papers dealing with the 
antiprogestin mifepristone (RU-486). This compound has 
since been used in a variety of species as a contragestive 
with up to 80 % effectiveness following a single oral dose 
(Brogden et al. 1993). However, when used in 
conjunction with prostaglandins, the success rate reaches 
100% (Brogden et al. 1993). 

The authors are currently evaluating the effectiveness 
of mifepristone and an analog (RTl3021-003; Research 
Triangle Institute, North Carolina) as contragestive agents 
in coyotes. Initial results suggest that RTI-003 used alone 
is not an effective contragestive agent in coyotes. 
However, the effectiveness of RTI3021-003 in 
combination with misoprostol, a prostaglandin, and 
mifepristone combined with misoprostol is also being 
evaluated. 

lmmunocontraception 
lmmunocontraception uses an individual' s own 

immune system to disrupt reproduction (Figure 2). This 
is accomplished through the administration of a vaccine 
that results in the production of circulating antibodies or 
cellular immune effector cells in the target animal. 
Unlike vaccines developed to protect animals from 
infectious agents, contraceptive vaccines must trigger an 
immune response to self-antigens. Thus, an individual's 
immune system must be trained to target antigens it 
normally would not. 
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Figure 2. Essential features of lhe immune response (adapted 
from Tizard 1996). 

Contraceptive vaccines studied to date can be 
classified as hormone-based vaccines and gamete-based 
vaccines. Hormone-based vaccines attempt to illicit an 
immune response against an individual's reproductive 
hormones. Studies have evaluated vaccines targeting 
GnRH, LH, and FSH (Thau et al. 1987; Mougdal 1990; 
Becker and Katz 1997). 

Active immunization against GnRH has had some 
success in numerous domestic species (Clarke et al. 1978; 
Adams and Adams 1986; Awoniyi et al. 1987; Safir et al. 
1987; Ladd et al. 1988; Baile et al. 1989; Adams et al. 
1993). Circulating GnRH antibodies produced by 
immunization bound GnRH after it was released from the 
hypothalamus and before it reached the pituitary. 
Antibody-bound GnRH was ineffective at stimulating the 
release of LH and FSH, which resulted in impaired 
reproductive function. The effectiveness of these 
immunizations at suppressing reproductive function was 
positively correlated to the GnRH antibody titer (Lincoln 
et al. 1982; Safir et al. 1987; Baile et al. 1989). 

Little research has been conducted on GnRH vaccines 
in wildlife. Studies on red deer (Cervus elaphus) have 
had mixed results (Lincoln et al. 1982; Ataja et al. 1992; 
Freudenberger et al. 1993). Ataja et al. (1992) found 
only a light suppression of LH and no reduction of 
testosterone levels. Alternatively, Lincoln et al. (1982) 
observed a significant decrease in testosterone combined 
with testicular atrophy and premature casting of antlers. 



Becker and Katz (1997) suggested that variable results 
from GnRH immunizations may result from differences in 
carrier proteins used in vaccines, timing of primary 
immunizations relative to the reproductive season, and 
variability of individual animal immune responses to the 
vaccines. 

The authors have conducted preliminary research on 
the use of GnRH vaccines to prevent reproduction in 
coyotes. They vaccinated five male and five female 
coyotes with 300µg of GnRH conjugated with keyhole 
limpet hemocyanin {KLH). The coyotes were boosted 
twice with 200µg injections of the GnRH-KLH vaccine at 
monthly intervals. Two of the females developed high 
antibody titers to GnRH and did not produce high levels 
of progesterone. Thus, it was assumed that these females 
did not ovulate or ovulated but did not maintain corpora 
lutea, which produce the progesterone required to 
maintain pregnancy. The remaining three females did not 
produce high GnRH antibody titers, or the antibodies 
were produced too late to prevent ovulation and a rise in 
progesterone. Of the five males vaccinated with GnRH, 
two developed high antibody titers, which resulted in a 
decrease of testosterone to levels observed prior to the 
breeding season. Three males had low antibody levels 
and either normal or only moderately reduced testosterone 
levels. It appears from this limited study that GnRH 
vaccines have some potential to control reproduction in 
coyotes; however, more research would be needed to 
evaluate the efficacy of such a vaccine. The problem of 
delivering such a vaccine in the absence of an orally 
active form seems particularly daunting. 

The second group of contraceptive vaccines studied to 
date are gamete-based vaccines. These vaccines are 
designed to affect spermatogenesis, oocyte maturation, 
fertilization, and trophoblast development. Of these, 
vaccines directed at oocyte maturation, and specifically 
the :zona pellucida (the glycoprotein matrix surrounding 
the mature mammalian egg), have received the most 
attention in wildlife (see reviews by Warren et al. 1997; 
Turner et al. 1997; Kirkpatrick et al. 1997). However, 
little research has been conducted on the use of such 
vaccines in predators. 

The authors initiated research to evaluate gamete
based vaccines for fertility control in coyotes. In 
December 1995, female coyotes were injected with 300 
µg of PZP, and boosted with 200 µg on PZP in January 
1996. This initial study resulted in a reduction of mean 
litter size from 3.5 pups among control females, to 1.3 
pups for vaccinated females. In December 1996, the 
same female coyotes were boosted again with 45 µg of 
PZP. This single, low dose boost was performed to 
evaluate if an annual boost would effectively keep litter 
sizes reduced. The results of this second year of research 
suggested that annual boosters of PZP were effective in 
maintaining reduced litter size; mean litter size during the 
second year was 3.8 pups/female and 2.6 pups/female for 
the control and PZP animals, respectively. 

Although their earlier research on PZP demonstrated 
it was an effective immunocontraceptive for reducing 
coyote litter size, the authors initiated a second study to 
determine if more frequent boosting with PZP prior to the 
breeding season could eliminate litters entirely. In 
December 1997, they vaccinated five female coyotes with 
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300µg of PZP and boosted with 200µg four and six weeks 
later. In this experiment, females were euthanized and 
necropsied 30 days after the last observed breeding date. 
All control females were pregnant and the mean number 
of fetuses/females was 5.8, compared to zero fetuses in 
PZP vaccinated females. Thus, the PZP vaccine can be 
an effective immunocontraceptive in coyotes. The 
authors are currently conducting research that will 
elucidate the mechanism through which PZP reduces 
fertility, and will conduct research designed to develop an 
orally deliverable form of PZP. 

CONCLUSIONS 
The most effective means of resolving wildlife-human 

conflicts in many situations is to reduce wildlife 
populations by shooting, poisoning, or trapping. 
However, as the human population expands into wildlife 
habitat, lethal control options become limited and 
controversial. Thus, there is an increasing need to 
develop non-lethal control strategies that can be integrated 
into damage management programs. 

Presently, relatively few cost-effective, non-lethal 
control options are available to managers. Fertility 
control could provide an effective addition to control 
programs. However, many hurdles must be overcome 
before fertility control becomes a viable alternative. 
These include, but are not limited to, the development of 
contraceptive agents that are orally deliverable, species 
specific, reversible, have few side-effects, and are cost 
effective (Sanborn et al. 1994). 

Is fertility control a potential management tool for 
coyotes? Current research suggests that it has 
possibilities. Studies conducted to date on immuno
contraception suggest it has the potential for at least 
reducing litter size in coyotes. Further studies on 
antiprogestins will assess the value of these compounds in 
reducing litter size. Will litter size reduction significantly 
alter predatory behavior of coyotes on livestock? If 
productivity in a local population of coyotes is reduced, 
or eliminated, but the loss of livestock in the area is not 
significantly reduced, then a fertility control program 
would not be an effective management tool. The 
authors' research with surgically sterilized coyotes should 
provide an answer to this key question. 

LITERATURE CITED 
ADAMS, T. E., C. A. DALEY, B. M. ADAMS, and H. 

SAKURAI. 1993. Testis function and feedlot 
performance of bulls actively immunized against 
gonadotropin-releasing hormone: effect of implants 
containing progesterone and estradiol ben:zoate. 
Journal of Animal Science 71 :811-817. 

ADAMS, T. H., and B. M. ADAMS. 1986. 
Gonadotope function in ovarioectomized ewes actively 
immunized against gonadotropin-releasing hormone 
(GnRH). Biology of Reproduction 35:360-367. 

ASA, C. S. 1997. The development of contraceptive 
methods for captive wildlife. Pages 235-240 in T. 1. 
Kreeger, technical coordinator. Contraception in 
wildlife management. USDA, Animal and Plant 
Health Inspection Service, Technical Bulletin 1853. 

ASA, C. S., and I. PORTON. 1991. Concerns and 
prospects for contraception in carnivores. 



Proceedings of the American Association of Zoo 
Veterinarians: 298-303. 

ATAJA, A. M., T. N. BARRY, R. M. HOSKINSON, 
and P. R. WILSON. 1992. Effects of active 
immunization against LHRH and melatonin on growth 
and plasma hormone concentrations in red deer stags 
during their second year. Journal of Agricultural 
Science 118:371-377. 

ATKINSON, S., W. G. ILMARTIN, and B. L. 
LASLEY. 1993. Testosterone response to a 
gonadotropin-releasing hormone agonist in Hawaiian 
monk seals (Monachus schauinslandi) . Journal of 
Reproduction and Fertility 97:35-38. 

AWONIYI, C. , V. CHANDRASHEKAR, R. E. FALVO, 
R. ARTHUR, B. D. SCHANBACHER, and A. 
AMADOR. 1987. Leydig cell function in boars 
actively immunized against LHRH. Biology of 
Reproduction and Fertility, Suppl. 39:325-327. 

BAILEY, E. P. 1992. Red foxes (Vulpes vulpes) as 
biological control agents for introduced arctic foxes 
(Alopex lagopus) on Alaskan Islands. Canadian 
Field-Naturalist 106(2):200-205. 

BAILIE, N. C., S. D. CARTER, C. A. MORRISON, D. 
F. KELLY, P. N. SKELTON-STROUD, and H. 
DOBSON. 1989. A pilot study of immunological 
sterilization in dogs by induction of LHRH 
autoimmunity. Journal of Reproduction and Fertility, 
Suppl. 39:325-327. 

BALSER, D. S. 1964. Management of predator 
populations with antifertility agents. Journal of 
Wildlife Management 28:352-358. 

BAULIEU, E. E., A. ULRNANN, and D. PHILBERT. 
1987. Contraception by antiprogesten RU486: a 
novel approach to human fertility control. Pages 55-
73 in E. Diczfalusy and M. Bygdeman, eds. Fertility 
regulation today and tomorrow. Raven Press, NY. 

BECKER, S. E., and L. S. KATZ. 1995. Effects of a 
gonadotropin-releasing hormone agonist on serum LH 
concentrations in female white-tailed deer. Small 
Ruminant Research 18:145-150. 

BECKER, S. E. , and L. S. KATZ. 1997. Gonadotropin
releasing hormone (GnRH) analogs or active 
immunization against GnRH to control fertility in 
wildlife. Pages 11-19 in T. J. Kreeger, technical 
coordinator. Contraception in wildlife management. 
USDA, Animal and Plant Health Inspection Service, 
Technical Bulletin 1853. 

BRAY, 0 . E., J. J. KENNELLY, andJ. L. GUARINO. 
1975. Fertility of eggs produced on territories of 
vasectomized red-winged blackbirds. Wilson Bulletin 
87(2): 187-195. 

BROGDEN, R. N., K. L. GAO, and D. FAULDS. 
1993 . Mifepristone: a review of its 
pharmacodynamic and pharmaco kinetic properties 
and therapeutic potential. Drugs 45:384-409. 

BROOKS, R. P., M. W. FLEMING, and J. J. 
KENNELLY. 1980. Beaver colony responses to 
fertility control: evaluating a concept. Journal of 
Wildlife Management 44(3):568-575. 

BROWN, J. L., M. BUSH, D. E. WILDT, J. R. 
RAATH, V. DEVOS, and J. G. HOWARD. 1993. 
Effects of GnRH analogues on pituitary-testicular 
function in free-ranging African elephants (Loxodonla 

148 

africana). Journal of Reproduction and Fertility 
99:625-634. 

CLARKE, I. J., H. M. FRASER, and A. S. 
MCNEILLY. 1978. Active immunization of ewes 
against luteinizing hormone releasing hormone, and 
its effects on ovulation and gonadotrophin, prolactin 
and ovarian steroid secretion. Journal of 
Endocrinology 78:39-47. 

CONCANNON,P. W.,A.YEAGER,D. FRANK, and 
A. LY AMPILLAI. 1990. Termination of pregnancy 
and induction of leuteolysis by the antiprogestagen, 
mifepristone, in dogs. Journal of Reproduction and 
Fertility 88:99-104. 

CONVERSE, K. A., and J. J. KENNELLY. 1994. 
Evaluation · of Canada goose sterilizatiion for 
population control. Wildlife Society Bulletin 
22(2):265-269. 

DENCE, J.B. 1980. Steroids and peptides. John Wiley 
& Sons Ltd., New York, NY. 

FREUDENBERGER, D. 0., P. R. WILSON, T. N. 
BARRY, Y. X. SUN, R. W. PURCHAS, and T. E. 
TRIGG. 1993. Effects of immunization against 
GnRH upon body growth, voluntary food intake and 
plasma hormone concentration in yearling red deer 
stags (Cervus elaphus). Journal of AgricuJtural 
Science 121:381-388. 

HERSCHLER, R. C., and B. H. VICKERY. 1981. 
The effects of [D-Trp6

, Des-Gly10ProNHl:JLHRH 
ethylamide on the estrous cycle, weight gain and feed 
efficiency in feedlot heifers. American Journal of 
Veterinary Research 42: 1405-1408. 

KENNELLY, J. J., and K. A. CONVERSE. 1997. 
Surgical sterilization: an underutilized procedure for 
evaluating the merits of induced sterility. Pages 21-
28 in T. J. Kreeger, technical coordinator. 
Contraception in wildlife management. USDA, 
Animal and Plant Health Inspection Service, 
Technical Bulletin 1853. 

KENNELLY, J. J ., and P. J. LYONS. 1983. 
Evaluation of induced sterility for beaver (Castor 
canadensis) management problems. Pages 169-175 in 
J. D. Decker, ed. Proceedings of first eastern 
wildlife damage control conference, 27-30 September 
1983, Cornell University Extension, Ithaca, NY. 

KIRKPATRICK, J. F., andJ. W. TURNER, JR. 1991. 
Reversible contraception in nondomestic animals. 
Journal of Zoo and Wildlife Medicine 22:392-408. 

KIRKPATRICK, J. F., J . W. TURNER, JR., and I. K. 
M. LIU. 1997. Pages 161-170 in T. J. Kreeger, 
technical coordinator. Contraception in wildlife 
management. USDA, Animal and Plant Health 
Inspection Service, Technical Bulletin 1853. 

LADD, A., G. PRABHU, Y. Y. TSONG, T . PROBST, 
W. CHUNG, and R. B. THAU. 1988. Active 
immunization against gonadotropin-releasing 
hormone combined with androgen supplementation is 
a promising antifertilityvaccine for males. American 
Journal of Reproductive Immunology and 
Microbiology 17: 171-177. 

LINCOLN, G. A. 1987. Long-term stimulatory effects 
of a continuous infusion of LHRH agonist on 
testicular function in male red deer (Cervus elaphus). 
Journal of Reproduction and Fertility 66:703-708. 



LINCOLN, G. A., H. M. FRASER, and T. J. 
FLETCHER. 1982. Antler growth in male red deer 
(Cervru elaphus) after active immunization against 
LH-RH. Journal of Reproduction and Fertility 
66:703-708. 

MCNEILLY, A. S., and H. M. FRASER. 1987. Effect 
of gonadotrophin-releasing hormone agonist-induced 
suppression of LH and FSH on follicle growth and 
corpus luteum function in the ewe. Journal of 
Endocrinology 115:273-282. 

MECH, L. D., and S. H. FRITTS. 1993. Vasectomized 
wolves maintain territory. Info. Bull. 24. USDI, 
U.S. Fish and Wildlife Service, Washington, DC. 

MELSON, B. W., 1. L. BROWN, H. M. 
SCHOENEMANN, G. K. TARNAVSKY, and 1.1. 
REEVES. 1986. Evaluation of serum testosterone 
during chronic LHRH agonist treatment in the bull. 
Journal of Animal Sience 62:199-207. 

MOUGDAL, N. R. 1990. The immunobiology of 
follicle stimulate hormone and inhibin: prospects for 
a contraceptive vaccine. Current Options in 
Immunology 5:736-742. 

MONTOVAN, S. M., P. P. DAELS, J. RIVIER, J . P. 
HUGHEST, G. H. STABENFELDT, and B. L. 
LASLEY. 1990. The effect of a potent GnRH 
agonist on gonadal and sexual activity in the horse. 
Theriogenology 33: 1305-1321. 

NEVILLE, P. 1983. Humane control of an urban cat 
colony. International Pest Control 25(5): 144-145, 
152. 

NEVILLE, P. F., and J. REMFRY. 1984. Effect of 
neutering on two groups of feral cats. Veterinary 
Record 114:447-450. 

PORTON, I., C. S. ASA, and A. BAKER. 1990. 
Survey results on the use of birth control methods in 
primates and carnivores in North American wos. 
Pages 489-497 in Proceedings of the annual 
conference of the American Association of Zoological 
Parks and Aquariums. · 

SAFIR, J . M., R. G. LOY, and B. P. FITZGERALD. 
1987. Inhibition of ovulation in the mare by active 
immnni7.8tion against LHRH. Journal of 
Reproduction and Fertility, Suppl. 35:229-237. 

SANBORN, W. A., R. B. SCHMIDT, and H. C. 
FREEMAN. 1994. Policy considerations for 
contraception in wildlife management. Pages 311-316 
in W. S. Halverson, and A. C. Crabb, eds. 

149 

Proceedings of the 16th Vertebrate Pest Conference. 
Univ. California, Davis. 

SANKAI, T., T . ENDO, K. KANAYAMA, Y. 
SAKUMA, M. UMEZUM, and J. MASAKI. 1991. 
Antiprogesterone compound.RU486 administration to 
terminate pregnancy in dogs and cats. Journal of 
Veterinary Medical Science 53: 1069-1070. 

TEUTSCH, G., F. NIQUE, G. LEMIONE, F. 
BOUCHOUX, E. CEREDE, D. GFFLO, and D. 
PHILBERT. 1995. General structure-activity 
correlations of antihormones in steroid receptors and 
antihormones. New York Academy of Science 
761:5-28. 

THAU, R. B., C. B. WILSON, K. SUNDARAM, D. 
PHILLIPS, T. DONNELLY, N. S. HALMI, and C. 
W. BARDIN. 1987. Long-term immunization 
against the beta-subunit of ovine luteinizing hormone 
(oLH beta) has no adverse effects on pituitary 
function in rhesus monkeys. American Journal of 
Reproductive Immunology and Microbiology 15:92-
98. 

TILL, J. A., and F. F. KNOWLTON. 1983. Efficacy 
of denning in alleviating coyote depredations upon 
domestic sheep. Journal of Wildlife Management 
47:1018-1025. 

TIZARD, I. R. 1996. Veterinary Immunology: an 
introduction. Fifth Edition. W. B. Saunders Co. 
Philadelphia, PA. 531 pp. 

TURNER, J. W., JR., J. F. KIRKPATRICK, and I. K. 
M. LIU. 1997. Pages 147-160 in T. J. Kreeger, 
technical coordinator. Contraception in wildlife 
management. USDA, Animal and Plant Health 
Inspection Service, Technical Bulletin 1853. 

VICKERY, B. H., G. I. McRAE, J. C. 
GOODPASTURE, and L. M. SANDERS. 1989. 
Use of potent LHRH analogs for chronic 
contraception and pregnancy termination in dogs. 
Journal of Reproduction and Fertility, Suppl. 39: 175-
187. 

WARREN, R. J., R. A. FRAYER-HOSKEN, L. M. 
WHITE, L. P. WILLIS, and R. B. GOODLOE. 
1997. Research and field applications of 
contraceptives in white-tailed deer, feral horses, and 
mountain goats. Pages 133-146 in T. 1. Kreeger, 
technical coordinator. Contraception in wildlife 
management. USDA, Animal and Plant Health 
Inspection Service, Technical Bulletin 1853. 



University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
USDA National Wildlife Research Center - Staff
Publications

U.S. Department of Agriculture: Animal and Plant
Health Inspection Service

July 2001

SURGICAL STERILIZATION AS A METHOD
OF REDUCING COYOTE PREDATION ON
DOMESTIC SHEEP
Cassity Bromley
Utah State University, Logan, UT

Eric M. Gese
Utah State University, eric.gese@usu.edu

Follow this and additional works at: https://digitalcommons.unl.edu/icwdm_usdanwrc

Part of the Environmental Sciences Commons

This Article is brought to you for free and open access by the U.S. Department of Agriculture: Animal and Plant Health Inspection Service at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in USDA National Wildlife Research Center - Staff Publications
by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.

Bromley, Cassity and Gese, Eric M., "SURGICAL STERILIZATION AS A METHOD OF REDUCING COYOTE PREDATION
ON DOMESTIC SHEEP" (2001). USDA National Wildlife Research Center - Staff Publications. 594.
https://digitalcommons.unl.edu/icwdm_usdanwrc/594
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Abstract: Predation by coyotes (Canis latram) on domestic sheep is a problem for many livestock producers through- 
out the United States Intermountain West. We examined whether surgical sterilization of coyote packs would mod- 
ify their predatory behavior and reduce predation rates on domestic sheep as compared to coyote packs with pups. 
From June 1997 to December 1997, we gathered baseline information on coyote pack size and movements. In win- 
ter 1998, we surgically sterilized and radiocollared members of 5 coyote packs. We also captured and radiocollared 
members of 6 packs that remained intact (i.e., reproductive). During summer 1998, only 1 sterile pack killed a lamb, 
while 3 intact packs killed 11 lambs. When only sheepkilling packs were included, sterile packs killed an average of 
0.35 lambs/week, while intact packs killed 1.53 lambs/week in 1998. Duringwinter 1999, we monitored 4 sterile and 
8 intact packs. In summer 1999,3 sterile packs killed 3 lambs, while 4 intact packs killed 22 lambs. Considering only 
sheepkilling packs, sterile packs killed on average 0.38 lambs/week, while intact packs killed an average of 2.95 
lambs/week in 1999. Coyotes were more likely to kill lambs that were on the edges of coyote territories as com- 
pared to core areas. Lambs of less than average weight were also more likely to be killed by coyotes. The available 
rodent biomass in each territory was not an influence on the differential kill rates exhibited between sterile and 
intact packs, nor did the amount of available alternate prey influence annual coyote predation rates on sheep. We 
conclude that we could use surgical sterilization to modlfy the predatory behavior of coyotes associated with pup pro- 
duction and provisioning of pups. Sterilization successfully reduced, but did not eliminate, coyote predation on 
domestic sheep. The amount of losses averted in the first year exceeded the costs associated with surgically steriliz- 
ing a coyote pack, which indicates that surgical sterilization could prove beneficial on small-scale livestock operations. 

JOURNAL OF WILDLIFE MANAGEMENT 65(3):510-519 
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Coyotes are a major predator of domestic sheep 
and lambs throughout the western United States. 
Pearson ( 1986) reported that 2.5% of adult sheep 
and 9.0% of lambs were lost to predators annual- 
ly; coyotes were the major predator accounting 
for 74% and 78% of adult sheep and lamb losses, 
respectively. In 1994, predators accounted for 
the loss of 520,600 sheep and lambs, and coyotes 
caused 62% of those losses (Simpson 1995). Utah 
ranchers reported the loss of 19,000 sheep and 
lambs to coyotes in 1997 (31.3% of total losses; 
U.S. Department of Agriculture 1998). Sheep 
producers have cited high predation losses, low 
lamb and wool prices, and a shortage of good 
hired labor as reasons for leaving the sheep 
industry (Gee et al. 1977). 

Traditionally, lethal nonspecific methods have 
been used to reduce or stop coyote predation, 
assuming that fewer coyotes means fewer livestock 
losses. Recent research in California suggests that 

breeding pairs of coyotes are responsible for 
most of the killing (Sacks et al. 1999) and that tar- 
geting breeding individuals may be a more effec- 
tive control method. In addition, attitudes to- 
ward lethal control have changed (Andelt 1996, 
Reiter et al. 1999), and a variety of nonlethal con- 
trol methods are now available or in practice. 
Currently, nonlethal control methods include 
various livestock husbandry practices, fencing, 
guard animals (dogs, llamas, and other aggressive 
livestock), and frightening devices (Andelt 1987, 
Know1 ton et al. 1999). Aversive conditioning, 
repellents, and antifertility agents have been 
explored as a means to reduce coyote popula- 
tions and/or livestock losses (Balser 1964, 
Bourne and Dorrance 1982, Lehner 1987). How- 
ever, costs of labor and materials, maintenance, 
and lack of success in open range situations have 
limited the use of many nonlethal control tech- 
niques and made those techniques difficult to 
promote among sheep produce& (Knowlton et 
al. 1999). 

Present address: U.S. National Park Service, Santa 
Monica Mountains National Recreation Area, 401 West The use of a 

Hillcrest Drive. Thousand Oaks. CA 91360, USA. method to manage wildlife populations has 
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(Garrott 1995). Most efforts have focused on 
developing and testing various contraceptive sub  
stances (Elder 1964, Stellfug et al. 1978, Millar et 
al. 1989) or methods of drug administration 
(Matschke 1977, Plotka and Seal 1989, Kirk- 
patrick et al. 1990). Computer models that illus- 
trate the potential of canid fertility control have 
been developed (Haight and Mech 1997, Pech et 
al. 1997). Research designed to evaluate the 
potential of canid fertility control has document- 
ed changes in reproduction (Balser 1964) as well 
as behavioral responses to sterilization (Mech et 
al. 1996, Saunders and McIlroy 1996, Bubela 
1999). However, no studies have addressed the 
effect of sterilization on depredation behavior. 

Till and Knowlton (1983) showed that predation 
on domestic lambs by adult coyotes stopped when 
their pups were removed. They theorized that 
sterilizing territorial coyotes could be more effec- 
tive than removing the pups of depredating adults 
because (1) no lamb loss would occur before the 
pups were removed; (2) the sterilized coyotes 
may keep out other reproductive coyotes that 
might cause sheep losses; and (3) sterilization may 
reduce losses for many years because pair bonds 
between coyotes are long-lasting. Implicit in this 
theory are the untested assumptions that (1) steril- 
ized resident (or dominant) coyotes maintain their 
territories to the exclusion of nonsterilized coy- 
otes; (2) sterilization has the same effects as pup 
removal; and (3) compensatory mechanisms with- 
in the population do not counteract the effects of 
sterilization. We did not attempt to control the 
size of the coyote population, but only modify 
predatory behavior. We hypothesized that sterile 
coyotes, without the energetic demands of provi- 
sioning pups, would kill fewer sheep than coyotes 
with pups. Because other factors may also influ- 
ence depredation rates (Knowlton et al. 1999), we 
examined the timing and location of depreda- 
tion events, the weight of lambs killed by coyotes, 
the availability of alternate prey, and food avail- 
ability (as measured by a rodent biomass index) in 
coyote territories exhibiting differential kill rates. 

STUDY AREA 
We conducted the project on a 400-km2 study 

area on the Deseret Land and Livestock ranch, 
northeastern Utah. The study area is primarily 
sagebrush (Artimesia tridentata wyomingensis) 
steppe, with an understory of western wheatgrass 
( Pascopyrum smithii) , needle-and-thread grass 
(Stipa comata) , Indian rice grass (Oryzqsis 
hymenoides), and planted crested wheatgrass 

(Agropyrum desertorum). Average annual rainfall is 
27.6 cm; temperatures range from an average of 
-9.4"C in winter to 15.6OC in summer. 

Coyotes were distributed throughout the study 
area and were relatively unexploited. While sheep 
grazing was a historical use of the area, sheep had 
not grazed the study area recently. Cattle were 
grazed intermittently throughout the area. Win- 
ter carrion in the form of cattle and elk (Ceruus 
elaphus) carcasses was plentiful. Mule deer 
(Odocoileus hemionus) and pronghorn antelope 
(Antilocafwa amem'cana) were common in the area. 
The most abundant small prey were white-tailed 
jackrabbits (Lepus townsendii) , cottontail rabbits 
(Sylvilagus nutallz] , Uinta ground squirrels (S'er- 
mqbhilus armatus), deer mice (Peromyscus manicu- 
latus) , and least chipmunks ( Tamias minimus). 

METHODS 
During summer 1997, coyotes were trapped 

with #3 padded-jaw, leg-hold traps equipped with 
tranquilizer tabs (Balser 1965, Sahr and Knowl- 
ton 2000) containing propriopromazine. Cap 
tured coyotes were immobilized with ketamine 
hydrochloride (10 mg/kg) and acepromozine 
(0.1 mg/kg) . Coyotes were weighed, sexed, blood 
sampled, and aged by tooth wear (Gier 1968). A 
premolar was extracted and sent to a commercial 
lab (Matson's Laboratory, Milltown, Montana, 
USA) for aging by cementum annuli analysis 
(Linhart and Knowlton 1967). Animals were 
radiocollared with a 150-g transmitter (Advanced 
Telemetry Systems, Isanti, Minnesota, USA) and 
released at the point of capture. 

During December 1997, January 1998, and Jan- 
uary 1999, a hand-held net-gun fired from a heli- 
copter was used to capture coyotes (Barrett et al. 
1982, Gese et al. 1987). Previously radiocollared 
animals were recaptured along with as many pack 
members as possible. Additional packs in the 
study area were also captured. Packs were ran- 
domly assigned to sterile and sham treatments. 
Because identification of alpha breeding coyotes 
is difficult without field observation, members of 
the same pack received the same treatment. Cap 
tured coyotes were transported by helicopter to a 
local veterinary clinic for surgical sterilization. 
Females were sterilized by tuba1 ligation and 
males by vasectomy, leaving hormonal systems 
intact (Zemlicka 1995). Animals in the sham 
treatment underwent all procedures except actu- 
al sterilization. All animals were held overnight 
for recovery and observation, then released at the 
point of capture the following morning. 
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During 1997 and 1998, coyotes were relocated 
primarily from fixed stations (null-peak) posi- 
tioned around the perimeter of the study area 
(U'hite and Garrott 1990). In 1999, we used 
hand-held triangulation to acquire bearings <10 
min apart with triangulation angles between 20" 
and 160" (Gese et al. 1990). The software pack- 
age LOCATE (Pacer, Truro, Nova Scotia) was 
used to calculate animal locations. We attempted 
to locate all coyotes twice daily (morning and 
evening) during the time sheep were in the study 
area (May through Sep). During the remainder 
of the year, coyotes were located approximately 
every 2 weeks using aerial telemetry (Mech 1983) 
when snow made roads impassable for ground 
relocations. Home ranges were calculated using 
CALHOME (Kie et al. 1996). The adaptive ker- 
nel estimator (Worton 1989) was used to delin- 
eate territory boundaries (90% isopleth) and 
core areas (60% isopleth) of use. To confirm 
breeding status of the pack, searches were made 
by foot and in the air of all coyote territories to 
find dens and confirm the presence or absence 
of pups. Responses to simulated howling were 
also used to determine the presence of pups dur- 
ing summer (Harrington and Mech 1982). 

To assess coyote predation rates on sheep, small 
bands of ewes and lambs were introduced into 
the study area. Because we herded and moni- 
tored the bands daily, we had the ability to sys- 
tematically move the sheep through all the coy- 
ote territories in the study area. In 1997, we 
released 222 ewes and 195 lambs on the ranch in 
mid-June; 10 ewes were radiocollared to assist in 
flock location. This flock served to expose all the 
coyotes in the area to sheep prior to any treat- 
ment. In 1998, we released 138 ewes and 173 
lambs on the study area in early June; we radio- 
collared 50 lambs (29% of the lambs) to aid in 
finding kills. In 1999,1ie started in mid-May with 
136 ewes and 150 lambs transported to the study 
site. Because finding all the kills in 1998 proved 
difficult, all lambs (n  = 150) in 1999 were radio- 
collared. In both 1998 and 1999, the sheep were 
split into 2 flocks to maximize coyote exposure to 
sheep. All flocks were removed from the ranch 
in mid-September of each year. Most lambs were 
about 3 weeks old at the time of release. 

Because lamb age affects vulnerability to coyote 
predation (Andelt 1987, Knowlton et al. 1999), 
we moved the flocks so that each coyote pack was 
exposed to 1 flock early in the season and the 
other flock later in the season. Approximately 
once a month, the sheep were penned, lambs 

weighed, and the radiocollars adjusted as neces- 
sary. The sheep were relocated each day, and 
whenever possible the bed site area was searched 
for kills. Radiocollared lambs with mortality sig- 
nals were located as soon as possible. Death sites 
were searched for tracks, scat, and other sign of 
predator presence. ~ e a d  lambs were necropsied, 
and hemorrhaging, bite marks, and other evi- 
dence at the kill site was used to determine the 
cause of death (Rowley 1970, Wade and Bowns 
1985). Kills located in a specific coyote pack ter- 
ritory were attributed to that pack unless evi- 
dence from telemetry suggested othenvise. 

Because the number of days sheep were in coy- 
ote territories varied, the kill rate of sheep in each 
coyote territory was standardized to a 1-week 
interval. A Students t-test was used to compare 
weekly kill rates of sterile and intact packs. To 
account for both flock size and length of time 
spent in each territory (i.e., exposure days), a 
weekly survival rate for the sheep grazed within 
each coyote territory was also calculated (Heisey 
and Fuller 1985). Sheep survival rates were only 
calculated for 1999 when all lambs were radiocol- 
lared. A t-test was used to compare the weekly 
sheep survival rates between intact and sterile coy- 
ote packs. Because coyote pack size could influ- 
ence depredation rates, we performed a regres- 
sion analysis of the number of coyotes in a pack 
versus the number of lambs killed by that pack. 

Small mammal-trapping grids and spotlight sur- 
veys were used to determine numbers and types 
of alternative prey available on the study area. 
Spotlighting transects (Smith and Nydegger 
1985) were conducted from a vehicle traveling at 
10-15 km/hr after dark in mid-June and late 
August. White-tailed jackrabbits and cottontail 
rabbits were counted, and the number of lago- 
morphs observed/km was compared to an exist- 
ing data set for the study area (Rick Danvir, 
Deseret Land and Livestock Co., unpublished 
data). Small mammal-trapping grids were locat- 
ed across 4 habitat types (meadow, sparse vegeta- 
tion, moderately dense sagebrush, and dense 
sagebrush). Two 30.5 x 91.4 m grids of 96 Sher- 
man live traps were established in each habitat 
type and run for 3 consecutive nights. Traps were 
checked each morning; animals were identified, 
marked, and released. The average weight of 
each small mammal species was multiplied by the 
number of small mammals captured per 100 
operable trapnights to calculate a rodent bio- 
mass index for each habitat type. After we deter- 
mined the amount of each habitat type in each 
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coyote territory, an index of available rodent bio- 
mass was then calculated for each territory by 
multiplying the amount of each habitat type in 
the territory by the biomass index for that habitat 
type. A t-test was then used to compare the 
indices of available rodent biomass between 
intact and sterile coyote packs. Home range size 
and habitat analyses were preformed for packs 
with 21 radiocollared coyote. 

were observed. If the alpha pair was not sterilized 
and pups were observed, the pack was classified 
as an intact pack. In 4 packs, no members were 
captured or radiocollared, but pack members 
were observed and the home range boundary was 
estimated based on the spatial arrangement of 
adjacent radiocollared packs (Fritts and Mech 
198 1, Messier 1985, Fuller 1989). 

Coyote Kill Rates 

RESULTS In 1998, we monitored 5 sterile and 6 intact 

Capture and Surgical Treatments 
Data were collected from June 1997 to Septem- 

ber 1999, with the most intense data collection 
occurring during the summer when sheep were 
present (May-Sep) . We captured 1 1 coyotes (7 M, 
4 F) in 1997. Two sessions of aerial net-gunning 
during winters 1998 and 1999 resulted in the cap  
ture of an additional 31 (22 M, 9 F) coyotes, plus 
the recapture of 10 of 11 coyotes trapped in 1997. 
Ten males and 9 females were given sham opera- 
tions, while 20 males and 6 females were steril- 
ized. No capture or surgery-related mortalities 

packs (Table 1). Sheep spent an average of 16.5 days 
in each coyote territory. The 5 sterile packs were 
responsible for 1 kill, and the average number of 
kills per week by all sterile packs was 0.07 (f. 0.16 
SD). The 6 intact packs killed 11 lambs, for a 
weekly average of 0.77 f 0.92 ( t  = 1.63, df = 9, P = 

0.068). The observed frequency of kills behveen 
the 2 treatments (sterile vs. intact) was different 
than expected (x2  = 6.656, df = 1, P= 0.0099), with 
intact packs killing more lambs (1 1 kills observed, 
6.55 expected) and sterile packs killing fewer 
lambs (1 kill observed, 5.45 expected) than expect- 
ed. A regression analysis of coyote pack size versus 

Table 1. Predation rates and pack sizes of sterile and intact coyote packs during 1998 and 1999, Deseret Land and Livestock, 
Utah. Pack counts do not include young-of-year and reflect pre-whelping pack size. 

- - -  

Minimum Days sheep Lamb survival 
Year Pack Treatment pack size # of kills present Killslweek rate (weekly) 

1998 Stacy 

South Cabin 
Crane 
Highway 

Alkali 

Red Hill 
Dry Creek 

~ o a d  Hollow 

Shortcut 

North Cabin 

McKay 
1999 Stacy 

Red Hill 

Murphy 

South Cabin 
Table 

Crane 
Dry Creek 

Road Hollow 
Munshaw 

Lake Hollow 

Shortcut 
~ o r t h  Cabin 

Sterile 
Sterile 

Sterile 
Sterile 

Sterile 

lntact 
lntact 

lntact 
lntact 

lntact 

lntact 
Sterile 

Sterile 
Sterile 

Sterile 
lntact 

lntact 
lntact 

lntact 

lntact 
lntact 

lntact 

lntact 
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the weekly kill rate on sheep revealed no signifi- 
cant relationship (? = 0.008, F= 0.078, P= 0.786). 

Of the 11 coyote packs monitored in 1998,4 ster- 
ile and 3 intact packs did not kill sheep. When only 
the sheepkilling coyote packs were considered, 
the sterile pack killed 0.35 lambs/week. The 3 in- 
tact packs killed an average of 1.53 lambs/week. 
Thus, among coyote packs that killed sheep, there 
were 4.4 times more lambs killed/week by intact 
coyote packs than by sterile packs. 

In 1999, we monitored 4 sterile and 8 intact 
packs (Table 1). Sheep spent an average of 16.6 
days in each territory. Sterile packs killed 3 
lambs, for an average of 0.29 kills/week (+ 0.20 
SD), while intact packs killed 22 sheep, for an 
average of 1.48 kills/week (+ 2.09; t = 1.167, df = 

10, P= 0.147). However, intact packs killed more 
lambs and sterile packs killed fewer lambs than 
expected (x2 = 5.1 14, df = 1, P = 0.0237). There 
was no relationship between coyote pack size and 
the weekly kill rate for each pack in 1999 ( r 2  = 
0.08, F = 0.87, P = 0.37). 

Of the 12 coyote packs monitored in 1999, 1 
sterile pack and 4 intact packs did not kill sheep. 
Among sheep-killing packs, the average number 
of sheep killed per week was lower (0.38 + 0.07) 
for sterile packs than for intact packs (2.95 + 2.10 
kills/wk; t = 2.0677, df = 5, P = 0.0468). Among 
coyote packs that killed sheep, intact packs were 
7.8 times more likely to kill sheep than were ster- 
ile packs. Combining both years, intact coyote 
packs (Z = 2.34 + 1.70 kills/wk) killed 6 times 
more sheep than sterile packs (Z = 0.38 + 0.06 
kills/wk; t = 2.23, df = 9, P = 0.0261). 

When sheep survival rates were compared 
between sham and sterile packs, the weekly sur- 
vival rate tended to be higher for sheep in sterile 
coyote territories (Z = 0.998) than in intact coyote 
territories (Z = 0.989). Among sheepkilling packs, 
the weekly sheep survival rate was higher in sterile 
coyote packs (Z = 0.997 + 0.00) than in intact packs 
(2  = 0.985 _+ 0.016; t = 2.01, df = 5, P= 0.05). 

Characteristics of Kills 
During 1999, coyotes killed 25 lambs. Seven 

additional lambs died of causes not related to 
coyote predation: drowning (I) ,  pneumonia (2), 
and unknown causes (4). Coyotes completely 
consumed 13 of the sheep killed, partially con- 
sumed 6 kills, and left 3 kills intact. No con- 
sumption data were available for 3 kills. Coyotes 
tended to kill lambs from the lightest weight 
quartile (x2 = 10.15, P < 0.01) more frequently 
than lambs from the heavier quartiles (Fig. l ) ,  

FIRST SECOND THIRD FOURTH 
QUARTILE 

Fig. 1. Percent of sheep killed by coyotes among the 4 quar- 
tile weight classes, Deseret Land and Livestock, Utah, 1999. 
Quartile ranges are: first (1-25%), second (2650%), third 
(51-75%), and fourth (76100%). 

but they were capable of killing even the heaviest 
lambs. Lambs were classed into weight quartiles 
by comparing their last live weight to the rest of 
the lambs in the herd. Thus, the weight of lambs 
in the lightest quartile increased over the grazing 
season, and coyotes were selecting mostly the 
lightest lambs available. Lambs that strayed or 
had been located apart from the main flock on 
the previous day were more likely to be killed 
than those remaining with the flock. 

Location and Timing of Kills 
In 1998, coyotes killed 3 sheep in the core and 4 

sheep on the edge of their territories. Based on a 
comparison of sheep locations and kill locations, 
the distribution of kills was not different from 
expected (x2 = 0.234, P= 0.62). In 1999, there was 
a slight difference (x2 = 3.01, P = 0.08) between 
the distribution of kills observed in the core (n = 

3), and on the edge (n = 16) of territories, and the 
expected distribution of kills. This is true even 
though the analysis accounted for the amount of 
time sheep spent on the edge and in the core. 
We found no evidence of coyotes following sheep 
outside their territory. However, many kills were 
located in areas of overlap between territories, 
and 1 kill that was just inside the 60% isopleth was 
assigned to the neighboring pack because, based 
on radiotelemetry locations, the residents were 
not in that area on the night of the kill. 

Kill rates of sheep by coyotes increased over the 
summer, particularly among intact coyote packs 
(Fig. 2). Sterile packs that killed sheep did so at 
a relatively constant rate. The increase in kill rate 
among intact coyote packs is likely due to the 
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Fig. 2. The timing of lambs killed over the 4-month grazing 
season by sterile and intact coyote packs, Deseret Land and 
Livestock, Utah, 1998-1 999. 

increasing energy demand of growing pups. A 
reduction in alternate prey (ground squirrels 
enter hibernation in late Aug) was also consid- 
ered as a possibility for increased killing, but did 
not explain the lack of increased killing among 
the sterile packs. 

Influence of Alternative Prey on Predation 
Rates 

White-tailed jackrabbit numbers were well below 
their 1991 peak (Rick Danvir, Deseret Land and 
Livestock Co., unpublished data), but increased 
during the study. The lagomorph spotlight index 
increased from 0.29 rabbits/km in 1997 to 1.25 
rabbits/km in 1999. Small mammal-trapping 
grids yielded 0 to 0.063 animals/trap night, with 
no significant difference (all paired comparisons 
had P > 0.10) in the number of animals captured 
between any of the years. Increasing lagomorph 
numbers did not appear to influence coyote pre- 
dation rates on sheep. The increase in sheep kills 
from 1998 to 1999 was probably due to our in- 
creased ability to find and recover kills because 
all lambs were radiocollared in 1999. 

Influence of Available Rodent Biomass on 
Predation Rates 

We found no significant difference in the 
indices of available rodent biomass between ster- 
ile coyote packs (8,766 f 1,552) and intact packs 
(7,930 + 1,752; t = -0.75, df = 10, P =  0.48). Thus, 

differences in kill rates between sterile and intact 
packs were not in response to differential prey 
biomass in the territories. Similarly, regression 
analysis indicated no relationship beh+?een the 
weekly kill rate on sheep and the rodent biomass 
index in each territory (r2 = 0.06, F= 4.34, P= 0.53). 

Costs and Benefits of Sterilization 
We estimated the cost to surgically sterilize a 

coyote was $560/animal (helicopter flight time: 
$300, surgery: $75, transport: $60, fixed-~ving fly- 
ing: $60, personnel: $55, supplies: $10). On aver- 
age we captured and sterilized 3 coyotes/pack; 
thus, the cost of sterilizing a coyote pack was 
$1,680. Sterile coyote packs killed an average of 
0.38 lambs/week, while intact packs killed on 
average 2.34 lambs/week. Since sterilization did 
not necessarily stop predation, we used the dif- 
ference between the 2 treatments as the amount 
of loss averted (1.96 lambs killed/wk). We used 
the kill rates of sheep-killing packs only because 
non-killing packs would require no management 
action. Using this difference in averted losses, we 
calculated that over a summer grazing season (16 
wks) approximately 32 lambs would not be killed. 
With a market value of $56/lamb ($0.70 per 
pound x 80 pound lamb), we estimated that 
$1,792 of lambs was the amount of losses averted 
in 1 4-month grazing season. Thus, if a small- 
scale livestock operation was affected by 1 coyote 
pack during the summer, then the cost to surgi- 
cally sterilize them would equal the amount of 
lambs saved in the first year. Considering the life 
span of coyotes and length of pair-bonds, surgi- 
cally sterilizing coyote packs on a small scale 
could be economically feasible if the sterilized 
coyotes are allowed to survive (i.e., if the coyotes 
are killed, then the costs to sterilize begin again). 

DISCUSSION 
Animals producing offspring may maximize 

their hunting efficiency by preying on larger prey 
(Royama 1970, Harrison and Harrison 1984). In 
addition, transport costs of delivering a larger 
prey item to the young may also be more prof- 
itable than small-sized prey (Till and Knowlton 
1983), at the same time providing for increased 
energetic requirements of a growing litter. Our 
data indicate that coyotes change their predatory 
tendencies when pups are present and that steril- 
ization could be an effective method of reducing 
coyote predation on domestic sheep in the Inter- 
mountain West. None of the sterile coyote packs 
killed more than 1 lamb per season, while intact 
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packs had multiple killing events. Among coyote 
packs that killed sheep, the rate of predation on 
sheep was significantly lower for packs that were 
not provisioning pups. 

For this technique to be successful, the breed- 
ing pair must be sterilized. In 1999, 1 of the 
packs that was originally believed to be sterile 
killed 5 lambs. No pups were seen in the area 
during initial searches from the air or on foot. 
However, further investigation showed the breed- 
ing pair had not been captured and sterilized, 
resulting in at least 2 pups being produced. This 
observation underscores the need to sterilize at 
least 1 and preferably both members of the 
breeding pair to prevent pup production. 

This study presents further evidence that not all 
coyotes kill sheep (Sacks et al. 1999). In some 
areas where pups were present, no lambs were 
killed by some coyote packs even after 3 years of 
exposure to sheep. These coyote territories r e p  
resent situations in which no control measures 
should be undertaken. The pressure for the 
adults to provision their pups is only 1 factor driv- 
ing predation on sheep. Characteristics of indi- 
vidual packs and territories may also be critical in 
determining which coyotes kill sheep. Further 
investigation in to the sheepkilling tendencies of 
pups from packs that killed and ate sheep versus 
pups from packs that seemed to ignore sheep 
may be useful. 

Alternate prey availability may influence coyote 
predation rates on native prey (Hoffman 1979, 
Hamlin et al. 1984) and domestic sheep 
(McAdoo 1975, Guthery 1977, Kauffeld 1977, 
Gober 1979). Deer fawn (0. virginianus) avail- 
ability, as regulated by winter severity, affected 
the rate at which wolves killed livestock in Min- 
nesota (Mech et al. 1988). Hamlin et al. (1984) 
suggested that coyote predation on deer fawns 
was lowest during summers when microtine 
rodent numbers were highest. Our study 
occurred during years when the abundance of 
lagomorphs and ground squirrels was fairly typi- 
cal for the region. We found that indices of avail- 
able rodent biomass did not affect the number of 
lambs killed in each territory. Similarly, lago- 
morph abundance did not appear to influence 
annual coyote predation rates on sheep. In addi- 
tion, coyotes had access to antelope and deer 
fawns, but it was unknown whether coyotes pre- 
ferred fawns over sheep, or if sterile coyotes 
killed fewer fawns similarly to killing fewer lambs. 

We documented 1 trespass kill, just inside the 
neighbors' core area (60% isopleth), but trespass 

killing seemed to be a rare occurrence. Unlike 
Shivik et al. (1996), we did not observe an in- 
crease in core area overlap between adjacent 
pack territories when sheep were present, nor 
did we record coyotes following sheep into neigh- 
bors' territory. We did document a higher rate of 
kills on the edges of territories than expected by 
chance, so sheep in an area of territory overlap 
(at the 95% isopleths) could be accessible to 
more than 1 pack. 

Most of the lambs killed were consumed- 
implying that they were being used as a food 
source-though unconsumed kills were located 
in both sterile and intact coyote territories. We 
had insufficient data to determine litter size of 
coyotes, but further research focusing on the 
relationship between the number of pups and 
predation rates on lambs should be considered. 
The timing of kills, with increasing kills by intact 
packs over the summer and into early fall has 
been documented (Klebenow and McAdoo 1976, 
Tigner and Larson 1977, Boggess et al. 1980). 
This increase in predation likely reflects in- 
creased energy demand of growing pups (Ofte- 
dal and Gittleman 1989). Reduced alternate prey 
levels (i.e., ground squirrels going into hiberna- 
tion) were also considered. However, sterile coy- 
ote packs did not increase their predation rate on 
sheep similarly to the intact packs when ground 
squirrels entered hibernation in mid-August. 
Learning and development of hunting behavior 
of pups (Till and Knowlton 1983) could also be a 
possibility, but seemed unlikely at that time of 
year (i.e., the pups would be 9l months old in 
mid-Aug) . 

Among the large social carnivores, hunting is a 
cooperative activity that usually involves several 
group members (e.g., wolves: Mech 1966, 1970; 
Peterson 1977; Carbyn et al. 1993). However, 
Thurber and Peterson (1993) observed single 
wolves capable of killing moose (Akes akes) on Isle 
Royale. We found that the size of the coyote pack 
had no effect on the weekly kill rate on lambs. 
Lambs can be killed by a single coyote (Wade and 
Bowns 1985), and since most kills on sheep are 
usually attributed to the breeding pair (Sacks et al. 
1999), additional pack members do not seem to 
increase the rate of depredation on sheep. For 
native ungulates, cooperative hunting by coyotes 
may facilitate capture of larger prey, but it is not 
always necessary (Gese and Grothe 1995). 

The coyotes followed in this study did not kill 
adult sheep. Two ewes were attacked and bitten 
on the neck, but both survived the attacks. The 
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largest lamb killed by coyotes weighed 44 kg and 
was larger than some of the ewes in the flock. It 
may be that coyotes would have killed ewes if 
exposure was continued, especially if ewes were 
present without lambs. Our research differs from 
studies conducted in north-coastal California 
(Conner et al. 1998, Sacks et al. 1999), because in 
our study area (and in much of the Intermoun- 
tain West) lambs were only available seasonally. 
Adult sheep are available on a year-round basis, 
and lambs are available over 9 months in north- 
coastal California (Conner et al. 1998, Sacks et al. 
1999). In the Intermountain West, the birth of 
lambs occurs later than in northcoastal Califor- 
nia and generally corresponds with the coyote 
puprearing season. Therefore, sterilization may 
not have as great an effect in modifying coyote 
predation behavior in areas where lambs are con- 
sidered a year-round prey item. 

MANAGEMENT IMPLICATIONS 
We designed this experiment to test whether 

surgical sterilization can change the predatory 
tendencies of coyotes and whether the procedure 
will reduce (but not completely stop) predation 
on domestic lambs. A more efficient method of 
fertility control would likely be needed for appli- 
cation as a viable management tool on a larger 
scale. Sterile coyotes maintained territories and 
pair bonds in a manner similar to non-sterile coy- 
otes (Bromley 2000). In areas where long-term 
removal has had a limited effect on reducing pre- 
dation (Conner et al. 1998), a pair of sterile coy- 
otes occupying a territory--that are not killing 
sheep or killing at very low rates-could serve as 
an effective deterrent to other coyotes. Our tech- 
nique of capture and surgical sterilization may be 
cost-effective. Till (1982) estimated that it costs 
$208 to locate and remove 1 den of pups. Wagn- 
er and Conover (1999) estimated that it costs 
about $185 to kill a coyote from a fixed-wing air- 
craft and about $805 to trap a coyote on the 
ground. However, trapping, denning, and aerial 
gunning all require annual reapplication of those 
techniques, while sterilization can be effective for 
as long as the coyotes survive (or continue as 
alpha animals). A comparison of costs versus 
benefits showed that on a small-scale livestock 
operation (i.e., an operation being affected by 
only 1 pack of coyotes), the cost of surgically ster- 
ilizing 1 coyote pack was recovered by the 
amount of losses averted within the same year. As 
alternative methods of delivering sterilants are 
developed (DeLiberto et al. 1998), sterilization 

may prove an efficient solution for changing the 
predatory bLhavior of coyotes on a larger scale. 
Sterilization could also be valuable in areas where 
lethal control is socially unacceptable (hlech et 
al. 1996) and where enhancement of fawn 
recruitment rates of native ungulates is a man- 
agement objective. 
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One of the most endangered species is the redwolf, Canis rufus. Reintroduction of the red wolf began in 1987, but
in 1993 hybridization between coyotes (Canis latrans) and wolves was documented. To reduce genetic introgres-
sion, coyotes and coyote–wolf hybrids were captured, sterilized, and released as “placeholders”. Placeholders held
territories until either displaced or killed by a wolf, or management personnel removed them before releasing a
wolf. We evaluated the placeholder concept by examining the number of animals sterilized and released, likeli-
hood of displacement by a wolf, factors influencing displacements, territory fidelity of placeholders, and survival
rates and causes of mortality of placeholders and wolves. Of the 182 placeholders, 125 were coyotes and 57
were hybrids. From 1999 to 2013, 51 placeholders were displaced or killed by wolves, and 16 were removed by
management personnel. Thus, 37% of the placeholders were displaced leading to occupancy by a wolf. Most dis-
placements occurred in winter (43%) and were always by the same sex. Males were more likely to be displaced
than females. Home range characteristics influencing the probability of displacement included home-range size
(i.e., more placeholders displaced from larger home ranges) and road density (i.e., more placeholders displaced
from home ranges with lower road density). Annual survival of placeholders was higher than wolves in 12 of
14 years, with cause-specific mortality similar among wolves and placeholders. Placeholders provided territories
for wolves to colonize, yet reduced the production of hybrid litters, thereby limiting genetic introgression to b4%
coyote ancestry in the wolf population.

Published by Elsevier Ltd.

1. Introduction

There is increasing concern about the status and distribution of
many carnivore populations throughout the world (Schaller, 1996;
Gittleman et al., 2001; Woodroffe, 2001; Ripple et al., 2014). With in-
creasing human populations, many populations of carnivores are ex-
posed to changes in land-use practices, increased habitat loss and
fragmentation, increased human persecution, declines in natural prey
species, increased disease transmission from domestic and wildlife spe-
cies, illegal poaching, and increased competition with other carnivores
(Gese, 2001; Sillero-Zubiri et al., 2004; Loveridge et al., 2010). As a result
of these varied and diverse influences, many populations of large, medi-
um, and small-bodied carnivores have undergone a general decline
with some species now occupying a fragment of their former range
(IUCN, 1990; Cole and Wilson, 1996; Woodroffe, 2001).

One threat facing a few carnivore species is hybridization resulting in
genetic introgressionwith sympatric species (Wayne et al., 2004).While
hybridization is an important evolutionary process (Allendorf et al.,
2001), it poses a threat to the persistence and conservation of several

wild canid species. Hybridization with domestic dogs poses a threat to
the Ethiopian wolf (Canis simensis; Gottelli et al., 1994) and the
European gray wolf (Canis lupus). Hybridization among several related
canids in Ontario, Canada, could threaten the genetic integrity of a pop-
ulation of eastern wolves (Canis lycaon) in Algonquin Provincial Park
(Patterson and Murray, 2008). In the United States, hybridization
between redwolves (Canis rufus) and coyotes (Canis latrans) was identi-
fied as one of the greatest threats to conservation efforts and recovery of
red wolves in eastern North Carolina (Kelly et al., 1999; Stoskopf et al.,
2005). Reducing genetic introgression of coyote genes into the red wolf
population presents a unique challenge for the U.S. Fish andWildlife Ser-
vice (USFWS), the agency chargedwith reintroducing andmanaging the
current red wolf population (U.S. Fish andWildlife Service, 1989, 2007).

In 1987, four pairs of red wolves were released at the Alligator River
National Wildlife Refuge (ARNWR) in eastern North Carolina (Phillips
and Parker, 1988). By 1993, the wolves had successfully bred and re-
establishment of a free-ranging experimental population was consid-
ered to be a success (Phillips et al., 2003). The experimental population
area primarily encompassed the Albemarle Peninsula, which did not
have coyotes present during the initial reintroduction. However, by
the early 1990s the presence of coyotes was documented and shortly
thereafter hybridization between red wolves and coyotes occurred
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(Adams et al., 2003; Phillips et al., 2003). In 1999, a population and hab-
itat viability assessment recognized several threats to the free-ranging
red wolf population (Kelly et al., 1999), with hybridizationwith coyotes
being the greatest threat to recovery of the species. Subsequently, the
USFWS adopted a Red Wolf Adaptive Management Plan (RWAMP)
with one of the objectives to reduce hybridization between coyotes
and red wolves (Kelly, 2000).

As part of the RWAMP (Kelly, 2000), sterilization of coyotes and hy-
brid animals was proposed to reduce genetic introgression into the red
wolf population. While sterilization has been tested as a management
tool to reduce predation on domestic livestock and wild neonatal ungu-
lates (Bromley and Gese, 2001a; Seidler et al., 2014) and proposed as a
method for population control (Mech et al., 1996; Haight and Mech,
1997), using sterilization to reduce genetic introgression was a novel ap-
plication. In essence, sterilized coyotes and hybrids would be allowed to
remain on the landscape, maintaining social bonds and territories
(Bromley and Gese, 2001b; Seidler and Gese, 2012), and serve as “place-
holders” that would maintain territories, thereby reducing residency of
home ranges in the recovery area by reproductive coyotes or hybrids,
and thus reducing the threat of hybridization with a red wolf
(i.e., producing hybrid offspring if pairing with a red wolf occurred;
Stoskopf, 2012) and facilitating expansion of the red wolf population.
The sterile placeholders could be displaced from their territories by a
red wolf, or the USFWS could remove these sterile animals and release
red wolves at that site when either a captive or wild-born red wolf was
available for release. Sterilization was not used to control or manage the
coyote population in the recovery area, but to create non-reproductive
territories with sterile animals that were incapable of successfully repro-
ducing with intact red wolves.

In late 1999, a plan to sterilize coyotes and hybrids to serve as place-
holders in the Red Wolf Recovery Experimental Population Area
(RWREPA) in eastern North Carolina was initiated. In this paper, we in-
troduce and evaluate the placeholder concept as a management tool,
covering its use in the red wolf recovery area from 1999 to 2013. As
part of this evaluation,we examined (1) the number of animals (coyotes
and hybrids) that were sterilized and released as placeholders, (2) the
likelihood of a placeholder being displaced by a red wolf and the biotic
and abiotic factors influencing these displacements, (3) the degree of
territory fidelity of placeholders (i.e., the likelihood of dispersing after

being sterilized), (4) survival rates and causes ofmortality of both place-
holders and red wolves, and (5) the number of hybrid litters born per
year in the recovery area. Ultimately, themanagement goal is the reduc-
tion and eventual elimination of genetic introgression from coyotes into
the red wolf population, thus allowing for continued persistence of a
free-ranging population of red wolves in the wild.

2. Materials and methods

2.1. Study area

The Red Wolf Recovery Experimental Population Area (RWREPA)
study area was located in northeastern North Carolina on the Albemarle
Peninsula and encompassed approximately 4900 km2 (Fig. 1). The pen-
insula is part of the South Atlantic Coastal Plain and is a combination of
tidal (estuarine) and non-tidal (palustrine)wetlands, andmixed upland
forests. The western region is dominated by mixed pine-hardwood for-
ests of loblolly pine (Pinus taeda), white oak (Quercus alba), hickory
(Carya tomentosa), beech (Fagus grandifolia), tulip tree (Liriodendron
tulipifera), sweetgum (Liquidambar styraciflua), and red maple (Acer
rubrum) (Hartshorn, 1972). Pocosins are palustrine wetlands endemic
to the Atlantic coast and are found throughout the study area. The acidic
and nutrient poor soils of pocosins facilitate dominance by pond pine
(P. serotina) although loblolly and longleaf pine (P. lalustris) are com-
mon. The vegetation of the central region exhibits a gradual west-to-
east change from upland species to palustrine wetlands dominated by
tupelo (Nyssa sylvatica), Atlantic white cedar (Chamaecyparis thyoides),
loblolly pine, and bald cypress (Taxodium distichum) (Lynch and
Peacock, 1982; Moorhead and Brinson, 1995). Estuarine wetlands have
their highest incidence in the eastern region of the study area (mainly
Dare andHyde counties), primarily along the coastline and are dominat-
ed by black rush (Juncus roemerianus) with areas of wetland grasses
(Spartina alterniflora, S. patens, Cladium jamaicense), marsh elder (Iva
frutescens), and false willow (Baccharis angustifolia) (Moorhead, 1992).

Within the RWREPA the principal landowners were private timber
and agricultural corporations with federal and state governments hav-
ing the next highest proportions of land ownership. There were numer-
ous wildlife refuges contained within the study area with the two
largest being the ARNWR and Pocosin Lakes National Wildlife Refuge

Fig. 1. The five county Red Wolf Recovery Experimental Population Area in northeastern North Carolina including the location of the two largest National Wildlife Refuges.
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(PLNWR; Fig. 1). The ARNWR was located in the extreme northeastern
section of the study area andwas designated as the initial red wolf rein-
troduction site in 1987 due to a lack of coyotes and human presence, but
with abundant prey (Phillips and Parker, 1988). Contained within the
ARNWR was a 19,020-ha U.S. Air Force bombing range. The average
annual rainfall for ARNWR was 145 cm without seasonal fluctuations,
although 4.8 cm of snow falls annually during the winter (U.S.
Department of the Interior, 2008). The 44,560-ha PLNWR was located
in the central portion of the study area (Fig. 1). The total human popu-
lation for the study area in 2010 was 105,124 people (U.S. Census
Bureau, 2010).

2.2. Capture, sterilization, and monitoring of study animals

All capture, handling, aerial telemetry, andmonitoring of redwolves,
coyotes, and hybridswas conducted by USFWS personnel. Genetic anal-
ysis of blood samples collected from captured animals was used for spe-
cies identification (Miller et al., 2003; Adams, 2006; Bohling et al.,
2013). Beginning with the reintroduction in 1987, all red wolves re-
leased from captivity were equipped with a very high frequency
(VHF) radio-collar (Telonics, Mesa, Arizona, USA; Phillips and Parker,
1988). Adults (N9 months old) born in the wild were trapped with a
padded, foot-hold trap, immobilized, and fitted with a VHF radio-
collar, body measurements and weight recorded, and a blood sample
drawn. Pups born in the wild were implanted with an integrated tran-
sponder (PIT) tag (Trovan®; Beck et al., 2009). Radio-collared adult
red wolves were located 2–3 times/week from an airplane or ground
based vehicle. Starting in 2007, many red wolves were fitted with a
GPS radio-collar (Lotek Wireless, Newmarket, Ontario, Canada) which
obtained a location every 5 h (Dellinger et al., 2013).

Starting in 1999 and continuing through to 2013, adult (N9 months
old) coyotes andhybridswithin the RWREPAwere sterilized to examine
the feasibility of the placeholder concept. Captured coyotes and hybrids
were either sterilized or removed (euthanatized) from the recovery
area (Kelly, 2000; Gese et al., 2015), and thus there were no intact coy-
otes and hybrids monitored during this study. Upon capture in a pad-
ded, foot-hold trap, coyotes and hybrids were transported to a surgical
facility, sterilized, then fitted with a VHF radio-collar (Telonics, Mesa,
Arizona, USA), body measurements and weight recorded, and blood

drawn. Females were sterilized by tubal ligation or spay, while males
were vasectomized or neutered (Bromley and Gese, 2001b; Seidler
and Gese, 2012). Animals spayed or neutered were classed as “hor-
mones not intact”, while animals undergoing tubal ligation or vasecto-
my were classed as “hormones intact” (Asa, 2005). All surgical
procedures were conducted by a licensed veterinarian after the animals
were anesthetized. Animals were monitored overnight for post-
operative complications and released at their capture site the following
day. Research techniques and animal care procedures were conducted
under permits and standard operating protocols approved by the U.S.
Fish and Wildlife Service.

Sterilized coyotes and hybridswearing VHF radio-collarswere locat-
ed on a regular basis (2–3 times/week) during the same aerial telemetry
flights as the red wolves. Locations of the placeholders provided spatial
information including home range location and boundaries (USFWS,
unpublished data) for the 182 placeholders (Fig. 2). Data were also re-
corded for the date of displacement, the species which displaced or
killed the coyote or hybrid, and if available, the specific individual that
displaced the placeholder. Because aerial telemetry was conducted dur-
ing the day, we were concerned if the home ranges determined from
daytime locations may underestimate space use (Gese et al., 1990).
However, the average home range size of the 182 VHF radio-collared
resident placeholders in the study area was 23.5 ± 12.0 (range
5.5–64.5 km2), similar to the mean home range of 27.2 km2 for coyotes
later equipped with GPS-collars (Hinton, 2014).

2.3. Biotic and abiotic factors influencing displacement

For each placeholder's home range,we determined thepercent com-
position of 10 land cover types within their home range using ArcGIS
10.2.2 (ESRI, Redlands, California, USA). Land cover typeswere obtained
from LANDFIRE 1.3.0 (LANDFIRE 1.3.0., 2012) and included agriculture,
sparse, developed, herbaceous, marsh, riparian, shrubland, swamp, for-
est, and water. Land ownership was compiled from state GIS databases
and included federal, state, private, and non-governmental organiza-
tions (NGO). A digital representation of primary and secondary roads
was obtained from the North Carolina Department of Transportation
(https://connect.ncdot.gov/resources/gis/; accessed July 2014). The
length of primary and secondary roads in each home range was

Fig. 2. Home ranges of placeholders (i.e., sterilized coyotes and hybrids) in the Red Wolf Recovery Experimental Population Area, North Carolina, 1999–2013.

13E.M. Gese, P.A. Terletzky / Biological Conservation 192 (2015) 11–19



converted to road density (km/km2). We used generalized linear
models (GLM)with a binomial distribution and logit link function to ex-
amine the influence of abiotic (home range characteristics) and biotic
(placeholder characteristics) factors on the probability of being
displaced (y = 1) or not displaced (y = 0) by a red wolf. Home range
characteristicswere assessed for each placeholder's home range, includ-
ing home range size (km2), road density (km/km2), percent occurrence
of each land cover type, dominant land cover type, percent occurrence
of each land owner type, and dominant land owner type. Placeholder
characteristics included sex of the placeholder, body length, and sterili-
zation procedure (hormones intact or not intact). We developed sepa-
rate GLMs to examine the effects of the home range and placeholder
characteristics. Correlated variables (r N 0.25) were not allowed to
enter the same model as additive or interactive effects.

We ranked all home range and placeholder characteristic GLMs and
the null model using the Bayesian Information Criteria (BIC; Schwarz,
1978). Variables from the highest ranked model of home range charac-
teristics were combined with variables from the highest ranked model
of placeholder characteristics to generate a set of models containing
both combinations of predictor variables, and we again used BIC
(Schwarz, 1978) to compare models (Scheiner, 2004). All model devel-
opment and analysis was conducted in the R statistical software (R Core
Team, 2014).

2.4. Cause-specific mortality and survival rates

Radio-collared adult red wolves, coyotes, and hybrids were moni-
tored 2–3 times/week allowing for the early detection of amortality sig-
nal and facilitating recovery of the carcass to determine the cause of
death. If applicable, a field necropsy was conducted, or if the cause of
death was not apparent, the carcass was examined by a veterinary pa-
thologist. We classified mortalities into one of three classes: anthropo-
genic, natural, or unknown. Anthropogenic mortality included any
human-caused death not due to removal of coyotes or hybrids by agency
personnel tomake that home range available to a redwolf. Thus, anthro-
pogenic mortality included causes of death from gunshot, vehicle colli-
sion, foul play, trapping, and poisoning. Foul play included suspected
gunshot or suspected illegal take. Natural mortalities included health-
related incidences such as disease or parasite load, and interspecific
and intraspecific aggression resulting in death of the animal. A total of
182 placeholders and 410 red wolves were monitored from 1 January
1999 to 31 December 2013. We calculated annual survival rates for
red wolves, sterile coyotes, and sterile hybrids using the program
MICROMORT (Heisey and Fuller, 1985), but limited our survival analysis
to the time period of 2000 to 2013 as there was only one sterile coyote
and four sterile hybrids available for monitoring in 1999.

2.5. Composition of litters

During spring, personnel from the USFWS monitored radio-collared
redwolves and located breeding females at active dens to determine the
composition of the litter (Bohling and Waits, 2015; Gese et al., 2015).
Pups born in the wild were implanted with an integrated transponder
(PIT) tag (Trovan®; Beck et al., 2009) for future identification during
subsequent capture operations in the fall when pupswere large enough
to be radio-collared. If the genetic origin of the litter was questionable,
blood samples were obtained and examined using 18 nuclear DNA mi-
crosatellite loci to determine their ancestry and red wolf pedigree
(Miller et al., 2003; Adams, 2006; Bohling et al., 2013).

3. Results

3.1. Displacement events

From1999 to 2013, theUSFWS captured, sterilized, and released 218
animals to serve as placeholders within the RWREPA. Of these, 15 were

classed as transients (cf Gese et al., 1988), 13 were killed b3 months
after release, and 8 disappeared (i.e., lost contact with the radio-
collar) b3months after release, thereby leaving182 individuals for anal-
ysis. These 182 placeholders included 66 female and 59 male coyotes,
and 26 female and 31male hybrids. Of the 182 placeholders monitored,
51 were displaced by wolves (37 were spatially displaced by wolves
from their territories and 14 were killed by a red wolf). In addition, 16
placeholders were removed by USFWS personnel and a red wolf re-
leased into the territory. Thus, 67 (37%) of the 182 placeholders were
naturally displaced or artificially removed, leading to occupancy of the
territory by a red wolf. During the same time period, 146 (35%) dis-
placements out of 410 red wolves monitored were also documented.
No coyote or hybrid displaced a red wolf; red wolves were displaced
only by another red wolf. All displacements (100%) of placeholders
were by a red wolf of the same sex. Similarly, for red wolves 98% of
red wolf displacements were by a red wolf of the same sex.

Of the 51 naturally occurring displacements of placeholders, the fre-
quency of displacements varied seasonally (χ2 = 9.37, df = 3, P =
0.025) with the most displacements occurring in winter (43%; 1 Decem-
ber–28 February), followed by spring (25%; 1 March–31 May), fall (18%;
1 September–30November), and summer (14%; 1 June–31August). Sim-
ilarly, the 146 displacements of red wolves by red wolves varied season-
ally (χ2= 31.64, df= 3, P b 0.001)withmost displacements occurring in
winter (41%), followed by spring (26%), fall (25%), and summer (8%).

Although there were similar numbers of female (n = 92) and male
(n=90) placeholders, sterilizedmalesweremore likely to be displaced
than sterilized females (males: 34.4% displaced, females: 21.7%
displaced; χ2 = 3.64, df = 1, P = 0.056), regardless if the male was a
sterile coyote (32.2%) or a sterile hybrid (38.7%; Fig. 3). Female place-
holders that underwent tubal ligation and were hormonally intact
were no more likely to be displaced than females that underwent a
spay and were not hormonally intact (tubal ligation: 19.4% displaced;
spay: 30.0% displaced; χ2 = 1.025, df = 1, P = 0.31; Fig. 4). Similarly,
males that underwent vasectomy and were hormonally intact were
also nomore likely to be displaced thanmales that underwent a neuter
surgery and were not hormonally intact (vasectomy: 32.9% displaced,
neuter: 42.3% displaced; χ2 = 0.519, df = 1, P = 0.47; Fig. 4). The
weight at capture of displaced female placeholders (13.21 ± 2.57 kg,
standard deviation [SD]) was no different than female placeholders
that were not displaced (13.50 ± 2.58 kg; t = 0.450, df = 30.499, P =
0.65). Similarly, the weight at capture of male placeholders that were
displaced (15.84 ± 3.48 kg) was not different than the male place-
holders that were not displaced (14.94 ± 2.58 kg; t = −1.265, df =
47.725, P = 0.2119).

Fig. 3. The percent of male and female coyotes and hybrids serving as placeholders that
were displaced and not displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.
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3.2. Biotic and abiotic factors influencing displacement

We examined the abiotic (home range characteristics) and biotic
(placeholder characteristics) factors influencing the likelihood of a
placeholder being displaced. Of the 63models of home range character-
istics examined plus the null model, the highest ranked was the null
model followed by models containing home-range size or road density
(Table 1). We found that the percent of placeholders displaced by a red
wolf increased as home-range size increased (Fig. 5A). At home ranges
b20 km2, 17 of 85 (20%) placeholders were displaced by red wolves,
while in contrast, 10 of 26 (38%) of the placeholders with home ranges
N35 km2 in sizewere displaced. In contrast,we found that the percent of
placeholders displaced by a red wolf decreased with increasing road
density, with displacements being highest at low road densities
(Fig. 5B). All other models of home range characteristics had ΔBIC
values N10 and model weights b0.01, thus home-range size and road
density were carried forward to the combined models (Burnham and
Anderson, 2002). Interestingly, neither the composition of land owner-
ship or the dominant land ownership, nor the composition of land cover
type or dominant land cover type influencedwhether a placeholderwas
displaced by a red wolf.

Of the seven models of placeholder characteristics and the null
model, the highest ranked was the null model followed by the univari-
ate model of placeholder sex (Table 2). As described previously, we
found male placeholders were more likely to be displaced than female
placeholders (males: 34.4%, females: 21.7%). All other models of place-
holder characteristics had ΔBIC values N4 and model weights b0.08,
thus placeholder sex was the single variable carried over to generate
the combined models. Of the eight combined models examined and
the null model, the highest ranked model was the null model followed
by the univariate model containing placeholder sex, then the univariate
models containing home-range size and road density (Table 3).

3.3. Territory fidelity

Dispersal of juvenile animals from their natal home range is a com-
mon occurrence among most canid species. However, we emphasize
that because only adult coyotes and hybrids N9 months of age were
sterilized and used as placeholders, we only examined territory fidelity
for adult canids in the study area (i.e., we did not include juvenile dis-
persal from their natal home ranges). Territory fidelity of adult canids
was high during the study. During the 14 years of monitoring
(2000–2013), of the 125 adult coyotes serving as placeholders, only 2
(1.6%) adult sterile coyotes dispersed from their resident territory. Of
the 57 adult hybrid animals serving as placeholders, 4 (7.0%) adult hy-
brids dispersed from their territory. Similarly, of the 410 adult red
wolves monitored during the same time period, 11 (2.7%) adult red
wolves dispersed from their resident territory. In contrast to and for

Fig. 4. The percent of 182 placeholders, sterilized by four methods, which were displaced
and not displaced by red wolves in the RedWolf Recovery Experimental Population Area,
North Carolina, 1999–2013.

Table 1
The ΔBIC and model weights for the generalized linear models and the null model exam-
ining the influence of home range characteristics within a placeholder's home range and
the likelihood of being displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.68
Home-range size (km2) 2.6 2 0.19
Road density (km/km2) 3.8 2 0.10
Home-range size (km2) + Road density (km/km2) 7.0 3 0.02

Fig. 5. The percent of placeholders displaced by a redwolf across (A) five classes of home-
range size (km2) of theplaceholder, and (B)five classes of road density (km/km2)within a
placeholder's home range, RedWolf Recovery Experimental Population Area, North Caro-
lina, 1999–2013.

Table 2
The ΔBIC andmodel weights for the generalized linear models and the null model exam-
ining the influence of placeholder characteristics on the likelihood of being displaced by
red wolves in the Red Wolf Recovery Experimental Population Area, North Carolina,
1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.56
Sex 1.5 2 0.26
Hormones intact 4.1 2 0.07
Body length (cm) 5.2 2 0.04
Sex + Hormones intact 5.3 3 0.04
Sex + Body length (cm) 6.6 3 0.02
Hormones intact + Body length (cm) 9.3 3 0.01
Sex + Hormones intact + Body length (cm) 10.4 4 0.00
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comparative purposes, we found that 103 (25.1%) of the juvenile red
wolves dispersed at some time from their natal home range.

3.4. Survival rates and cause-specific mortality

We estimated annual survival rates for the 182 adult placeholders
that were monitored for 137,784 radio-days (sterile coyotes: 84,093
radio-days; sterile hybrids: 53,691 radio-days) during 1999 to 2013.
For comparison, we examined survival rates of 410 adult red wolves
monitored for 388,587 radio-days during the same time period. In gen-
eral, the sterilized adult placeholders (coyotes and hybrids combined)
had higher survival rates than adult red wolves (Fig. 6). Mean annual
survival was highest for sterilized hybrids (0.876± 0.11, standard devi-
ation, SD), lowest for red wolves (0.80 ± 0.04) and intermediate for
coyotes (0.843 ± 0.12). Red wolves exhibited higher annual survival
than the placeholders in only two (14%) of the 14 years of the study,
while placeholders had the highest survival in 12 (86%) of the
14 years monitored. Interestingly, sterilized coyotes had the highest
survival in 6 (43%) of the 14 years and hybrids also had the highest sur-
vival in 6 (43%) of the 14 years.

Some sources of mortality among adult red wolves and adult
placeholders were similar, while some specific causes were more
species related (Table 4). Anthropogenic causes of mortality was
similarly high for both adult red wolves and adult placeholders
(red wolves vs. placeholders: χ2 = 0.47, 1 df, P = 0.49), and the
number of deaths due to natural and unknown causes was similar

(Table 4). A similar high percentage of red wolves and placeholders
were killed by gunshot and foul play (red wolves vs. placeholders:
χ2 = 0.07, 1 df, P = 0.788). Six red wolves were killed by poisoning
and no placeholders were killed by poisoning (red wolves vs. place-
holders: χ2 = 1.65, 1 df, P = 0.199). No red wolves were killed by
placeholders (sterile coyotes or sterile hybrids), but 19% of the sterile
coyote mortalities and 21% of the sterile hybrids mortalities were
caused by interspecific aggression from red wolves (red wolves vs.
placeholders: χ2 = 50.36, 1 df, P = 0.0001). Red wolves were rarely
killed (~6% of mortality) by conspecifics (i.e., intraspecific aggres-
sion) and no placeholders were recorded as killed by conspecifics
(red wolves vs. placeholders: χ2 = 3.95, 1 df, P = 0.0469).

3.5. Composition of litters

In general there was little variation in the number of hybrid litters
from 2000 to 2013 with a mean of 2 hybrid litters/year (±1, standard
deviation) with a maximum of 5 litters in 2006 and no hybrid litters
in 2004 (Fig. 7). During the same time period, the number of red wolf
litters has varied with a mean of 9 litters (±2) and ranged from 6 to
12 litters each year.

Table 3
TheΔBIC andmodel weights for eight generalized linearmodels and the null model com-
bining biologically meaningful characteristics of the placeholder and the placeholder's
home range on the likelihood of being displaced by red wolves in the Red Wolf Recovery
Experimental Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.48
Sex 1.5 2 0.22
Home-range size (km2) 2.6 2 0.13
Road density (km/km2) 3.8 2 0.07
Home-range size (km2) + Sex 5.0 3 0.04
Road density (km/km2) + Sex 5.0 3 0.04
Home-range size (km2) + Road density (km/km2) 7.0 3 0.01
Home-range size (km2) + Road density (km/km2) + Sex 9.1 4 0.00
Home-range size (km2) * Road density (km/km2) + Sex 10.4 5 0.00

Fig. 6. Annual survival rates of adult red wolves (n= 410), sterilized adult coyotes (n= 125), and sterilized adult hybrids (n = 57), in the RedWolf Recovery Experimental Population
Area, North Carolina, 2000–2013.

Table 4
Anthropogenic, natural, and unknown causes of mortality for adult red wolves and sterile
placeholders (coyotes, hybrids) in the Red Wolf Recovery Experimental Population Area,
northeastern North Carolina, 1999–2013.

Red Wolves % (n) Sterile Coyotes % (n) Sterile Hybrids % (n)

Anthropogenic
Gunshot 37.1 (91) 23.8 (10) 33.3 (8)
Vehicle 17.6 (43) 19.0 (8) 8.3 (2)
Foul Play 4.1 (10) 14.3 (6) 8.3 (2)
Trapping 2.4 (6) 4.8 (2) 4.2 (1)
Poisoning 2.4 (6) 0 (0) 0 (0)
Total 63.7 (156) 61.9 (26) 54.2 (13)

Natural
Health-related 11.8 (29) 0 (0) 4.3 (1)
Interspecific 0 (0) 19.0 (8) 20.8 (5)
Intraspecific 5.7 (14) 0 (0) 0 (0)
Total 17.6 (43) 19.0 (8) 25.0 (6)

Unknown 18.8 (46) 19.0 (8) 20.8 (5)
Total deaths 245 42 24
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4. Discussion

Many factors threaten the persistence of canid populations through-
out the world (Gittleman et al., 2001; Woodroffe, 2001; Ripple et al.,
2014). Hybridization with coyotes followed by genetic introgression
was identified as one of the greatest threats to recovery of red wolves in
North Carolina (Kelly et al., 1999). Sterilization of coyotes and hybrid in-
dividuals was proposed to serve as placeholders to reduce hybridization
and genetic introgression of the red wolf population (Kelly, 2000). This
is the first documented case of using sterilization and the placeholder
concept tomediate hybridization and genetic introgression between sim-
ilar taxonomic canids. The primary objective of the placeholder concept
was to limit opportunities for intact red wolves to produce viable off-
spring during mating events with coyotes or hybrid animals, as well as
keeping space available for red wolves without the threat of producing
hybrid offspring if pairing with a red wolf occurred (Stoskopf, 2012).
These sterile placeholders could then be displaced from these territories
by a red wolf, or these sterile animals could be removed and red wolves
released into the now empty territory. Sterilization was not used to con-
trol or manage the coyote population in the recovery area, but to create
non-reproductive territories with sterile animals that were incapable of
successful reproduction (i.e., hybridization).

Natural displacements and strategic management removals of place-
holders resulted in 37% of those sterile placeholders being replaced by
red wolves in that territory. Displacements were unidirectional with
red wolves displacing and replacing placeholders, but no placeholder
displaced red wolves during the 14 years of monitoring. Interestingly,
animals not having hormonal systems intact (i.e., animals spayed or
neutered) were not displaced at a higher frequency than sterile animals
with intact hormones (i.e., animals tubal ligated or vasectomized). Intact
hormonal systems are generally believed to be necessary for pair bond-
ing and territorial maintenance (Asa, 1995). The higher frequency of
displacements in winter is not surprising given that the breeding season
would compel animals to seek mating opportunities. The finding that
male red wolves displaced male placeholders, and female red wolves
displaced female placeholders reinforces the mating opportunity
hypothesis.

We found that home range size and road density influenced the per-
centage of placeholders displaced by red wolves. At home ranges
b20 km2, 20% of the placeholders were displaced by red wolves, while
38% of the placeholders with home ranges N35 km2 were displaced.
Red wolves have larger home ranges (Chadwick et al., 2010) than coy-
otes, and may thus prefer to acquire larger areas in which to establish

residency. Similarly, home ranges of placeholders that contained low
road densities were preferred by redwolves, leading to higher displace-
ment rates. Dellinger et al. (2013) reported red wolves avoided areas
with high human density, and suggested red wolves will use human-
associated landscapes, but modify their habitat selection patterns with
increased human presence. Thus large home ranges with low road den-
sity appear to be preferred by red wolves and placeholders occupying
said home ranges have a higher likelihood of being displaced. Interest-
ingly, of the 26 placeholders with home ranges N35 km2, the 10 place-
holders displaced had a median home range size of 47 km2 and a
median road density of 0.48 km/km2, while the 16 placeholders not
displaced had a median home range size of 41 km2 and a median road
density of 0.63 km/km2. Past studies on gray wolves have suggested
wolves tended to survive where human density was low and road den-
sity was b0.58 km/km2 (Thiel, 1985;Mech et al., 1988). Red wolves and
coyotes used similar habitats and space (Hinton, 2014), thus the lack of
habitat variables influencing displacements was likely due to similar
habitat selection and requirements.

Annual survival rates of placeholderswere higher than redwolves in
12 of the 14 years of monitoring. Coyotes and hybrids each had the
highest survival rates in 6 of the 14 years. Even first generation hybrids
had survival values more similar to coyotes than red wolves, indicating
that hybridization conferred some level of increased survival abilities
more reminiscent of coyotes. Perhaps the smaller body size, dietary
breadth (Hinton, 2014), and behavioral plasticity of hybrids, which are
more similar to coyotes than red wolves, also allowed for increased sur-
vival rates. Coyotes are adaptable to human-modified environments
(Bekoff and Gese, 2003; Gehrt, 2004; Gese et al., 2012), and hybridiza-
tion appeared to confer similar “coyote-like” survival traits to hybrid
individuals.

While causes of mortality were similar among red wolves, coyotes,
and hybrid animals, red wolves did experience a higher frequency of
gunshot and health-related mortality. The high red wolf mortality due
to gunshot is cause for concern as many of these mortalities occurred
in the breeding season during the past 2–3 years (Hinton et al., in
review) and not only limited potential litter production of red wolf
pairs in the last 2 years (Fig. 7), but also opened opportunities for hy-
bridization between redwolves and coyotes by reducingmating oppor-
tunities with red wolves (Bohling and Waits, 2015; Gese et al., 2015).
While sterilization of placeholders does limit successful reproduction
between red wolves and coyotes, it is impractical to capture and steril-
ize all coyotes in the recovery area.

While only 37% of the placeholders were naturally or artificially
displaced leading to red wolf occupancy of the territory, the remain-
ing 63% did protect space in which no hybrid litters could be pro-
duced. Ultimately, limiting genetic introgression into the red wolf
population is the overall goal of the use of the placeholder concept.
In 2014, the genetic composition of the wild red wolf population
was estimated to include b4% coyote ancestry from recent introgres-
sion since reintroduction (Gese et al., 2015). Use of placeholders,
combined with removal of coyotes and hybrids, release of captive
adult red wolves, and cross-fostering of captive pups into wild red
wolf litters, appeared to be effectively limiting genetic introgression
into the red wolf population (Gese et al., 2015). Continued intensive
managementwill likely be necessary in the future to limit hybridization
and genetic introgression. Using the placeholder concept to limit
hybridization in other canid species has potential. Hybridization with
domestic dogs poses a threat to the Ethiopian wolf (Gottelli et al.,
1994) and the European gray wolf, but sterilization to generate place-
holders may not be an effective strategy in these situations because
domestic dogs are the introgressing species and sterilizing all free-
ranging domestic dogswould be impossible. Using the placeholder con-
cept to reduce or limit hybridization among several related canids in
Ontario and reduce the threat of genetic introgression into a population
of eastern wolves in Algonquin Provincial Park (Patterson and Murray,
2008) may be more practical.

Fig. 7. The number of red wolf and hybrid litters in the Red Wolf Recovery Experimental
Population Area, North Carolina, 2000–2013.
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5. Conclusions

Sterilization has been used in the recent past to reduce predation
rates by coyotes on domestic and native ungulates (Bromley and Gese,
2001a; Seidler et al., 2014), but using sterilization to limit genetic intro-
gression into the red wolf population is the first use of sterile animals
within the context of the “placeholder” concept. We emphasize that
sterilization was not used to limit the distribution or size of the coyote
population, but to reduce the incidence of hybridization between coy-
otes and redwolves and genetic introgression into the red wolf popula-
tion. Results from this experiment demonstrate the utility of the
placeholder concept to limit genetic introgression of coyotes into the re-
covering redwolf population in northeasternNorth Carolina. Territories
were held by sterilized placeholders and then being successfully
displaced by redwolves resulting in redwolf occupancy. Equally impor-
tant was production of hybrid litters was limited to a few each year in
the recovery area, and the genetic composition of the red wolf popula-
tion in 2014 contained b4% coyote introgression. The utility and appli-
cation of the placeholder concept may be practical for limiting genetic
introgression in similar situations where an introgressing species
threatens the genetic integrity of a sympatric carnivore.
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a b s t r a c t

Managing canid predation on livestock is the leading challenge facing canid conservation

worldwide. However, removing canids, and coyotes in particular, to reduce livestock pre-

dation is environmentally and socially controversial. In addition, it can be expensive and

logistically difficult to field evaluate the myriad of potential selective, spatial, and temporal

canid management strategies. Here, we develop a spatially explicit, individual-based simula-

tion model to evaluate commonly used or promoted coyote control strategies. We began with

an already constructed non-spatial, individual-based stochastic coyote population model

that incorporated behavioral features, such as dominance and territoriality. We added a

spatial component and enhanced the social rule set to more realistically model coyote move-

ment and territory replacement. This model merges coyote spatial, social, and population

ecology into a management framework. The development, structure, and parameterization

of this model are described in detail. For lethal methods, model results suggest that spa-

tially intensive removals are more efficient and long lasting compared to random removal

methods. However, sterilization appears to be the management strategy offering the largest

and most lasting impact on coyote population dynamics. We recommend adding spatial

prey/livestock density and environmental components to this model to further enhance its

ecological reality and management usefulness. Although this model is applied to coyotes in

particular, it is applicable to many canid species of conservation concern. This model pro-

vides a tool to assist in the development of more effective and socially acceptable livestock

predation management strategies.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Managing canid predation on livestock is the leading chal-
lenge facing canid conservation worldwide. Coyote predation
on livestock in general, and on domestic sheep in particu-

∗ Corresponding author. Tel.: +1 435 797 1481; fax: +1 435 797 3796.
E-mail address: mary.conner@usu.edu (M.M. Conner).

lar, has been a fundamental problem of livestock producers
in North America over the past 60 years (Conover, 2002). It has
been estimated that coyotes are responsible for over $40 mil-
lion in damages to livestock producers in just the United States
each year, with the proportionally highest losses to sheep pro-
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ducers (Mitchell et al., 2004). However, removing canids, and
coyotes in particular, to reduce livestock predation is environ-
mentally and socially controversial.

A variety of lethal and non-lethal methods are employed
to reduce coyote depredation rates. Commonly used lethal
methods include large-scale aerial gunning of coyotes, local-
ized removal of all coyotes in the vicinity of an area or
ranch experiencing coyote depredation, and removal of coy-
otes just prior to the birth pulse. A less commonly used lethal
approach is selective removal of breeding adult (alpha) coy-
otes. Nonselective removal (e.g., aerial gunning) is based on
the assumption that fewer coyotes means fewer livestock
losses. Selective removal, which targets alpha coyotes, is based
on the assumption that provisioning offsping is energetically
costly, and one way to offset this cost is for alpha coyotes to
prey on domestic livestock (Till and Knowlton, 1983). Accord-
ingly, selective removal attempts to only remove the problem
animals (alphas) in an effort to more efficiently reduce losses
to livestock producers while simultaneously minimizing the
impact to non-problem coyotes. Non-lethal control methods
include guard animals, fencing, frightening devices, and hus-
bandry practices (see Knowlton et al., 1999 for a thorough
review). These approaches are preventative and usually focus
on changing the behavior of potential problem animals rather
than the manipulation of population numbers. Because we
evaluate management strategies aimed at coyote populations
in this paper, we restrict our analyses of non-lethal manage-
ment types to the approach of sterilization (e.g., vasectomy
and tubal ligation). Coyote sterilization is based on the same
underlying premise as removal of alpha coyotes just prior
to the birth pulse; coyotes are less likely to kill livestock if
they do not need to provision for pups (Bromley and Gese,
2001). While coyote sterilization shows promise at reduc-
ing livestock depredation, it has not yet proven effective for
long-term or large-scale use (Mitchell et al., 2004). Thus, for
methods aimed at the coyote population, most livestock pro-
ducers rely on lethal methods to reduce coyote depredation on
sheep.

Coyote depredation management is controversial. Those
involved in animal welfare question how well coyote removal
works and whether landscape level measures, such as aerial
gunning of coyotes, can be justified environmentally, econom-
ically or socially (Andelt, 1996). Mitchell et al. (2004) noted that
lethal strategies may fail because alpha coyotes, which are the
most likely social class to kill livestock, are the most resistant
to nonselective removal techniques. Recently, there has been
increased interest about selective removal, which focuses on
small spatial areas, specific classes of animals (i.e., alphas),
and limited timing of removal. The goal of this approach is
minimize the number of coyotes removed while maximizing
the reduction in depredation rates and length of the effect
(Conover, 2002).

Coyote social structure and demographics have been well
studied over a wide range of habitats throughout the United
States and Canada. Coyote population vital rates, dynamics,
and social structure vary with prey type and availability. Below
we briefly discuss coyote biological and social relationships
that are relevant to the construction of our model; for a thor-
ough review of coyote biology, ecology, and management, see
Knowlton et al. (1999).

Coyotes live in packs, are territorial, and have a strong
social hierarchical structure in which typically only the alpha
pair breeds for each pack (Camenzind, 1978; Gese et al., 1996b).
Packs and territories have an exclusive relationship with one
pack occupying and defending one territory (Camenzind, 1978;
Bekoff and Wells, 1986; Windberg and Knowlton, 1988). Terri-
tories are typically contiguous (Windberg and Knowlton, 1988;
Gese et al., 1989, 1996a,b), with each territory maintained by an
alpha pair (Gese and Ruff, 1997, 1998). Packs usually also con-
tain beta coyotes, which are typically related to the alpha pair,
and pups. The larger population also contains transient coy-
otes (Camenzind, 1978; Bekoff and Wells, 1986) that occupy the
interstitial area between several territories (Gese et al., 1988)
and generally do not produce offspring (Knowlton et al., 1999).
One of the biological mechanisms regulating coyote popula-
tion growth rates is litter size, which decreases as population
density increases (Todd et al., 1981; Todd and Keith, 1983). Two
other social factors implicated in mediating population regu-
lation are beta dispersal rates and transient mortality, which
are interrelated. As population density increases, pack sizes
reach a point where they no longer provide adequate resources
for the entire pack. Consequently, the proportion of betas
leaving territories to become transients increases (Gese et al.,
1996b), which increases transient density. Increased transient
density is thought to lead to increased transient mortality
rates (Mills and Knowlton, 1991), which in turn decreases, and
hence potentially regulates, population growth rates.

Virtually all decisions about predator management occur
in the face of incomplete data, a complex, often spatially and
socially structured environment, and in systems subject to
temporal variation. It can be costly and difficult to evaluate
the myriad of potential social, spatial, and temporal coyote
removal strategies. When it comes to coyote depredation and
sheep, the ultimate question is “Was the depredation rate
reduced by the control strategy?” The penultimate question,
which we address in this paper, is “Which strategy reduced
the number of potential livestock killers for the longest time?”
Modeling is a valuable heuristic tool to compare different
removal strategies. For these reasons, we created a realis-
tic, spatially explicit, individual-based, socially structured,
stochastic coyote population model.

This model is a direct descendant of an individual-based
stochastic coyote population model that incorporated social
structure that was constructed by Pitt et al. (2003). We used
parameter estimates and functional forms presented by Pitt et
al. (2003) in their individual-based coyote population model,
which were based mainly on estimates of coyote vital rates
from the Rocky Mountain region of the United States. We
consider this a ‘generic population’. Pitt et al. (2003) used
Swarm as their simulation environment (SDG, 2001) and mod-
eled individuals within packs hierarchically. With relatively
simple social and demographic rules, they realistically mod-
eled the dynamics of a 100-pack coyote population. Pitt et al.
(2003) adjusted model rules and calibrated parameter values
so that their output matched field studies of coyote population
dynamics and social structure, rather than doing a field vali-
dation. Pitt et al. (2003) model was non-spatial. However, the
application of control is spatial; that is coyotes can be removed
from spatially clustered locations (intensive removal over
small areas) versus random removals (less intensive removal
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over larger areas). Here, we began where Pitt et al. (2003) left
off; we used the basic structure, rules, and model parameter
values from their model, but made it spatially explicit and
added additional movement rules. Then, we used this model
to evaluate commonly used or promoted coyote control strate-
gies on coyote population dynamics and social structure.

2. The model

In this paper, we follow a standard protocol for describing
individual-based models (Grimm et al., 2006) because we agree
that “readers are better able to absorb information if it is pro-
vided in a familiar, meaningful structure” (Gopen and Swan,
1990). The purpose of this protocol is to facilitate understand-
ing and repeatability of individual-based simulation models
written across a variety of disciplines (Grimm et al., 2006).
We used the computer package IDL (Version 6.4, ITT Visual
Information Solutions, Boulder Co.) to develop a stochas-
tic, spatially explicit, socially structured (i.e., stage based),
individual-based model.

2.1. Purpose

The overall goal of this model is to heuristically evaluate differ-
ent spatially applied management actions, such as removing
coyotes from spatially clustered locations versus random
removals, on coyote population and social dynamics. From
the wildlife-damage perspective, we hope this model will
allow managers to find strategies that provide the results they
require with the minimum number of coyotes removed.

2.2. State variables and scales

We used four hierarchical levels in the model: individual,
territory (or pack), population, and management scenario.
Individual coyotes were classified by the state variables: iden-
tity number, age, sex, identity of the territory where the
individual lives, reproductive potential (sterile or fertile), and
social status. We defined alphas as coyotes >6 months old
who held a territory and reproduced. Betas were coyotes of >6
months old who were associated with a territory but did not
reproduce. Transients were coyotes >6 months old who did not
hold a territory and did not reproduce, and who moved among
several territories. Pups were coyotes ≤6 months old and were
associated with a territory. Herein, we consider pack and ter-
ritory to be synonymous in this model. That is, one pack was
exclusively associated with one territory, and all members of a
particular pack were also members of the associated territory.

Each territory was initialized to contain one pair (male and
female) of alpha coyotes and possibly betas and transients.
The simulated population consisted of all packs/territories
in the model. The spatial component was simulated using
square grid cells, in which each cell represented a coyote ter-
ritory. Because we did not use nearest neighbor statistics,
movement paths per se, or connectivity, we used the more
tractable square grids instead of hexagonal grids (Birch et
al., 2007). Spatial structure was accounted for by associating
each coyote with a territory, with their probability of moving
to another territory dependent on the coyote’s social status,

age, pack density, and the conditions of neighboring territo-
ries (e.g., whether neighboring territories were missing one or
both alphas).

2.3. Process overview and scheduling

We constructed the model to match the coyote biological
year using discrete time intervals of 1 month; each simu-
lation began in January. Within each month, modules are
processed so that intra-territory changes are handled prior
to inter-territory changes. Within each territory aging, birth
(if April), mortality, change in social status (i.e., beta → alpha,
beta → transient, and transient → alpha) were tracked. These
actions were followed by movement actions between terri-
tories, which included betas and transients moving to new
territories to become alphas, and transient simply moving
between territories (Fig. 1).

2.4. Design concepts

2.4.1. Emergence
Spatial population dynamics emerge from the combined
behavior of model agents (coyotes) as well as from differ-
ent management perturbations. All management strategies
are applied spatially (either spatially random or spatially
clumped) in the form of either coyote removal or sterilization.

2.4.2. Sensing
Each coyote is assumed to know, without error, their age, sex,
social rank, and associated territory. Furthermore, coyotes are
assumed to be able to sample, without error, their neighboring
territories for information such as the number of animals, and
each animal’s sex and social status.

2.4.3. Functional relationships
Within a pack, the number of offspring and probability of
becoming a transient (eviction) increased with pack size. For
the population, transient mortality increased with total tran-
sient density.

2.4.4. Stochasticity
All demographic parameters (i.e., vital rates) and social and
movement rules were based on probability distributions.
Stochasticity in model parameters represents demographic
variation. That is, the parameters were fixed and the stochas-
ticity is variation about the fixed parameters.

2.4.5. Observation
For model testing, the spatial distribution of individuals was
observed process-by-process, and then summarized and out-
put monthly. For model testing and evaluation of coyote
removal strategies, population level and spatial (local) pop-
ulation variables were recorded during a 5-year pre-control,
control, and post-control periods (for a total of 15 years).

2.5. Initialization and input

Because the model begins in January and coyotes are born in
April, all individuals enter the population at 8, 20, 32, 44, etc.
months. Alpha coyotes were required to be a minimum age of
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Fig. 1 – Flow diagram illustrating model processes and general scheduling of coyote population model. Initial spatial arrays
are based on user inputs including number of territories, average pack size, age, sex, social status parameters, and
management scenarios. Individual agents are coyotes. Packs and territories are synonymous. The box titled “agent “action”
loop by territory” occurs within each shaded box in the model flowchart.

32 months to prevent an unrealistically young breeding pop-
ulation and a realistic age structure within packs (i.e., alphas
older than betas). For this study, we used a 10 × 10 square grid
to represent 100 coyote territories. Each grid cell is assumed to
be the size of an average coyote home range. To mitigate edge
effects on model output (i.e., animals can leave the study area
but not come in), we buffered the number of territories in the
simulated study area by 1 additional “ring” of territories. Thus,
we tracked 144 territories (12 × 12 grid), but only summarized
data on the inner 100. No control was done in the buffer.

The initial seeding parameters for the population of coy-
otes were the same for all model runs. Each territory was
initially seeded with a pair of adult alphas, and possibly
beta and transient coyotes. The maximum number of resi-
dents in initial packs was 5, and the mean number was 4.
All coyote demographic and social parameters were common
across all management scenarios (Table 1), but stochastic-
ity was included to represent demographic variation. Using
transient mortality as an example, an equation represents
probability of transient mortality, which that is depen-
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Table 1 – Overview of model input variables, parameters, functions, and stochastic processes

Parameter/variable description Value/equation Stochastic processesa

User input at simulation initialization
Number of territories core output 100 (10 × 10)
Number of territories including buffer 144 (12 × 12)
Average resident pack size 4 (2 of which are always alphas) Uniform[3,5]
Percent of population that is resident 0.75
Sex ratio of betas 0.5
Sex ratio of transients 0.5
Min-max latency to fill alpha slot (months) 1–3 Uniform[1,3]

Vital rates
Mortality probability for adults 0.0100–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for transients [0.008 + 0.089(Ntrans/P)]–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for pups 0.1 Uniform[0,1]–if < 0.1, animal dies
Birth rate 6.93–0.72Npack Normal[equation mean, 1]

Transition within territory
Pup to beta 6 months
Beta to transient 0.005Npack

2 Uniform[0,1]–if < equation, animal dies
Beta to open alpha position Betas get first chance before transients, depending

on age and sex; see Section 2.6
Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position Transients get chance if position not filled by beta,
depending on age and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transition and movement between territories
Beta to open alpha position in different
territory

Betas get first chance before transients, depending
on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position in
different territory

Transients get chance if position not filled by beta,
depending on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient movement between territories Randomly chosen transient can move within local
neighborhood to territory with least transients; see
Section 2.6

Uniform[0,1]–if < 0.5, transient moves

a The stochastic process adds demographic variation to the model. For example, the term ‘Uniform[0,1]–if < equation animal dies’ represents
a Bernoulli trial; if the random number selected from the uniform distribution is less than the number produced by the equation, then the
animal dies, otherwise it lives. If there is no distribution then the variable is not stochastic.

dent on number of transients per pack (transient density):
ptm = [0.008 + 0.089(Ntrans/P)] − 0.0003A + 0.00025A2, where ptm

is the probability of transient mortality. If a randomly
selected number from a uniform distribution is less than
ptm, then the transient dies, which is represented as
‘Uniform[0,1]–if < equation, animal dies’ in Table 1. For all
model parameters except birth, which is describe below, we
used the Bernoulli random variables (i.e., Uniform[0,1]) as
indicator variables to determine whether a coyote transitions
during a particular time step, which is a month in the model
(Table 1).

2.6. Submodels

2.6.1. Mortality
We do not describe the logic behind the functions used for
demographic and social probabilities and rates in this paper
because they were described in detail by Pitt et al. (2003).
Stochasticity in mortality probabilities was added as demo-
graphic variation via Bernoulli trials (Table 1). The probability
of alpha and beta mortality per month was a quadratic func-
tion of a coyote’s age:

mad = 0.01 − 0.0003A + 0.00025A2

where A is age in years.

To prevent the immediate replacement of an alpha after
its death, we included a latency period in the replacement
matrix for both alpha males and females. This latency period
reflects the time needed to either find a replacement mate
when a single alpha dies or the competition between indi-
viduals when a territory breakdown occurs (i.e., both alphas
die and betas fail to take over territory). Thus, a latency
period was randomly selected between 1 and 3 months based
on a field study of alpha replacement (Blejwas et al., 2002).
Each month the latency period was counted down until it
equaled 0 and the open alpha position could be filled. In addi-
tion to being more biologically realistic, including a latency
period also more realistically allows control that takes place
during the mating season, a common depredation man-
agement strategy, to have an effect during the whelping
period.

The probability of transient mortality followed the same
function as resident adults, but was additively higher, depend-
ing on the average transient density per pack over the
simulated population:

mtrans =
[

0.008 + 0.089
(

Ntrans

P

)]
− 0.0003A + 0.00025A2

where Ntrans is total number of transients in the population,
P is the total number of packs in the population, and A is the
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age in years. The probability of pup mortality was constant:

mpup = 0.10

2.6.2. Birth
The number of offspring produced by a given pack was a linear
function of pack size:

b = 6.93 − 0.72Npack

where Npack was number of adults in the pack. Stochasticity
in the number of offspring produced was added differently
than for other vital rates. We used a normal distribution in
which the final number of offspring produced was drawn from
a normal distribution, with a mean (b) from the equation above
and a standard deviation of 1.0, that is, ∼N(b,1). We rounded
the number of offspring so that only whole numbers were used
in the model, and truncated so that any negative values were
set equal to zero.

2.6.3. Dispersal
We did not include long-distance dispersal explicitly. Rather,
we allowed betas to transition to transients (ejection) and
transients to move among a neighborhood of territories at
each time step as described below. This way, a transient could
make its way around all territories in a population, which is
a form of quasi-dispersal restricted to staying within the sim-
ulated area. The absence of long-distance dispersal is meant
to emulate the observed dynamics of coyote social structure
in which alpha individuals do not leave their territories once
they become “owners” and by which open territories are taken
by coyotes in neighboring territories.

2.6.4. Stage (social status) changes
There were four stage transition probabilities in the model.
Alphas could not change stage, but could be replaced by a
beta or transient of the same sex when they died. Thus, the 4
transition probabilities were pup to beta, beta to alpha, tran-
sient to alpha, and beta to transient. There were 2 levels of
stage changes; within and between territories. Within territory
changes occurred before changes that involved movement
(i.e., before between territory changes).

2.6.5. Alpha replacement from within territory
When there was an open alpha position, animals of the appro-
priate sex associated with the territory filled it in the order
of oldest to youngest beta, followed by oldest to youngest
transient associated with the territory at that time step. Each
individual at its turn had a probability of 0.5 of filling the open
alpha position.

2.6.6. Alpha replacement from outside its territory and
canonical movement
These transitions included a probability of movement
between territories. We used a random order to move through
all territories for each time step in the simulation to prevent
particular territories from always having first access to open
positions. We chose to model movement as movements “out”
of a territory, which we refer to as the focal territory, and into
an adjacent territory. We used a Moore neighborhood (i.e., 8

neighbors), which we refer to as the focal neighborhood, for
all local movement rules.

For each randomly chosen focal territory, the focal neigh-
borhood was checked for any open alpha positions that were
not filled by coyotes associated with the focal territory. If there
was no open alpha position, or if open alpha positions had an
associated latency value > 0, then there was no social status
change or movement. However, if there was an open alpha
position and a latency value of zero in the focal neighbor-
hood, then the opportunity to fill this position by animals in
the focal neighborhood was in the order of oldest to youngest
beta, followed by oldest to youngest transient. Each individ-
ual at its turn had a probability of 0.5 of filling the open alpha
position.

2.6.7. Transition of beta to transient (eviction)
The probability of betas being forced out of their territory, and
thus transitioning to transient status, was dependent on adult
(alphas and betas) pack density in the focal territory (N2

pack):

tevict = 0.005N2
pack

Although betas transition to transient status, movement from
their natal territory was handled in a separate step (see tran-
sient movement below).

2.6.8. Transient movement without social change
For each focal territory we randomly ordered the associated
transients to determine the order for movement processing.
Once ordered, for each transient animal, we queried the focal
neighborhood for the number of transients. The first randomly
chosen transient moved to the territory (cell) with the least
number of transients. If there were >1 territories tied for low-
est numbers of transients, then the transient was randomly
assigned to one of the tied territories. Each transient made ≤1
move per time step. We repeated this process for transients in
the neighborhood according to their randomly assigned order.
Transient movement occurred regardless of whether there
was an open alpha position in the neighborhood. Transient
coyotes had a probability of 0.5 of moving from one territory
to a neighboring territory during a given time step.

3. Simulation experiments

This study evaluated the response of spatial coyote population
dynamics to 6 different coyote control strategies. We ran the
model for 5 years pre-control, 5 years of control, and 5 years
post-control. We used a 5-year window because wildlife man-
agement plans and agency management plans often operate
on a 5-year time frame. In addition, 5 years was long enough
for model properties to emerge. We ran 100 simulations of each
strategy.

3.1. Management control strategies (input scenarios)

All management control strategies except no control and ster-
ilization were removals, which emulate lethal methods.

1. No control.
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2. Spatially random (nonselective): We removed 50% of the
pre-control population randomly across space over a 5-
month period (February–June). The total number of animals
removed was divided evenly across the 5 months. This
represents an area wide nonselective control technique
such as aerial gunning, trapping/snaring, or randomly dis-
tributed M-44 cyanide devices.

3. Selective spatially random: We removed 50% of the pre-
control alpha coyotes randomly across space over a
5-month period. The total number of alphas removed was
divided evenly across the 5 months. This represents area
wide selective lethal control such as livestock protection
collars, calling and shooting, and “denning” (i.e., a control
method whereby coyotes are called and shot during the
period when they have pups) strategies.

4. Sterilization spatially random: We sterilized 50% of the
pre-control population randomly across space over a 5-
month period. The total number of animals sterilized was
divided evenly across the 5 months. Because operational
examples of sterilization do not exist, we followed the
experimental protocol of sterilizing all animals regardless
of sex and social status (Bromley and Gese, 2001). Steriliza-
tion is assumed to only directly impact reproduction (i.e.,
not territoriality, mortality, dispersal, etc.).

5. Spatially clumped (nonselective): We removed 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. The total number of animals removed was
divided evenly across the 5 months. Stochastic behavior of
the model may result in the “control cluster” containing
slightly less than 50% of the population. In cases where
this occurred, 50% of the pre-control population could not
be removed and all animals in the “control area” were erad-
icated. This represents more intense nonselective control
methods intended to eradicate all coyotes from a particular
area.

6. Selective spatially clumped: We removed 50% of the pre-
control alpha coyotes from a spatially clustered area. We
divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the popula-
tion. That is, all removals were from a cluster comprised
of 50% of the territories. The total number of alpha coyotes
removed was divided evenly across the 5 months. This rep-
resents intense selective control methods such as calling
and shooting and denning that are intended to eradicate
all alpha coyotes from an area.

7. Sterilization spatially clumped: We sterilized 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a

contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. Because operational examples of steril-
ization do not exist, we followed the experimental protocol
of sterilizing all animals regardless of sex and social status
(Bromley and Gese, 2001). Sterilization is assumed to only
directly impact reproduction (i.e., not territoriality, mor-
tality, dispersal, etc.). Similar to the spatial lethal control,
stochastic behavior of the model may result in the “control
cluster” containing slightly less than 50% of the popula-
tion. In cases where this occurred, complete sterilization
occurred inside the control cluster area.

3.2. Outputs

We wanted to provide a useful “fingerprint” (Grimm and
Railsback, 2005) of coyote population dynamics that sum-
marized data by territory and for the whole population. For
territory statistics, we reported the mean of pack size, number
of alphas per territory, and number of transients per territory
summarized by month and year. We primarily reported results
output from December following Pitt et al. (2003). December
was chosen as a month that represented the population with-
out the fluctuation caused by pups because pups were already
graduated to adults (i.e., recruited into the population).

For the whole population (i.e., all territories summed), we
reported total population size and percent alphas and tran-
sients. We also reported population recovery time, which we
defined as the point when the coyote population size rose
to ≥90% of the maximum population size in the pre-control
period, based on December population sizes. To evaluate man-
agement effectiveness, we calculated the average outputs
across the 5 years of pre-control, control, and post-control
time periods, which were then averaged across the realiza-
tions of the 100 simulations.

It is redundant to calculate mean pack size, which could
be estimated from total population size and number of packs,
which was always 100. However, were interested in the spa-
tial variation in pack size for the random versus clumped
control strategies. We did not present litter size because it is
somewhat misleading during control. That is, average litter
size appears to increase partly due to a reduction in density,
but partly as an artifact of reducing the denominator dur-
ing control in the equation (average litter size = number of
pups/number of coyotes).

3.3. Simulation results

Because our spatial model was based on Pitt et al. (2003)
model, we compared our outputs, for the no control scenario,
to ensure our spatial base model was equivalent with their
field-result matched non-spatial model. Our model outputs
matched those of Pitt et al. (2003); specifically, we had simi-
lar mean pack size (4.0), proportion transients (0.27), litter size
(4.4), and proportion of females breeding (0.43).

For the no control scenario, and during pre-control for
all scenarios, the monthly mean pack size fluctuated widely
within a year due to the birth of pups in April and their sub-
sequent high mortality rate (Fig. 2). However, when any single
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Fig. 2 – Comparison of mean monthly outputs to mean
yearly outputs from December for the non-control scenario.
Means were calculated for 100 core territories in a
10 × 10 grid, and averaged across 100 simulations.

month is compared from year-to-year, mean pack size (and
hence total population size), as well as the mean number of
each social class per territory, was stable (Figs. 2 and 3).

All control strategies resulted in a reduction in coyote den-
sity during the control period (Fig. 3). For lethal removals (not
sterilization), spatially clumped strategies resulted in greater
reductions in coyote density relative to randomly applied
strategies, but selective removals performed similarly to their
nonselective counterparts (Fig. 3). For all lethal strategies,
reductions in coyote density were temporary with coyote
population responding to pre-control levels during the post-
control period (Fig. 3). In contrast, sterilization resulted in
the lasting reductions that lasted throughout the post-control
period; that is the coyote population did not rebound during
the 5-year post-control period (Fig. 3). In contrast to lethal
removal, random sterilization preformed better than spatially
clumped sterilization. Random sterilization resulted in the
largest reduction in coyote numbers and the longest effect
(Fig. 3).

We used averages across the 5-year windows and recov-
ery times to quantify differences between control strategies.
During the control period, spatially clumped lethal con-
trol was more efficient than its random counterpart, as the
mean number of coyotes removed was 21–33% less (Table 2),
while delivering somewhat better results. That is, spatially
clumped lethal strategies had recovery times that were 1.5–2.6
years longer and reduced the total population size 5–16%
lower during the control period than their random counter-
parts (Tables 2 and 3). In addition, spatially clumped lethal
strategies reduced the number of alphas (calculated as total
population size × percent alphas) by 28–39% more during the
control period, compared to their analogous random strategies
(Table 2).

There was little difference in coyote population
results between the nonselective and selective strategies

(Tables 2 and 3). During the control period, the total pop-
ulation size was larger for selective lethal control, but the
number of alphas was lower compared to its random coun-
terpart (Tables 2 and 3). However, removal of alphas was more
efficient; for similar effects on coyote population outputs,
the number of coyotes removed was 10–25% less for selective
strategies compared to their random counterparts.

Sterilization strategies had comparable results to lethal
strategies during the control period, but had the largest impact
on coyote population numbers post-control (Table 2). The
recovery time for random sterilization was >5 years (end of
simulation time frame), which was >4 years longer than its
random lethal counterpart (Table 3), and total population size
was 79% less in the post-control period (Table 2). Most impor-
tantly, only sterilization strategies had a lasting effect to year
15 (Table 3). For the random sterilization scenario, both total
population size and percent (and hence number) of alphas
were still dramatically reduced (84 and 63%, respectively) 5
years after the end of the control period (Table 3). This was in
contrast to all other lethal scenarios that showed no effect
(≤3% reduction) by year 15 (Table 3). In contrast to lethal
removals, spatially clumped sterilization did not perform as
well as spatially random sterilization. The total population
size was reduced by 18%, which was greater than any lethal
strategy, but substantially less than the reduction for random
sterilization (Table 3). Moreover, similar to lethal strategies,
there was no decrease in the percentage of alphas in the 5
years after the end of the control period (Table 3).

4. Discussion

Recent coyote depredation models have become more com-
plex as the understanding of the coyote biological, ecological,
and social systems has matured and computing speed has
increased. Originally, simple analytic and stochastic popula-
tion models were used to illuminate coyote dynamics and
evaluate management strategies (Connolly and Longhurst,
1975; Windberg and Knowlton, 1988; Stoddart et al., 2001).
More recently (Pitt et al., 2003), constructed an individual-
based stochastic coyote population model that incorporated
social structure via pack rules. Although not externally vali-
dated, the good match of that model with field results indicate
that the model is viable for addressing management actions
(Grimm and Railsback, 2005). Because our model outputs
matched those of Pitt et al. (2003), we conclude that it too is
useful for addressing management actions.

4.1. Simulation results: management scenarios

There are three main coyote control comparisons illuminated
by the simulation output: random versus spatially clumped
strategies, nonselective versus selective strategies, and lethal
versus contraceptive strategies. We begin by comparing ran-
dom to spatially clumped strategies.

Model results suggest that the spatial strategy of inten-
sively removing coyotes from a reduced area is more efficient
than random removal and produces better results, especially
considering that it resulted in a greater reduction in the
number of alphas, the putative primary livestock killers. In
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Fig. 3 – Territory means from December of each year for coyote management scenarios. Means were calculated for 100 core
territories in a 10 × 10 grid, and averaged across 100 simulations.

addition, the reduction in coyote numbers lasted longer, which
is important to reducing control cost. These results were
somewhat unexpected; consequently, we took a closer look
at our results to understand why spatially clumped lethal
control had more dramatic effects. The relatively more inten-
sive, spatially clumped removal resulted in more pack sizes
near 0 during the control period (Fig. 4 top, points B and C)
compared to random removal (Fig. 4 bottom, points B and C).

More packs with sizes near 0 resulted in more packs with-
out alphas, which explained the effect on alphas. Because of
the movement rules, the territories, especially those near the
control corner, took longer to fill for spatially clumped removal
(Fig. 4 top, between points C and D on graph) than for random
removal (Fig. 4 bottom, between points C and D on graph). This
temporal effect is likely due to our movement rules which do
not allow instantaneous movement into non-neighborhood
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Fig. 4 – Spatial and temporal depiction of coyote management effects for lethal spatially clumped and lethal random control.
Output at (A) is for December just prior to the start of control, (B) is for the second year of control in the month before births
(i.e., 14 months after start of first control event), (C) is for December in the last year of control, and (D) is for the last
December of the simulation. Black squares represent 0 coyotes/territory and white represent 8 coyotes/territory, with >0 and
<8 coyotes/territory classified into 6 bins and shown as graduations of gray. Buffer territories are shown with a dot, along
the periphery of the 100 core territories.

territories; that is, it takes a couple time steps or more before
a transient coyote can move to an open territory that is not in
its direct neighborhood.

These results are generally concordant with Windberg
and Knowlton’s (1988) simulation model. Based on their
model results, Windberg and Knowlton (1988) concluded
that removal from a specific area would influence coyote
abundance over a much larger area. However, they still pro-
moted applying removal efforts over a broader area based
on the assumption that transient animals almost immedi-
ately occupy vacant territories, which results in small scale
removals being effective for only short time periods (Windberg

and Knowlton, 1988). Future simulations could evaluate the
length of time to recovery for various sizes of spatially
clumped removal strategies to more thoroughly evaluate the
relative effectiveness of spatially clumped strategies and tim-
ing of the filling of distant open territories.

In contrast to lethal methods, spatially clumped ster-
ilization was not as effective as random sterilization. For
sterilization to work, only 1 of the alpha pair needs to be steril-
ized. Because spatially clumped sterilization concentrated the
number sterilized into a focused area, both alphas were ster-
ilized most of the time. Consequently, random sterilization,
which spread the impact of control over the entire area, left
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Table 2 – Average number of coyotes treated (i.e., removed or sterilized) and annual coyote population values

Control scenario Total treated Pre-control period Control period Post-control period

Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%)

No control 0 553 35 27 546 36 28 549 36 28
Spatially random (nonselective) 869 553 35 27 307 63 13 539 36 27
Selective spatially random 772 554 35 27 384 51 20 547 36 28
Sterilization spatially random 889/473 555 35 27 298 69 14 111 93 2
Spatially clumped (nonselective) 691 553 35 27 291 48 25 494 38 27
Selective spatially clumped 514 553 35 27 321 37 26 452 39 27
Sterilization spatially clumped 1044/395 552 35 27 386 50 24 389 49 25

Pre-treatment period was years 1–5, control period was years 6–10, and post-control period was years 11–15. Total treated was the sum of coyotes treated for all 5-control years. All values are means
across the 5-year periods for December of each year, calculated from totals across 100 core territories, which were then averaged across 100 simulations. The two numbers for sterilization scenarios
show first the number of attempts and second the number actually sterilized. Because choice of coyote for treatment was random, some coyotes captured were already sterilized.

Table 3 – Long-term effects of control strategies (control was enacted for 5 years; year 6–10) on coyote population numbers

Control scenario Recovery time Year 5 Year 15 Difference (Years 15 to 5)

Mean
(month)

Std Total
pop.

Total
alpha

Total
transient

Total
pop.

Total
alpha

Total
transient

Total pop.
% change

Total alpha
% change

Total trans.
% change

No control 0 0 548 194 148 542 195 148 −1.1 0.5 0.0
Spatially random (nonselective) 9 6 547 194 147 552 195 154 0.9 0.5 4.8
Selective spatially random 3 5 549 195 148 551 195 153 0.4 0.0 3.4
Sterilization spatially random >60 0 550 194 148 87 72 6 −84.2 −62.9 −95.9
Spatially clumped (nonselective) 27 8 549 194 148 549 195 151 0.0 0.5 2.0
Selective spatially clumped 34 16 549 194 149 532 193 146 −3.1 −0.5 −2.0
Sterilization spatially clumped >60 0 546 194 147 447 194 116 −18.1 0.0 −21.1

Recovery time is defined as the return to 90% of the maximum of pre-treatment total population size. Totals were across 100 core territories, which were averaged across 100 simulations.
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more “non-breeding” territories because at least 1 of the alpha
pair was sterilized. Clumped sterilization had less impact sim-
ply because fewer territories were “non-breeding”.

In general, there was little difference on coyote population
dynamics between the effects of nonselectively removing coy-
otes or selectively removing alpha coyotes. The theory behind
selective removal is based on coyote social behavior. First,
research has confirmed that not all coyotes with access to live-
stock kill livestock (Conner, 1995); most depredations can be
attributed to territorial, dominant coyotes (Till and Knowlton,
1983; Sacks et al., 1999). Second, selective removal of suspected
livestock killers has been found to be more efficient at reduc-
ing lamb predation rates than nonselective removals (Blejwas
et al., 2002). Thus, although there may be minimal differences
between nonselective and selective removals on coyote pop-
ulation outputs, targeting alphas may be more effective at
reducing livestock depredations, an output not included in our
model. Finally, because selective removal of alphas was more
efficient, in that it required fewer animals killed compared to
their random counterparts, it may have less ecological impacts
and be more socially acceptable. We caution that, at present,
the logistical difficulty and expense of identifying alpha coy-
otes to target for removal may outweigh ecological and social
factors.

Our simulation model highlighted the large impact fertil-
ity control could have on population dynamics. In all metrics,
sterilization had the greatest impact of any management
scenario we evaluated, especially in the post-control period.
However, coyote sterilization has not been widely used to
reduce livestock depredation, due to cost and difficulty of
application (Bromley and Gese, 2001), although several studies
have indicated it may be a highly effective strategy. For exam-
ple, Till and Knowlton (1983) found removal of pups stopped
depredation on lambs, the main component of livestock loss.
Based on this finding, they hypothesized that sterilizing alpha
coyotes in the vicinity of depredation areas would be highly
effective because, in addition to abstaining from lamb killing,
sterilized coyotes may exclude other coyotes from killing in
their territories and could have a multi-year effect. Another
computer model on canids has also illustrated dramatic pop-
ulation declines with periodic (every 5 years), but not intensive
(20% population treated) fertility control for wolves (Haight
and Mech, 1997). In one of the few field studies on fertility con-
trol, Bromley and Gese (2001) found a dramatic 91% reduction
in the lamb kill rate between packs that had been sterilized
and control packs of intact coyotes, and this effect lasted
through the following year (80% reduction). Bromley and Gese
(2001) concluded that coyotes changed their predatory behav-
ior when pups were present, by increasing predation on lambs,
a non-native prey. From a management standpoint, our simu-
lations suggest sterilization can have a lasting effect on coyote
population and social dynamics. When considered in light of
the Bromley and Gese (2001) and if we assume that steril-
ization only impacts reproduction (i.e., territoriality does not
breakdown), which has not been shown over the time scale of
our modeling exercise, we conclude sterilization could be an
effective method for reducing livestock depredation.

Based on our simulations, sterilization appears the man-
agement strategy offering the largest and most lasting impact
on coyote population dynamics. If it is true that more coy-

otes lead to more depredations, sterilization is most effective
coyote management strategy. However, the cost issues associ-
ated with coyote sterilization, given, at present, coyotes need
to be captured and surgically sterilized, may be prohibitive. In
general, fertility control will not be an option until inexpen-
sive and coyote-specific delivery methods become available.
And, contraception or sterilization, delivered inexpensively
through baits or vectors is in its infancy as a technology
(Barlow, 2000). Thus, for the present, lethal control will pre-
dominate. Within the realm of lethal removal, simulation
results suggest a spatial strategy of intensively removing
coyotes from a reduced area requires fewer removals and pro-
duces a larger impact than random removal over a larger area.
Most importantly, the spatial strategy reduced a greater num-
ber of alphas, the putative primary livestock killers compared
to the random strategy. Therefore we conclude that steril-
ization, when it becomes practical, will be the most efficient
coyote management strategy for reducing coyote population
numbers. But, until sterilization becomes practical, we recom-
mend the strategy of spatially clustered removal of coyotes
in small areas, particularly in the areas where depredation
occurs.

4.2. Model behavior

There were a couple unexpected results associated with hav-
ing a buffer in the model. For example, new transients from
the buffer territories occasionally moved into the 100-territory
core study population via the movement rules. Also, some
coyotes were “lost” from the core study area and then later
“reappeared” from the buffer area. This is unlike most models
in which animals are lost through dispersal, or are reflected
back into the simulation area at the boundary. The buffer
was logistically easy to incorporate and seems a realistic fea-
ture of spatial models that should be included. However, the
downside is that it takes geometrically more time to run a
simulation for each ring of territories added. For relative com-
parison, the lethal random scenario on our system took 13 min
to run 1 simulation (180 time steps) for 100 (core) territories
and 43 min (3.3× longer) for 144 (core plus buffer) territories.
The jump in time mostly reflects the number of spatial queries
(e.g., assessing the focal neighborhood) and array updates
required for each individual and/or territory.

5. Conclusions

Because modeling is constrained by complexity limitations,
“the essence of successful modeling is valid simplification” or
reducing the complexity of the system while still ensuring the
model is valid within its objectives (Aumann, 2007). Adding
a spatial component to an already constructed socially struc-
tured population model added a layer that allowed realistic
evaluation of typical coyote management strategies. Namely,
we could compare, given similar numbers of coyotes removed,
the spatial strategy of intensive removal over a small area with
random removal over a large area. Similar simulation studies
have found space a necessary component of their models. For
example, spatially explicit models have been used to describe
the spread of scabies through a coyote population (Leung and
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Grenfell, 2003) and to evaluate different aphid control strate-
gies (Parry et al., 2006). In addition, the spatial component will
facilitate additions of future spatial components such as land-
scape factors or livestock and prey density. In particular, a
spatial component paves the way for comparison of differ-
ent livestock management techniques (e.g., rotated grazing
regimes versus stationary grazing regimes, different densi-
ties, etc.) on coyote predation rates. The addition of space, in
general, greatly increases the ability to evaluate typically used
coyote and livestock management strategies.

On the down side, the improvement in model realism
added many layers of rules, some of which would be diffi-
cult to test empirically. Much of the complexity in our model
came from movement rules. In particular, the rules describing
alpha replacement, especially in distant neighborhoods, are a
good example of the model’s additional complexity beyond its
non-spatial progenitor (Pitt et al., 2003). Moreover, because we
have worked on field studies of coyotes that included trap-
ping and radio- or GPS-collaring, we understand the expense
and difficulty acquiring empirical data for validation of move-
ment rules. That is, it would take years of daily observations
on perhaps 40–60 animals, coupled with frequently recorded
location data (e.g., from GPS collars), to determine the age and
status of every coyote in a neighborhood of territories, as well
as determining who, how, and when open alpha positions are
filled.

We view this model as a starting point, like Pitt et al.
(2003) model was for this model, to which prey and/or live-
stock, environmental, and economic components could be
added as one step in the continuing evaluation and develop-
ment of useful coyote strategies. In addition, there are many
other coyote management strategies that could be evaluated
using this model to identify further efficiencies. For example,
future work could evaluate effects of reducing the length of
the removal period, shifting the removal period, and reduc-
ing the area of spatially clumped control strategies. We hope
this model will assist in the development of management
strategies that minimize the number of coyotes removed while
maximizing the reduction in depredation rates and length of
the effect.
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Coyotes (Canis latrans) are vilified throughout
the western United States as insatiable livestock
killers. This impression is based on the fact that
coyotes are the most important predator of sheep,
goats, and cattle. Sheep producers attributed
39,800 sheep and 126,000 lamb deaths (valued at
$9.6 million) to coyotes in 1999; this was 61% of
losses they ascribed to predators and 22% of their
total losses (National Agricultural Statistics Service
[NASS] 2000c). Coyotes therefore ate their way
through 2.3% of the country’s 1999 sheep popula-

tion, which was estimated at 7.2 million individuals
(NASS 2000b). Coyotes were blamed for the deaths
of 21,700 goats in Arizona, New Mexico, and Texas
in 1999, out of a total population of 1.3 million.
This accounted for 35.6% of the total loss to preda-
tors, at an economic cost of $1.6 million (NASS
2000b, c). Predation was a minor cause of loss to
the cattle industry; coyotes killed less than 0.1% of
the United States’ total cattle population in 2000
(NASS 2000a, 2001). In 1995 only 2.7% of total cat-
tle losses were due to predation (and 1.6% of total
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Coyote depredation management:
current methods and research needs
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Abstract This paper examines the severity of livestock depredation by coyotes (Canis latrans),
reviews evidence implicating breeding (or “alpha”) coyotes in the majority of inci-
dents, evaluates currently used depredation control techniques, and suggests direc-
tions for future research.  Nonlethal control ranges from varied animal husbandry
practices to coyote behavioral modification or sterilization.  These methods show sig-
nificant promise but have not been proven effective in controlled experiments.
Therefore, many livestock producers rely on lethal control, and most employ nonse-
lective strategies aimed at local population reduction.  Sometimes this approach is
effective; other times it is not.  This strategy can fail because the alpha coyotes, most
likely to kill livestock, are the most resistant to nonselective removal techniques.  An
alternative is selective lethal control.  Livestock Protection Collars (LPCs) and coyote
calling are the primary selective lethal approaches.  However, LPCs do not have sup-
port from the general public due to the toxicant used, and the factors affecting the
selectivity of coyote calling have not been studied.  The greatest impediments to effec-
tive coyote depredation management currently are a scarcity of selective control
methods, our lack of understanding of the details of coyote behavioral ecology rela-
tive to livestock depredation and wild prey abundance, the absence of solid research
examining the effectiveness of different control techniques in a variety of habitats and
at multiple predation intensities, and the dearth of rigorous controlled experiments
analyzing the operational efficacy of selective removal versus population reduction.
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cattle losses were due to coyotes). Respiratory
problems, digestive problems, calving problems,
and weather each killed 6 to 17 times more cattle
than did coyotes (NASS 1996). Nevertheless, coy-
otes were the dominant cattle predator; they were
implicated in 65% of cattle losses due to predation
in 2000, or 8,000 cattle and 87,000 calves worth a
total of $31.8 million (NASS 2001).

Based on these statistics, coyotes are responsible
for over $40 million in damages to livestock pro-
ducers every year, with proportionally more dam-
age to sheep and goats than to cattle. While this
may seem negligible in the face of the $638 million
value of the United States sheep industry in 1999
and the $67 billion value of the United States cattle
industry in 2000 (NASS 2003), the livestock indus-
try traditionally operates on slim profit margins.
For example, a survey with 76 respondents (repre-
senting approximately 5% of United States lamb
meat production) revealed that net profits per ewe
were $3.70 in 1997, –$3.95 in 1998, and –$4.06 in
1999. During this period the annual proportion of
ranchers who lost money ranged from 36–64%
(United States International Trade Commission
2002). Losses of livestock due to coyote predation
can easily transform a narrowly profitable opera-
tion into an unprofitable one. The problem is com-
pounded by the fact that coyote damage is not
spread equally among producers. High losses at a
Montana ranch were documented by O’Gara et al.
(1983). These researchers reported 24% and 27% of
lambs lost to coyotes during a consecutive 2-year
period with minimal coyote control and a 13% loss
in the third year despite intensive control. In gen-
eral, large sheep operations tend to be harder hit by
depredation, with 10% of all sheep producers typi-
cally losing more than 20% of their lambs to coy-
otes (Wagner 1988). Producers generally choose to
protect their economic interests by controlling
their losses, including those related to predation.
Because coyote control is so prevalent in ranching
areas, it is worth examining the available data con-
cerning coyotes that kill livestock and then evaluat-
ing depredation management strategies in light of
this information.

Not all coyotes kill sheep
Many people believe that every coyote will kill

sheep if given the chance. For example,Timm and
Connolly (2001) blamed elevated levels of depre-
dation on increased predator abundance at the

University of California’s Hopland Research and
Extension Center (HREC). There is some evidence
that supports a relationship between coyote popu-
lation size and depredation levels, particularly
when wild prey is unavailable. Pearson and
Caroline (1981) observed that livestock predation
rates were highest during periods of low rainfall,
when prey populations presumably were at low
levels, and O’Gara et al. (1983) noted that predation
was highest when sheep arrived on their summer
range, which coincided with low rodent popula-
tions and coyote pup weaning. A nonsignificant
trend between coyote abundance indices and
sheep losses was found by Robel et al. (1981).

Stoddart et al. (2001) analyzed 6 years of data
during a black-tailed jackrabbit (Lepus californ-
icus) irruption and decline at an Idaho site. They
concluded that predation rates on ewes and lambs
were proportional to coyote density and that coy-
ote population reduction would therefore alleviate
sheep losses. However, this relationship was not
convincingly demonstrated. For example, total loss-
es were used as a proxy for losses due to coyotes,
under the assumption that nonpredation mortality
factors were constant during the study. Meanwhile,
other lines of evidence strongly indicate that only
certain coyotes kill sheep. Connolly et al. (1976)
studied the sheep-killing behavior of captive coy-
otes at HREC and reported that older males and the
females with which they were paired were highly
likely to attack and kill sheep, while younger males
rarely attacked sheep and unpaired females never
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Coyote being released for the authors' research investigating
conditions that enhance the efficacy of coyote calling.



killed sheep. When mated pairs attacked sheep, the
male almost always took the lead. A subsequent
series of field studies at HREC (Conner et al. 1998,
Sacks et al. 1999b, Blejwas et al. 2002) found that
breeding (or “alpha”) coyotes whose territories
overlapped sheep were the primary livestock
depredators and that nonbreeders rarely were asso-
ciated with sheep kills.

Till and Knowlton (1983) found that killing pups
of depredating alpha coyotes (denning) reduced
sheep kills by 88% in the week following removal
and that killing pups and the breeding pair reduced
sheep kills by 98%. These researchers suggested
that the need to provision pups caused breeding
coyotes to maximize foraging efficiency by focus-
ing on large and easily killed prey. They raised the
possibility that sterilized coyotes might abstain
from killing while maintaining exclusive territories
that prevent intrusion by other coyotes. One study
has shown a reduction in sheep depredation by
sterilized coyotes (Bromley and Gese 2001b). This
research was conducted in an area where sheep
had not been recently grazed, and each pack was
exposed to sheep for only 5–23 days per year.
While it was promising that the surgically sterilized
packs maintained their social structure for the 3-
year study (Bromley and Gese 2001a), it remains to
be seen whether sterilized coyotes will avoid
killing sheep that are available for longer periods.

The evidence from HREC suggests that domi-
nant, pair-bonded coyotes eventually will kill sheep
if they are available within the coyotes’ territory
year-round (Blejwas et al. 2002). At HREC, lambing
occurred in the winter, before pups were present,
yet the dominant coyotes still killed lambs (Sacks et
al. 1999b). The authors of this study suggested that
paired coyotes work cooperatively to attack larger
ungulate prey that they would not be able to han-
dle alone. These coyotes may start off with smaller
lambs in the winter and then work their way up to
adults as they gain experience. Alternatively, the
pressures of provisioning pups in the spring may
cause alpha coyotes to initially attack older lambs
and then adult sheep. Experience with older sheep
may then lead to a higher likelihood of coyotes
attacking young lambs when they become available
the following winter. Observations of coyote
attacks on wild ungulates (Gese and Grothe 1995)
support the notion that the breeding pair (and par-
ticularly the male) takes the lead in successful
ungulate attacks and that coyotes do cooperate
when making kills. It is reasonable to assume that

attacks on other ungulates,such as sheep,goats,and
calves, would be conducted in a similar manner.

The available evidence implicates breeders in the
vast majority of coyote-caused livestock losses. This
evidence does not preclude the possibility of an
effect of coyote density on depredation levels
because the number of breeders or their behavior
relative to sheep may vary with coyote population
density and wild prey abundance. For example,
regions with high coyote density typically are bet-
ter coyote habitat, with smaller territory sizes and
more breeders per unit area. Increases in depreda-
tion levels as wild prey populations decline could
be due primarily to an increase in livestock kills by
breeders (as opposed to the coyote population as a
whole).

Eradicating all coyotes in an area would certainly
stop coyote depredations, but this approach may
not be cost-effective and has potential ecosystem-
level repercussions, such as mesopredator release
(Crooks and Soulé 1999) and increased rodent pop-
ulations (Henke and Bryant 1999). Control meth-
ods will be most effective and ecologically sound
when they remove the threat posed by breeding
coyotes that live where livestock are pastured. The
best depredation management techniques would
be selective toward specific problem animals, effec-
tive at reducing livestock losses for an extended
period, have minimal environmental impact, be
socially acceptable to the general public, and cost
less than the losses they prevent.

Nonlethal depredation management
A number of animal husbandry techniques show

promise for meeting these criteria. Fences can be
built that, when properly maintained, are nearly
100% effective at preventing coyotes from access-
ing livestock (deCalesta and Cropsey 1978,
Conover 2002). Birthing in sheds, keeping herders
with livestock during the day, bedding animals near
people for the night, removing or burying carcass-
es, and lighting corrals where stock are kept at
night all have been suggested to reduce depreda-
tion (Davenport et al. 1973, Nass 1977,Tigner and
Larson 1977, Conover 2002). Guard animals may
effectively protect livestock, though not in all cir-
cumstances. Guard dogs commonly are used by
Europeans and native Americans, and the majority
of people who employ dogs to protect sheep and
goats report that they reduce predation (Black and
Green 1984, Green et al. 1984). Donkeys and lla-
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mas, which have a natural dislike for canids, also
have been successfully used as guard animals
(Conover 2002).

These husbandry techniques are selective, in that
they aim to prevent coyotes intent on killing live-
stock from contacting their prey, and they seem to
be effective in certain situations. The public gener-
ally approves of these methods because they are
nonlethal, selective, and do not cause serious eco-
logical damage. However, some do have ecological
impacts; for example, fencing may inhibit wildlife
movements (Knowlton et al. 1999), range quality
decreases in and around confined bedding grounds
(Davenport et al. 1973, Wagner 1988), and guard
dogs occasionally will harass wildlife (Black and
Green 1984). These husbandry practices also have
significant up-front and maintenance costs that
must be borne by the producer, ranging from mate-
rial costs for fencing and sheds to labor costs for
herding livestock and training dogs. Guard dogs
carry an additional risk, since up to 10% of them
eventually harass or kill livestock (Green et al.
1984).

An alternative class of nonlethal depredation
management techniques, behavioral modification,
has received considerable attention. The aversive-
conditioning (or “Clockwork Orange”) approach
involves using negative reinforcement to train indi-
vidual coyotes to avoid killing livestock. One
experiment with captive coyotes successfully
trained 3 of 4 individuals to avoid domestic rabbits
(Olsen and Lehner 1978). Another experiment
found that coyotes fitted with electronic shock col-
lars could be trained to avoid sheep (Andelt et al.
1999). Both of these studies documented behav-
ioral changes that lasted for over 4 months.
However, expenses involved in capturing and con-
ditioning all coyotes in an area that potentially
could depredate livestock undoubtedly exceeds the
benefits in the majority of situations. Recent
research at the National Wildlife Research Center
(Shivik and Martin 2000) could make aversive con-
ditioning more cost-effective by using sound-acti-
vated shock collars attached to coyotes when they
pass through snares; the collar would be activated
by special bells attached to livestock. Coyotes that
chased animals wearing the bells would be shocked
until they left the vicinity.

Another aversive-conditioning approach involves
using an emetic (such as lithium chloride) in sheep
carcasses and baits to train coyotes to avoid live
sheep. There is, however, no evidence that coyotes

actually generalize from the baits to live sheep, and
producers who tried this technique invariably
stopped using it because they felt it was not worth-
while (Conover and Kessler 1994).

Other behavioral modification strategies try to
frighten or repel coyotes away from their prey
without relying on a conditioning or training phase.
Lehner et al. (1976) tested over 45 potential olfac-
tory repellents and did not find any that produced
an avoidance reaction. They concluded that olfac-
tory repellents were likely to work only in combi-
nation with actual aversive conditioning. Other
researchers have used light or sound to scare coy-
otes. Linhart spent several years developing an
“electronic guard” incorporating a strobe light and
alarm (Linhart et al. 1984, 1992). He felt these
devices were effective for extended periods when
multiple guards were used. However, the first
experiment was uncontrolled and had several trials
(4 of 15) in which predation ceased for less than 4
weeks,and the second experiment was biased in its
presentation of loss reductions. Linhart (1992)
compared total losses during the entire summer
(10–12 weeks) for the year before experimental tri-
als with losses during the latter portion of the sum-
mer (<8–10 weeks) that guards were used. This
bias would be enhanced if losses decreased
through the summer as lambs got larger and breed-
ing coyotes stopped provisioning pups (O’Gara et
al. 1983).

Fright tactics like the electronic guard are vul-
nerable to habituation of coyotes to the stimuli
used. The devices may not be effective for more
than a few days, and they are usually not recom-
mended for reducing livestock depredation
(Koehler et al. 1990, Conover 2002). These tech-
niques might work better if guard device activation
was contingent on predator behavior instead of ran-
dom. When a device fires randomly, coyotes may
learn that activation has nothing to do with them.
If the device activates only when the coyote
approaches a particular pasture or engages in a cer-
tain behavior, the coyote is more likely to associate
activation of the device with its own actions (Shivik
and Martin 2000). Field tests of a Radio Activated
Guard (RAG) that was triggered by wolf (Canis
lupus) radiotransmitters had promising results
(Breck et al. 2002), and controlled trials with coy-
otes showed less habituation to behavior-contin-
gent alarms than to randomly fired alarms (Shivik
and Martin 2000). Behavior-contingent frightening
stimuli may become an attractive control option,
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particularly if the prohibitively priced ($3,800 US)
RAG could be made affordable by using inexpen-
sive motion or infrared sensors that would detect
uncollared predators.

Another nonlethal technique is sterilization of
alpha coyotes whose territories overlap sheep. This
may reduce depredation when sheep are only sea-
sonally grazed within coyote territories (Bromley
and Gese 2001b). However, reproductive inhibition
will not eliminate killing if ungulate predation
results from pair-bonding and cooperative foraging
rather than the need to provision pups (Sacks et al.
1999b). There currently are no chemical sterilants
proven safe and effective for coyotes that will not
interfere with territorial behavior, and there is no
reliable way to distinguish alphas from betas and
transients at the time of capture. Therefore, any
reproductive inhibition program would require the
capture and physical sterilization of all adult coy-
otes in an area.

Lethal coyote control: population
reduction

Because all of the aforementioned nonlethal coy-
ote control techniques require significant time and
initial expense on the part of livestock producers,
lethal control is more common. This is particularly
true when large numbers of sheep are grazed over
an extended area with rough terrain and cover that
favors coyotes;nonlethal methods often are imprac-
tical under these conditions. Lethal control also is
less expensive and less labor-intensive for many
producers, since they can supplement their own
efforts by calling in predator control specialists
who are paid through government sources.
However, lethal techniques can vary in their effica-
cy against problem coyotes and in their tendency
to affect nontarget species. Leghold traps, snares,
and cyanide ejectors (M-44s) can be used in ways
that are highly species-selective, by taking care to
use appropriate baits, equipment, and techniques.
These methods are not always effective at remov-
ing problem coyotes, though. Research at HREC in
north-coastal California (Sacks et al. 1999a) found
that young coyotes were particularly vulnerable to
M-44s and that older and alpha coyotes rarely were
trapped or snared during the winter lambing sea-
son when depredation losses peaked.

Aerial gunning of coyotes is highly species-selec-
tive, since shooters verify the target’s identity

before pulling the trigger. Aerial gunning often is
practiced in a population reduction or “preventa-
tive” mode, in which coyotes are shot in an area up
to 6 months prior to the arrival of sheep. Because
preventative aerial gunning is widely touted as an
effective management tool, it makes sense to criti-
cally evaluate the science upon which this claim is
based. The best available research on the efficacy of
this method (Wagner and Conover 1999) conclud-
ed that gunning significantly reduced lamb losses
the following summer. Unfortunately, this study
had several problems. Site selection was
pseudoreplicated; 6 of the 33 grazing allotments
were used 2 or 3 times, which violated the statisti-
cal assumption of independent replicates. In addi-
tion, the selection of treatment and control plots
appeared biased. Wagner and Conover (1999) pre-
sented data for 22 of the allotments that tested for
differences between treatment and control sites.
High variability in losses ensured there were no sig-
nificant differences in mean losses, yet sites that
were later gunned had lower confirmed yearly
lamb losses (2.9 versus 5.4), fewer lambs lost to all
causes (70 versus 100), and a smaller number of
ewes lost to all causes (28 versus 38). The statisti-
cal results also were artificially enhanced by a lack
of correction for multiple comparisons. Confirmed
lamb kills, estimated lamb kills, and lambs lost to all
causes were estimated from the same data set, and
the alpha level for significance should have been
reduced to 0.017. Using the revised alpha level, the
only significant result was the finding that gunned
allotments had fewer confirmed lamb kills than
control allotments. It is unclear whether this result
would have been statistically significant if site-selec-
tion bias and pseudoreplication were correctly
incorporated.

A concurrent study found “no consistent rela-
tionship between extent and intensity of aerial
hunting and lamb losses or the need for SPM”
(Wagner 1997:56), where SPM refers to summer
predation management with traps and shooting.
Wagner (1997) indicated that the lack of correla-
tion could be explained if gunning effort was
biased toward sheep units with more predation,yet
there was no correlation between lamb losses for
the previous year and the amount or extent of gun-
ning.

Traps, snares, M-44s, and preventative aerial gun-
ning are essentially aimed at reducing coyote pop-
ulation levels; they are nonselective methods used
to remove as many coyotes as possible. A study at
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HREC found no relationship between subsequent
lamb losses and the number of coyotes killed using
traps, snares, and M-44s (Conner et al. 1998).
Wagner (1988:113) said that the population reduc-
tion approach is “something of a sledge-hammer
one: If enough coyotes are shot, trapped, and
exposed to M-44s… their numbers can be reduced
and the chances are that the offending animal(s)
will be among those taken and the losses reduced.”
While this approach likely works to decrease live-
stock losses in many cases (e.g., Dorrance and Roy
[1976] discuss increased losses in the United States
after the 1972 toxicant ban), the general public dis-
approves of techniques that kill large numbers of
innocent animals,and this sentiment contributed to
California’s ban on leghold traps and M-44s in 1998
(California Fish and Game Code 1998). In addition,
overuse can decrease the efficacy of these tech-
niques (Sacks et al.1999a), and intensive lethal con-
trol affects coyote demographics. Exploited coyote
populations have a younger age structure, lower
survival, increased juvenile reproduction, larger lit-
ters, and smaller packs (Knowlton et al. 1999). If
populations are severely reduced, there also is the
potential of mesopredator release (Crooks and
Soulé 1999), in which small-carnivore populations
increase and negatively affect birds and small verte-
brates. Henke and Bryant (1999) found that when
coyote density was reduced by 50%, rodent and
black-tailed jackrabbit density increased, the abun-
dance of badgers (Taxidea taxus), bobcats (Lynx
rufus), and gray foxes (Urocyon cinereoargenteus)
increased, and rodent species diversity declined.

Lethal selective control
A few lethal control techniques seem to be selec-

tive toward depredating coyotes: livestock protec-
tion collars (LPCs) and techniques based on coyote
calling. Livestock protection collars are the most
specific; in one study the devices killed coyotes that
attacked sheep in 10 of 14 attacks (Burns et al.
1996). Livestock protection collars are rubber col-
lars that can be placed around the necks of sheep
or goats; each collar has 2 pouches filled with poi-
son. When a coyote attacks the throat of an animal
wearing a collar, one or both of the pouches usual-
ly are punctured and the attacker ingests the toxi-
cant (Conover 2002). Although any poison could
conceivably be used in an LPC, the only chemical
currently approved by the United States
Environmental Protection Agency is Compound

1080, or sodium monofluoroacetate. Compound
1080 is highly toxic to canids; 5 mg will kill a coy-
ote (Burns et al. 1986).

Livestock protection collars filled with
Compound 1080 have several drawbacks. The col-
lars are expensive (around $20 US each),the EPA lim-
its the number of collars that can be used in a given
area, collars must be closely monitored, and carcass-
es and spills must be treated as hazardous waste.
States are required to have registration, training, and
documentation programs before LPCs can be used,
and in 1999 only 7 states had these programs in
place (Timm and Connolly 2001, Conover 2002). In
addition, there are risks of accidental poisoning and
secondary toxicity from Compound 1080.

Accidental poisoning occurs when nontarget ani-
mals ingest poison that spills out of a ruptured collar.
One milliliter of fluid from an LPC exceeds the LD50
(the amount of poison that will kill 50% of individu-
als) of small scavenging birds, golden eagles (Aquila
chrysaetos), all canids,most mustelids,domestic cats,
and bobcats (Wagner 1988). A study examining the
potential for nontarget poisoning found that domes-
tic dogs were somewhat susceptible to poisoning,
and that scavenging magpies (Pica hudsonia) tend-
ed not to feed on contaminated material (Burns and
Connolly 1995). Because coyotes normally feed on
the flank, hindquarters, and viscera rather than the
neck (Wade and Bowns 1982), coyotes that scavenge
another animal’s kill also are unlikely to be poisoned.
Innocent coyotes are susceptible to poisoning if they
eat regurgitant from a poisoned coyote; in one study
the researchers believed that a coyote died in this
manner (Burns et al. 1986). Secondary toxicity
occurs when Compound 1080 levels are high
enough in a poisoned animal to affect other animals
that scavenge the carcass. When striped skunks
(Mephitis mephitis) and golden eagles were fed a
diet simulating toxin levels found in coyotes killed by
LPCs, all study animals reduced their food intake, and
half of the eagles showed sublethal signs of 1080 poi-
soning (Burns et al. 1991).

The other lethal techniques that show promise
for selecting depredating coyotes, denning and call-
ing and shooting, are both based on coyote calling.
Calling has been in use for decades (e.g., Alcorn
1946), and involves producing sounds that interest
coyotes enough for them to vocally respond or
approach. Calling techniques include imitating
coyote howls and prey by mouth, making sounds
with the help of small reed-based callers, or using
sophisticated electronic speakers that store a vari-
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ety of calls and can be operated by remote control.
Denning typically depends on vocal responses to
calling; these responses are used by trappers to pin-
point den sites. Once located, the den site is visit-
ed and pups or adults are killed; killing only the
pups has been shown to temporarily reduce coyote
depredations almost as much as killing the entire
pack (Till and Knowlton 1983). The combination of
calling and shooting is used by itself or in conjunc-
tion with denning; coyotes are shot when they
approach the site where a call was broadcast.
Calling is often used in conjunction with trained
dogs that enhance responsiveness to calls and help
damage-control specialists find active coyote dens
(Coolahan 1990). The selectivity of coyote calling
toward breeding males seems to vary depending on
the type of call used. Windberg and Knowlton
(1990), when they used rabbit distress calls to
attract coyotes, found that calling and shooting was
biased toward younger animals, but not sex-biased.
In contrast, Wagner (1997) found that calling and
shooting was strongly sex-biased when pup distress
calls,adult coyote calls,and trained dogs were used:
80 percent of coyotes shot were adult males
despite an apparently equal population sex-ratio.

Coyote calling has potential as a selective, effec-
tive, and inexpensive way of dealing with problem
animals. If used sparingly, denning and calling and
shooting have minimal population-level or environ-
mental effects; also, the public is more approving of
selective control measures than of poisons and indis-
criminate trapping and shooting (Reiter et al. 1999).
The selectivity of these methods needs to be evalu-
ated experimentally, and their use will remain limit-
ed without a more thorough understanding of how
coyotes respond to a variety of calls played in differ-
ent environmental conditions throughout the year.

A variety of common control methods can be used
selectively in certain situations. Traps, snares, and M-
44s can be set in locations that are more likely to be
visited by problem animals (e.g., around sheep bed-
ding grounds or coyote den sites); shooting can be
used to kill coyotes as they approach bedded flocks;
and aerial gunning can be used in conjunction with
coyote calling to remove coyote dens. It is likely
these techniques will work well for selective control,
but their efficacy remains to be demonstrated.

The future of coyote depredation
management research

Past and current research has improved our

understanding of coyote ecology and assisted in the
development of new and improved control meth-
ods, but this is not enough. New studies are need-
ed that will examine coyote behavior and the effi-
cacy of depredation management while following
strict experimental protocols under operational
conditions. These studies must be well designed,
with appropriate controls and randomization. This
level of rigor is rare in coyote depredation research,
primarily because it is difficult to convince produc-
ers to accept a random treatment assignment that
could require them to follow a strategy they feel is
inappropriate. Much of their resistance probably
could be overcome with the establishment of a
compensation fund for documented losses that
occur when producers participate in research.

We believe that research needs to continue and
expand along 4 fronts: studies aimed at developing
and improving depredation management tech-
niques; investigations of coyote ecology relative to
livestock and natural prey; comparative studies of
the efficacy of specific control methods; and exam-
ination of the relative costs and benefits of different
control strategies in different situations. Specific
ideas for research in each of these areas are out-
lined below. These experiments are not cheap or
easy, but they would go a long way toward improv-
ing the success and cost-effectiveness of coyote
depredation management.

Improved depredation management
techniques

This category includes separate phases for tech-
nique development and testing. Development
should begin with observations of coyote behavior
toward control devices and procedures. For exam-
ple, how do coyotes behave toward guard animals?
What do they do after a behavior-contingent guard
fires?  What are the conditions that increase the
responsiveness of dominant individuals to coyote
calling?  Which coyotes investigate traps set near
bedding grounds?  Observations and behavioral
experiments investigating how marked, free-rang-
ing coyotes behave toward various control meth-
ods are crucial for ensuring that techniques are as
effective as possible before expensive operational
tests are conducted.

Operational testing should incorporate 2 or 3
pairs of sites that are identical with respect to
important parameters (e.g., flock size, topography,
herding procedures, depredation levels, and previ-
ous and ongoing control efforts). One site in each
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pair should be randomly selected to receive the new
control method, and the treatment site should be
switched in the following year. Additional sets of
sites that differ for some of the important parame-
ters can be included in the experiment or pursued
as a separate experiment to determine how the con-
trol technique performs across a variety of depreda-
tion management conditions. A standardized proce-
dure for using the management technique and
measuring its success would be needed to allow for
comparisons of efficacy in different situations.

Investigations of coyote ecology
A long-term (>5 years) experiment is needed that

investigates the relationship between coyote popu-
lation density and depredation levels, examines
potential buffering by wild prey, and determines
whether depredation results from the actions of a
subgroup of the coyote population. This study
should be conducted at >2 sites, and planned to
coincide with natural variation in wild prey abun-
dance (e.g., a black-tailed jackrabbit population
irruption and crash, as in Stoddart et al. [2001]).
Accurate counts of livestock losses from coyotes
would be needed and could be facilitated by using
subcutaneous radiotransmitters on a subset of the
livestock so that causes of death of missing animals
can be estimated. Prey densities can be measured
using adequately calibrated line transects (for larg-
er prey like rabbits) and trapping grids for rodents.
Coyotes would not need to be captured for this
experiment; mark–recapture population estimates
can be obtained by analyzing DNA in coyote scats
collected along a grid of scat transects. The DNA
analysis also would allow for a determination of the
social structure, especially if the data were supple-
mented with DNA from pup scats at den sites. Scat
transects also would yield diet information and
approximate territory boundaries for coyotes in
the population; in addition, the scat DNA can be
compared with saliva DNA taken from wounds of
dead livestock (Williams et al. 2003) to identify
problem coyotes in the population.

Comparative efficacy of control methods
There currently is no solid data on the compara-

tive efficacy of various corrective (i.e., post-depre-
dation) lethal control methods,but this information
could be collected with the cooperation of depre-
dation management specialists. Participants would
collect predator DNA from saliva samples on dead
livestock, then carry out corrective control using

methods of their choosing. These methods could
include calling and shooting, denning, trapping
with snares or leghold traps, use of M-44s, or cor-
rective aerial gunning. As specialists kill coyotes in
the area, they would collect a DNA sample from
each carcass, note the control method, and record
their location. DNA from saliva swabs would be
matched to DNA from coyotes removed from the
same area to determine whether the livestock killer
was taken. This information would be supplement-
ed with geographic habitat and topography data,
plus information from livestock producers docu-
menting important covariates (e.g., whether live-
stock are present year-round, plus their numbers
and distribution). Finally, a cost-benefit analysis of
the various control techniques could be conducted
using additional information concerning the time
and physical resources used for control efforts.

Costs and benefits of different control
strategies

Several cost-benefit analyses suggest that lethal
coyote control is a cost-effective way of solving
depredation problems (Nass 1980, Pearson and
Caroline 1981, Bodenchuk et al. 2000). These analy-
ses were based on the same group of studies from
the 1970s that documented livestock losses in situa-
tions with and without lethal control. The studies
occurred in a variety of different habitats with mul-
tiple types of husbandry practices and differing base-
line predation levels. As Pearson and Caroline
(1981) noted, comparing these studies was not
strictly valid, but it did provide a reasonable starting
point for estimating the benefits of predator control.

The accuracy of these and other cost-benefit
analyses will be questioned until rigorous con-
trolled experiments produce reliable data about dif-
ferent control strategies. One potential experiment
would involve identifying 6 sites that are matched
for animal husbandry practices, ecological charac-
teristics, existing coyote control efforts, and live-
stock losses. At the start of the 3-year study, one-
third of the sites would receive no lethal control,
another third would receive selective control tar-
geted toward specific problem animals, and the
remaining sites would receive coyote population
reduction. Control methods would then be rotated
for the next year (e.g., of the 2 sites initially receiv-
ing no lethal control, 1 would receive population
reduction and the other would receive selective
control), and the remaining treatment for each site
would be applied in the final year. This counterbal-
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anced repeated-measures design should reduce any
potential carryover effect, in which the treatment
applied in one year affects the results for the fol-
lowing year (Zar 1999). Data collected would
include livestock losses and the costs and efficacy
of the different control strategies, and the analysis
would produce the first accurate assessment of the
benefits of lethal control for reducing livestock
losses. Replicating this experiment at other groups
of sites with different initial conditions would lead
to an accumulation of reliable data that livestock
producers and control agencies could use to deter-
mine the best depredation management strategy
for a given situation.
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ABSTRACT Evaluating anthropogenic mortality is important to develop conservation strategies for red wolf
(Canis lupus) recovery. We used 26 years of population data in a generalized linear mixed model to examine
trends in cause-specific mortality and a known-fate model in Program MARK to estimate survival rates for
the reintroduced red wolf population in North Carolina, USA. We found the proportion of mortality
attributable to anthropogenic causes, specifically mortality caused by gunshot during fall and winter hunting
seasons (Oct–Dec), increased significantly since 2000 and became the leading cause of red wolf death.
Mortality rates were greatest for red wolves <4 years of age, and we suspect inexperience with human
activities (e.g., hunting) likely caused younger wolves to be more susceptible to opportunistic killing by
hunters. Since 1987, the red wolf population steadily grew and peaked at an estimated 151 individuals during
2005 but declined to 45–60 by 2016. To reduce the negative effects of anthropogenic mortality and ensure
long-term persistence of red wolves, the United States Fish and Wildlife Service (USFWS) will need to
re-implement previous long-standing and proven management practices (e.g., Red Wolf Adaptive
Management Plan) on public and private lands and cease issuing take permits. The USFWS will also need to
establish an effective management response to mitigate gunshot mortality through stronger regulation of
coyote (Canis latrans) hunting and provide adequate ecologically and biologically supported regulatory
mechanisms to protect red wolves. Finally, the USFWS should enhance recovery by providing information
and education about red wolves to hunters and the general public. � 2016 The Wildlife Society.

KEY WORDS Canis rufus, conservation, hunting, mortality, population, red wolf, survival.

Fundamental to management strategies in conservation
biology is the connection between sources of mortality and
population size (Woodroffe et al. 2007, van de Kerk et al.
2013). Globally, large carnivore species have been subjected
to significant anthropogenic mortality, resulting in severe
population declines and range contractions (Treves and
Karanth 2003, Cardillo et al. 2004, Ripple et al. 2014). As a
result, many large carnivores exist as remnant populations
requiring legal protections and ongoing conservation to
persist in human-dominated landscapes (Linnell et al. 2001,
Musiani and Paquet 2004). In particular, intensive predator
control programs and excessive hunting reduced red wolves
(Canis rufus) to a single remnant population along the coastal
border of Louisiana and Texas by the mid-twentieth century
(Russell and Shaw 1971, Shaw 1975, U.S. Fish and Wildlife
Service [USFWS] 1990). This red wolf population was
intentionally extirpated from the wild during the 1970s by
the USFWS when recovery in situ was deemed unlikely

because of persecution, disease, poor habitat, and hybridiza-
tion with coyotes (Canis latrans; USFWS 1990, Hinton et al.
2013). Following the development of a captive red wolf
breeding program, the USFWS reintroduced wolves into
eastern North Carolina, USA during 1987 (USFWS 1990).
By 2007, the USFWS reported an increasing proportion of
red wolf deaths by anthropogenic sources and suggested that
wolf fatalities resulting from gunshots were most problem-
atic to recovery (USFWS 2007, Bartel and Rabon 2013).
Following the reintroduction of red wolves into eastern

North Carolina, a population and habitat viability assess-
ment (PHVA) conducted in 1999 predicted annual
population growth rate (l) increases of 20% from 2000 to
2010 with a carrying capacity of 150 individuals in the
designated Red Wolf Recovery Area (Kelly et al. 1999).
Annual tallies of red wolves fitted with radio-collars and pups
counted at dens conducted by the USFWS Red Wolf
Recovery Program (Recovery Program) peaked at 131 known
individuals in 2001 and then fluctuated between 90 and 125
until 2014 (USFWS 2007, 2014). Because the PHVA
reported red wolf hybridization with coyotes to be the
primary threat to recovery, the Red Wolf Adaptive
Management Plan (RWAMP) was initiated in 2000 to
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prevent coyote introgression into the wild red wolf
population (Stoskopf et al. 2005, Rabon et al. 2013,
Gese and Terletsky 2015, Gese et al. 2015). However, since
2004, the number of red wolves killed by gunshot increased
approximately 2.75 times when compared to years prior to
2004 (Bartel and Rabon 2013). As a result, recent concerns
regarding the wild population of red wolves have focused on
understanding sources of mortality affecting red wolf
population dynamics and their effects on long-term recovery,
and potential management strategies to reduce anthropo-
genic mortality (Sparkman et al. 2011; Hinton et al. 2015a,b;
Way 2014; Murray et al. 2015).
Two previous studies assessed effects of anthropogenic

mortality on the reintroduced red wolf population (Sparkman
et al. 2011, Murray et al. 2015). Sparkman et al. (2011)
suggested that anthropogenic mortality could have
additive effects on red wolf populations at low densities, but
non-breeding adults in the population could provide density-
dependent compensation by replacing breeders that were
killed. After reanalyzing the same dataset, Murray et al.
(2015) reported that red wolf demographics from 1999 to
2007were similar to those observed in stationary or increasing
wolf populations elsewhere. However, neither study
adequately addressed current trends in red wolf survival
because they lacked data collected since 2007 when the
RecoveryProgramreported that the average annual numberof
gunshot-related mortalities had increased significantly
(USFWS 2007, Bartel and Rabon 2013). Murray et al.
(2015) contended that current conditions were inadequate to
establish a viable self-sustaining red wolf population but
disagreedwith the suggestion ofHinton et al. (2013) formore
research to help improve recovery in eastern North Carolina.
We suggest that amore comprehensive assessment of redwolf
survival is required for several reasons.
First, most anthropogenic mortality was reported to occur

during fall and winter, which coincide with the red wolf
breeding season (USFWS 2007, Bartel and Rabon 2013).
Despite this, Murray et al. (2015) did not assess seasonal
variation in red wolf survival. Indeed, Hinton et al. (2015a)
reported that shooting deaths of red wolves during fall and
winter hunting seasons disrupted wolf breeding pairs,
allowed coyote encroachment into formerly held wolf
territories, and facilitated congeneric pair-bonding between
surviving wolves and transient coyotes, which resulted in
increased hybridization. Second,Murray et al. (2015) did not
account for survival of non-telemetered wolves (e.g., pups).
The Recovery Program has cross-fostered captive-born pups
into wild litters to augment genetic diversity and growth
rates of the wild red wolf population (Bartel and Rabon 2013,
Gese et al. 2015) and it is unknown whether captive-born
pups had survival rates similar with those born in the wild.
Finally, accurate estimates of annual population sizes for red
wolves require incorporating recapture rates of pups and age-
specific survival rates. To date, these data have not been
included in a comprehensive estimate of red wolf population
size over time. Therefore, a contemporary assessment of
survival, changes in causes of mortality of red wolves over
time, and abundance of red wolves in eastern North Carolina

is needed to better understand how variation in survival and
sources of mortality influence red wolf population size.
TheUSFWS is responsible for developing recovery plans to

address key threats to the survival of endangered species, such
as the red wolf (Hoekstra et al. 2002, Treves et al. 2015).
Indeed, the Endangered Species Act of 1973 (ESA) requires
the USFWS to document factors that imperil species
populations, conduct research to determine strategies to
eliminate those threats, and then implement those strategies
(Scott et al. 2010, Finkelstein et al. 2012). Anthropogenic
mortality and hybridization were identified as the 2 primary
threats to red wolves (Kelly et al. 1999, USFWS 2007,
Rabon and Bartel 2013). Despite measures taken to address
hybridization via the RWAMP (Stoskopf et al. 2005, Gese
and Terletzky 2015, Gese et al. 2015), the USFWS has not
addressed threats of anthropogenic mortality for red wolves.
Ultimately, understanding how causes of red wolf mortalities
change over time will allow the USFWS to respond with
effective management to reduce excessive mortality and
achieve population sizes essential to recovery. Our objective
was to assess population-level impacts of anthropogenic
mortality on the only wild population of red wolves.
Specifically, a primary purpose of our analysis was to predict
the probability of a given outcome (shooting deaths of red
wolves) at a given time (white-tailed deer [Odocoileus
virginianus] hunting season) for individual wolves. To
accomplish this, we assessed monthly and age-class specific
survival rates and identified factors influencing the timing
and occurrence of mortality.

STUDY AREA

The Red Wolf Recovery Area consisted of a 5-county area
(Beaufort, Dare, Hyde, Tyrrell, and Washington) in North
Carolina, including 4 national wildlife refuges (Alligator
River, Mattamuskeet, Pocosin Lakes, and Swanquarter), a
Department of Defense bombing range, and state-owned
lands that encompassed about 6,000 km2 (Fig. 1). Approxi-
mately 60–70% of the Recovery Area was privately owned
lands comprising agricultural croplands (i.e., corn, cotton,
soybean, winter wheat) andmanaged pine (Pinus spp.) forests.
Federal and state lands comprised mostly of coastal bottom-
land forests, pocosin, and fresh and saltwaterwetlands (Hinton
et al. 2015c). Further details of the study area can be found in
Hinton and Chamberlain (2010) and Hinton et al. (2015c).

METHODS

Field Data Collection
From 1987 to 2013, the Recovery Program annually trapped
wild red wolves to fit individuals with mortality-sensitive
radio-collars (Teleonics, Mesa, AZ, USA) and regularly
monitored radio-marked wolves until individuals died or
radio-collars stopped working. Red wolves were captured
using padded foot-hold traps (Victor no. 3 Softcatch,
Woodstream, Lititz, PA, USA). Detailed life-history data
permitted us to assign accurate ages to wolves. Red wolves
�8 months were not typically radio-collared if they were
below the minimum physical size to safely wear radio-collars
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and had the potential to increase in body mass (Hinton and
Chamberlain 2010, 2014). Although we used trapping data
to accomplish multiple objectives and trapping could not be
standardized temporally or spatially, we believe trapping
efforts that were part of the large-scale, long-term
monitoring efforts conducted across the 5-county Recovery
Area provided an adequate proxy for abundance of red wolves
in eastern North Carolina (Lovett et al. 2007, Stephens et al.
2015). Furthermore, standardized practices of monitoring
the reintroduced red wolf population (RWAMP; Rabon
et al. 2013) facilitated data collection in a relatively consistent
way to provide the context for interpreting observed changes
(Lovett et al. 2007, Gitzen et al. 2012). All methods used to
capture andprocess redwolveswere approvedby theLouisiana
State University Agricultural Institutional Animal Care
and Use Committee (Protocol Number AE2009-19) and
met guidelines recommended by the American Society of
Mammalogists (Sikes et al. 2011).
Recovery Program biologists conducted weekly radio-

telemetry flights as their primary means of monitoring
radio-collaredwolves.This allowed them to identify territories
and, during spring, locate dens and daybeds of radio-collared
females to count and process pups (Beck et al. 2009, Rabon
et al. 2013). From 2000 to 2013, after implementation of the
RWAMP, biologists took blood samples of red wolf pups
discovered during den checks to verify parentage andmaintain
a pedigree of the wild population (Miller et al. 2003, Brzeski

et al. 2014, Gese et al. 2015) and implanted passive integrated
transponder (PIT) tags in each pup subcutaneously to identify
non-collared red wolves captured during annual trapping
(Beck et al. 2009, Hinton and Chamberlain 2014). Collec-
tively, annual trapping and den work allowed the Recovery
Program to estimate population size, survival, and reproduc-
tion through a known count approach (USFWS 2007, Rabon
et al. 2013).
For radio-collared red wolves, the Recovery Program

identified mortality events through detection of a mortality
signalduringaerial telemetry surveys and recoveredcarcasses to
determine causes of mortality. Recovery Program biologists
recordedestimated timeofdeath, suspectedor confirmedcause
of death, location, and land ownership. If circumstances
surrounding the death appeared suspicious and biologists
suspected foul play, they contacted USFWS law enforcement
officers to collect additional evidence. For law enforcement
investigations, wolf carcasses were sent to the USFWS
National Forensics Laboratory (Ashland, OR, USA) for
necropsy and analysis. For other cases where initial cause of
death could not be determined, carcasses were transported
to the United States Geological Survey National Wildlife
Health Center (Madison, WI, USA) for necropsy. However,
citizens occasionally reported road-killed red wolves and
wolves mistakenly harvested as coyotes.
We examined capture and processing information, medical

history, and mortality reports for each red wolf mortality

Figure 1. North Carolina, USA, showing the location of the Red Wolf Recovery Area (hatched area) in the eastern portion of the state.
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event from October 1987 to September 2013. We classified
mortalities into 3 generalized categories: natural causes (i.e.,
disease or health-related, intraspecific strife), anthropogenic
(i.e., private trapping, vehicle collision, poison, suspected
or confirmed gunshot, other suspected illegal killing), or
unknown. We classified mortalities as unknown causes of
death if there was not enough biomaterial present to
determine cause of death (e.g., skeletal remains, hair mat
only), necropsy analyses were inconclusive, or multiple causes
of death were suspected and not confirmed by necropsy.
Mortalities caused by gunshot included suspected cases
where there was evidence of foul play (e.g., a cut or removed
radio-telemetry collar or bullet wounds), and confirmed cases
where there was evidence of bullet fragments through
radiographs or necropsy examinations. We confirmed
instances of poisoning by necropsy and toxicological analysis.
We excluded population monitoring activities (i.e., trapping
and den checks) as an anthropogenic source of mortality for 2
reasons. First, deaths caused by population monitoring
activities were intermittent, infrequent (4.7% of known
deaths), and mostly resulted from faulty genetic testing and
euthanizing of hybrids. Second, by not pooling all sources of
anthropogenic mortality, we avoided obscuring the relative
importance of other anthropogenic sources of mortality (e.g.,
gunshot, vehicle collisions) with mortalities caused during
monitoring efforts. We considered this approach important
for interpreting changes in causes of mortality for red wolves
because recommendations for reducing anthropogenic
sources of mortality caused by gunshots and vehicle collisions
are fundamentally different than those reducing mortalities
caused by population monitoring. Hereafter, we report
percentage of total mortality comprising each of the causes
described above.

Cause of Death Analysis
We evaluated changes in causes of mortalities of red wolf
carcasses recovered and summarized causes by year. For
consistency, we reported mortalities and causes of deaths
usingOctober 1 through September 30 as our biological year,
similar to the population estimates provided by the USFWS
(USFWS 2007). We calculated changes in the number of
mortalities of radio-marked red wolves recovered with
known causes of death for the entire data series (1987–2013)
with logistic regression models using PROC NLMIXED
(SAS 9.3, SAS Institute, Cary, NC, USA) in which fixed and
random effects were permitted to have a nonlinear
relationship to the proportion of red wolf deaths. We
considered models with constant, linear, and quadratic time
trends, plus we added a mean zero normally distributed
random effect of year on the logit scale to explain extra-
binomial variation around the trend line to the models. We
expected extra-binomial variation (over-dispersion) to occur
because logistic regression models are based on an underlying
binomial variation. Extra-binomial variation resulted from
heterogeneity and the lack of a perfect fit by our model.
Therefore, we modeled over-dispersion in our logistic
regression models and estimated the proportion of the 3
categories of mortality (i.e., natural, anthropogenic, and

unknown) through time. We selected models based on
Akaike’s Information Criterion for small samples (AICc),
Akaike weights (wi), and model deviance (Burnham and
Anderson 2002). We compared models including individual
covariates to the intercept-only model to determine if the
covariates improved fitted models. We considered the model
with the lowest AICc and the highest model weight as the
best model (Burnham and Anderson 2002).

Survival Analyses
We conducted 2 separate survival analyses because the
Recovery Program uses 2 types of population surveys to
monitor red wolves. Each spring, the Recovery Program
monitored radio-collared red wolves associated with breed-
ing territories (USFWS 2007, Gese et al. 2015, Hinton et al.
2015a). During spring den checks, Recovery Program
biologists located and PIT-tagged red wolf pups in breeding
territories by locating daybeds and dens of radio-collared
female breeders (Beck et al. 2009, Gese et al. 2015). As a
result, the USFWS estimated red wolf population during fall
seasons comprised a count of known radio-collared red
wolves and known PIT-tagged pups. Therefore, implanting
red wolf pups with PIT tags during annual den checks during
whelping seasons (Mar–May) allowed Recovery Program
biologists to later identify non-collared red wolves during
annual trapping efforts throughout the Recovery Area. These
mark-recapture encounters served as re-sighting data to
estimate annual survival of red wolf pups using a joint live-
dead analysis. When PIT-tagged red wolves were radio-
collared during annual trapping efforts, individuals were then
shifted to the known-fate analysis because routine monitor-
ing provided more frequent radio-telemetry data with higher
probabilities of encounters. Telemetry data made it possible
to estimate monthly variation in survival of juvenile and adult
red wolves.
Known-fate models are commonly used in telemetry

studies to estimate survival probability between sampling
occasions (White and Burnham 1999, Schwartz et al. 2006,
Gusset et al. 2008, Ackerman et al. 2014, Chitwood et al.
2015). For radio-collared red wolves, we calculated survival
rate estimates in Program MARK using a parameter
estimation analogous to the non-parametric Kaplan–Meier
product limit estimator (Kaplan and Meier 1958) through a
known-fate approach that employs binomial likelihood
functions over a specified interval and allows consideration of
individual and external covariates (White and Burnham
1999). Our known-fate model assumed that the process of
radio-collaring red wolves did not affect individual fates, that
fates among individuals were independent, that the
encounter probability was equal to 1, and that censoring
was unrelated to mortality (White and Burnham 1999). The
basic model used in our survival analysis was a logistic model
with a logit link. We defined October 1987 as the time of
origin of the study to obtain survival estimates.
Radio-telemetry flights were scheduled to occur twice a

week to monitor radio-collared red wolves. However,
inclement weather and other logistical constraints prevented
monitoring wolves for extended periods each year. Indeed,
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many red wolves were not found for greater than 2 weeks at a
time, and this introduced biases into our analysis as described
in Heisey et al. (2007). When time of death is not estimated
exactly, many tied death times result in the data, and
estimates are no longer valid. Therefore, we followed the
suggestion of Heisey and Patterson (2006) and used methods
for interval-censored data. The use of monthly intervals
accommodated the lack of information on exact time of
death and provided unbiased estimates of monthly and
annual survival.
We summarized capture data for all red wolves during

1987–2013 into monthly encounter histories based onWhite
and Burnham’s (1999) live-dead encounter format for entry
into Program MARK. This allowed for staggered data entry
of new red wolves and right-censoring of individuals to a
month when they were lost because of radio failure or other
reasons (Pollock et al. 1989, White and Garrott 1990). We
used data from censored individuals in the model up until the
time of censoring. Although cause of death for an individual
red wolf was not always known, knowing the interval in
which the animal died allowed us to use a known-fate model
(White and Burnham 1999). In cases where individuals were
not encountered during a subsequent interval, we estimated
time of morality as the midpoint between encounters. We
recorded red wolves as alive, dead, or censored for each
monthly interval.
We investigated the influence of individual and temporal

covariates on survival of radio-collared red wolves with all
possible models developed from combinations of year,
month, age, and sex. Structure for all models was additive,
with no interaction terms. We treated each year as an
attribute group in Program MARK, and estimated annual
survival as the product of the 12 monthly survival estimates.
We included age and sex as individual covariates to
investigate the potential influence of these factors on
survival. Temporal covariates included year and month.
We included month as a categorical effect and used
December as the reference category. We evaluated model
sets using AICc. We considered the model with the smallest
AICc and the largest Akaike weights (wi) to be the most
parsimonious. We did not conduct goodness-of-fit tests
because known-fate data types can be fit as a completely
saturated model leaving no degrees of freedom. The global
model considered in our survival analysis was also the
saturated model and no goodness-of-fit test was possible
because the saturated model left no degrees of freedom
(Schwartz et al. 2006). We calculated the relative deviance as
the difference in�2log (likelihood) of the current model and
�2log of the saturated model, in which the deviance is a
measure of the relative goodness of fit of each model (White
and Burnham 1999).
For non-collared red wolves marked with PIT tags, we used

the Burnham joint live-dead model in Program MARK to
estimate survival rates until recapture from their first year
through their fourth year of age (Burnham 1993, White and
Burnham 1999). Individuals entered our analysis via 1 of 3
origins: wild born, cross-fostered, and released. Most wild
born red wolves were encountered as pups in dens and then

marked with PIT tags. During annual trapping, wild born
red wolves were encountered a second time when fitted with
radio-collars. First encounters for wild born red wolves not
discovered as pups in dens occurred during annual trapping
when non-PIT tagged juveniles and adults were captured,
marked with PIT tags, and fitted with radio-collars. During
the initial phase of reintroduction, captive-born adult red
wolves and their pups (<6 months) were released from island
propagation sites into the wild (Phillips et al. 2003).
However, after the RWAMP was implemented in 2000,
captive-born red wolf pups were cross-fostered into wild
litters (Gese et al. 2015). In both situations, first encounters
occurred when pups were PIT tagged and introduced into
the wild. Like wild-born pups, second encounters for
released and cross-fostered pups occurred during annual
trapping efforts when they were recaptured and fitted with
radio-collars. When red wolf pups were recaptured and
radio-collared, they were entered into the known-fate model
described above.
With the Burnham joint live-dead model, both live

encounters and dead recoveries are used to estimate survival.
We set the site fidelity parameter (F) to 1 for allmodels (i.e., no
emigration from the study area). From the minimum AICc

model,weobtainedage-specific survival estimates (0–1and>1
years of age) for the combined origins. Using these survival
estimates, we constructed the probability of a redwolf living 1,
2, 3, and 4 years after being born, fostered, or released into the
wild population. The probability of surviving to 1 year of age
was the first-year survival estimate (Ŝ1). The probability of
survival to year 2 was the product of the first- and second-year
survival (Ŝ1Ŝ2). The probability of survival to year 3 was the
product of the first-year survival and the second-year survival

squared to provide a 3-year estimate (Ŝ1�ðŜ
2

2Þ), and similarly

for the fourth-year probability (Ŝ1�ðŜ
3

2Þ). We computed the

variances of these survival estimates with the delta method
using the formula below (age k¼ 0, 1, 2, 3), and used the
covariances of these estimates because themodel providing the
estimates had a sampling covariance between the estimates.

VarðŜ1Ŝ
k

2Þ ¼ Ŝ
2ðk�1Þ
2 2kŜ1Ŝ2CovðŜ1; Ŝ2Þ þ k2Ŝ

2

1VarðŜ2Þ þ Ŝ
2

2VarðŜ1Þ
� �

SEðS1Sk2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VarðS1Sk2Þ

q

We estimated the population of pups that remained after
4 years by first determining the number of pups released in a
particular year minus the number with known fate that were
removed each year, either through capture and marking with
radio-collars, or else recovered dead. To estimate fate of pups
with unknown status, we applied the probability of survival to
estimate number of these unknown pups remaining alive at
each year:

L1 ¼ n4Ŝ1;L2 ¼ n3Ŝ1Ŝ2;L3 ¼ n2Ŝ1Ŝ
2

2; and L4 ¼ n1Ŝ1Ŝ
3

2

where La were the number of pups of age a¼ 1, . . ., 4, from
years 4, . . ., 1, with number of unknowns n4, n3, n2, and n1,
respectively. We computed the standard error of the
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estimated population of pups with unknown fates for each
year as

SEðL1 þ L2 þ L3 þ L4Þ ¼ ½2Ŝ1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ

ðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4ÞCovðŜ1; Ŝ2Þ

þðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4Þ2VarðŜ1Þ

þŜ2

1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ2VarðŜ2Þ�1=2

We investigated the influence of individual and temporal
covariates on survival of non-collared red wolves with a set of
candidate models developed from all combinations of
survival (S), age (a), origin (g), probability of carcass recovery
(r), recapture probability (p), time-specific survival (t), and
constant survival (.). We evaluated model sets using AICc.
We considered the model with the smallest AICc and the
largest Akaike weights (wi) to be the most parsimonious.
Because the global model considered in our survival analysis
was also the saturated model, no goodness-of-fit test was
possible (Schwartz et al. 2006).

Annual Population Sizes and Growth Rates
The USFWS used combined counts of PIT-tagged pups
and radio-collared individuals to estimate annual sizes of
the wild population. Obviously, not all red wolves were
accounted for because not all pups were found or
recaptured. These individuals were usually radio-collared
as juveniles and adults during subsequent annual trapping
efforts, but some were never captured. Therefore, we used
Burnham live-dead models to provide a more accurate
estimate of population size by calculating the survival rates
of PIT-tagged pups. Specifically, we first determined the
number of pups PIT tagged in a particular year and then
used probabilities of pups being alive 1, 2, 3, and 4 years
after release to apportion them out across the 4-year period.
We then subtracted the number of PIT-tagged wolves
radio-collared or recovered dead for each year. This left the
red wolves that were of an unknown status. We then applied
the probability of survival estimates from the Burnham live-
dead models to determine the number of unknowns
remaining alive each year. We added the number of
unknowns estimated to be alive for a given year into the
radio-collared population to obtain the population estimate.
The standard error of the population estimate for each year
was the product of the standard error for unknown red
wolves and the probability of surviving to that year.
Therefore, the standard error of the population estimate for
each year was the same as the standard error of unknowns
remaining because the number of living radio-collared
wolves was known without error (i.e., it had no variance).
We reported standard errors only for 2000–2013 because
more thorough attempts to find and investigate dens to
construct a red wolf pedigree began in 2000 (Miller et al.
2003, Brzeski et al. 2014, Gese et al. 2015). In other words,
accurate estimates of recapture rates for non-collared red
wolves occurred after the implementation of the RWAMP
when finding and marking red wolves and monitoring
breeding pairs became essential to limiting hybridization.

We compiled annual estimates of population size by year
(1 Oct–30 Sep) from 1987 through 2013 by summing the
number of known radio-collared wolves with the number of
estimated non-collared wolves remaining alive each year.We
then used our estimates of population size to calculate annual
population growth rate (l) for year n by dividing the
estimated population size in the year nþ1 by the population
size in year n.

RESULTS

From 1987 and 2013, we recorded 372 red wolf deaths and
identified cause of death for 300 (80.6%) of these wolves.
Anthropogenic causes of death accounted for 73% of red wolf
mortality, whereas natural causes comprised 27%. Of 219
human-caused deaths, 51% involved foul play (n¼ 112),
including gunshot (n¼ 88), poison (n¼ 11), and other
suspected illegal killings (n¼ 13). The proportion of
mortality attributable to anthropogenic causes increased
over time (Wald x2

1¼ 20.47, P< 0.001; Table 1 and Fig. 2).
We also observed an increasing trend of red wolf mortalities
attributed to gunshot over time (Waldx2

1¼ 13.96, P< 0.001;
Table 2 and Fig. 3). Vehicle collisions, capture by private

Table 1. Model selection results from the cause-specific mortality analysis
for evaluating anthropogenic mortality as a proportion of total mortalities
with known cause of death in red wolves in eastern North Carolina, USA,
1987–2013. For each model, we provide Akaike’s Information Criterion
(AICc), Akaike weights (wi), number of estimable parameters (K), and
deviance.

Model AICc DAICc K wi Deviance

Trend 104.91 0.00 2 0.46 100.39
Trendþ random effect 105.61 0.70 3 0.33 98.52
Trend2 107.46 2.55 3 0.13 100.38
Trend2þ random effect 108.38 3.47 4 0.08 98.48
Constantþ random effect 113.44 8.53 2 0.01 108.92
Constant 124.34 19.43 1 0.00 122.17
Year 1,510.02 1,405.11 26 0.00 54.02

Figure 2. Proportion of red wolf mortalities caused by humans relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.
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trappers, and management-related activities accounted for
34%, 8%, and 7% of red wolf mortalities attributed to
anthropogenic causes, respectively. Health-related cases
accounted for 70.4% of natural causes of death, whereas
intraspecific strife accounted for 29.6%.
From 19 to 2013, 537 red wolves were radio-collared.

Demographic data were available for 365 of 372 observed red
wolf mortalities and included 72 pups, 95 juveniles, and 198
adults. Our analysis indicated that month and age were the 2
most important factors influencing red wolf survival, whereas
year and sex were not important (Tables 3 and 4). The
estimated average age at time of death was 3.2 years; only 9
wolves survived past age 10. Mean monthly survival rates
were lowest from October through December (Fig. 4). Age-
specific annual survival rates ranged between 0.14 and 0.81
(Fig. 5). Maximum annual survival occurred at age 5 (0.81),
and 68% of red wolves died before age 4.
From 1987 to 2013, the annual probability of recapturing

and radio-collaring previously PIT-tagged red wolf pups
was 62% (n¼ 826). Only 18 carcasses of non-collared red
wolves (18 wild born) were recovered; there were never any
carcasses recovered for fostered pups. Three carcasses of
released pups were recovered. Of the candidate models,

survival estimated as a function of 2 age classes (pups and
ages 2–4 combined) was our top model (Tables 5 and 6). We
considered this the most plausible model because few red
wolves survived to 4 years of age without being recaptured
and fitted with radio-collars, so there were little data to
estimate separate survival rates for 3- and 4-year-old wolves
without radio-collars. Further, assuming constant survival
after the first year is biologically reasonable and simplifies the
computation of the number of non-collared red wolves
remaining alive in the wild population. Mean estimates for
first-year pup survival (Ŝ) calculated by year ranged 0.505–
0.721 and mean survival was 0.619� 0.056 for the entire
study period. For red wolves that survived their first year
(ages 2–4), mean survival by year ranged between 0.218 and
0.531 and mean survival was 0.360� 0.083. Within the top
model, recapture probability (p) was constant across origin
(i.e., wild born, fostered, released) and ages, whereas the
probability of recovering dead (r) differed by origin. The
main reason that survival estimates required a group effect
was because there were never any dead recoveries for the
fostered group. Although sample sizes for fostered and
released individuals were smaller than those born in the wild,
we detected no differences in survival among wild born,
fostered, and released wolves.
Red wolf population estimates generally increased through

time, peaking in 2005–2006 and then decreasing from 2007

Table 2. Model selection results from the cause-specific mortality analysis
for evaluating gunshot mortality as a proportion of anthropogenic mortalities
over time for red wolves in eastern North Carolina, USA, 1987–2013. For
each model, we provide Akaike’s Information Criterion (AICc), Akaike
weights (wi), number of estimable parameters (K), and deviance.

Model AICc DAICc K wi Deviance

Trend 70.56 0.00 2 0.74 66.04
Trend2 72.64 2.08 3 0.26 65.55
Trend2þ random effect 83.53 12.97 4 0.00 73.63
Trendþ random effect 88.04 17.48 3 0.00 80.95
Constant 88.78 18.22 1 0.00 86.62
Constantþ random effect 91.07 20.51 2 0.00 86.54
Year 1,509.04 1,438.48 26 0.00 53.04

Figure 3. Proportion of red wolf mortalities caused by gunshot relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.

Table 3. The top 5 candidate models and null model {S(.)} from the
known-fate analysis used to model survival (S) of radio-collared red wolves
in eastern North Carolina, USA, 1987–2013. For each model, we provide
the change in Akaike’s Information Criterion (DAICc), Akaike weights
(wi), number of estimable parameters (K), and the deviance.

Model K AICc DAICc wi Deviance

S(monthþ age2) 14 2,975.32 0.00 0.99 2,947.27
S(month) 12 2,992.29 16.97 0.01 2,968.25
S(monthþ sex) 13 2,993.35 18.02 0.00 2,967.30
S(age2) 3 2,993.83 18.51 0.00 2,987.83
S(monthþ age) 13 2,994.22 18.90 0.00 2,968.17
S(.) 1 3,015.64 40.32 0.00 3,013.64

Table 4. Summary of results from the best model in the known-fate
analysis of survival for radio-collared red wolves, North Carolina, USA,
1987–2013. Month was a categorical variable and December was the
reference category. Shown are b coefficients, standard error (SE), 95%
upper confidence interval (UCI), and 95% lower confidence interval (LCI).

Parameter b SE UCI LCI

Intercept 2.82 0.17 3.16 2.48
Jan 0.66 0.26 1.17 0.15
Feb 0.59 0.25 1.08 0.09
Mar 1.04 0.29 1.62 0.47
Apr 0.67 0.26 1.18 0.16
May 0.40 0.24 0.86 �0.07
Jun 0.85 0.28 1.39 0.31
Jul 1.01 0.29 1.58 0.43
Aug 1.02 0.29 1.59 0.44
Sep 0.79 0.27 1.32 0.26
Oct 0.19 0.23 0.64 �0.25
Nov 0.06 0.21 0.48 �0.36
Age 0.28 0.06 0.40 0.16
Age2 �0.03 0.01 �0.02 �0.04

Hinton et al. � Red Wolf Survival and Population Estimates 423



to 2013 (Fig. 6). Overall, annual growth rates (l) ranged
between 0.78 and 2.07 (Fig. 7). From 1998 to 2005, the red
wolf population increased from an estimated 90 to 151
wolves with an average annual l of 1.12. However, from
2005 to 2013, the red wolf population decreased from an
estimated 151 to 103 wolves with an average annual l of
0.96.

DISCUSSION

Recently, Murray et al. (2015) reported that gunshots were
consistently responsible for approximately 25% of red wolf
deaths from 1999 to 2014, and detected no effect of age on
red wolf survival from 1999 to 2007. However, our findings
indicate that the proportion of red wolf deaths caused by
gunshot increased significantly after 1999, survival rates were
lowest during fall and winter hunting seasons, and younger
red wolves were more susceptible to gunshot mortalities.
From 2000 to 2013, gunshots comprised 42% of identified
causes of red wolf deaths and the annual proportion of wolf
deaths caused by gunshot increased from approximately 25%
to 60% (Fig. 3). Our findings differ from those of Murray
et al. (2015) because their analysis compared mortalities

evaluated through examination of data from 1999 to 2007 to
summaries reported in USFWS quarterly and annual
progress reports during 2008–2014 (USFWS 2016), whereas
our study was a consistent analysis of actual field data from
1987 to 2013. We suggest that our estimates of population
size, survival, and patterns of mortality are more robust and
detailed than previous assessments because of the inclusion of
data collected since 2007.
Corresponding with the North Carolina fall and winter

hunting seasons, monthly survival rates for red wolves were
lowest during October–December (Fig. 4). Although
mortality rates were greatest for younger red wolves, we
observed no difference in survival between captive-born and
wild-born wolves; 68% of monitored wolves died before age 4
regardless of their origin. During the past 2 decades, the
coyote population has increased in eastern North Carolina
and they are subject to intensive control efforts via shooting
and trapping (Way 2014; Hinton et al. 2015a,b). Despite

Figure 4. Mean monthly survival rates of red wolves in eastern North
Carolina, USA, 1987–2013, indicating survival declines precipitously from
October through December. The 95% confidence limits are represented by
the error bars.

Figure 5. Annual age-specific survival rates of red wolves in eastern North
Carolina, USA, 1987–2013. The 95% confidence limits are represented by
the shaded area.

Table 5. Models considered for the survival analysis of non-collared red
wolves in North Carolina, USA, 1987–2013, using the Burnham joint live-
dead model in Program MARK. For each model, we provide Akaike’s
Information Criterion (AICc), the change in Akaike’s Information
Criterion (DAICc), Akaike weights (wi), number of estimable parameters
(K), and deviance. Model selection notation follows White and Burnham
(1999). S¼ probability of survival; a¼ number of age classes; g¼ origin
(wild born, fostered, and released); r¼ probability of recovering dead;
p¼ recapture probability, and F¼ probability of remaining in the sampling
area fixed to 1.

Model AICc DAICc wi K Deviance

{S(a2þ g) p(.) r(g) F¼ 1} 1,225.08 0.00 0.19 8 822.86
{S(a2) p(.) r(g) F¼ 1} 1,225.33 0.25 0.17 6 827.22
{S(a3þ g) p(.) r(g) F¼ 1} 1,225.45 0.37 0.16 9 821.17
{S(a3) p(.) r(g) F¼ 1} 1,225.58 0.50 0.15 7 825.42
{S(.) p(.) r(g) F¼ 1} 1,225.60 0.52 0.14 5 829.52
{S(g) p(.) r(g) F¼ 1} 1,226.18 1.10 0.11 7 826.02
{S(a4) p(.) r(g) F¼ 1} 1,227.55 2.48 0.06 8 825.34
{S(g) p(g) r(g) F¼ 1} 1,229.26 4.18 0.02 9 824.98
{S(.) p(.) r(.) F¼ 1} 1,229.62 4.54 0.02 3 837.62
{S(g) p(.) r(.) F¼ 1} 1,230.17 5.09 0.02 5 834.10
{S(g) p(g) r(.) F¼ 1} 1,233.22 8.14 0.00 7 833.05

Table 6. Parameter estimates obtained from the best model in the
Burnham joint live-dead analysis of survival (S) for non-collared red wolves,
North Carolina, USA, 1987–2013. Shown are b coefficients, standard error
(SE), 95% upper confidence interval (UCI), and 95% lower confidence
interval (LCI).

Parametera b SE UCI LCI

Sage 1 �0.75 0.71 0.64 �2.13
Sage 2 �1.81 0.86 �0.13 �3.49
Swild 1.24 0.72 2.65 �0.18
Sfostered 1.66 0.84 3.30 0.01
p 0.78 0.29 1.35 0.22
rwild �2.71 0.24 �2.23 �3.19
rfostered �17.11 1,684.74 3,284.99 �3,319.21
rreleased �0.51 0.73 0.92 �1.94

a Sage 1¼ survival for pups; Sage 2¼ survival for ages 2–4; Swild¼ survival for
wild born pups; Sfostered¼ survival for fostered pups; p¼ recapture
probability; rwild¼ probability of recovering dead wild born pups;
rfostered¼ probability of recovering dead fostered pups; rreleased¼ proba-
bility of recovering dead released pups.
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being the larger of the 2 species, shooting deaths of red
wolves typically occurred when hunters confused wolves for
coyotes (Hinton et al. 2013, 2015a,b; Newsome et al. 2015).
In particular, red wolf pups during fall are not fitted with
radio-collars, are similar to coyotes in body size (Hinton and
Chamberlain 2014), and are more likely to be misidentified
by hunters as coyotes. Consequently, we likely under-
estimated pup mortality caused by shootings because pups
were not radio-monitored and their mortalities may have
gone undetected.
Decreased survival rates in October–December are not

surprising considering other studies that observed significant
declines in eastern coyote survival during fall and winter
hunting seasons (Chamberlain and Leopold 2001, Van
Deelen and Gosselink 2006). Van Deelen and Gosselink
(2006) reported coyote survival declined precipitously during
fall when harvest of agricultural crops coincided with
hunting seasons, when inexperienced juvenile coyotes were
more susceptible to opportunistic killing by hunters.
Similarly, approximately 30% of the Recovery Area
comprised agricultural fields where agricultural activities
influenced availability of vegetative cover for red wolves

(Chadwick et al. 2010, Hinton and Chamberlain 2010,
Dellinger et al. 2013). Harvest of agricultural crops occurred
just prior to fall and winter hunting seasons, and extensive
loss of vegetative cover reduced refugia for red wolves during
a period of elevated human activity. Younger red wolves
likely suffered greater mortality than adults during this time
for 2 reasons. First, juveniles typically disperse from their
natal areas between September and March (Karlin and
Chadwick 2012) and are at greater risk of encountering
hunters in areas unfamiliar to them. Second, red wolf pups
encounter significant decreases in availability of vegetative
cover and increases in human activity for the first time.
During 1999, when the red wolf population was estimated

by the Recovery Program to comprise approximately 80
individuals, the PHVA predicted the wild population would
increase 20% each year from 2000 to 2010 and reach a
carrying capacity of approximately 150 individuals (Kelly
et al. 1999). Our population estimates tracked the PHVA
projections until 2005, when the red wolf population peaked
at an estimated 151 individuals. Since 2005, the population
has steadily declined to about 103 individuals in 2013.
Although numbers of mortalities were generally consistent
across years, causes of death have changed. Previously,
Phillips et al. (2003) noted that most mortalities of red
wolves resulted from accidental (i.e., vehicle strike) or natural
(i.e., intraspecific strife) causes. Since 2002, the proportion of
mortalities resulting from vehicle collisions has declined and
gunshots are now the leading cause of death.
The 2007 USFWS 5-year review noted that the red wolf

population was increasing with stable recruitment and adult
survival, but documented the initial 2006 decline corre-
sponding with an increase in shooting deaths. Notably, since
2004, the number of red wolves killed by gunshot has
increased approximately 2.75 times when compared to years
prior to 2004 (Bartel and Rabon 2013). Additionally, the
wild population experienced a gradual decline in annual
growth rates since 2004 (Fig. 7). Our survival models
indicated no change in survival rate of red wolves over time
(i.e., no year effect), indicating that the population declined
despite no change in yearly survival rates. Some compensa-
tory mechanisms are likely operating within the red wolf
population because the increase in anthropogenic mortality
coincided with a similar decrease in the occurrence of natural
mortality, and compensatory processes are routinely docu-
mented (Sinclair and Pech 1996, P�eron 2012). However,
because red wolves and coyotes are capable of hybridizing, we
suggest that reproductive interference by coyotes may explain
how the wolf population could decline despite no change in
yearly survival rates (Mallet 2005, Gr€oning and Hochkirch
2008). Hinton et al. (2015a) reported increased occurrence of
coyote encroachment and replacement of resident red wolves
after resident wolf breeders were killed by humans.
Consequently, when no red wolf mates were available,
surviving resident wolves paired with coyotes creating
congeneric breeding pairs responsible for hybridization.
Indeed, hybridization was considered a primary threat to the
persistence of the wild population and, in response, the
RWAMPwas developed and implemented to prevent coyote

Figure 6. Estimated annual population sizes of red wolves in eastern North
Carolina, USA, 1987–2013. Error bars indicate standard errors. Standard
errors were reported only for 2000–2013 because after 1999 dens were
investigated more thoroughly to sample blood from pups each spring to
verify and construct a red wolf pedigree (Miller et al. 2003). Standard errors
represent unknown red wolves in the wild population.

Figure 7. Estimated annual growth rates of red wolves in eastern North
Carolina, USA, 1987–2013.
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introgression via sterilization of coyotes paired with red
wolves (Stoskopf et al. 2005, Hinton et al. 2013, Gese and
Terletzky 2015, Gese et al. 2015). Regardless of whether
coyote mates are fertile or sterile, congeneric pairings with
coyotes represents lost reproductive effort by the red wolf
population (Brzeski et al. 2014, Hinton et al. 2015a).
Despite no change in annual survival rates, pairings between
surviving red wolf mates with encroaching coyotes prevented
wolf compensation of losses to anthropogenic mortalities via
reproduction. The Recovery Program likely softened the
decline in population size and annual growth rates of the wild
red wolf population via intensive management (i.e., replacing
sterilized non-wolf placeholders with wolves; Gese and
Terletzky 2015) and annual augmentation with captive-born
wolves (Bartel and Rabon 2013, Gese et al. 2015).
Regardless, human activities, either intentional (i.e., gun-
shot) or not (i.e., vehicle collision), have become the leading
cause of mortality for wild red wolves and are affecting size
and annual growth of the wild population.
Anthropogenic mortality was ultimately responsible for the

extirpation of red wolves and continues to limit growth of the
reintroduced population. Hinton et al. (2013) suggested that
increased research was necessary to tally general threats to red
wolves and ultimately understand mechanisms that could
facilitate a stable red wolf population in eastern North
Carolina. Murray et al. (2015) disagreed with this suggestion
by asserting that the RWAMP provided red wolves with
conditions allowing them to survive and produce young. They
believed conditions in easternNorthCarolinawere inadequate
to establish a sustainable redwolf population, and asserted that
research suggested by Hinton et al. (2013) could only prove
valuable in the broader context of wolf colonization in eastern
North America and endangered species recovery. Although
the RWAMP was successful in limiting coyote introgression
(Gese and Terletzky 2015, Gese et al. 2015), it was not
successful in providing conditions favorable for red wolf
survival.This is evidentwhen considering that shootingdeaths
of red wolves were correlated with a significant increase in
breeding pair disbandment (Sparkman et al. 2011, Hinton
et al. 2015a), disruption of wolf packs (Bohling and Waits
2015, Hinton et al. 2015a), and facilitation of coyote
encroachment and hybridization (Bohling and Waits 2015;
Hinton et al. 2015a,c) simultaneous with the decline in
annual red wolf population size and growth rates reported
herein. TheRWAMPwas implemented in 2000 to establish a
framework to limit hybridization between red wolves and
coyotes (Stoskopf et al. 2005, Gese et al. 2015), not to address
factors affecting red wolf survival such as excessive anthropo-
genicmortality (Way 2014;Hinton et al. 2015a,b). Therefore,
we suggest site-specific research focused on evaluating ways
to minimize threats is fundamental to understand how
survival and population sizes are expected to change as red
wolves experience deteriorating conditions. Specifically, we
suggest further studies are needed to better understand how
anthropogenic factors disruptmechanisms that facilitate stable
and reproductively isolated red wolf populations (Fredrickson
and Hedrick 2006; Hinton et al. 2013, 2015a; Fredrickson
2016). This is crucial for the USFWS to respond to threats

with effective management and promote recovery of the
eastern North Carolina population as mandated by the ESA
(Scott et al. 2010, Finkelstein et al. 2012).

MANAGEMENT IMPLICATIONS

Mortalities of red wolves via gunshot that occur during
hunting seasons will have to involve regulation of coyote
hunting to prevent intentional and accidental killing of red
wolves. A court-approved settlement agreement between the
North Carolina Wildlife Resources Commission (NCWRC)
and environmental groups appears to be the first step in
developing an effectivemanagement policy designed to reduce
anthropogenic mortality (Red Wolf Coalition; Defenders of
Wildlife; and Animal Welfare Institute vs. North Carolina
Wildlife Resources Commission; Gordon Myers, Executive
Director, North Carolina Wildlife Resources Commission
2014). For example, 10 fewer red wolves were killed via
gunshot during the 2 years following the settlement than the
preceding2years (7vs. 17shootingdeaths).Toreducenegative
effects of anthropogenic mortality and ensure long-term
persistence of red wolves, the USFWS will need to
re-implement previous long-standing and proven manage-
ment practices on public and private lands (e.g., Red Wolf
Adaptive Management Plan), define conditions for when
wolves will be removed from recovery areas, implement more
effectivemanagement strategies toaddresswolves causing such
conditions, and cease issuing take permits as a first line
response to dealing with said wolves (USFWS 2016). Equally
as important, the USFWS should establish an effective
management response to mitigate gunshot mortality through
stronger regulation of coyote hunting, develop or revise
regulatory mechanisms that are ecologically and biologically
supported to protect red wolves. Finally, the USFWS can
improve public perception of red wolves and mitigate
anthropogenic factors negatively affecting recovery through
tailored education and outreach programs for hunters and the
general public.
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a b s t r a c t

Interspecific competition can have a substantial impact on sympatric carnivore populations

and may threaten reintroduction attempts of threatened or endangered species. Coyotes

(Canis latrans) are the primary threat to recovery of red wolves (C. rufus) in the wild, through

hybridization and loss of the red wolf genotype and habitat occupancy that reduces space

available for wolf occupation. We built a stochastic simulation model (using data collected

from a recovering red wolf population in northeastern North Carolina as well as from the

literature) to examine spatial dynamics of sympatric red wolves and coyotes (independent

of habitat influences) and to elucidate the potential role of coyotes on wolf recovery and

reintroduction success. Survival of juvenile and adult wolves had the greatest impact on

wolf population size and likelihood of extinction. Introducing coyotes to the model had a

substantial negative impact on wolf numbers, and the model was highly sensitive to the

estimates of the competitive impact of coyotes on red wolves, through declines in wolf pro-

ductivity. We simulated coyote management from either removal (lower coyote survival) or

surgical sterilization (lower coyote reproductive rates) and found that both management

strategies increased viability of red wolf populations, especially during initial colonization.

Our results suggest that coyotes can inhibit red wolf reintroduction success through compet-

itive interactions, but that management of coyote populations can improve the probability

of successful wolf recovery. Additional information on spatial dynamics and dietary overlap

between coyotes and wolves in the recovery area is needed to further elucidate the current

and potential competitive impact of coyotes on red wolf populations.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Interspecific competition is a powerful force shaping species
assemblages and community structure. Potential competi-
tors may interact indirectly through exploitation of common
resources or directly through intraguild predation or spatial
displacement, thereby altering the habitat use of the competi-
tor (Polis et al., 1989; Palomares and Caro, 1999; Fedriani et al.,
2000; Kamler et al., 2003). Such interactions can threaten the

∗ Corresponding author. Tel.: +1 407 823 4334; fax: +1 407 823 5769.
E-mail address: jroth@mail.ucf.edu (J.D. Roth).

success of reintroduction of endangered species to their native
range (Moruzzi et al., 2003).

Reviews of sympatry in canids have examined how
resources and space are partitioned among competing species
(Johnson et al., 1996; Crabtree and Sheldon, 1999). Dynamic
changes in distribution and abundance of canids, combined
with reintroductions and removal efforts, have provided
opportunities to assess how changes in canid assemblages
affect the use of space and other resources among coexist-

0304-3800/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolmodel.2008.03.011
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ing carnivores (Carbyn, 1982; Dekker, 1983, 1989; Harrison et
al., 1989; Arjo and Pletscher, 1999). In general, these stud-
ies reveal that species with larger body size are dominant
over smaller species, although a numerical advantage in the
smaller species can override benefits of larger body size.
Smaller canids tend to avoid larger ones by spatial and tem-
poral habitat partitioning, which may not decrease dietary
overlap but may reduce agonistic (and potentially lethal) inter-
actions with the dominant competitor (Dekker, 1989; Arjo and
Pletscher, 1999; Tannerfeldt et al., 2002). These competitive
effects can be most easily detected between species that are
closest in size (Peterson, 1995).

The red wolf (Canis rufus) is an endangered species that
currently is found in the wild in a single carefully managed
population in eastern North Carolina (Phillips et al., 2003). Red
wolves were extirpated from the wild in the 1960s, when the
last remaining individuals were translocated to a captive facil-
ity and propagated through a captive breeding program that
continues to this day (Phillips et al., 2003). Red wolves were
reintroduced to North Carolina starting in 1987, and the wild
population has continued to expand during the last 20 years
(Stoskopf et al., 2005). Historically, red wolves ranged through-
out the southeastern United States and had little contact with
coyotes (C. latrans), which evolved in the central plains (Parker,
1995; Nowak, 2002). However, following eradication of both
red wolves and gray wolves (C. lupus) throughout much of
their range, coyotes expanded their distribution to encompass
most of the North American continent (Parker, 1995), includ-
ing much of the former range of red wolves. Coyotes currently
occupy portions of the red wolf recovery area, and hybridiza-
tion with coyotes is considered a serious threat to the recovery
effort (Miller et al., 2003; Phillips et al., 2003; Fredrickson and
Hedrick, 2006). However, coyotes also are potential competi-
tors with red wolves, being of comparable body size, feeding
on similar prey, and having comparable habitat and space
requirements as red wolves. Indeed, because aggressive inter-
actions have been observed between red wolves and coyotes
in areas where wolves have been reintroduced (Henry, 1995,
1998), interference competition likely plays an important role
in the dynamics of these species where they co-occur. There-
fore, an understanding of the potential effects of interspecific
competition on red wolf space use and population trends is
important from the perspective of successful reintroduction
of the species.

We investigated the competitive interactions between
sympatric red wolves and coyotes using a spatially explicit
stochastic simulation model. Stochastic simulation models
can be valuable for addressing conservation problems when
available data are scant and our understanding of the prob-
lem is incomplete (Starfield and Bleloch, 1991). Such models
can help clarify fundamental interactions and identify which
data are most critical to collect, and can serve to evaluate ben-
efits of various management scenarios even in the absence of
apparently crucial data (Starfield et al., 1995).

2. Background biology

Model structure and parameters were derived from infor-
mation gathered by the red wolf restoration program in

northeastern North Carolina (Phillips et al., 2003; U.S. Fish and
Wildlife Service, unpublished data) and from other published
information on coyotes, red wolves, gray wolves, and inter-
actions among these species. In this section we review the
relevant background biology upon which the model was based.

Wolf and coyote groups usually consist of an adult breeding
pair, their pups, and non-breeding subadults that are offspring
from the previous year (Mech, 1970; Nowak, 1999). These fam-
ily groups typically share a home range and defend an area
within that home range (Crabtree and Sheldon, 1999; Phillips
et al., 2003). Territory sizes of wolves and coyotes vary greatly
across large geographical areas and are most influenced by
local prey abundance and wolf or coyote density (Fuller and
Murray, 1998; Crabtree and Sheldon, 1999). In gray wolves,
home range size increases with pack size (Ballard et al., 1987;
Peterson et al., 1984). Regression analyses of data from gray
wolves in south-central Alaska found that each additional
pack member required a 17% increase in space over that
required by the breeding pair (Ballard et al., 1987).

Home ranges of 30 red wolf packs in northeastern North
Carolina averaged 111 km2 (range: 27–255 km2) in the early
2000s, compared to 99 km2 (range: 22–360 km2) in the early
1990s (T. Steury, unpublished data; home ranges were based
on the 95% isopleth of the pack utilization distributions esti-
mated using the kernel density method with a fixed kernel
size and a root-n bandwidth estimator; Worton, 1989; Wu and
Tsai, 2004; Hemson et al., 2005). Coyote home ranges typi-
cally range between 2 and 20 km2 (Crabtree and Sheldon, 1999)
and often exhibit overlap at the outer edges, but territorial
core areas generally do not show any overlap (Crabtree and
Sheldon, 1999; Chamberlain et al., 2000). Likewise, sympatric
coyotes and gray wolves, or red foxes and coyotes, may have
partial home range overlap even though core areas generally
are exclusive (Carbyn, 1982; Harrison et al., 1989; Arjo and
Pletscher, 1999; but see Paquet, 1991).

Coyotes and red wolves are monestrous, with a single lit-
ter usually being produced per social group (Crabtree and
Sheldon, 1999; Phillips et al., 2003). The reproductive rate
(probability of a given pack producing a litter) of red wolf
packs in northeastern North Carolina averaged 53% from
1988 to 2004, and litter sizes averaged 3.92 (n = 105), rang-
ing from 1 to 10 (U.S. Fish and Wildlife Service, unpublished
data). Coyote reproductive rates are slightly higher, given
that up to 80% of adult female eastern coyotes may breed
and bear young each year (Parker, 1995). Coyote litter size
at birth averages about 6 pups/year, with an even sex ratio
(Beckoff, 1977; Sacks, 2005) and appears to be relatively insen-
sitive to changes in prey abundance (Crabtree and Sheldon,
1999).

Because only one pair breeds within a wolf or coyote pack,
the incentive for other group members to disperse and estab-
lish their own territory is high. In coyotes, delayed dispersal
(until the second year) is more common in saturated popula-
tions where available territories may be few (Parker, 1995), and
therefore in low-density populations most individuals may
disperse during their first year. In gray wolves where the pop-
ulation is expanding, young wolves rarely remain with their
parental pack past breeding age (22 mo; Fritts and Mech, 1981).
Extra-territorial excursions beyond the established pack home
range prior to dispersal are common in gray wolves (Messier,
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1985; Fuller, 1989), and dispersing gray wolves may occasion-
ally join a neighboring pack (Stahler et al., 2002).

Annual survival rates calculated from 408 radio-collared
red wolves in northeastern North Carolina (1987–2001) were
0.678, 0.793, and 0.806 for pups, yearlings, and adults, respec-
tively (D. Murray, unpublished data). Since pups were born in
spring and not collared until fall, early pup mortalities were
not included in this calculation, resulting in an overestimate of
pup survival. Survival of non-resident wolves is less than half
that of residents (D. Murray, unpublished data). For coyotes, pup
survival varies with human exploitation and may be 20–60% in
populations with low human-related mortality (Crabtree and
Sheldon, 1999). Adult mortality in unexploited coyote popula-
tions can range from 9 to 10% (Crabtree and Sheldon, 1999) to
40% (Knowlton, 1972).

Intraspecific strife is the most common natural cause
of death for red wolves (U.S. Fish and Wildlife Service,
2005). Interspecific aggression between similar-sized sym-
patric canids also is common, and larger-bodied canids can
be an important source of mortality for smaller canid species
in the same area (Carbyn, 1982; Dekker, 1983, 1989; Arjo and
Pletscher, 1999). Such dynamics can affect space use patterns,
social structure, and population size. Aggressive interactions
observed between red wolves and coyotes (Henry, 1995, 1998)
indicate that interference competition may influence dynam-
ics of these species where they co-occur.

Coyotes are about 2/3 the size of red wolves; body mass
ranges from 9 to 20 kg for coyotes and 20 to 36 kg for red wolves
(Beckoff, 1977; Nowak, 1999). Little is known about the diet
of either species in the area of sympatry in North Carolina,
although coyotes are known to have very diverse food habits
(Beckoff, 1977; Phillips et al., 2003).

3. Model description and assumptions

3.1. Purpose

The purpose of our model was to investigate factors that
could potentially affect red wolf space use patterns and
success of the recovery program, including presence of
coyotes and potential management activities designed to
control coyote populations. We also evaluated which model
parameters and assumptions had the largest effect on rein-
troduction success to help guide future field data collection
efforts.

3.2. State variables, scales, and scheduling

The model assumed a landscape of continuous space and
homogeneous habitat (initially 50 km × 50 km). Territories
were modeled as a circle because in such a homogeneous
landscape, a circular territory would be the most economi-
cally defensible (smallest perimeter/area ratio). The basic unit
of analysis in the model was the pack; pack members shared
a home range and defended a core area within it (Fig. 1). For
each pack, the model tracked group size and numbers in each
age class, but not individual animals. Thus, the state variables
(per group) included the species (wolf or coyote), number of
individuals in each age class (pups 0–1 years, yearlings 1–2

Fig. 1 – Simulated landscape of red wolf (open circles) and
coyote (shaded circles) territories in a homogeneous
habitat. Inner core areas (dotted lines) are defended.

years, adults >2 years), the territory center (x, y coordinate)
and radius.

We assumed an even sex ratio and explicitly included only
females in the model (as is customary for models of animal
populations, since only females produce offspring). The time
step of the model was one year, and the annual sequence of
events was reproduction, mortality, inter-pack conflict, disper-
sal, and maturation (Fig. 2), based on the annual timing of
these events in wild populations (U.S. Fish and Wildlife Ser-
vice, unpublished data). Each of these processes is described
more fully below. Exploitative (resource) competition was
implemented as a density-dependent effect on reproduction.
Interference competition between adjacent groups occurred
through expansion of territory size with an increase in group
size. Most simulations ran for 50 years.

3.3. Initialization, home range and territory size

At the beginning of each simulation a home range size and
location was determined for each member of the initial pop-
ulation (first red wolves, then coyotes). The radius of each
new wolf territory was randomly chosen between a minimum
and maximum corresponding to territory size of 25–255 km2.
Coyote territory sizes were determined similarly between 2
and 20 km2. Initial territory locations were determined ran-
domly, with the caveat that no territory could be partly or
fully off the available landscape. Territory locations were fur-
ther constrained such that no core area could overlap with
any part of any other territory. Core area was defined as a
smaller concentric circle within the territory, initially set at
22% of the area of the territory (the 50% kernel) for red wolves
and 18% for coyotes (Chamberlain et al., 2000; Steury et al.,
unpublished data). Thus, some territorial overlap could occur,
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Fig. 2 – Annual sequence of events in model.

but core areas were held exclusively by the resident group
(Fig. 1). Core overlap occurred if the centers of two territories
were closer than the minimum of two distances, d1 and d2,
where d1 = r1 + c2, d2 = r2 + c1, ri is the radius of territory i, and
ci is the radius of the core area of territory i. If core overlap
occurred between the new territory and any previously estab-
lished territory, a new size and location were randomly chosen
and tested for core overlap with all other groups. Founding
individuals were considered adults. After 40 failed attempts
to establish a territory without any overlap of core areas
(twice the dispersal endurance, defined below), the individ-
ual joined a previously established group of same species as a
yearling.

3.4. Reproduction and survival

We used a model derived from reproduction data collected
from free-ranging red wolves in northeastern North Car-
olina to calculate the probability of a given pack producing
a litter each year. Pack reproduction was not a function
of pack size (logistic regression, effect of pack size: �2

1 =
0.99, P = 0.32), but was affected by population size. Pack
reproduction decreased with increasing wolf population size
according to the following model (T. Steury, unpublished data):
ln(p/(1 − p)) = 1.107 − 0.017 × N, where p is the probability a
pack will successfully produce a litter that year and N is
the population size (logistic regression; effect of population
size: �2

1 = 4.24, P = 0.039; n = 198 pack-years; Fig. 3a). With this
model, the maximum pack reproductive rate is 75.2%. We
modeled coyote reproduction using the same function used
for red wolves but with a maximum reproductive rate of 80%
and a more slowly decreasing response to increasing popu-
lation size (ln(p/(1 − p)) = 1.386 − 0.013 × N; Fig. 3a), since their

Fig. 3 – Probability of (a) pack reproduction and (b) wolf
dispersal.

smaller body size and correspondingly lower resource require-
ments suggest that each additional coyote should have a lesser
density-dependent impact on reproduction.

If red wolves and coyotes overlap in resource use, the popu-
lation size used in this equation should actually be a function
of both species. We assumed that the competitive impact of
coyotes on red wolves was determined by a competition coef-
ficient (˛ < 1; Gotelli, 2001) such that N = 2(Nw + ˛Nc), where N
is the population size used in the pack reproduction equa-
tion, Nw is the number of female red wolves in the model,
and Nc is the number of female coyotes. To parameterize
the competition coefficient we considered only the impact of
resource exploitation, as overt conflict (interference compe-
tition) was included elsewhere in the model. If diet overlap
between species were 100% and energy requirements per unit
biomass were similar for both species, then ˛ should be ∼0.66
based on relative body size. Since dietary overlap is unknown,
the model initially assumed ˛ = 0.3. Although red wolves may
compete with coyotes for food or space, wolves also may
supplement coyote populations by providing carrion (Paquet,
1992; Wilmers et al., 2003). Therefore, we assumed that the net
competitive effect of red wolves on coyotes through resource
exploitation was 0.

For packs in the model that successfully reproduced, litter
size (of females) at birth was randomly chosen between 1 and
5 for wolves and 1 and 6 for coyotes. Following reproduction,
all individuals were subjected to a survival probability. The
model assumed wolf survival rates of 0.5 for pups and 0.8 for
yearlings and adults. Coyote pup survival was similar to that
of red wolves (0.5), and each yearling and adult coyote in the
model was initially given a 0.7 survival probability (Windberg,
1995).
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3.5. Inter-group aggression

We modeled intraspecific and interspecific aggression through
expansion and contraction of territory size with changes in
group size. Our model assumed that each individual (female)
added to a group would increase territory size by up to 17%
of the area required by a single female (the actual increase
for each individual was chosen randomly between 0 and 17%).
Likewise, losses due to dispersal or mortality decreased terri-
tory size by a similar amount.

If increases in territory size caused core overlap (as defined
above) between adjacent groups, the model assumed aggres-
sion between those groups and resulted in the death of at
least one individual. Aggression occurred prior to dispersal,
when group sizes were at a maximum and offspring would
have neared adult size. We simulated intraspecific as well as
interspecific conflict. The larger body size of red wolves should
give them an advantage in conflicts with coyotes, so the rela-
tive biomass of overlapping groups was used to determine the
outcome of the conflict in the model. Body mass ranges from
9 to 20 kg for coyotes and 20 to 36 kg for red wolves (Beckoff,
1977; Nowak, 1999), so the model randomly assigned a mass
between those ranges for each adult or yearling member of
interacting groups, and the sum total biomass of each group
(ignoring pups) determined the winner of the conflict (if the
biomass was equal, the group that recently expanded lost).
This same mechanism was used for adjacent groups of the
same species as well as different species. Losing groups suf-
fered the loss of one individual, and the territory size of that
group decreased by 9–17% of the territory size. If core areas of
the neighboring groups still overlapped, relative biomass was
again calculated, another mortality occurred, and territory
size of the losing group decreased correspondingly. This inter-
action continued until the core areas no longer overlapped or
all members of one group were killed.

3.6. Dispersal

We assumed that all members of a group, except one adult
female, potentially could disperse. We calculated red wolf dis-
persal probability using a model derived from data collected
in northeastern North Carolina (U.S. Fish and Wildlife Service,
unpublished data). The best logistic model, as determined using
AIC, was a function of age class, sex, pack size, and pack size2

(AIC = 740.03, n = 1041 wolves per year across 17 years; �AIC
for all other models >9.69). This best model (Fig. 3b) describ-
ing the probability that female of age class a dispersed (pa) was
ln(pa/(1 − pa)) = Ca + 0.25768G − 0.01369G2, where G is the group
size and Ca is a constant for that age class (pups = −2.936,
yearlings = −1.379, adults = −3.051). Therefore, to determine
potential dispersers in each simulation this probability was
calculated for every wolf except one adult female per group.

For coyote dispersal, we used a function derived by Pitt et
al. (2003) based on several observations that group size affects
the probability a coyote will disperse: pd = 0.05 × G2, where G is
total group size (males + females) and pd is the probability that
an individual disperses. Thus, assuming an even sex ratio, for
packs with >2 females the dispersal probability was 100% for
all but one resident. For packs with exactly two females, one
female had an 80% chance of dispersal and the other remained

in the current territory. In a group with one female there was
no dispersal.

We imposed an additional mortality rate on dispersers.
Disperser survival was 0.5 for red wolves and 0.6 for coyotes
(F. Knowlton, U.S. Department of Agriculture, personal com-
munication). We randomly determined the order of dispersal
among all surviving dispersers of each species in all groups,
to prevent bias in the amount of space available to a potential
disperser of either species or any group.

A dispersal attempt occurred as follows: direction of disper-
sal was chosen randomly; size of the disperser’s new territory
was determined randomly between the minimum and max-
imum for that species; initial dispersal distance was chosen
randomly between the minimum possible distance (old ter-
ritory radius plus the radius of the new core area) and an
additional distance past that minimum equal to the diame-
ter of the new territory. If no core overlap occurred between
the new territory and any existing territory of either species,
the territory became established at that location. If overlap of
core areas did occur, the disperser could not settle there and
had to seek a new unoccupied area. The only exception was
if the core area overlap occurred between a dispersing wolf
and a single coyote. Then, the coyote was usurped by the wolf
and the coyote became nomadic. Otherwise, a new random
direction and distance were chosen from the current location
(or from the natal territory if the location was off the edge of
the available habitat) and the new location was again com-
pared with occupied territories. This process continued until
the disperser either colonized a new territory or exhausted its
endurance (i.e., the number of new locations tested exceeded
some maximum, initially set at 20). Thus, the disperser could
travel a long distance from the natal territory. This dispersal
strategy created a neighborhood effect such that areas near-
est the natal territory would be colonized first, if possible. This
method also effectively allowed dispersal, dispersal distance,
and group size to become density-dependent. A disperser that
was unable to find an unoccupied area before exhausting its
endurance was added to a pre-existing group (of same species)
at random.

After dispersal, any coyotes forced to become nomadic by
dispersing red wolves were subjected to an additional mor-
tality factor equivalent to dispersal mortality. For simulations
including immigration by coyotes, a predetermined number of
immigrants were added to the nomads. The model attempted
to find a new territory for these nomads using the same pro-
cedure as for dispersers. If an unoccupied area was not found
after a predetermined number of attempts (twice dispersal
endurance), the nomad joined another coyote group at ran-
dom.

3.7. Model simulations

Each simulation (a particular combination of parameter val-
ues) was replicated 1000 times. The aggregated variables
calculated for each species at the end of each replicate
included population size, number of groups, mean group
size, mean territory size, year the population reached 50
females (if it did), and year of extinction (if extinct). Since
the model included females only, actual population size and
group size would be approximately double what is reported
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below. Additional aggregated variables calculated each year
of each replicate included average dispersal rate (number of
dispersers per pack), dispersal distance, and deaths due to
agonistic interactions.

We initially explored the model with only red wolves
present to ensure that it conformed with known dynamics
and space use patterns of red wolves. We explored the effect of
several parameters in the model to determine which assump-
tions had the greatest impact on model outcomes. Simulating
all possible combinations of values for each parameter would
involve a parameter space much too large for a systematic
investigation, so we chose several values of each parameter of
interest to represent plausible scenarios based on our under-
standing of canid biology.

We then investigated the impact of coyotes on red wolf
populations under two scenarios; in the first case we started
with a small founding wolf population of five females and
tracked its likelihood of becoming established in the pres-
ence of coyotes; in the second we assumed 50 female wolves
became established in the absence of coyotes and we inves-
tigated the impact of coyotes immigration and settlement
into the area. Since adding a second species to the model
has a multiplicative effect on the parameters that could be
investigated, we restricted our analysis to a select number
of parameters to explore plausible scenarios under which
canids may interact. These decisions about plausible param-
eter values and scenarios to investigate were based on the
literature, our own experience, and discussions with and
feedback from the red wolf recovery team (Stoskopf et al.,
2005).

4. Results

4.1. Single-species simulations

We ran the model using the default parameter set (Table 1)
for 5, 10, 20, 30, 50, and 100 years to illustrate the relation-
ships among the output variables (Fig. 4). As wolf numbers
increased, habitat became saturated and thereby decreased
mean home range size, as dispersers seeking large territories
became less likely to find sufficient space than those seek-

Fig. 4 – Simulation output using default parameter values
in Table 1. Each point is the mean of 1000 replicates; error
bars are 1 SE (rarely visible). Home range is in km2 and
dispersal distance in km. The number of wolves killed per
pack by agonstic interactions (killed), the proportion of
packs that reproduced (reproduced), and the number of
dispersers per pack (dispersed) are averaged over all years
for all 1000 replicates.

Table 1 – Initial (default) parameter set used in simulations; 2500 km2 habitat available, 50 years

Parameter Typea Wolf value Coyote value

Range of territory sizes (km2) Random 25–255 2–20
Core area (% of territory) Fixed 22 18
Per capita change in home range size (%) Random 0–17 0–17
Initial population size (females) Fixed 5 5
Maximum probability of producing a successful litter Fixed 0.71 0.8
Range of litter sizes (female pups only) Random 1–5 1–6
Pup survival Probability 0.5 0.5
Adult/yearling survival Probability 0.8 0.7
Disperser survival Probability 0.5 0.6
Maximum dispersal attempts before joining another group Fixed 20 20
Body mass (kg) Random 9–20 20–36

a Random = the value was determined randomly between a minimum and maximum; fixed = value remained constant throughout a given
simulation; probability = parameter interpreted as a probability.
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Table 2 – Sensitivity of model output (red wolves only) to several parameter estimates

Parametera Value Populationb Home
rangeb

Packsb Pack
sizeb

Dispersersc Distancec Killedc Extinctions

Initial size of population 5 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
10 48.5 49.4 22.4 2.2 0.21 18.3 0.55 0
20 48.6 49.1 22.5 2.2 0.20 19.1 0.63 0
50 49.0 48.2 22.8 2.2 0.20 19.7 0.66 0

100 49.0 47.9 22.9 2.2 0.20 19.7 0.56 0

Area (km2) 900 31.3 37.2 10.8 2.9 0.25 9.5 0.30 0
1600 41.2 43.3 16.8 2.5 0.23 13.9 0.41 0
2500 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
3600 52.0 58.7 26.0 2.0 0.20 19.3 0.49 0
6400 56.4 75.6 30.4 1.9 0.20 20.0 0.43 0

10000 58.1 88.1 32.1 1.8 0.20 19.1 0.34 0

Home range minimum 15 52.0 40.0 25.6 2.0 0.21 16.5 0.48 0
25 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
50 40.4 74.8 16.1 2.5 0.22 17.6 0.43 1

Per capita change in home range 0% 49.6 56.8 22.4 2.2 0.21 17.7 0.00 1
8% 48.3 54.9 21.9 2.2 0.21 17.6 0.26 1

17% 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
25% 47.7 47.1 22.2 2.2 0.21 17.1 0.65 0
34% 46.8 45.0 21.9 2.1 0.21 16.8 0.79 0
50% 45.9 42.4 21.5 2.1 0.21 16.3 1.01 1

Pup survival 0.2 6.5 62.8 3.9 1.2 0.09 4.9 0.04 295
0.3 26.1 65.5 13.9 1.9 0.12 11.4 0.17 23
0.4 39.5 55.5 19.4 2.1 0.20 15.4 0.34 2
0.5 47.9 50.5 22.0 2.2 0.21 10.4 0.48 0
0.6 53.9 47.9 23.6 2.3 0.22 19.5 0.59 1
0.7 59.0 46.0 24.8 2.4 0.24 54.1 0.71 0

Adult/yearling survival 0.5 6.6 54.6 3.3 1.3 0.19 6.6 0.08 363
0.6 19.5 70.9 9.4 2.0 0.21 10.9 0.18 61
0.7 33.7 59.9 16.1 2.1 0.21 14.6 0.34 5
0.8 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
0.9 66.1 44.1 28.4 2.3 0.21 19.3 0.55 0

Disperser survival 0.25 35.3 64.0 14.9 2.4 0.12 10.8 0.29 1
0.50 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
0.75 55.8 44.8 26.5 2.1 0.30 19.5 0.57 0

Dispersal attempts (max) 1 30.4 57.5 10.1 3.1 0.25 12.9 0.11 2
5 40.7 54.7 16.2 2.5 0.23 15.4 0.26 1

10 44.8 52.3 19.2 2.4 0.22 16.4 0.36 1
20 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
40 50.8 49.1 24.8 2.1 0.21 18.0 0.60 0

100 53.3 47.4 27.7 1.9 0.20 18.6 0.74 1

a Values of other parameters listed in Table 1. Default values in bold.
b Mean of 1000 replicates at the end of 50 years. Home range is km2.
c The number of dispersers per pack, dispersal distance (km), and number of wolves killed by intraspecific aggression are averaged over each

year in all replicates. Extinctions are the number of replicates in which the population went extinct.

ing smaller territories. Pack reproductive rates also decreased
as the population grew, and dispersal distance and intraspe-
cific agonistic interactions increased. Extinctions were highly
unlikely, occurring in <0.1% of the simulations using the
default parameter set.

We examined the relationship between output variables by
correlating 50-year simulations using our default parameter
set. All outputs were correlated (p < 0.0001). At the end of 50
years, population size was positively correlated with number
of groups (Pearson r = 0.602) and group size (r = 0.526), but num-
ber of groups and group size were negatively correlated with
each other (r = −0.352). Home range size was negatively corre-

lated with population size (r = −0.211) and number of groups
(r = −0.571), as a smaller mean territory size allowed more
groups to fit the landscape, but home range size was posi-
tively correlated with group size (r = 0.365). Thus, we concluded
that basic model dynamics followed general patterns observed
among free-ranging canid populations.

We next explored model sensitivity to changes in several
parameter values (Table 2). Increasing founding population
size from 5 up to 100 (over twice what could be supported
in the habitat) had little effect on output after 50 years other
than increasing mean dispersal distance by up to 1.4 km,
increasing number of wolves killed by intraspecific aggression
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by up to 37% (but still <1 per year), and slightly increasing
population size (Table 2). Increasing habitat availability and
decreasing space requirements (minimum home range size)
had similar qualitative effects on the wolf population; number
of wolves, packs, and wolves killed annually by intraspecific
aggression all increased, while pack size decreased (Table 2).
However, a >10-fold increase in available habitat (from 900 to
10,000 km2) less than doubled wolf numbers, with the increase
in wolf numbers after 50 years leveling off for the largest areas.
Home range and dispersal distance increased with amount of
habitat available, but decreased with lessened space require-
ments. Larger amounts of additional space required for each
individual added to the pack (per capita change in home
range) had the greatest effect on number of wolves killed by
intraspecific aggression (Table 2), with the increased aggres-
sion between adjacent packs resulting in smaller populations
(up to 4 fewer wolves) with smaller mean home ranges
(>14 km2 smaller).

Final population sizes were most strongly affected by
changes in survival. Increased survival of pups, adults, and
dispersers all increased the number of wolves and packs, up
to a nearly 10-fold increase across the range of survival rates
examined, thereby decreasing home range size (Table 2). Pack
size increased with survival of pups and adults (doubling over
the range of pup survival rates examined), but decreased with
increasing disperser survival (Table 2). Extinctions were much
more common with low pup and adult survival, with a 36%
extinction rate at the lowest adult survival examined (50%).
No changes in other demographic parameters had a substan-
tive effect on the extinction probability of the wolf population
(Table 2).

Dispersal persistence (maximum number of new loca-
tions each disperser tested for overlap with existing core
territories) was the parameter for which the least empirical
evidence exists in the single-species simulations. As disper-
sal persistence increased, dispersers moved farther from the
natal range (up to 6 km) and wolf numbers increased by
up to 75%. Thus, habitat became increasingly saturated as
dispersers were more likely to find vacant habitat to colo-
nize. The increased colonization success reduced the mean
pack size from >3 females to <2 females across the range
of values examined and reduced territory size by ∼10 km2

(Table 2).

4.2. Two-species simulations

We investigated the impact of coyotes on red wolf popula-
tions under two scenarios; in the first case we started with
a small founding wolf population of 5 females and tracked
its likelihood of becoming established in the presence of coy-
otes; in the second we assumed 50 female wolves became
established in the absence of coyotes and we investigated
the impact of coyotes immigration and settlement into the
area. Since adding a second species to the model has a multi-
plicative effect on the parameters that could be investigated,
we restricted our analysis to a select number of parame-
ters to explore plausible scenarios under which canids may
interact.

Coyotes had a marked effect on red wolves in both a
small founding population and a large established population.

Adding coyotes lowered the number of wolves and wolf packs
by >40% and increased mean wolf home range size by 9–12%
(Table 3). The effect of coyotes on small and large wolf popu-
lations differed very little, although red wolf extinction rates
were slightly higher with a small founding wolf population,
especially with high coyote numbers (up to 0.8%). However,
further increases in the number of coyotes had little effect
on model output for either species (Table 3). Increasing the
amount of available habitat increased the number and home
range size of wolves, with wolf numbers nearly doubling as
available habitat increased from 900 to 3600 km2 and then lev-
eling off with additional increases in area (Table 3). Coyote
numbers and home range also increased with available habi-
tat, but to a lesser degree. With only small areas of habitat
available, extinction rate of wolves increased in the presence
of coyotes (up to 1.4%).

The simulation results were quite sensitive to assumptions
of the competitive impact of coyotes on red wolves (Table 3).
As coyotes competed more strongly with wolves (˛ increased
up to 0.6), wolf numbers declined to 18% of the population size
assuming no competition (˛ = 0) and probability of extinction
increased to nearly 15%. Coyote immigration also affected wolf
populations (Table 3). As the annual number of coyote immi-
grants increased from 0 to 20, numbers of wolves decreased
linearly (by 4–5 wolves with every 10 additional coyotes) and
the wolf extinction rate increased to 3.4% in small found-
ing populations. Wolf populations that were already large
prior to the influx of coyotes were less susceptible to extinc-
tion due to coyote immigration, although their numbers still
declined. Coyote numbers increased with additional immi-
grants at the same rate regardless of initial number of wolves
(Table 3).

4.3. Coyote management

We investigated how coyote populations could be manipu-
lated to enhance red wolf reintroduction by evaluating the
efficacy of management options. To enhance the need for
management, we included immigration of 5 coyotes per year
and increased the competitive impact of coyotes on red wolves
to 0.4.

One management option is to remove coyotes from the
reintroduction area. Although the success of coyote removal
attempts in North America has been limited (Parker, 1995),
increased coyote mortality through human intervention could
limit numbers and thereby allow a red wolf population
increase. We simulated human-related coyote mortality by
decreasing survival of adult and yearling coyotes, starting
with a population of either 5 or 50 females of each species.
Decreasing coyote survival to 10% decreased coyote num-
bers to 40% of the pre-management population size, which
more than doubled wolf numbers (Table 4). The impact
on red wolves was even greater when a small founding
population was simulated, with a 2.3-fold increase in num-
bers and a drop in the extinction probability from 3.2%
to nearly zero (Table 4). Coyote extinctions were prevented
in these simulations by the annual influx of new immi-
grants.

Surgical sterilization of coyotes has also been used as a
management tool for coyote populations (Bromley and Gese,
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Table 3 – Model outputa with coyotes included

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Initial coyote population
size (5 wolves)

0 48.1 50.4 22.1 1 0.0

5 27.1 55.7 13.5 2 80.4 6.8 66.0 0
10 27.2 56.0 13.4 0 80.0 6.9 65.7 0
20 26.5 56.2 13.3 6 80.2 6.9 65.8 0
50 26.6 56.0 13.3 8 80.6 6.9 66.0 0

Initial coyote population
size (50 wolves)

0 48.9 48.3 22.8 0 0.0

5 28.8 53.0 14.4 0 79.6 6.8 65.1 6
10 28.3 52.7 14.3 0 79.7 6.9 65.4 0
20 28.6 52.7 14.4 0 80.5 6.9 66.0 0
50 28.3 53.2 14.2 0 80.1 6.8 65.8 0

Area available (km2) 900 15.5 38.0 6.0 14 73.8 5.0 56.3 3
1600 22.9 46.2 10.3 5 77.5 6.1 62.0 2
2500 27.3 55.5 13.6 1 79.9 6.9 65.5 0
3600 29.7 65.3 15.7 0 81.5 7.3 67.8 0
6400 31.8 82.7 17.6 1 84.1 7.8 70.2 0

10000 31.6 92.7 17.6 3 85.4 8.0 71.8 0

Competition coefficient 0 46.4 46.8 20.7 1 77.2 6.5 62.2 3
0.1 39.8 48.9 18.4 2 77.9 6.6 63.1 1
0.2 33.6 51.8 16.1 1 78.9 6.8 64.3 3
0.3 27.1 55.7 13.5 2 80.4 6.8 66.0 0
0.4 20.9 59.8 10.8 10 81.0 7.0 66.8 2
0.5 14.1 62.7 7.6 32 82.5 7.2 68.5 1
0.6 8.1 57.5 4.5 149 83.8 7.2 70.2 2

Coyote immigrants/year
(5 wolves)

0 27.1 55.7 13.5 2 80.4 6.8 66.0 0

1 26.7 55.7 13.3 1 83.2 6.9 68.8 0
5 24.1 57.2 12.2 6 92.3 7.0 78.7 0

10 21.7 58.7 11.2 11 102.5 7.0 89.9 0
20 16.4 63.2 8.7 34 121.8 6.9 111.5 0

Coyote immigrants/year
(50 wolves)

0 28.5 52.3 14.3 0 80.0 6.9 65.6 4

1 27.7 53.0 14.0 0 82.6 6.9 68.2 0
5 25.5 55.0 13.0 0 92.2 7.0 78.5 0

10 23.1 56.4 12.0 1 102.2 6.9 89.4 0
20 18.8 61.8 10.0 2 121.5 6.8 110.9 0

a Population size, home range, and number of packs are the mean of 1000 replicates of the model run for 50 years. Extinctions are the number
of replicates in which the population went extinct.

b Default values in bold.

2001a,b), and has been used opportunistically in the context of
reducing introgression of coyote genes in the North Carolina
red wolf population (U.S. Fish and Wildlife Service, unpub-
lished data; Stoskopf et al., 2005). We simulated sterilization
by reducing maximum reproductive rate of coyotes from our
default value of 0.8. Starting with populations of either 5 or
50 of each species, we decreased maximum coyote reproduc-
tive rate (probability of producing a litter) every year for 50
years. The impact of coyote sterilization was similar to that
of coyote removal (Table 4). Dropping the maximum coyote
reproductive rate to 20% decreased coyote numbers to 27% of
their pre-management levels in both small and large initial
populations, which increased wolf numbers 2.5- and 2.3-fold
in small and large initial populations, respectively (Table 4).
Red wolf extinction risk was again highest (3.1%) in small pop-
ulations with high coyote reproductive maxima, but decreased
to zero with sufficient decrease in coyote reproduction
(Table 4).

5. Discussion

Under the assumptions of these models, the mere presence of
coyotes on the landscape reduced red wolf population viabil-
ity. However, the strength of the coyote impact on red wolves
was particularly sensitive to assumptions of the degree of
resource exploitation (i.e., competition coefficient) between
the two species. In our model, the degree to which coy-
otes usurp resources used by red wolves determined their
effect on red wolf reproduction, and therefore population
growth. We assumed that resource competition was the mech-
anism by which coyotes would have the greatest impact on
wolf reproduction, and simulated this impact using a simple
competition coefficient similar to that used in several other
competition models (e.g., Gotelli, 2001).

The competition coefficient represents per capita effect of
one species on another’s population growth rate (Gotelli, 2001).
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Table 4 – Effect of managementa, simulated by adjusting coyote survival and reproductive rates

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Adult survival (5 wolves, 5
coyotes)

0.1 35.8 53.5 17.3 1 37.0 8.0 29.5 0

0.3 31.1 55.0 15.3 0 49.2 7.8 39.4 0
0.5 25.0 57.4 12.6 7 67.0 7.6 54.8 0
0.7 15.5 60.8 8.2 32 94.2 7.2 81.0 0

Adult survival (50 wolves,
50 coyotes)

0.1 36.2 51.4 17.6 0 37.2 8.0 29.7 0

0.3 32.0 52.4 15.8 0 49.7 7.8 39.7 0
0.5 26.2 55.0 13.3 0 67.2 7.5 55.0 0
0.7 17.9 60.3 9.5 3 93.6 7.2 80.1 0

Max reproductive rate (5
wolves, 5 coyotes)

0.2 40.0 53.8 19.1 0 24.9 8.0 23.2 0

0.4 34.8 55.6 17.0 2 40.3 7.7 36.0 0
0.6 27.4 58.9 13.7 3 61.5 7.4 53.5 0
0.8 15.9 62.2 8.5 31 93.9 7.2 80.7 0

Max reproductive rate (50
wolves, 50 coyotes)

0.2 40.9 51.6 19.8 0 25.1 8.0 23.4 0

0.4 35.7 53.2 17.7 0 40.6 7.7 36.2 0
0.6 28.0 55.9 14.2 0 61.5 7.5 53.5 0
0.8 17.8 60.0 9.5 5 93.2 7.2 79.9 0

a Each output is the mean of 1000 replicates of the model run for 50 years, with ˛ = 0.4 and 5 coyote immigrants per year. Extinctions are the
number of replicates in which the population went extinct (initial population sizes in parentheses).

b Default values in bold.

Competition coefficients have been estimated in the field
based on dietary overlap alone (MacArthur and Levins, 1967) or
including feeding rates and relative availability of food types in
the environment (Schoener, 1983; Spiller, 1986). These meth-
ods of estimating competition coefficients reflect consumptive
competition, which occurs when food is limited and individu-
als reduce another’s intake of food via exploitation (Schoener,
1983). Interaction coefficients between species have also been
estimated using regression models based on either census of
population sizes at one point in time over many sites (static
models) or population changes over time (dynamic models)
to examine whether per capita changes in one species are
associated with the abundance of other species (Pfister, 1995;
Shenbrot and Krasnov, 2002). The dynamic approach may indi-
cate exploitative competition, whereas the static approach
could reflect negative interspecific spatial association (inter-
ference; Shenbrot and Krasnov, 2002). Coyotes could affect
red wolf populations through both mechanisms of compe-
tition, either through consuming limited food sources or by
occupying space and thwarting the establishment of ter-
ritories by dispersing red wolves. However, very few field
data are available for determining the strength of either
mechanism and the resulting impact of coyotes on red wolf
populations.

Understanding the impact of coyotes on red wolves
through resource exploitation, and therefore effectively
parameterizing the competition coefficient in our models,
requires information on the diet of each species in the recov-
ery area. Studies of the diets of sympatric carnivores often
detect appreciable dietary overlap, with varying degrees of

dietary partitioning (Dibello et al., 1990; Kitchen et al., 1999;
Neale and Sacks, 2001; Thornton et al., 2004; Azevedo et al.,
2006; but see Thurber et al., 1992). Available data on red wolf
diets in the recovery area indicate that deer, raccoons, and
rabbits are consumed primarily, although food habits vary
with wolf age and habitat (Phillips et al., 2003). Information
on coyote diets in the area is lacking, but coyotes are con-
sidered to be opportunistic, generalist predators that typically
consume a wide variety of food sources, including small mam-
mals (rodents and lagomorphs), ungulates, and fruits (Beckoff,
1977). Their use of these various food sources varies season-
ally and spatially with changes in food abundance (Andelt
et al., 1987; Neale and Sacks, 2001) and may also change
with age or group size (Gese et al., 1988, 1996). As such,
coyotes may exploit a wider range of resources than other
sympatric carnivores (Fedriani et al., 2000). Although canid
biologists usually concentrate on determining levels of inter-
ference between sympatric canids, exploitation competition
underlies the evolution of interference behavior (Peterson,
1995) and likely continues to be important for coexisting
species. Thus, diet estimation of red wolves and coyotes
in areas of sympatry, as well as allopatric populations in
similar habitats, deserves close attention. Such estimates
could be derived through a combination of fecal analysis
and measurements of stable isotope ratios of hair from cap-
tured wolves, coyotes, and their prey (Urton and Hobson,
2005).

Our model assumed that dispersing wolves could always
usurp a territory held by a single (female) coyote. However, coy-
ote group sizes averaged around 1.2 females, indicating that
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wolves were prevented from occupying space held by some
coyote groups. The model also assumed that an expanding
coyote group could usurp a neighboring red wolf pack of a
single female if coyote numerical advantage outweighed wolf
size advantage. Lowering coyote dispersal likely would have
increased coyote group sizes in the model and exacerbated
their impact on wolf populations through both of these mech-
anisms. Information on the dominance interactions between
coyotes and red wolves and how often individuals of one
species are displaced by the other is imperative for better
understanding the importance of interference competition
by coyotes on red wolves. Specific field data that are needed
include home range overlap between the two species, patterns
of colonization of vacant areas, and the impact of territorial
coyotes on dispersing wolves.

Although our model assumed a homogeneous habitat,
habitat heterogeneity can affect territory size, space use, and
density of wolves and coyotes (Gese et al., 1988; Fuller and
Murray, 1998; Phillips et al., 2003). Habitat heterogeneity can
also induce density-dependent reproduction because poorer-
quality territories are occupied as population size increases
(Dhondt et al., 1992). The impact of coyotes on red wolf pop-
ulations may be lower if the larger red wolves can exclude
coyotes from the highest quality habitats, at least prior to the
habitat becoming saturated. Indeed, the ability of a larger-
bodied species to exclude a smaller competitor, which is
usually assumed to exploit resources more efficiently, from
resource patches is thought to enable coexistence of com-
petitors that differ in body size (Basset and DeAngelis, 2007).
However, in a landscape already fully colonized by coyotes,
newly reintroduced red wolves may have greater difficulty
securing the highest quality habitats, and habitat heterogene-
ity could exacerbate the effects of coyotes on reintroduction
success.

The relationship between territory size and population size
detected in the model is consistent with field observations
of gray wolves. To accommodate future reproduction, a wolf
pair must either establish a territory much larger than they
require to sustain themselves or else later expand their terri-
tory to accommodate increased energy demands (Peterson et
al., 1984; Mech and Boitani, 2003). Wolf pairs colonizing unoc-
cupied habitat could establish a large territory and maintain it
as the pack grew, whereas those trying to establish territories
in a saturated landscape must start with a smaller area and
expand as needed (Mech and Boitani, 2003). Several examples
exist of large, new wolf territories being established in areas
of low density and thereafter remaining at a constant size as
the pack grew or later declined (see Mech and Boitani, 2003).
However, as space is filled and habitat becomes saturated,
individual pack territories can shrink by 17–68% (Fritts and
Mech, 1981). Although we did not find a relationship between
pack size and territory size in the field data from the red wolf
recovery area (U.S. Fish and Wildlife Service, unpublished data),
most of those data were obtained from an expanding popula-
tion. Thus, the production of smaller home ranges with high
populations and many packs observed in the model seems
consistent with patterns detected among free-ranging wolves
described in the literature.

Despite uncertainties in some of our parameter estimates,
red wolves always responded negatively to the presence of

coyotes in our simulations. We assumed no hybridization
occurred between red wolves and coyotes, but given that
body size of hybrids is closer to that of wolves, the impact
of non-wolf competition may be aggravated in an environ-
ment where hybridization is possible. Our results suggest
that management of coyotes by removal (lower survival) or
sterilization (lower fecundity) could aid in red wolf recovery,
but further elucidating the competitive interactions between
wolves and coyotes in the removal area will help refine
management activities to improve their effectiveness. Since
competitive impacts could include resource exploitation or
territorial exclusion, information on diet and behavioral inter-
actions between the two species appears most critical.

Acknowledgements

This research was supported by the U.S. Fish and Wildlife Ser-
vice and Trent University.

r e f e r e n c e s

Andelt, W.F., Kie, J.G., Knowlton, F.F., Cardwell, K., 1987. Variation
in coyote diets associated with season and successional
changes in vegetation. J. Wildl. Manage. 51, 273–277.

Arjo, W.M., Pletscher, D.H., 1999. Behavioral responses of coyotes
to wolf recolonization in northwestern Montana. Can. J. Zool.
77, 1919–1927.

Azevedo, F.C.C., Lester, V., Gorsuch, W., Lariviere, S., Wirsing, A.J.,
Murray, D.L., 2006. Dietary breadth and overlap among five
sympatric prairie carnivores. J. Zool. 269, 127–135.

Ballard, W.B., Whitman, J.S., Gardner, C.L., 1987. Ecology of an
exploited wolf population in south-central Alaska. Wildl.
Monogr. 98, 1–54.

Basset, A., DeAngelis, D.L., 2007. Body size mediated coexistence
of consumers competing for resources in space. Oikos 116,
1363–1377.

Beckoff, M., 1977. Canis latrans. Mamm. Species 79, 1–9.
Bromley, C., Gese, E.M., 2001a. Surgical sterilization as a method

of reducing coyote predation on domestic sheep. J. Wildl.
Manage. 65, 510–519.

Bromley, C., Gese, E.M., 2001b. Effects of sterilization on territory
fidelity and maintenance, pair bonds, and survival rates of
free-ranging coyotes. Can. J. Zool. 79, 386–392.

Carbyn, L.N., 1982. Coyote population fluctuations and spatial
distribution in relation to wolf territories in Riding Mountain
National Park, Manitoba. Can. Field Nat. 96, 176–183.

Chamberlain, M.J., Lovell, C.D., Leopold, B.D., 2000. Spatial-use
patterns, movements, and interactions among adult coyotes
in central Mississippi. Can. J. Zool. 78, 2087–2095.

Crabtree, R.L., Sheldon, J.W., 1999. Coyotes and canid coexistence
in Yellowstone. In: Clark, T.W., Churlee, A.P., Minta, S.C.,
Kareiva, P.M. (Eds.), Carnivores in Ecosystems: The
Yellowstone Experience. Yale University Press, New Haven,
CT, pp. 127–163.

Dekker, D., 1983. Denning and foraging habits of red foxes, Vulpes
vulpes, and their interactions with coyotes, Canis latrans, in
central Alberta, 1972–1981. Can. Field Nat. 97,
303–306.

Dekker, D., 1989. Population fluctuations and spatial
relationships among wolves, Canis lupus, coyotes, Canis
latrans, and red foxes, Vulpes vulpes, in Jasper National Park,
Alberta. Can. Field Nat. 103, 261–264.



Author's personal copy

402 e c o l o g i c a l m o d e l l i n g 2 1 4 ( 2 0 0 8 ) 391–403

Dhondt, A.A., Kempenaers, B., Adriaensen, F., 1992.
Density-dependent clutch size caused by habitat
heterogeneity. J. Anim. Ecol. 61, 643–648.

Dibello, F.J., Arthur, S.M., Krohn, W.B., 1990. Food habits of
sympatric coyotes, Canis latrans, red foxes, Vulpes vulpes,
and bobcats, Lynx rufus, in Maine. Can. Field Nat. 104,
403–408.

Fedriani, J.M., Fuller, T.K., Sauvajot, R.M., York, E.C., 2000.
Competition and intraguild predation among three sympatric
carnivores. Oecologia 125, 258–270.

Fredrickson, R.J., Hedrick, P.W., 2006. Dynamics of hybridization
and introgression in red wolves and coyotes. Conserv. Biol. 20,
1272–1283.

Fritts, S.H., Mech, L.D., 1981. Dynamics, movements, and feeding
ecology of a newly protected wolf population in northwestern
Minnesota. Wildl. Monogr. 80, 6–79.

Fuller, T.K., 1989. Population dynamics of wolves in north-central
Minnesota. Wildl. Monogr. 105, 1–41.

Fuller, T.K., Murray, D.L., 1998. Biological and logistical
explanations of variation in wolf population density. Anim.
Cons. 1, 153–157.

Gese, E.M., Rongstad, O.J., Mytton, W.R., 1988. Home range and
habitat use of coyotes in southeastern Colorado. J. Wildl.
Manage. 52, 640–646.

Gese, E.M., Ruff, R.L., Crabtree, R.L., 1996. Foraging ecology of
coyotes (Canis latrans): the influence of extrinsic factors and a
dominance hierarchy. Can. J. Zool. 74, 769–783.

Gotelli, N.J., 2001. A Primer of Ecology. Sinauer Associates,
Sunderland, Massachusetts, 265 pp.

Harrison, D.J., Bissonette, J.A., Sherburne, J.A., 1989. Spatial
relationships between coyotes and red foxes in eastern Maine.
J. Wildl. Manage. 53, 181–185.

Hemson, G., Johnson, P., South, A., Kenward, R., Ripley, R.,
Macdonald, D., 2005. Are kernels the mustard? Data from
global positioning system (GPS) collars suggests problems for
kernel home-range analyses with least-squares
cross-validation. J. Anim. Ecol. 74, 455–463.

Henry, V.G., 1995. Revision of the special rule for nonessential
experimental populations of red wolves in North Carolina and
Tennessee. Fed. Regist. 60, 18939–18948.

Henry, V.G., 1998. Notice of termination of the red wolf
reintroduction project in the Great Smoky Mountains
National Park. Fed. Regist. 63, 54151–54153.

Johnson, W.E., Fuller, T.K., Franklin, W.L., 1996. Sympatry in
canids: a review and assessment. In: Gittleman, J.L. (Ed.),
Carnivore Behavior, Ecology and Evolution. Cornell University
Press, Ithaca, pp. 189–218.

Kamler, J.F., Ballard, W.B., Gilliland, R.L., Mote, K., 2003. Spatial
relationships between swift foxes and coyotes in
northwestern Texas. Can. J. Zool. 81, 168–172.

Kitchen, A.M., Gese, E.M., Schauster, E.R., 1999. Resource
partitioning between coyotes and swift foxes: space, time, and
diet. Can. J. Zool. 77, 1645–1656.

Knowlton, F.F., 1972. Preliminary interpretations of coyote
population mechanics with some management implications.
J. Wildl. Manage. 36, 369–382.

MacArthur, R.H., Levins, R., 1967. Limiting similarity convergence
and divergence of coexisting species. Am. Nat. 101,
377–385.

Mech, L.D., 1970. The Wolf: The Ecology and Behavior of an
Endangered Species. University of Minnesota Press,
Minneapolis.

Mech, L.D., Boitani, L., 2003. Wolf social ecology. In: Mech, L.D.,
Boitani, L. (Eds.), Wolves: Behavior, Ecology, and Conservation.
University of Chicago Press, Chicago, pp. 1–34.

Messier, F., 1985. Solitary living and extraterritorial movements of
wolves in relation to social status and prey abundance. Can. J.
Zool. 63, 239–245.

Miller, C.R., Adams, J.R., Waits, L.P., 2003. Pedigree-based
assignment tests for reversing coyote (Canis latrans)
introgression into the wild red wolf (Canis rufus) population.
Mol. Ecol. 12, 3287–3301.

Moruzzi, T.L., Royar, K.J., Grove, C., Brooks, R.T., Bernier, C.,
Thompson, F.L., DeGraaf, R.M., Fuller, T.K., 2003. Assessing an
American Marten, Martes americana, reintroduction in
Vermont. Can. Field Nat. 117, 190–195.

Neale, J.C.C., Sacks, B.N., 2001. Food habits and space use of gray
foxes in relation to sympatric coyotes and bobcats. Can. J.
Zool. 79, 1794–1800.

Nowak, R.M., 1999. Walker’s Mammals of the World. Johns
Hopkins University Press, Baltimore.

Nowak, R.M., 2002. The original status of wolves in eastern North
America. Southeast. Nat. 1, 95–130.

Palomares, F., Caro, T.M., 1999. Interspecific killing among
mammalian carnivores. Am. Nat. 153, 492–508.

Paquet, P.C., 1991. Winter spatial relationships of wolves and
coyotes in Riding Mountain National Park, Manitoba. J.
Mamm. 72, 397–401.

Paquet, P.C., 1992. Prey use strategies of sympatric wolves and
coyotes in Riding Mountain National Park, Manitoba. J.
Mamm. 73, 337–343.

Parker, G., 1995. Eastern Coyote; the Story of its Success. Nimbus
Publishing, Halifax, 254 pp.

Peterson, R.O., 1995. Wolves as interspecific competitors in canid
ecology. In: Carbyn, L.N., Fritts, S.H., Seip, D.R. (Eds.), Ecology
and Conservation of Wolves in a Changing World. Canadian
Circumpolar Institutes, Edmonton, pp. 315–323.

Peterson, R.O., Woolington, J.D., Bailey, T.N., 1984. Wolves of the
Kenai Peninsula, Alaska. Wildl. Monogr. 88, 1–82.

Pfister, C.A., 1995. Estimating competition coefficients from
census-data – a test with field manipulations of tidepool
fishes. Am. Nat. 146, 271–291.

Phillips, M.K., Henry, V.G., Kelly, B.T., 2003. Restoration of the red
wolf. In: Mech, L.D., Boitani, L. (Eds.), Wolves: behavior,
ecology, and conservation. University of Chicago Press,
Chicago, pp. 272–288.

Pitt, W.C., Box, P.W., Knowlton, F.F., 2003. An individual-based
model of canid populations: modelling territoriality and social
structure. Ecol. Model. 166, 109–121.

Polis, G.A., Myers, C.A., Holt, R.D., 1989. The ecology and
evolution of intraguild predation: potential competitors that
eat each other. Ann. Rev. Ecol. Syst. 20, 297–330.

Sacks, B.N., 2005. Reproduction and body condition of California
coyotes (Canis latrans). J. Mamm. 86, 1036–1041.

Schoener, T.W., 1983. Field experiments on interspecific
competition. Am. Nat. 122, 240–285.

Shenbrot, G., Krasnov, B., 2002. Can interaction coefficients be
determined from census data? Testing two estimation
methods with Negev Desert rodents. Oikos 99,
47–58.

Spiller, D.A., 1986. Consumptive-competition coefficients: an
experimental-analysis with spiders. Am. Nat. 127,
604–614.

Stahler, D.R., Smith, D.W., Landis, R., 2002. The acceptance of a
new breeding male into a wild wolf pack. Can. J. Zool. 80,
360–365.

Starfield, A.M., Bleloch, A.L., 1991. Building Models for
Conservation and Wildlife Management. Burgess
International, Edina, MN.

Starfield, A.M., Roth, J.D., Ralls, K., 1995. Mobbing” in Hawaiian
monk seals (Monachus schauinslani): the value of simulation
modeling in the absence of apparently crucial data. Conserv.
Biol. 9, 166–174.

Stoskopf, M.K., Beck, K., Fazio, B.B., Fuller, T.K., Gese, E.M., Kelly,
B.T., Knowlton, F.F., Murray, D.L., Waddell, W., Waits, L., 2005.
From the field: Implementing recovery of the red wolf –



Author's personal copy

e c o l o g i c a l m o d e l l i n g 2 1 4 ( 2 0 0 8 ) 391–403 403

integrating research scientists and managers. Wildl. Soc. Bull.
33, 1145–1152.

Tannerfeldt, M., Elmhagen, B., Angerbjörn, A., 2002. Exclusion by
interference competition? The relationship between red and
arctic foxes. Oecologia 132, 213–220.

Thornton, D.H., Sunquist, M.E., Main, M.B., 2004. Ecological
separation within newly sympatric populations of coyotes
and bobcats in south-central Florida. J. Mamm. 85, 973–982.

Thurber, J.M., Peterson, R.O., Woolington, J.D., Vucetich, J.A., 1992.
Coyote coexistence with wolves on the Kenai Peninsula,
Alaska. Can. J. Zool. 70, 2494–2498.

Urton, E.J.M., Hobson, K.A., 2005. Intrapopulation variation in
gray wolf isotope (�15N and �13C) profiles: implications for the
ecology of individuals. Oecologia 145, 317–326.

U.S. Fish and Wildlife Service, 2005. Where do red wolves go
when they die? Red Wolf News 5, 1–2.

Wilmers, C.C., Crabtree, R.L., Smith, D.W., Murphy, K.M., Getz,
W.M., 2003. Trophic facilitation by introduced top predators:
grey wolf subsidies to scavengers in Yellowstone National
Park. J. Anim. Ecol. 72, 909–916.

Windberg, L.A., 1995. Demography of a high-density coyote
population. Can. J. Zool. 73, 942–954.

Worton, B.J., 1989. Kernel methods for estimating the utilization
distribution in home-range studies. Ecology 70, 164–168.

Wu, T.J., Tsai, M.H., 2004. Root n bandwidths selectors in
multivariate kernel density estimation. Prob. Theory Related
Fields 129, 537–558.



University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
USDA National Wildlife Research Center - Staff
Publications

U.S. Department of Agriculture: Animal and Plant
Health Inspection Service

2012

Territory fidelity, space use, and survival rates of
wild coyotes following surgical sterilization
Renee G. Seidler
Utah State University

Eric M. Gese
USDA/APHIS/WS National Wildlife Research Center, eric.gese@usu.edu

Follow this and additional works at: https://digitalcommons.unl.edu/icwdm_usdanwrc

This Article is brought to you for free and open access by the U.S. Department of Agriculture: Animal and Plant Health Inspection Service at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in USDA National Wildlife Research Center - Staff Publications
by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.

Seidler, Renee G. and Gese, Eric M., "Territory fidelity, space use, and survival rates of wild coyotes following surgical sterilization"
(2012). USDA National Wildlife Research Center - Staff Publications. 1192.
https://digitalcommons.unl.edu/icwdm_usdanwrc/1192



ARTICLE

Territory fidelity, space use, and survival rates of wild coyotes
following surgical sterilization

Renee G. Seidler • Eric M. Gese

Received: 25 January 2012 / Accepted: 21 March 2012

� Japan Ethological Society and Springer (outside the USA) 2012

Abstract Sterilization of wild canids is being used

experimentally in many management applications. Few

studies have clearly demonstrated vasectomized and tubal-

ligated canids will retain pair-bonding and territorial

behaviors. We tested whether territory fidelity, space use,

and survival rates of surgically sterilized coyote (Canis

latrans) packs were different from sham-operated coyote

packs. We captured and radio-collared 30 coyotes in

December 2006. Sixteen of these animals were sterilized

via vasectomy or tubal ligation, and 14 were given sham-

surgeries (i.e., remained intact). We monitored these

animals using telemetry and visual observations through 2

breeding seasons and 1 pup-rearing season from December

2006 to March 2008. Mean pack size was not significantly

different between sterile and intact coyote packs. We found

no difference in home range size between sterile and intact

coyotes. We found differences in home range and core area

overlap between sterile and intact coyote packs in some

seasons; however, this difference may have existed prior to

sterilization. Home range fidelity was not significantly

different between sterile and intact coyotes. All coyotes

had higher residency rates during the breeding season, with

no differences between sterile and intact coyotes. Survival

rates were correlated with biological season, but there were

no differences in survival rates between sterile and intact

coyotes. We concluded that surgical sterilization of coyotes

did not affect territory fidelity, survival rates, or home

range maintenance.

Keywords Carnivore � Coyotes � Home range �
Sterilization � Survival � Territory fidelity

Introduction

Sterilization of canids is being tested for various manage-

ment purposes including population control of native and

non-native species, predation control, and to reduce genetic

introgression with other canids (Haight and Mech 1997;

Kelly et al. 1999; Spence et al. 1999; Bromley and Gese

2001a; Saunders et al. 2002). Surgical sterilization in par-

ticular is a promising management approach for these

objectives because hormonal systems remain intact with

vasectomy and tubal ligation. Canid reproductive strategies

(e.g., monogamy and pseudopregnancy in subordinate pack

members) and physiology (e.g., monestrum and prolonged

proestrus and estrus) favor pair and pack cohesion (Asa

1997). Without hormonal signals, these characteristics may

not be preserved (Asa 1995). For most management pur-

poses, retaining social structure of the pack is critical

(Bromley and Gese 2001a, b). If the social structure of a

sterilized pack fails, then a vacant territory becomes open

to colonization by intact animals (Asa 1995; Mech et al.

1996; DeLiberto et al. 1998; Gese 1998).

Mech et al. (1996) vasectomized 5 wolves (Canis lupus)

to determine if sterilization was a viable method for con-

trolling population size. They determined the vasectomized

wolves’ social behaviors were not altered (i.e., the males

maintained pair bonds and territories). Due to the success

(i.e., pack size remained the same or decreased) of this

study, sterilization is one of several proposed methods to
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control wolf populations (Haight and Mech 1997). In

Canada, wolves had been implicated in the decline of

caribou (Rangifer tarandus) and moose (Alces alces) calf

survival (Spence et al. 1999). Due to public concern of the

use of lethal control, fertility control was tested as an

alternative to manage wolves (Spence et al. 1999). To

determine the applicability of such a tool, territorial

behaviors were examined. They found sterilized wolves

maintained pair bonds and remained in their territories

(Spence et al. 1999).

The sheep industry in the United States has a long his-

tory of conflict with coyotes (Canis latrans) preying on

domestic livestock (Wagner 1988). Ranchers and wildlife

management agencies utilize various lethal methods to

reduce coyote predation on livestock and wildlife species

(Knowlton et al. 1999). The public repeatedly is concerned

over the use of lethal management (Arthur 1981; Kellert

1985; Andelt 1987; Messmer et al. 2001). One alternative

to reduce predation on sheep is surgical sterilization of

coyotes (Knowlton et al. 1999). Bromley and Gese (2001a)

sterilized coyotes and found an eight-fold reduction in

coyote predation on domestic sheep. This technique is

effective because it reduces the energetic needs of the pack

during pup rearing (Bromley and Gese 2001a). Bromley

and Gese (2001b) further demonstrated the sterile coyotes’

territorial and pack affiliative behaviors were not modified.

Coyotes are considered a social canid (Bekoff and Gese

2003; Gese 2004). The basic social unit is the adult,

heterosexual pair, referred to as the alpha pair. Coyotes

form heterosexual pair bonds that may persist for several

years, but not necessarily for life. Courtship behavior begins

2–3 months before copulation. Coyotes may maintain pair

bonds and whelp or sire pups up to 10–12 years of age

(Gese 1990). Associate animals may remain in the pack and

possibly inherit or displace members of the breeding pair

and become alphas themselves. Associates participate in

territorial maintenance and pup rearing, but not to the extent

of the alpha pair (Gese 2004). Other coyotes exist outside

the resident packs as transient or nomadic individuals.

Transients travel alone over larger areas and do not breed,

but will move into territories when vacancies occur. One

factor that may affect coyote sociality is prey size or prey

biomass. In populations where rodents are the major prey,

coyotes tend to be in pairs or trios (Bekoff and Gese 2003).

In populations where ungulates are available, large packs of

up to 10 individuals may form (Gese et al. 1996a, b, c).

Coyotes are territorial with a dominance hierarchy within

each resident pack (Gese et al. 1996a, c; Gese 2004). Ter-

ritoriality mediates the regulation of coyote numbers as

packs space themselves across the landscape in relation to

available food and habitat. The dominance hierarchy

influences access to food resources within the pack (Gese

et al. 1996a, b, c). Resident coyotes actively defend

territories with direct confrontation, and indirectly with

scent marking and howling (Gese 2001, 2004). Only packs

maintain and defend territories (Gese 2001, 2004; Bekoff

and Gese 2003). Fidelity to the home range area is high and

may persist for many years (Kitchen et al. 2000). Shifts in

territorial boundaries may occur in response to loss of one

or both of the alpha pair (Gese 1998). Dispersal of coyotes

from the natal site may be into a vacant or occupied territory

in an adjacent area, or they may disperse long distances.

Generally, pups, yearlings, and non-breeding adults of

lower social rank disperse (Gese et al. 1996a). Dispersal

seems to be voluntary as social and nutritional pressures

intensify during winter when food becomes limited (Gese

et al. 1996a). Dispersal by juveniles usually occurs during

autumn and early winter.

Although sterilization has been used in a few canids, only

Bromley and Gese’s (2001b) study has demonstrated that

free-ranging coyotes maintained territorial and breeding-

pair behaviors. If coyote sterilization continues to be used as

a management tool, it is important to validate that territorial

maintenance and pair-bonding behaviors are retained across

various circumstances (Asa 1995) and environments. With-

out this assurance, intact animals could displace sterile packs

and threaten the success of the management action (Till and

Knowlton 1983; Asa 1995; Mech et al. 1996; DeLiberto et al.

1998). As part of a study to test whether coyote sterilization

could increase pronghorn (Antilocapra americana) fawn

survival (Seidler 2009), we also tested the hypothesis that

sterilization would not affect territory fidelity, survival rates,

and home range maintenance of coyotes. Using similar

methodologies, we examined the same parameters as

Bromley and Gese (2001b), including home range size,

home range and core area overlap, home range fidelity, pack

size, and survival rates of sterile versus intact coyotes. Sci-

entific theory is advanced through repeated studies (Ford

2000; Gauch 2003). Since Bromley and Gese (2001b) was

the only study examining the effects of sterilization on

coyote behavior and survival rates, additional studies in

different environments are needed to increase our under-

standing of the effects of reproductive control on coyote

behavior and broaden our scope of inference. Our study was

conducted in a shortgrass prairie and native prey ecosystem,

while the study by Bromley and Gese (2001b) was conducted

in the sage-brush steppe with a mixture of domestic livestock

and native prey species.

Materials and methods

Study area

We conducted this study on the 1,040-km2 Piñon Canyon

Maneuver Site (PCMS) in Las Animas County, Colorado.
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The study area within the PCMS was defined by the home

range boundaries of the radio-collared coyotes. Mean ele-

vation on the PCMS was 1,520 m, mean temperature ran-

ged from 1 �C in January to 24 �C in July (Shaw and

Diersing 1990), and mean annual precipitation was

305 mm (Milchunas et al. 1999). Harvest of coyotes was

not permitted during the study. Nearly 60 % of the PCMS

was shortgrass prairie dominated by blue grama (Bouteloua

gracilis), galleta (Hilaria jamesii), and western wheatgrass

(Agropyron smithii) (Shaw et al. 1989). Many shrub com-

munities occurred within the grassland communities along

alluvial fans, waterways, and slopes, and included black

greasewood (Sarcobatus vermiculatus), fourwing saltbush

(Atriplex canescens), Bigelow sagebrush (Artemisia bigel-

ovii), winterfat (Krascheninnikovia lanata), small soap-

weed (Yucca glauca), and tree cholla (Opuntia imbricata).

Woodland communities dominated the canyons and breaks,

and were composed of one-seeded juniper (Juniperus

monsperma) and pinyon pine (Pinus edulis).

Capture and monitoring of coyotes

We captured coyotes using aerial net-gunning (Barrett et al.

1982; Gese et al. 1987). Animals captured in the southern

portion of the study area were sterilized, while animals

captured in the northern portion of the study area were sham-

sterilized (i.e., animals were sham-operated but remained

intact). The boundaries of the two areas were 4 km apart and

both areas were similar in climate, topography, vegetation,

and prey availability. We used this clustered experimental

design in an effort to swamp a single area with the treatment

simulating actual management practices. Due to the uncer-

tainty of capturing the breeding individuals, we sterilized

both males and females from each pack.

Captured animals were blind-folded and muzzled, then

transported to a licensed veterinarian. Animals were sexed

and weighed with a spring scale to the nearest 0.1 kg to

determine the initial drug dosage and then sedated with a

combination of tiletamine and zolazepam (dosage 10 mg/kg).

Continued anesthesia to maintain the anesthesia plane

during surgery and processing were with a combination of

tiletamine and zolazepam plus xylazine (dosage 2 mg/kg).

Temperature, pulse, and respiration were monitored every

10 min. The surgical procedure for the tubal ligation

(Howe 2006) involved a 2- to 3-cm incision along the mid-

line of the abdomen, exposing the horns of the uterus, and

locating the ovary and oviduct. The oviduct was clamped

and then tied off 1 cm either side of the clamp. A 1-cm

section of the oviduct was then cut and removed. The ovary

and uterus were then returned to the normal positions in the

body cavity. The incision was then closed via three sepa-

rate suturing procedures involving the peritoneum, subcu-

taneous tissues, and skin.

Surgical vasectomy involved bilateral removal or

occlusion of the portion of the ductus deferens (Howe

2006). The vasectomy was performed through a 1- to 2-cm

incision located in the inguinal area. Following skin and

subcutaneous incision, the spermatic cords were identified,

separated, and exteriorized. Manipulation of the testicle

identified the spermatic cord and ductus deferens.

Following isolation of the ductus deferens, a segment of the

ductus was then removed and both of the severed ends of

the ductus ligated. The incision was then closed via three

separate suturing procedures involving the peritoneum,

subcutaneous tissues, and skin.

Following the surgical procedure, each coyote was aged

by visual inspection of tooth wear (Gier 1968), ear-tagged,

and radio-collared. We reversed the effects of the xylazine

with the antagonist yohimbine (dosage 0.15 mg/kg) after

the surgery was completed. An analgesic (butorphanol;

dosage 0.4 mg/kg) was administered immediately follow-

ing surgery for post-operative pain management. We

applied ophthalmic ointment to prevent corneal desicca-

tion. Animals held overnight were monitored for any post-

operative complications. The following morning, animals

were inspected and then returned to their respective sites of

capture. Control animals (intact coyotes) underwent a sham

surgery following the exact same procedures without the

final tying of the tubes (thereby remaining reproductively

intact), so that all else (including the surgery) was con-

trolled. This method (sterile vs. control) has previously

been documented to show no impact to subsequent sur-

vival, dispersal, and behaviors of surgically sterilized

coyotes (Bromley and Gese 2001b). Close monitoring of

all animals released into the wild following surgery showed

no complications or deaths due to the surgical procedures.

Research protocols were approved by the Institutional

Animal Care and Use Committees at the USDA/National

Wildlife Research Center (QA-1350) and Utah State Uni-

versity (IACUC #1269).

To determine with greater certainty that treated coyote

packs were sterile (i.e., we captured and sterilized one or

both of the breeding pair), we conducted howling surveys

(Harrington and Mech 1982; Fuller and Sampson 1988)

and searched for dens and pups of radio-collared individ-

uals. Howling surveys were conducted during June to mid-

August, with personnel going to high points, howling, and

recording whether the response included pups. In addition,

visual observations of radio-collared individuals allowed us

to gain information on pup presence. Any pack found to

have pups was considered intact.

Determination of pack size

We compared pack sizes between sterile and intact packs

using the observed minimum pack size. We made multiple
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visual observations of radio-collared individuals to count

associated pack members. Field personnel would home-in

on a radio-collared animal, attempting to approach animals

from downwind in a stealthy manner to reduce disturbance

of additional pack members that may be present. Group

size, location, and pup presence were noted. We did not

include pups in pack size estimations, but estimated pre-

whelping pack size (Gese et al. 1989).

Home range size and overlap

We acquired telemetry locations primarily at dawn and

dusk to obtain point locations during the highest activity

periods (Andelt and Gipson 1979). We attempted to locate

animals every 2 days. We calculated locations using C3

compass bearings in Program LOCATE (Pacer, Truro,

Nova Scotia, Canada). All home ranges were computed

using only locations with an error polygon\0.10 km2. We

calculated home range size using the 95 % fixed kernel

(FK) density estimator and core area with the 50 % FK

density estimator in ArcGIS 9.2 (Environmental Systems

Research Institute, Redlands, CA, USA) with the Hawth’s

Tools extension (Hawth’s Analysis Tools); bandwidth was

set to h = 1,000. We calculated home range estimates

(home range size and overlap) for two breeding seasons

(breeding season 1: December 2006–March 2007; breeding

season 2: October 2007–March 2008), and one pup-rearing

season (April–September 2007).

We compared percent overlap among adjacent packs for

the 95 and 50 % FK contours using analysis of variance

(ANOVA). We used only adjacent packs to calculate per-

cent overlap, including adjacent packs with zero overlap.

Packs were considered adjacent if their home range

boundaries were \2 km apart; this figure represents the

radius of the smallest home range and was the minimum

area we used to exclude the potential presence of a home

range in which the pack members were not radio-collared.

We made comparisons of home range overlap among

adjacent sterile–sterile packs, intact–intact packs, and

sterile–intact packs. Tests for differences between each pair

were performed with a Tukey’s Honestly Significant

Difference (HSD) test. All statistical tests were performed

using SPSS 10.0.5 (SPSS, Chicago, IL, USA).

Home range fidelity

Familiarity of the home range, and therefore territory

fidelity, is important in reducing the vulnerability of coy-

otes to human persecution (Knowlton et al. 1999). We

tested home range fidelity of resident coyotes using known

fate models in Program MARK (White and Burnham

1999); animals were censored after dispersal. We defined

dispersal as the movement of an animal from its point of

origin to where it reproduces or would have reproduced if it

had survived and found a mate (Howard 1960). We com-

pared models of residency rates between sterile and intact

coyotes with Akaike’s Information Criterion (AIC; Akaike

1973) corrected for small sample size bias (DAICc;

Burnham and Anderson 2002). We grouped coyotes by

treatment (sterile or intact) and encounter occasions were

expressed as 15 1-month intervals. Because treatment was

of primary interest, all models included this variable.

Hypotheses tested included residency varying by treatment

alone, treatment and 4-month season, or treatment and

1-month time interval (Table 1: models 1, 2, 3). For

examining home range fidelity, we used 4-month seasons

based on biological changes in coyote behavior, including

the breeding season (December–March), pup-rearing sea-

son (April–July), and dispersal season (August–November;

adapted from Gese and Ruff 1998). We also tested a model

which examined the interactive effect between treatment

and time (the most parameterized model, Table 1: model

4). We censored transient animals from the analysis unless

and until they became established as residents later in the

study.

Survival rates

We examined survival rates of intact and sterile coyotes

because, if sterilization changed coyote behavior and they

dispersed, these animals would become more vulnerable to

human persecution (Windberg and Knowlton 1990;

Table 1 Model selection for residency rates of sterile (n = 15) and intact (n = 12) coyotes, Piñon Canyon Maneuver Site, Colorado, December

2006–March 2008

Model no. Model structure AICc DAICc AICc weights Model likelihood Ka Deviance Evidence ratio (w1/wi)

2 {R(treatment ? season)} 62.583 0.000 0.686 1.000 5 14.630 1.00

1 {R(treatment)} 64.151 1.568 0.313 0.457 2 22.344 2.19

3 {R(treatment ? time)} 76.242 13.659 0.001 0.001 16 4.761 927.04

4 {global R(treatment 9 time)} 103.889 41.306 0.000 0.000 30 0.000 NAb

a Number of parameters
b Evidence ratios could not be calculated because model weight was = 0
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Windberg 1996; Harris and Knowlton 2001). We compared

estimates of survival rates between sterile and intact coy-

otes in Program MARK using known fate analysis (White

and Burnham 1999). We compared models of survival rates

using DAICc (Akaike 1973; Burnham and Anderson 2002).

Coyotes were grouped by treatment and models included

three covariates: gender, age class, and weight. We ana-

lyzed survival over 15 1-month occasions. We created

models based on gender, age class, weight, coyote season,

or monthly time interval and always included the variable

treatment since this was our variable of interest (Table 2:

models 1–6). Except a global model (Table 2: model 7), all

hypothesized models were restricted to additive models

due to limited sample size.

Results

Pack size

We captured and radio-collared 30 coyotes. We sterilized

16 (mean age 3.3 years, range 1–8 years old) animals from

the southern portion of the study area and sham-operated

14 (mean age 2.5 years, range 1–8 years old) coyotes from

the northern portion; ages were not different between the

two areas (P = 0.12). Defined home ranges contained 1–2

radio-collared individuals. During the first breeding season,

we documented 8 sterile and 10 intact home ranges. During

the subsequent pup-rearing season, we defined 8 sterile and

9 intact home ranges. We documented 6 sterile and 8 intact

home ranges during the second breeding season. Mean

pack size of sterile packs (2.3 ± 0.3; 95 % CI) was not

significantly different than intact coyote packs (2.10 ± 0.3;

t9 = 0.607, P = 0.554).

Home range size and overlap

Home range sizes were not different between sterile and

intact coyote packs during any of the three seasons. During

the first breeding season, mean home range sizes of intact

(n = 10) and sterile (n = 8) coyote packs were 24.0 ± 3.8

(95 % CI) and 22.3 ± 3.9 km2, respectively (t16 = 0.601,

P = 0.556; Fig. 1a). During the pup-rearing season, home

range sizes of intact (n = 9) and sterile (n = 8) coyote

packs were 26.4 ± 6.8 km2 and 24.7 ± 4.4 km2, respec-

tively (t15 = 0.405, P = 0.692; Fig. 1b). During the sec-

ond breeding season, home range sizes of intact (n = 7)

and sterile (n = 6) coyote packs were 20.6 ± 4.9 and

22.0 ± 4.0 km2, respectively (t11 = -0.421, P = 0.682;

Fig. 1c).

Home range overlap was expressed as a proportion of

total home range area. During the first breeding season,

mean overlap between adjacent sterile home ranges was

0.251 ± 0.081 (95 % CI) and mean overlap between

adjacent intact home ranges was 0.139 ± 0.076. Mean

overlap between adjacent sterile and intact home ranges

was 0.060 ± 0.069. During the first breeding season, core

areas of adjacent sterile home ranges had a mean overlap of

0.033 ± 0.032 (SD). Core areas of adjacent intact home

ranges overlapped by 0.001 ± 0.001 and core areas of

adjacent sterile–intact home ranges had no overlap. We

found differences in overlap of adjacent sterile core areas

compared to adjacent intact core areas (P = 0.020). This

relationship appeared to be mainly due to the overlap of

core areas between only 2 sets of sterile home range pairs

(Fig. 1a). We did not find any other differences in overlap

during the first breeding season (Table 3a).

Mean home range overlap during the pup-rearing season

among adjacent sterile home ranges (0.266 ± 0.073 95 %

CI) was different from the mean overlap among adjacent

intact home ranges (0.113 ± 0.061; P = 0.006). Differ-

ences in overlap among adjacent sterile home ranges and

adjacent sterile–intact home ranges were also significant

(0.057 ± 0.074, P = 0.007). However, there was no evi-

dence of difference in the overlap among adjacent intact

home ranges and adjacent sterile–intact home ranges

(P = 0.639). Core area overlap during the pup-rearing

season was also different among adjacent sterile home

Table 2 Model selection for survival rates of sterile and intact coyote (n = 30), Piñon Canyon Maneuver Site, Colorado, December 2006–

March 2008

Model no. Model AICc Delta AICc AICc weights Model likelihood Ka Deviance Evidence ratio

1 {S(treatment)} 47.907 0.000 0.336 1.000 2 43.876 1.00

5 {S(treatment ? season)} 48.377 0.471 0.266 0.790 5 38.224 1.27

3 {S(treatment ? age)} 49.536 1.629 0.149 0.443 3 43.474 2.26

4 {S(treatment ? kg)} 49.871 1.965 0.126 0.374 3 43.810 2.67

2 {S(treatment ? sex)} 49.923 2.016 0.123 0.365 3 43.861 2.74

6 {S(treatment ? time)} 65.058 17.151 0.000 0.000 15 33.795 5,606.83

7 {global S(treatment 9 time)} 94.335 46.429 0.000 0.000 30 29.239 NA

a Number of parameters
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ranges (0.028 ± 0.030) and adjacent intact home ranges

(no overlap, P = 0.043). No other differences in core area

overlap were found (Table 3b).

Mean overlap of adjacent sterile home ranges

(0.208 ± 0.074 95 % CI) during the second breeding sea-

son was different from adjacent intact home ranges

(0.012 ± 0.017, P \ 0.001). We also found a difference

among mean overlap of adjacent sterile home ranges and

adjacent sterile–intact home ranges (no overlap). We found

no differences in overlap during the second breeding sea-

son (Table 3c).

Because age could affect overlap, we tested for differ-

ences in ages between sterile and intact coyotes. We found no

difference in mean age between sterile and intact coyotes

(t28 = -0.976, P = 0.337). We found no differences

between sample sizes used to define home ranges for sterile

and intact coyotes (first breeding season: t16 = -0.429,

P = 0.674; pup-rearing season: t15 = -0.249, P = 0.807;

second breeding season: t13 = -0.147, P = 0.885) which

may also influence home range overlap. We also found no

correlation between location sample sizes used to determine

home range and percent overlap of home ranges (first

breeding season: R2 = 0.013, F53 = 0.676, P = 0.415;

pup-rearing season: R2 = 0.013, F45 = 0.601, P = 0.442;

second breeding season: R2 = 0.017, F29 = 0.480,

P = 0.494).

Fig. 1 Plots of 95 and 50 %

fixed kernel estimates of

individual coyote home ranges

during a breeding season

2006–2007, b pup-rearing

season 2007, and c breeding

season 2007–2008, Piñon

Canyon Maneuver Site,

Colorado. Sterile home ranges

are represented by

cross-hatching

Table 3 Tukey’s Honestly Significant Difference comparison of

home range and core area overlap between sterile and intact coyote

home ranges during the first breeding season, pup-rearing season, and

second breeding season, Piñon Canyon Maneuver Site, Colorado,

December 2006–March 2008

Season Area Group

comparison

P

1st breeding 95% home range Sterile–intact 0.118

Sterile–sterile 0.181

Intact–intact 0.734

50 % core Sterile–intact 0.020

Sterile–sterile 0.343

Intact–intact 0.999

Pup-rearing 95 % home range Sterile–intact 0.006

Sterile–sterile 0.007

Intact–intact 0.639

50 % core Sterile–intact 0.043

Sterile–sterile 0.200

Intact–intact 0.999

2nd breeding 95 % home range Sterile–intact \0.001

Sterile–sterile 0.011

Intact–intact 0.982

50 % core area Sterile–intact 0.312

Sterile–sterile 0.733

Intact–intact 0.999
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Home range fidelity

Six radio-collared coyotes (20 %) dispersed during the

study. Three of these dispersals occurred during the pup-

rearing season and 3 during the dispersal season. No radio-

collared coyotes dispersed during the breeding seasons.

The best model for coyote residency was {R(treat-

ment ? season)} (Table 1: model 2). This model was 2.2

times as plausible as the second-best model {R(treatment)}

(Table 1: model 1). Models 3 {R(treatment ? time)} and 4

{R(treatment 9 time)} were not well supported by the data

(evidence ratios 927.04 and NA, respectively; Table 1).

Residency was highest during the breeding seasons and

dropped during the pup-rearing and dispersal season

(Fig. 2). Model averaging showed that derived residency

rates (the probability of remaining a resident through the

duration of the study) were not different between sterile

(r̂ ¼ 0:779, 95 % CI 0.496–0.927) and intact (r̂ ¼ 0:738,

95 % CI 0.432–0.913) coyotes (z = 0.239, P = 0.406).

Survival rates

We analyzed survival rates of 17 male and 13 female coy-

otes; 8 males and 8 females were sterilized. Four coyotes

perished during the study: 3 due to gunshot wounds, 1 due to

unknown causes. Many of the models used to analyze coyote

survival rates were competitive. The first 5 models were

within\2.016 DAICc values from each other, indicating that

all 5 were plausible (Burnham and Anderson 2002). The

best-fit model, {S(treatment)} (Table 2: model 1), suggested

sterile coyotes had lower survival rates than intact coyotes

(sterile: ŝ = 0.805, 95 % CI 0.540–0.936; intact: ŝ = 0.923,

95 % CI 0.608–0.989). The second-ranked model,

{S(treatment ? season)} (Table 2: model 5), showed an

increasing trend in survival over the seasons and higher

survival in intact coyotes, but the confidence intervals

between the groups overlapped (Fig. 3). Model averaged

derived estimates of survival rates (i.e., probability of sur-

viving the duration of the study) of sterile and intact coyotes

were not different (sterile: ŝ = 0.809, 95 % CI 0.544–0.938;

intact: ŝ = 0.924, 95 % CI 0.611–0.990). When we calcu-

lated statistics for the third-, fourth-, and fifth-ranked mod-

els, {S(treatment ? age)}, {S(treatment ? weight)}, and

{S(treatment ? sex)}, we found the covariates were not

significant (P [ 0.280). Other models had DAICc values

[2.016. In a post hoc analysis, {S(�)} (coyote survival rate is

not influenced by any variables) was ranked as the top model

and {S(season)} was ranked second.

Discussion

As sterilization becomes more widely used in canid

research and management practices, we must confirm ter-

ritorial maintenance and pair-bonding behaviors are being

retained. Without these behaviors, the social structure of the

pack will dissolve leading to an unguarded, open territory,

and management efforts could fail. We found no evidence

to suggest territorial behaviors among coyotes were altered

by sterilization. Pack size, home range size, home range

fidelity, and coyote survival rates were not significantly

different between sterilized and sham-operated coyotes. We

did find sterile packs exhibited greater home range overlap

than intact packs, but it is unknown whether this was due to

the effects of sterilization.

Similar to our results, sterile red fox vixens had increased

home range overlap compared to non-sterile vixens (Saun-

ders et al. 2002). In contrast, coyotes in Utah did not display

differences in home range overlap between sterile and intact

packs (Bromley and Gese 2001b). Average overlap between

coyote territories in Utah was 21 %, greater than the overall

average overlap in our study (14 %). Possibly, sterile coyote

0.80

0.85

0.90

0.95

1.00

Breeding
06-07

Pup-rearing
07

Dispersal
07

Breeding
07-08

Season

R
es

id
en

cy

Sterile

Intact

Fig. 2 Coyote residency rates (±95 % CI) from the top model,

{R(treatment ? season)}, in 4-month seasonal increments for sterile

and intact coyotes, Piñon Canyon Maneuver Site, Colorado, Decem-
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packs on the PCMS were more tolerant of overlap than intact

coyote packs. We also tested for age and location sample

size differences between the sterile and intact packs

to account for the differences in overlap. Younger, low-

ranking pack members disperse when resources are not

abundant (Gese et al. 1996a). If coyotes in the sterile group

were younger than coyotes in the intact group, and location

sample sizes were not large enough to accurately detect pre-

dispersal forays, then we might mistake these forays for

home range overlap. However, we did not find differences in

age classes, dispersal rates, or location sample sizes between

the groups suggesting that pre-dispersal forays were not

occurring differentially between sterile and intact coyotes.

Varying location sample sizes were also not correlated to the

degree of overlap.

Additionally, 2 dispersers in the second breeding season

of previously resident coyotes in the intact area may

account for differences observed between home range

overlap in this season. One of the dispersers was an adult

male coyote located in the center of the intact part of the

study area. His initial home range had contributed to

overlap in previous seasons. His dispersal coincided with

the expansion of adjacent coyote pack home ranges into his

previous home range area and may have been the result of

displacement (Carbyn 1981). However, the expansion of

the neighboring pack’s home range was not enough to

compensate for the lost overlap. Given consistently high

overlap in the sterile home ranges and dispersal events

which reduced overlap in the intact home ranges, we

believe the disparity in home range overlap was not

prompted by sterilization, but most likely had high pre-

existing overlap among home ranges in that area.

Home range fidelity of coyotes varied by season and

declined during the pup-rearing and dispersal seasons. Pack

sizes gradually decline after whelping due to dispersals of

non-breeding associated pack members (Bekoff and Gese

2003). We found no evidence that dispersal rates were

influenced by sterilization. This corroborates with Bromley

and Gese’s (2001b) results; they found no difference between

residency rates of sterile and sham-operated animals.

Although our results suggested many variables were

important to coyote survival rates, sterilization had no

significant influence. In addition, a post hoc analysis

incorporating the model {S(�)} (coyote survival rate was

not influenced by any of the variables), ranked this model

at the top when run with the previously described models,

further suggesting none of the other variables explained the

true effects. Indeed, a Wald’s test confirmed them as not

significant. Season, as modeled as a coyote biological

interval, may have been influential on coyote survival rates.

An additional post hoc analysis ranked the model {S(sea-

son)} as second only to {S(�)}. However, we must also

consider confounding variables such as human persecution.

Three of 4 coyote mortalities were caused by gunshot and

the fourth mortality suggested human involvement (i.e., the

carcass was found \4 m from a gravel road). Although

shooting of coyotes was not permitted during the study, 3

of these mortalities were detected during or shortly after

military maneuvers involving armed personnel.

Results from this study add to the small body of

knowledge we have regarding the effects of sterilization on

wild canids. We did not find any results that were in con-

tradiction to other studies on coyotes or wolves. One

component lacking in all peer-reviewed studies of coyote

sterilization is an assessment of the long-term stability of

territorial and social behaviors following sterilization.

Mech et al. (1996) monitored vasectomized wolves for

7 years, but the sample size was small and females were

not sterilized. Zemlicka (1995) monitored sterilized captive

coyotes for 1 year, while Bromley and Gese (2001b) fol-

lowed the sterile coyotes for 3 years. Despite functioning

endocrine systems, after multiple years of no reproductive

success sterile coyotes could sever their pair-bond and

search for a more successful mate. Hence, we recommend a

study of sterile free-ranging coyotes following treated and

untreated animals into senescent years. With a long-term

study, dispersal by ‘‘breeding’’ individuals (dominant ani-

mals which had been sterilized) due to a lack of repro-

ductive success may be detected. Also, by following sterile

and intact coyotes to senescence, changes in survival rates

may be detected. Because home range overlap of red fox

vixens was reported (Saunders et al. 2002) and this study

found possible pre-existing home range overlap in sterile

coyotes, disruption of territory boundaries may warrant

further exploration. Tolerance of trespassers into territories

may complicate interpretation of experimental results and

could result in failed measures for canid management.

Acknowledgments Funding and support provided by the US

Department of Agriculture, Wildlife Services, National Wildlife

Research Center, Logan Field Station at Utah State University.

Additional logistical support was provided by the US Army, Direc-

torate of Environmental Compliance and Management, Fort Carson,

Colorado. Permits to capture animals were granted by the Colorado

Division of Wildlife. We thank J. Martinez, J. Miller, M. Oxley, E.

Miersma, D. Green, K. Sivy, M. Hatfield, D. Mallett, J. Burghardt, M.

Klavetter, B. Smart, M. Greenblatt, S. Gifford, L. Cross, C. Simms,

and S. Hollis for field assistance, Leading Edge Aviation for aerial

captures, K. Quigley for performing surgeries, M. Klavetter, B.

Smart, and J. Kuzmiak for additional data, and M. Conner, J. Mac-

Mahon, K. Berger, J. Young, L. Aubry, and P. Terletzky for assis-

tance with data analysis.

References

Akaike H (1973) Information theory as an extension of the maximum

likelihood principle. In: Petrov BN, Csaki F (eds) 2nd interna-

tional symposium on information theory. Akademiai Kiado,

Budapest, pp 267–281

J Ethol

123



Andelt WF (1987) Coyote predation. In: Novak M, Baker JA, Obbard

ME, Malloch B (eds) Wild furbearer management and conser-

vation in North America. Ontario Ministry of Natural Resources,

Ontario, pp 128–140

Andelt WF, Gipson PS (1979) Home range, activity, and daily

movements of coyotes. J Wildl Manag 43:944–951

Arthur LM (1981) Coyote control: the public response. J Range

Manag 34:14–15

Asa CS (1995) Physiological and social aspects of reproduction of the

wolf and their implications for contraception. In: Carbyn LN,

Fritts SH, Seip DR (eds) Ecology and conservation of wolves in

a changing world. Occasional Publication No. 35, Canadian

Circumpolar Institute, University of Alberta, Edmonton, Alberta,

pp 283–286

Asa CS (1997) Hormonal and experiential factors in the expression of

social and parental behaviors in canids. In: Solomon NG, French

JA (eds) Cooperative breeding in mammals. Cambridge Univer-

sity Press, Cambridge, pp 129–144

Barrett MW, Nolan JW, Roy LD (1982) Evaluation of a hand-held

net-gun to capture large mammals. Wildl Soc Bull 10:108–114

Bekoff M, Gese EM (2003) Coyote (Canis latrans). In: Feldhamer

GA, Thompson BC, Chapman JA (eds) Wild mammals of North

America: biology, management, and conservation, 2nd edn.

Johns Hopkins University Press, Baltimore, pp 467–481

Bromley C, Gese EM (2001a) Surgical sterilization as a method of

reducing coyote predation on domestic sheep. J Wildl Manag

65:510–519

Bromley C, Gese EM (2001b) Effects of sterilization on territory

fidelity and maintenance, pair bonds, and survival rates of free-

ranging coyotes. Can J Zool 79:386–392

Burnham KP, Anderson DR (2002) Model selection and multimodel

inference: a practical information-theoretic approach, 2nd edn.

Springer, New York

Carbyn LN (1981) Territory displacement in a wolf population with

abundant prey. J Mammal 62:193–195

DeLiberto TJ, Gese EM, Knowlton FF, Mason JR, Conover MR, Miller

L, Schmidt RH, Holland MK (1998) Fertility control in coyotes: is

it a potential management tool? Vertebrate Pest Conf 18:144–149

Ford ED (2000) Scientific methods for ecological research. Cam-

bridge University Press, Cambridge

Fuller TK, Sampson BA (1988) Evaluation of a simulated howling

survey for wolves. J Wildl Manag 52:60–63

Gauch HG (2003) Scientific method in practice. Cambridge Univer-

sity Press, Cambridge

Gese EM (1990) Reproductive activity in an old-age coyote in

southeastern Colorado. Southwest Nat 35:101–102

Gese EM (1998) Response of neighboring coyotes (Canis latrans) to

social disruption in an adjacent pack. Can J Zool 76:1960–1963

Gese EM (2001) Territorial defense by coyotes (Canis latrans) in

Yellowstone National Park, Wyoming: who, how, where, when,

and why. Can J Zool 79:980–987

Gese EM (2004) Coyotes in Yellowstone National Park: the influence

of dominance on foraging, territoriality, and fitness. In: Mac-

donald DW, Sillero-Zubiri C (eds) The biology and conservation

of wild canids. Oxford University Press, Oxford, pp 271–283

Gese EM, Ruff RL (1998) Howling by coyotes (Canis latrans):

variation among social classes, seasons, and pack sizes. Can J

Zool 76:1037–1043

Gese EM, Rongstad OJ, Mytton WR (1987) Manual and net-gun

capture of coyotes from helicopters. Wildl Soc Bull 15:444–445

Gese EM, Rongstad OJ, Mytton WR (1989) Population dynamics of

coyotes in southeastern Colorado. J Wildl Manag 53:174–181

Gese EM, Ruff RL, Crabtree RL (1996a) Social and nutritional

factors influencing the dispersal of resident coyotes. Anim Behav

52:1025–1043

Gese EM, Ruff RL, Crabtree RL (1996b) Intrinsic and extrinsic

factors influencing coyote predation of small mammals in

Yellowstone National Park. Can J Zool 74:784–797

Gese EM, Ruff RL, Crabtree RL (1996c) Foraging ecology of coyotes

(Canis latrans): the influence of extrinsic factors and a

dominance hierarchy. Can J Zool 74:769–783

Gier HT (1968) Coyotes in Kansas (revised). Agricultural experiment

station bulletin 393. Kansas State University, Manhattan, Kansas

Haight RG, Mech LD (1997) Computer simulation of vasectomy for

wolf control. J Wildl Manag 61:1023–1031

Harrington FH, Mech LD (1982) An analysis of howling response

parameters useful for wolf pack censusing. J Wildl Manag

46:686–693

Harris CE, Knowlton FF (2001) Differential responses of coyotes to

novel stimuli in familiar and unfamiliar settings. Can J Zool

79:2005–2013

Howard WE (1960) Innate and environmental dispersal of individual

vertebrates. Am Midl Nat 63:152–161

Howe LM (2006) Surgical methods of contraception and sterilization.

Theriogenology 66:500–509

Kellert SR (1985) Public perceptions of predators, particularly the

wolf and coyote. Biol Conserv 31:167–189

Kelly BT, Miller PS, Seal US (1999) Population and habitat viability

assessment workshop for the red wolf (Canis rufus). Conserva-

tion Breeding Specialist Group (SSC/IUCN), Apple Valley,

Minnesota

Kitchen AM, Gese EM, Schauster ER (2000) Long-term spatial

stability of coyote (Canis latrans) home ranges in southeastern

Colorado. Can J Zool 78:458–464

Knowlton FF, Gese EM, Jaeger MM (1999) Coyote depredation

control: an interface between biology and management. J Range

Manag 52:398–412

Mech LD, Fritts SH, Nelson ME (1996) Wolf management in the 21st

century: from public input to sterilization. J Wildl Res

1:195–198

Messmer TA, Reiter D, West BC (2001) Enhancing wildlife sciences’

linkage to public policy: lessons from the predator-control

pendulum. Wildl Soc Bull 29:1243–1252

Milchunas DG, Schulz KA, Shaw RB (1999) Plant community

responses to disturbance by mechanized military maneuvers.

J Environ Qual 28:1533–1547

Saunders G, McIlroy J, Berghout M, Kay B, Gifford E, Perry R, Van

de Ven R (2002) The effects of induced sterility on the territorial

behaviour and survival of foxes. J Appl Ecol 39:56–66

Seidler R (2009) Surgical sterilization of coyotes to reduce predation

on pronghorn fawns. MS thesis, Utah State University, Logan

Shaw RB, Diersing VE (1990) Tracked vehicle impacts on vegetation
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Abstract

Despite ethical arguments against lethal control of wildlife populations, culling
is routinely used for the management of predators, invasive or pest species, and
infectious diseases. Here, we demonstrate that culling of wildlife can have unforeseen
impacts that can be detrimental to future conservation efforts. Specifically, we
analyzed genetic data from eastern wolves (Canis lycaon) sampled in Algonquin
Provincial Park (APP), Ontario, Canada from 1964 to 2007. Research culls in 1964
and 1965 killed the majority of wolves within a study region of APP, accounting
for approximately 36% of the park’s wolf population at a time when coyotes were
colonizing the region. The culls were followed by a significant decrease in an eastern
wolf mitochondrial DNA (mtDNA) haplotype (C1) in the Park’s wolf population,
as well as an increase in coyote mitochondrial and nuclear DNA. The introgression
of nuclear DNA from coyotes, however, appears to have been curtailed by legislation
that extended wolf protection outside park boundaries in 2001, although eastern
wolf mtDNA haplotype C1 continued to decline and is now rare within the park
population. We conclude that the wolf culls transformed the genetic composition
of this unique eastern wolf population by facilitating coyote introgression. These
results demonstrate that intense localized harvest of a seemingly abundant species
can lead to unexpected hybridization events that encumber future conservation
efforts. Ultimately, researchers need to contemplate not only the ethics of research
methods, but also that future implications may be obscured by gaps in our current
scientific understanding.

Introduction

Although lethal sampling of wildlife for ecological experi-
mentation was common up until the second half of the 20th
century, the emergence of a stronger environmental ethic in
recent decades has rendered the practice generally indefen-
sible (Farnsworth and Rosovsky 1993; Minteer and Collins
2005; Vucetich and Nelson 2007). Culling of wildlife as a
management tool, however, is routinely used to (1) increase
the population size of desirable game species (Thirgood et al.
2001; Boertje et al. 2010; Schneider et al. 2010); (2) pro-
tect vulnerable endemic or domestic species from predators
(Conner et al. 2008; Smith et al. 2010) or invasive exotics
(Genovesi 2005); (3) impede disease transmission (Wasser-
berg et al. 2009; Lachish et al. 2010), or (4) acquire basic eco-
logical knowledge for establishing sustainable harvest quotas

(Morishita 2006) or effective conservation (Sillett et al. 2004).
These methods are usually controversial, sprouting passion-
ate counter arguments based on scientific and ethical consid-
erations (e.g., Minteer and Collins 2005; Clapham et al. 2007;
Vucetich and Nelson 2007).

The influence of human activities on the evolutionary tra-
jectory of wildlife is widespread (see the January 2008 Spe-
cial Issue of Molecular Ecology). Altered landscapes, climate
change, invasive species, and direct harvest are shaping the
genetic potential of species worldwide (Smith and Bernatchez
2008). In recent years, the impact of human-caused mortal-
ity on the genetic composition of populations has received
much attention because exploitation fosters evolutionary al-
terations that may increase the risk of extinction (Stockwell
et al. 2003; Burney and Flannery 2005), induce rapid evo-
lution of life-history traits (Coltman et al. 2003; Allendorf

c© 2011 The Authors. Published by Blackwell Publishing Ltd. This is an open access article under the terms of the Creative
Commons Attribution Non Commercial License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited and is not used for commercial purposes.
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and Hard 2009; Darimont et al. 2009), increase hybridiza-
tion (Rhymer and Simberloff 1996), and impact behavioral
dynamics in kin-based social groups (Gobush et al. 2008; Rut-
ledge et al. 2010a). There is little doubt that intense harvest,
especially over long time periods, results in genetic alterations
that can be detrimental to populations and ecosystems (Al-
lendorf et al. 2008). For example, when barriers to gene flow
break down, genetic changes can result from hybridization
between rare endemic and closely related invasive species,
thereby impeding implementation of effective conservation
policy (Allendorf et al. 2001), and increasing risk of extinc-
tion (Rhymer and Simberloff 1996). Although genetic effects
of harvesting on wildlife are becoming well documented, the
long-term impact that culling of seemingly abundant species
has on genetic structure and conservation of populations is
rarely considered.

Molecular genetic monitoring of populations over time
is a powerful approach to facilitate an understanding of ge-
netic changes in populations impacted by harvesting, par-
ticularly for small populations of threatened species (Allen-
dorf et al. 2008; Coltman 2008). Interpreting genetic data
within the context of demographic history is also critical to
accurately explain genetic change (e.g., Jackson et al. 2008).
Wolves across North America have been subjected to intense
eradication efforts that have limited their genetic variabil-
ity and evolutionary potential (Leonard et al. 2005), pro-
moted coyote (C. latrans) expansion eastward (see Rutledge
et al. 2010b), and increased coyote hybridization with eastern
wolves (C. lycaon) (Kays et al. 2010; Way et al. 2010) and red
wolves (C. rufus) (Fredrickson and Hedrick 2006; note that
C. lycaon and C. rufus are suggested as the same species by
Wilson et al. 2000).

Seemingly limited to regions in and around Algonquin
Provincial Park (APP; Rutledge et al. 2010c), eastern wolves
(Fig. 1) are particularly susceptible to hybridization because
of their shared evolutionary history with coyotes in North
America (Wilson et al. 2000; Rutledge et al. 2010b) and their
ability to bridge gene flow between gray wolves and coyotes
(Rutledge et al. 2010c). In addition, eradication efforts over
the past 400 years have substantially reduced the population
size of eastern wolves (Boitani 2003), making them partic-
ularly susceptible to introgression from expanding coyotes
due to an absence of suitable mates and the tendency for
genes to flow asymmetrically from the more abundant into
the more rare species (Grant et al. 2005). Patterns of intro-
gression associated with human-caused reduction in popula-
tion size have been noted in red wolves that hybridize exten-
sively with coyotes (Fredrickson and Hedrick 2006) and Van-
couver Island gray wolves that have introgressed dog genes
(Muñoz–Fuentes et al. 2010).

Unlike gray wolves in the west, eastern wolves readily hy-
bridize with coyotes (Rutledge et al. 2010c), and it has been
suggested that high mortality of APP wolves could lead to
gene swamping by coyotes (Theberge and Theberge 2004)
that are ill-suited to occupy the niche of an apex predator
and exert substantial top–down limitation of large ungu-
late prey species (i.e., deer and moose) due to their small
size (e.g., Carbone et al. 1999). If intense harvesting of east-
ern wolves in APP results in increased hybridization with
neighboring coyote populations, trophic interactions may be
decoupled or otherwise altered. There has also been some
suggestion that disruption to pack social structure asso-
ciated with harvest pressure (Rutledge et al. 2010a) and
breeder loss (Brainerd et al. 2008) could increase eastern wolf

Figure 1. Eastern wolf (Canis Lycaon)
photographed at Brule Lake in Algonquin
Provincial Park. Photograph by Michael Runtz
used with permission.
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Figure 2. Map of Ontario, Canada. Dark gray area is Algonquin Provincial Park (APP) where samples were collected for this study over a 43-year
period. Other samples used in this study include gray wolf–eastern wolf hybrid animals from northeastern Ontario (NEON; checkered oval) and
coyote–eastern wolf hybrid animals from south of APP Park along the Frontenac Axis (FRAX; gray oval). Coyote population size indices for Figure 3
were taken from Wildlife Management Unit (WMU) 64B (black star).

hybridization with coyotes when harvest occurs during
breeding season.

Although wolves in APP, Ontario Canada (Fig. 2) are a
morphologically and genetically differentiated group of ap-
proximately 200–300 eastern wolves that share a common
evolutionary lineage with coyotes and red wolves (Wilson
et al. 2000; Kyle et al. 2006, 2008; Rutledge et al. 2010b, d),
prior to the year 2000, they were thought to be a gray wolf
subspecies (C. lupus lycaon) that at the time was abundant
across Ontario. Within the park, wolves have survived a long
history of control efforts dating back to the park’s establish-
ment in 1893. Prior to the mid-1960s, wolves were actively
poisoned, snared, and shot by park rangers in an effort to bol-
ster game populations. Between 1909 and 1958, an average of
49 wolves per year (range 11–128) were killed in APP (Pim-
lott et al. 1969). In 1959, harvesting ceased within the park
so that researchers could study an unexploited population of
wolves. To conclude that study, researchers culled 80 wolves
in 1964 and another 26 in 1965 in an effort to understand the
reproduction and age structure of the population (Pimlott
et al. 1969). The harvested wolves constituted the majority of
wolves within the study area (population size estimate for the
2849 km2 study area was 90–110; Pimlott et al. 1969) and ac-

counted for approximately 36% of the park’s wolf population
at the time (population size estimate for the total park [7725
km2] = 1 wolf/26 km2 = 297 wolves [Pimlott et al. 1969]).
Since the end of the research project in 1965, wolves have been
protected within the park, although human-caused mortal-
ity of migratory park animals still accounted for ∼60% of
all wolf mortality in the eastern half of the park (Forbes and
Theberge 1996; Theberge and Theberge 2004) until Decem-
ber 2001 when wolf protection was extended to all townships
surrounding the park (Rutledge et al. 2010a).

Although wolf harvest in the first half of the 20th cen-
tury presumably impacted the population size and altered
the original genetic makeup of wolves within the park, the
timing of the research culls in the mid-1960s is important
because it occurred at a time when coyotes were becoming
well established in the area. Prior to the 1960s, introgres-
sion from coyotes may have occurred, but was likely lim-
ited because the first coyote confirmed in southern Ontario
was recorded in Thedford, Lambton County in 1919 (Nowak
1979) and densities near APP would have been relatively low
until the beginning of the 1960s when coyote populations
expanded rapidly north, east, and south (Moore and Parker
1992) in response to new habitat made available through land

c© 2011 The Authors. Published by Blackwell Publishing Ltd. 21
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Figure 3. Trend in coyote observations in the Ottawa Valley region over the past 70 years. Value for 1939 is based on no coyotes reported in the
Ottawa Valley prior to 1940 (Pimlott 1961). Data from 1999 to 2009 is calculated from coyote observations in Wildlife Management Unit (WMU) 64B
of the Ottawa Valley reported by deer hunters on posthunt report cards. Dashed line and double slash indicate period of missing data.

clearing and wolf extirpation (Kyle et al. 2006; Kays et al.
2010). Estimates of coyote abundance in Wildlife Manage-
ment Unit 64B (Fig. 2) southeast of APP suggest a trend of
increased density (Fig. 3). Therefore, there was presumably
limited potential for coyote introgression into APP wolves
during the first half of the 20th century, although immi-
gration of wolf-like animals, either gray wolf–eastern wolf
hybrids from northeastern Ontario or other Algonquin-type
animals living in the park periphery, was likely common at
the time. To explore the long-term impacts that wildlife culls
can have on conservation, we analyzed genetic data acquired
from eastern wolf samples collected in APP over a 43-year
period (1964–2007), and interpreted genetic changes within
the context of wolf and coyote demographic history in and
around APP. Ultimately, this research demonstrates that al-
though intense localized killing of an apparently abundant
species may seem innocuous under the accepted scientific
framework of the time, it may have lasting, and unforeseen,
conservation implications.

Methods

Sample collection and DNA extraction

APP wolf samples used in this study were collected
over 43 years in the different time periods: 1964–1965
(hereafter referred to as Historic Harvested [HH64–65]),
1987–1999 (hereafter referred to as Contemporary Harvested

[CH87–99]), and 2002–2007 (hereafter referred to as Con-
temporary Protected [CP02–07]). Details regarding sample
collection and DNA extractions for the CH87–99 samples
can be found in Grewal et al. (2004) and for CP02–07 details
are provided in Rutledge et al. (2010c). For HH64–65 sam-
ples, DNA was extracted from teeth samples removed from
40 skulls of adult and yearling wolves trapped and killed in
APP during 1964 and 1965 (Pimlott et al. 1969). Given that
boiling water maceration was used to clean these skulls, we
attempted to extract DNA from the dried blood found in-
side intact canines and molars to improve the probability
of obtaining larger fragments of DNA. Sample processing
and DNA extractions were carried out in a laboratory area
dedicated to the extraction of low-template DNA from his-
toric and ancient samples at Trent University. The ancient
DNA laboratory enforces strict protocols to minimize risk
of contamination from contemporary sources. Filter tips or
disposable transfer pipettes were used throughout the ex-
traction process, and multiple negative controls were used to
track reagent contamination.

Exterior surfaces of the teeth were decontaminated with
a 1:9 DECON solution (Fisher Scientific, Ottawa, ON) to
remove any foreign DNA and then rinsed with DNAase-
free water (Gibco, Invitrogen, Burlington, ON). Teeth were
crushed with a hammer to expose the inner vasculature and
the dried blood from inside each tooth was placed in 400-
μl 1× lysis buffer (4 M urea, 0.2 M NaCl, 0.5% n-lauroyl

22 c© 2011 The Authors. Published by Blackwell Publishing Ltd.
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sarcosine, 10 mM CDTA [1, 2-cyclohexanediamine], 0.1 M
Tris-HCl, pH 8.0) and incubated at 37◦C overnight (12–
18 h). Then 50 μl of Proteinase K (600 mAU/mL) was added
to each sample followed by incubation at 55◦C overnight
with rotation. Samples were then stored at 37◦C up to 2
days to ensure complete digestion. Samples were extracted
by standard phenol–chloroform methods adjusted for small
volumes (Sambrook and Russell 2001). Extracts were then
concentrated over Amicon Ultra 0.5 mL Centrifugal Filters
(Millipore, Billerica, MA) and stored at –20◦C until amplified
with polymerase chain reaction (PCR).

DNA quantification, amplification,
sequencing, and genotyping

Details regarding samples from CH87–99 and CP02–07 can
be found in Grewal et al. (2004) and Rutledge et al. (2010c),
respectively. HH64–65 samples were quantified by amplifi-
cation of microsatellite primer cxx172 with PCR conditions
described in Rutledge et al. (2010c) and 2 μl of DNA ex-
tract. To minimize effects of PCR inhibitors, 0.2 μg of bovine
serum albumin (BSA) was added to all reactions. In addition,
1.5 Units of Taq DNA polymerase (Invitrogen) were added to
each reaction to account for 35 PCR cycles. Amplified prod-
uct was visualized on an ethidium bromide stained agarose
gel, and fluorescence was compared to a positive control with
500 pg of DNA in the reaction with the software Quantity
One (Bio-Rad, Mississauga, ON) to ensure that samples used
in subsequent microsatellite reactions had at least 500 pg of
DNA in each reaction and alleviate scoring errors due to al-
lelic dropout (Rutledge et al. 2009 and references therein).
The control sample was prepared outside the ancient DNA
laboratory and added to the PCR machine immediately prior
to the start of the reaction process. We followed this protocol
for positive controls for all reactions so that amplification
could be tracked, but risk of contamination was minimized.
At all times during amplification and analysis, the positive
control was handled after all other samples had been pro-
cessed. For those samples where at least 500 pg of DNA could
be put into a PCR, a multiplex reaction of 35 cycles with mi-
crosatellite primers cxx253, cxx147, cxx410, cxx442 and sim-
plex reactions with microsatellite primers cxx225 and cxx172
were run to acquire individual genotypes. Reaction condi-
tions and primer references are described in Rutledge et al.
(2010c). For direct comparison, DNA from the CH87–99
wolf samples were amplified at these same six microsatellite
loci and similarly scored.

For HH64–65 males (as identified in field notes) with suffi-
cient target DNA, four Y chromosome microsatellite regions
were amplified with primers MS34A, MS34B, MS41A, and
MS41B (Sundqvist et al. 2001) with 40 cycles under condi-
tions described in Rutledge et al. (2010c). DNA from the PCR
product was precipitated with a standard ethanol precipita-

tion and labeled fragments were separated on an AB3730
(Applied Biosystems, Carlsbad, CA). All autosomal and Y
chromosome alleles were scored in GeneMarker 7.1 (SoftGe-
netics, State College, PA) and checked manually according to
strict internal standards of peak height and morphology.

A 343- to 347-bp fragment of the mitochondrial DNA
(mtDNA) control region was amplified from 2 ul of stock
DNA with primers AB13279 and AB13280 (Wilson et al.
2000) under the following conditions: initial denaturation
at 94◦C for 5 min followed by 40 cycles of 94◦C for 30 sec,
60◦C for 30 sec, 72◦C for 30 sec. Final extension was at 72◦C
for 2 min followed by storage at 4◦C. Amplified product was
visualized on an ethidium bromide stained agarose gel and
samples with sufficient DNA were prepared with Exonucle-
ase 1 (M0293S) and Anarctic Phosphatase (M0289S) (New
England BioLabs Inc., Ipswich, MA) followed by sequenc-
ing with a Big Dye Terminator Kit (Applied Biosystems) in
both forward and reverse directions on an AB3730. Con-
sensus sequences of 343 bp were generated from contigs as-
sembled from forward and reverse sequences in Sequencher
4.9 (GeneCodes Corporation, Ann Arbor, MI). All sequences
were checked manually to ensure accurate base calling by the
software.

Analyses

Mitochondrial DNA and Y microsatellite haplotypes were as-
signed based on previously published nomenclature (Wilson
et al. 2000; Rutledge et al. 2010c) and compared to previ-
ously published data for the CH87–99 (Grewal et al. 2004),
and CP02–07 (Rutledge et al. 2010c). Due to widespread
hybridization between eastern wolves and coyotes, it is diffi-
cult to make species designations to some haplotypes. Where
there is discrepancy in the literature, both potential species
origins are listed (for further discussion see Wheeldon et al.
2010; Rutledge et al. 2010c). To determine if the proportion
of eastern wolf haplotype C1 had decreased in APP since the
mid-1960s, we performed randomization tests of 1000 iter-
ations with replacement in the statistical software package R
2.9.0 based on 23 sampling events of C1 from the CH87–99
and CP02–07 datasets.

Only those samples from the mid-1960s that had suffi-
cient target DNA and amplified at four or more loci (n =
17) were used in subsequent microsatellite analyses. Data
included in microsatellite analyses include those generated
here (HH64–65 and CH87–99) as well as previously pub-
lished data from CP02–07, gray wolf–eastern wolf hybrids
from northeastern Ontario (NEON), and eastern coyotes
from southern Ontario along the Frontenac Axis (FRAX)
(see Rutledge et al. 2010c). In the HH64–65 dataset, 23%
of samples had missing allele scores at cxx442 and 35% had
missing allele scores at cxx147. Combined, 23% of samples
had missing scores at both loci. To identify the impact of
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including loci with missing data in estimates of differenti-
ation, we graphed Fst and Jost’s Dest measures of genetic
differentiation of the three APP time periods (HH64–65,
CH87–99, and CP02–07) and NEON to FRAX at all six loci,
then excluding cxx147 (five loci), and finally excluding locus
cxx147 and cxx442 (four loci; Appendix A1). Trends were
similar for all comparisons although including all six loci in
some cases gave slightly more conservative estimates of dif-
ferentiation. Therefore, we included all loci in subsequent
analyses.

Measures of observed and expected heterozygosity, num-
ber of alleles, and private alleles were calculated in GenAlEx
6.3 (Peakall and Smouse 2006), as were standard measures
of genetic distance (Fst) and tests of significant differences
between populations based on 999 permutations. Jost’s Dest

(Jost 2008) was also calculated in SMOGD (Crawford 2010;
accessed June 22, 2010) because Fst values do not always re-
flect true differentiation based on shared alleles (Jost 2008).
To assess changes in nuclear gene flow over time between
APP animals and those of NEON and FRAX, we (1) assessed
Fst and Jost’s Dest comparisons, (2) conducted Bayesian clus-
tering analysis in Structure 2.2 (Falush et al. 2007), (3) used
principal components analysis (PCA) in R 2.9.0, and (4) im-
plemented a logistic regression analysis in R 2.9.0. Details
regarding determination of the number of clusters and the
parameter settings for the Structure analysis, as well as PCA
analysis of the microsatellite dataset are described in Rut-
ledge et al. (2010c). In general, the number of clusters (K)
in Structure was determined by assessing a plot of the log
probability of the data (Mean LnP(K)) and a plot of the
second-order rate of change of the likelihood function (�K)
(Evanno et al. 2005) such that they were congruent with bi-
ological meaning. For the Structure analysis, we estimated
the number of clusters with no a priori assignment under
the F model for correlated allele frequencies with 5,000,000
MCMC steps and a burn-in of 250,000 for five runs each of
K = 1–8. Subsequent to optimal K determination, we con-
ducted 10 runs for K = 3 and averaged assignment scores
(Q) (which represent the posterior probability of member-
ship to each cluster) over the 10 runs. PCA was conducted in
the adegenet package (Jombart 2008) of R (R Development
Core Team 2008). For the logistic regression analysis, coyote-
influenced animals (as described below) were coded as “1”
and eastern wolf animals were coded as “0” to determine
changes in coyote influence in APP during the three time pe-
riods. Similarly, in a separate logistic regression to determine
changes in gray wolf influence, gray wolf animals were coded
as “1” and eastern wolves were coded as “0” to determine
changes in gray wolf influence in APP (comparing influence
in mid-1960s to that of 2000s since there was no gray wolf
influence noted in the 1980/90s). We identified an animal as
a coyote-influenced animal if QFRAX ≥ 0.2 and a gray wolf in-
fluenced animal if QNEON ≥ 0.2 (based on the understanding

that a first-generation hybrid backcrossed to a “pure” strain
would result in an assignment score of 0.75, and on a hybrid
simulation based power analyses for our ability to detect hy-
brids implemented in the adegenet package [Jombart 2008]
in R 2.9.0 [unpublished data]). Hybrid influence scores were
assigned as the dependent variable and the time period was
assigned as the independent variable with HH64–65 as the
reference dataset. Q-values distributed across all three groups
were only found in CP02–07 (n = 12) and these samples were
excluded from the logistic regression analysis because assign-
ment scores split across all populations can be an indication
that the source population has not been sampled rather than
representing influence from all populations.

Simulations

Coalescent simulations generate the genomes of individuals,
moving backwards in time, under a defined demographic
scenario with the assumption that the coalescent process
(Kingman 1982) for neutral markers will be determined by
the population and demographic history. Using coalescent
simulations, one can determine the distribution of genetic
summary statistics under a given demographic scenario and
determine if the observed data fall within or outside of the ex-
pected distribution (e.g., Gray et al. 2008; Banks et al. 2010).
In our analysis, an alternate explanation for the unexpected
change in differentiation between eastern wolves in APP and
coyotes in FRAX is genetic drift acting between sampling pe-
riods, rather than the impacts of harvesting. We therefore
used coalescent simulations to establish a distribution of ex-
pected change in differentiation between APP wolves and
FRAX coyotes through time under a demographic model,
which does not include any impacts of the harvest. If the ob-
served patterns were outside of this distribution, it is proba-
ble that genetic drift alone is not responsible for the observed
patterns.

Under our demographic model (Table 1; Fig. 4), eastern
wolves and coyotes split between 150,000 and 300,000
years ago (T.split) (Wilson et al. 2000) and were separated
until 100 years ago when the first coyotes were reported in
southern Ontario (Nowak 1979). Separately, eastern wolves
remained at a constant population size (N.wolf.anscest) of
64,500–90,200 individuals (estimated by multiplying the
historic range throughout the eastern temperate forests
(2,578,425 km2; CEC 1997) by an estimated density of
eastern wolves (0.025–0.035/km2; Rutledge et al. 2010a)
until 250–500 years in the past (T.decline) when European
settlers came to North America and eastern wolf populations
started to decline toward their current estimated population
size (N.wolf.current) in and around APP of 500–1000
individuals (this value includes the Park population esti-
mate of 300 [Rutledge et al. 2010a] plus individuals that
occur outside of the park boundaries). The ancestral
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Table 1. Coalescent simulation parameters.

Parameters Min Max

N. wolf.current 200 400
N.coyote.current 22,800 34,600
N.coyote.bot 25 50
N.wolf.ancest 25,800 36,080
N.coyote.ancest 478,000 726,000
T.stable 50 100
T.decline 250 500
T.bot 100 100
T.split 150,000 300,000
∗Gene flow 0.001 0.05
Mutation 1.1 × 10–3 3.9 × 10–3

∗Proportion of wolf population coming from coyote population. Popula-
tion range estimates used in coalescent simulations aimed at modeling
the demographic history of eastern wolves and coyotes. Population size
values (N) are effective population sizes, and time values (T ) are in years
(number of generations × 5-year generation time). All parameter es-
timates varied within a uniform distribution. See text and Figure 1 for
details of the demographic model.

coyote population size (N.coyote.ancest) of
956,800–1,453,000 (estimated by multiplying the size of
their historic range in the Great Plains [3,543,875 km2; CEC
1997] by an estimated density of coyotes [0.27–0.41/km2;
Berger and Conner 2008]) was also modeled to remain
stable until 100 years ago (T.bot) when a small number of
individuals (Kays et al. 2010) (N.coyote.bot; estimated at
50–100) founded the population in southern Ontario and
expanded to their current estimated size (N.coyote.current)
of 45,600–69,300 (estimated by multiplying estimated
coyote density by the size of the Mixed Woods Plains
ecoregion in Ontario and Quebec [168,913 km2; Wiersma
2007]). After this founding population arrived, we allowed
constant asymmetric gene flow (0.1–5%) from coyotes in
FRAX into wolves in APP. For the model parameters, we
estimated effective population sizes by dividing the estimated

population size by average pack size (wolves = 5 [Loveless
2010]; coyotes = 4 [Way 2003]) and multiplying by two
breeders per pack (Table 1). We assumed a strict stepwise
mutation model with a mutation rate varying between 1.1 ×
10–2 and 3.9 × 10–3 based on Canis microsatellite mutation
rate estimates (Parra et al. 2010).

The coalescent simulations were generated with Serial Sim-
Coal (Anderson et al. 2005) within ABCtoolbox (Wegmann
et al. 2010), which was used to vary the demographic pa-
rameters. Because Serial SimCoal allows for populations to
be sampled at various time periods, we sampled the simu-
lated wolf population (based on the midpoint of the sampling
period) at 40 years in the past (HH64–65), 10 years in the
past (CH87–99), and the current generation (CP02–07), and
calculated Dest (Jost, 2008) between each of these samples
and a sample from the simulated coyote population (Dest 1,
Dest 2, and Dest 3, respectively). Sample sizes were consistent
with observed data and Dest was calculated with a modified
python script of SMOGD version 1.2.5 (Crawford, 2010).
We wanted to determine if the change in differentiation was
different than expected under the assumed demographic sce-
nario, so we calculated the relative change in difference from
HH64–65 to CH87–99 (�Da) as

�Da = Dest1 − Dest2
(

Dest1+Dest2
2

)

and the relative change in differentiation from CH87–99 to
CP02–07 (�Db) as

�Db = Dest2 − Dest3
(

Dest2+Dest3
2

) .

A value of 0 represents no change in differentiation;
values > 0 suggests a decrease through time and values < 0
suggest an increase through time. Subsequently, we compared
the observed relative change to the distribution produced
from the 10,000 simulations to determine if the observed
change was likely in the absence of harvest pressure.

Figure 4. Assumed model of population and
demographic history for eastern wolves and
coyotes in eastern North America. See Table 1
for parameter estimates and text for description
of the model.
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Results

The frequencies of mtDNA haplotypes changed over time
(Table 2). Comparison of mtDNA haplotype names to those
found in other studies is provided in Appendix A2. Random-
ization tests indicate that there was a significant decrease in
the proportion of C1 eastern wolf haplotypes since the mid-
1960s (HH64–65 mean = 0.478; CH87–99 mean = 0.119,
SD = 0.065; CP02–07 mean = 0.0238, SD = 0.032). We were
only able to obtain complete Y microsatellite profiles for two
animals sampled from the mid-1960s, and both had eastern
wolf haplotype AA (Table 2). Partial profiles were determined

Table 2. Mitochondrial DNA (mtDNA) and Y microsatellite haplotypes
from Algonquin Provincial Park (APP) during the three different sampling
periods.

mtDNA haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

C1 Eastern Wolf 11 12 3
C3 Eastern Wolf 0 0 1
C13 Eastern Wolf 1 5 1
C17 Eastern Wolf 1 9 8
C22 Gray Wolf 0 4 9
C14 Coyote 9 35 65
C19 Coyote 0 18 33
C16 Coyote 0 1 0
C9 Coyote/Eastern Wolf∗ 1 18 7

Total (n) 23 102 127

Y microsatellite haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

AA Eastern Wolf 2 30 26
BB Eastern Wolf 0 13 14
CC Gray Wolf 0 2 0
CD Coyote/Eastern Wolf∗ 0 4 2
CE Gray Wolf 0 1 2
DC Gray Wolf 0 1 0
EF Gray Wolf 0 1 3
CR Coyote/Eastern Wolf∗ 0 0 1
GP Coyote/Eastern Wolf∗ 0 0 1

Total (n) 2 52 49

Data for Contemporary Harvested 1937–1999 (CH37–99) are from Gre-
wal et al. (2004) and data for Contemporary Protected 2002–2007
(CP02–07) are from Rutledge et al. (2010b). Randomization tests (see
text) indicate values of the eastern wolf mtDNA haplotype C1 are signif-
icantly lower in the 1980/90s (CH87–99) and 2000s (CP02–07) than in
the mid-1960s (HH64–65). Sample size is small for the HH64–65 Y mi-
crosatellites due to difficulty in amplifying the regions on these histonic
samples. Additional partial Y microsatellite profiles for the HH64–65
time period are available In Appendix A3. ∗Widespread hybridization be-
tween western coyotes and eastern wolves has resulted in uncertainty
regarding the species affiliation of these haplotypes. For a discussion see
Wheeldon et al. (2010) and Rutledge et al. (2010b).

for nine other animals from the mid-1960s: seven had hap-
lotype A for locus MS34, one had haplotype A for MS41,
and one only amplified at one locus that was consistent with
a probable A haplotype for MS34 (Appendix A3). Based on
known Y chromosome haplotypes (Wilson et al. In Review),
there are only three possible haplotypes for these partial pro-
files: AA, AQ, or EA (see Appendix A3). Since neither AQ,
which occurs in Nebraska coyotes, nor EA, which occurs in
Texas coyotes, are known to occur in Ontario (Wilson et al.
In Review), it is likely that at least 10 of the 11 animals
profiled have an eastern wolf haplotype AA. Given the high
proportion of missing genotypes, however, we did not pur-
sue further analysis or interpretation of the Y microsatellite
data.

Heterozygosity in APP was high across all three time pe-
riods and was similar to surrounding regions; the number
of effective alleles was also similar across time periods and
populations (Table 3). Both Fst and Jost’s Dest values showed
the closest relationship between coyotes in FRAX and eastern
wolves in APP occurred during the 1980/90s, whereas in the
mid-1960s these two populations were more differentiated;
differentiation increased from the 1980/90s to the 2000s but
did not reach mid-1960s values (Table 4).

Analysis of the autosomal microsatellite data with Struc-
ture and PCA identified three main clusters in the dataset,
with the three APP clusters having overlapping profiles
(Figs. 5 and 6), although the HH64–65 data were more tightly
clustered in the PCA (Fig. 6). As in other analyses of simi-
lar datasets (e.g., Rutledge et al. 2010c), the �K peak at K
= 2 represents the major division between Eurasian-evolved
(Old World) gray wolves and North American-evolved (New
World) species. The high �K values at K = 3 and K = 4
provide more subtle clustering information of more recently
diverged groups. As shown in Figure 5, K = 4 is not bio-
logically informative, thus K = 3 is suggested as the optimal
number of clusters for this dataset.

Differences among the three Algonquin datasets were not
readily obvious from these analyses. Results of the logistic
regression, however, indicate a significant increase in the pro-
portion of coyote-like animals in APP from the mid-1960s
to the 1980/90s (parameter estimate = 2.223; SE = 1.081;
df = 2, 171; P = 0.0397) but not from the mid-1960s to
the 2000s (parameter estimate = 1.674; SE = 1.053; df =
2, 171; P = 0.112) (Fig. 7). Odds of finding a coyote-like
animal were 9.1 times higher in the CH87–99 dataset than
HH64–65, but only 5.3 times higher in the CP02–07 data.
In contrast, there was a significant decrease in the number
of gray wolf influenced animals in the park over time. In
the CH87–99 dataset, there were no animals sampled with
genetic influence from NEON and logistic regression of the
HH64–65 compared to the CP02–07 suggest a significant de-
crease (parameter estimate = –1.567; SE = 0.692; df = 1;
P = 0.0236). Odds of sampling a gray wolf influenced animal
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Table 3. Comparison of genetic diversity among populations.

Population Sample size (n) Ho (SE) He (SE) Na (SE) Ne (SE)

NEON 51 0.686 (0.054) 0.628 (0.045) 5.667 (0.558) 3.021 (0.566)
HH64–65 17 0.693 (0.078) 0.678 (0.027) 4.833 (0.401) 3.214 (0.251)
CH87–99 41 0.748 (0.024) 0.727 (0.012) 7.000 (0.683) 3.695 (0.154)
CP02–07 128 0.672 (0.026) 0.722 (0.026) 7.000 (0.730) 3.753 (0.331)
FRAX 38 0.763 (0.048) 0.755 (0.030) 6.167 (0.543) 4.385 (0.525)

Ho = observed heterozygosity, He = expected heterozygosity, Na = number of alleles, Ne = number of effective alleles, SE = standard error,
NEON = northeastern Ontario, HH64–65 = Historic Harvested samples collected in Algonquin Provincial Park (APP) between 1964 and 1965,
CH87–99 = Contemporary Harvested samples collected in APP between 1987 and 1999, CP = Contemporary Protected samples collected in APP
between 2002 and 2007, FRAX = Frontenac Axis. Values are based on six microsatellite loci.

Table 4. Genetic distance between populations.

Population NEON HH64–65 CH87–99 CP02–07 FRAX

Four loci
NEON n/a 0.403 0.264 0.298 0.354
HH64–65 0.166 (0.001) n/a 0.010 0.002 0.160
CH87–99 0.130 (0.001) 0.012 (0.073) n/a 0.006 0.078
CP02–07 0.125 (0.001) 0.007 (0.130) 0.003 (0.170) n/a 0.159
FRAX 0.154 (0.001) 0.066 (0.001) 0.041 (0.001) 0.058 (0.001) n/a

Five loci
NEON n/a 0.232 0.229 0.269 0.330
HH64–65 0.145 (0.001) n/a 0.022 0.012 0.165
CH87–99 0.119 (0.001) 0.024 (0.007) n/a 0.001 0.057
CP02–07 0.117 (0.001) 0.022 (0.002) 0.002 (0.241) n/a 0.130
FRAX 0.145 (0.001) 0.071 (0.001) 0.035 (0.001) 0.051 (0.001) n/a

Six loci
NEON n/a 0.246 0.239 0.269 0.274
HH64–65 0.161 (0.001) n/a 0.028 0.020 0.149
CH87–99 0.124 (0.001) 0.039 (0.001) n/a 0.000 0.047
CP02–07 0.118 (0.001) 0.035 (0.001) 0.001 (0.308) n/a 0.112
FRAX 0.138 (0.001) 0.080 (0.001) 0.032 (0.001) 0.047 (0.001) n/a

Values are based on 4, 5, or 6 autosomal micosatellite loci. Fst is below horizontal and Jost’s Dest is above horizontal. P-values for Fst comparisons (in
parentheses) are based on 999 permutations in the AMOVA option of GenAlEx. NEON = northeastern Ontario, HH64–65 = Historic Harvested samples
collected in Algonquin Provincial Park (APP) between 1964 and 1965, CH87–99 = Contemporary Harvested samples collected in APP between 1987
and 1999, CP = Contemporary Protected samples collected n APP between 2002 and 2007, FRAX = Frontenac Axis.

were reduced by a factor of 0.21 in CP02–07 compared to
HH64–65.

Simulations

The observed relative change in population differentiation
between HH64–65 and CH87–99 (�Da) was 1.04, which
was within the range, but greater than 93% (P = 0.06) of
the coalescent simulations (Fig. 8), suggesting that differ-
entiation between coyotes and wolves decreased more than
expected under the defined demographic model. Conversely,
the observed relative change between CH87–99 and CP02–07
(�Db) was –0.80 and lower than 95% (P = 0.05) of the simu-
lations, suggesting the observed magnitude of gene flow from
FRAX to APP was smaller than expected under constant mi-
gration across time periods.

Discussion

Killing of wolves during the mid-1960s in APP appears to
have influenced the genetic composition of the Park’s wolf
population. Although researchers at the time could not have
predicted these outcomes, it seems likely that extensive culling
of wolves prompted the few remaining wolves in the Park
to mate with individuals from the expanding coyote popu-
lation. The subsequent decline of an eastern wolf mtDNA
haplotype and introgression of coyote mitochondrial and
nuclear DNA correlates well with the demographic history
of the two species, and coalescent simulations suggest these
outcomes were unlikely in the absence of harvest pressure.
The genetic consequences of this hybridization have com-
plicated eastern wolf conservation and may continue to do
so in regions where APP wolves disperse into unprotected
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Figure 5. Number of Canis clusters inferred
from six autosomal microsatellites. Top figure
shows mean log probability of the data
(dashed line) and the second-order change of
the likelihood function (�K) (solid line) as a
means of inferring the number of clusters in
the data. Arrows indicate “population”
divisions, APP = Algonquin Provincial Park. At
K = 2, the major division between Old World
evolved animals (gray wolves) and New World
evolved animals (eastern wolves and coyotes)
occurs. At K = 3, eastern coyotes separate
and APP animals from all three time periods
cluster together. K = 4 hints at a division
within Algonquin animals, but this division is
difficult to interpret biologically and should be
treated with caution. Overall, K = 3 is the
most likely number of clusters.

areas where coyotes flourish (e.g., Quebec and southern
Ontario).

The exact impacts and biological mechanisms of the
mtDNA exchange are unclear, but a similar turnover of
mtDNA haplotypes associated human-caused gray wolf ex-
tirpation followed by recolonization and subsequent dog in-
trogression has been noted in Vancouver Island gray wolves
(Muñoz–Fuentes et al. 2010). Similar to the situation on Van-
couver Island, hybridization between eastern wolves and coy-
otes in APP may have occurred due to an Allee effect (Allee
1931) resulting from a lack of conspecific mates for eastern
wolves associated with small population size when wolf har-
vest was high. Like the situation on Vancouver Island, main-
taining large population sizes and minimizing human-caused
mortality will be important for minimizing potentially dele-
terious effects of hybridization. For eastern wolves in APP,
affording protection for wolves in connected, suitable east-
ern wolf habitat between the Park and surrounding regions
will be important for promoting gene flow among eastern
wolves that will maximize genetic variability on which nat-

ural selection can act. Although nuclear genetic diversity of
APP wolves was maintained over time, their nuclear genetic
signature is now closer to the mid-1960s state than it was
in the 1980/90s when park animals were genetically more
similar to eastern coyotes. We attribute this genetic restora-
tion to the implementation of a ban in 2001 on wolf hunting
and trapping in the townships surrounding the park where
high human-caused wolf mortality occurred for wolves mi-
grating outside park boundaries (Forbes and Theberge 1996;
Theberge and Theberge 2004). Thus, expanded protection
may have promoted the natural recovery of a historic genetic
state. This rebound is important because genetic influence
from the smaller coyote may be detrimental to the viability
of the wolf population in the current park ecosystem where
moose are the most common ungulate prey (Quinn 2004;
Loveless 2010), and larger body size is positively related to
predatory efficiency when hunting large ungulates (Carbone
et al. 1999; MacNulty et al. 2009).

We have shown that intensive eastern wolf culls may ex-
acerbate hybridization with coyotes. These results may have
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Figure 6. Centered, scaled PCA analysis of six autosomal microsatellite
loci from the five different groups. Population 1 in blue = northeastern
Ontario (NEON), 2 in black = Algonquin Provincial Park (APP) from mid-
1960s (Historic Harvested 1964–1965 [HH64–65]), 3 in green = APP
from the 1980/90s (Contemporary Harvested 1987–1999 [CH87–99]),
4 in red = APP from the 2000s (Contemporary Protected 2002–2007
[CP02–07]), and 5 in orange = Frontenac Axis (FRAX).

implications for other closely related species that have been
brought together by landscape changes and expansion of
nonendemics. Wolves have been extirpated across most of
their original range in North America with dramatic conse-
quences for wolf viability and ecosystem health. For exam-
ple, extirpation has led to widespread loss of genetic diversity
within wolf populations thus reducing their adaptive evolu-
tionary potential (Leonard et al. 2005), and ecosystems have
suffered considerably in the absence of top predators that
effectively regulate ungulate populations (Beschta and Rip-
ple 2009; Licht et al. 2010). The impacts of overharvesting
are widespread across species. It is a global problem that has
left small, remnant populations of amphibians, birds, mam-
mals, and fish susceptible to extinction through hybridiza-
tion with closely related, more abundant, invasive species
(Rhymer and Simberloff 1996). In the face of increasing habi-
tat alteration, invasion of nonendemic species, and climate
change, the mapping of evolutionary processes over time is
of utmost importance for wildlife conservation (Smith and
Bernatchez 2008). As demonstrated here, utilizing historic
samples for long-term genetic monitoring of populations is
essential for tracking changes in the evolutionary trajectory
of a population and implementing effective conservation and
management strategies, especially for exploited populations
(Allendorf et al. 2008; Coltman 2008; Darimont et al. 2009).

Figure 7. Proportional representation of wolves in APP in the three dif-
ferent time periods assigned in Structure as (A) Algonquin Provincial
Park (APP; Q ≥ 0.8 to APP); (B) influenced by hybridization with east-
ern coyotes from Frontenac Axis (APP-FRAX; 0.8 ≥ Q ≥ 0.2 to FRAX);
(C) strongly assigned to FRAX (FRAX; Q ≥ 0.8 to FRAX); (D) influenced
by hybridization with gray wolf–eastern wolf hybrids from northeast-
ern Ontario (APP-NEON; 0.8 ≥ Q ≥ 0.2 to NEON); (E) assigned with
Q ≥ 0.2 to all three populations (APP-NEON-FRAX). HH64–65 = Historic
Harvested samples collected between 1964 and 1965; CH87–99 = Con-
temporary Harvested samples collected between 1987 and 1999; CP =
Contemporary Protected sampled collected between 2002 and 2007.

Above all, our results demonstrate that intense localized
harvesting of species thought to be numerous and widespread
can have unexpected outcomes that threaten conservation of
species and naturally functioning ecosystems. The advanced
molecular genetic techniques now used for studying wildlife
populations were unheard of in the 1960s and no one could
have predicted the impacts that such an experimental design
could have on a population. Although the research methods
used in the 1960s would fail to meet current ethical guide-
lines, targeted culling is still common practice for managing
wildlife under various scenarios (Genovesi 2005; Karki et al.
2007; Wasserberg et al. 2009; Lachish et al. 2010; Smith et al.
2010). For example, lethal control of gray wolves (C. lupus)
is currently used to increase the size of ungulate popula-
tions in Alaska, USA (Boertje et al. 2010), and in Alberta,
Canada (Schneider et al. 2010) where both total wolf harvest
and areas of intense harvest (>45 wolves/1000 km2) have in-
creased over the past 22 years (Robichaud and Boyce 2010).
Similarly, lethal methods are routinely used for coyote con-
trol, with intense “spatially clumped” harvest suggested as
more effective than random removal across a broad spatial
scale (Conner et al. 2008). Coyotes are generally regarded as
vermin, and wolves are often perceived as a major threat to
ungulate populations; both of these viewpoints were similarly
applied toward wolves in APP prior to 1965.
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Figure 8. Kernel density plots of the relative change in Jost Dest be-
tween coyotes in the Frontenac Axis (FRAX) and wolves in APP from, (A)
Historic Harvested 1964–1965 (HH64–65) to Contemporary Harvested
1987–1999 (CH87–99) and (B) CH87–99 to Contemporary Protected
2002–2007 (CP02–07), for 10,000 coalescent simulations (see text for
details of simulations). Values of 0 represent no change in differentiation,
values > 0 represent a decrease, and values < 0 represent an increase.
Dotted vertical line shows the observed change.

Our results suggest the potential for ecological assump-
tions to be incomplete and that culling and other seemingly
harmless, invasive methods, even when applied to abundant
“pest” species, may have unexpected, lasting conservation
implications. Whether for the purpose of game species man-
agement, protection of endemics, population size estimates,
or collecting basic ecological knowledge, exploring nonlethal
alternatives could minimize unanticipated impacts to an-
imal populations and thus reduce the burden on wildlife
managers. By following guidelines and principles of eco-
logical ethics as outlined by a growing number of scientists
(Farnsworth and Rosovsky 1993; Minteer and Collins 2005;
Vucetich and Nelson 2007; Paquet and Darimont 2010), sam-
pling methods are less likely to result in unanticipated neg-
ative impacts. In this way, we can avoid leaving behind a
legacy of complications for future conservation biologists
and wildlife managers.
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chromosome haplotyping in Scandinavian wolves (Canis

lupus) based on microsatellite markers. Mol. Ecol.

10:1959–1966.

Theberge, J. B., and M. T. Theberge. 2004. The wolves of

Algonquin Park: a 12 year ecological study. Department of

Geography, University of Waterloo. Waterloo, Ontario,

Canada.

Thirgood, S., S. Redpath, I. Newton, and P. Hudson. 2001.

Raptors and red grouse: conservation conflicts and

management solutions. Conserv. Biol. 14:95–104.

Vucetich, J. A., and M. Nelson. 2007. What are 60 warblers worth?

Killing in the name of conservation. Oikos 116:1267–1278.

Wasserberg, G., E. E. Osnas, R. E. Rolley, and M. D. Samuel.

2009. Host culling as an adaptive management tool for chronic

wasting disease in white-tailed deer: a modeling study. J. Appl.

Ecol. 46:457–466.

Way, J. G. 2003. Description and possible reasons for an

abnormally large group size of adult eastern coyotes observed

during summer. Northeast. Nat. 10:335–342.

Way, J. G., L. Rutledge, T. Wheeldon, and B. White. 2010. Genetic

characterization of eastern coyotes in eastern Massachusetts.

Northeast. Nat. 17:189–204.

Wegmann, D., C. Leuenberger, S. Neuenschwander, and L.

Excoffier. 2010. ABCtoolbox: a versatile toolkit for

approximate Bayesian computations. BMC Bioinformatics

11:116. doi:10.1186/1471-2105-11-116.

Wiersma, Y. F. 2007. The effect of target extent on the location of

optimal protected areas networks in Canada. Landscape Ecol.

22:1477–1487.

Wheeldon, T., B. R. Patterson, and B. N. White. 2010. Sympatric

wolf and coyote populations of the western Great Lakes region

are reproductively isolated. Mol. Ecol. 19:4428–4440.

Wilson, P. J., S. Grewal, I. D. Lawford, J. N. M. Heal, A. G.

Granacki, D. Penock, J. B. Theberge, M. T. Theberge, D. R.

Voigt, W. Waddell, et al. 2000. DNA profiles of the eastern

Canadian wolf and the red wolf provide evidence for a

common evolutionary history independent of the gray wolf.

Can. J. Zool. 78:2156–2166.

Wilson, P. J., T. Wheeldon, K. Shami, L. Y. Rutledge, B. R.

Patterson, and B. N. White. In Review. Y-chromosome

evidence supports the existence of the eastern wolf (C. lycaon)

and multi-species Canis hybridization in eastern North

America. PLoS ONE.

32 c© 2011 The Authors. Published by Blackwell Publishing Ltd.



L. Y. Rutledge et al. Culling Facilitates Hybridization

Appendix A1. Comparison of genetic distance values (Fst

and Dest) based on 4. 5. and 6 microsatellite loci. All
populations are compared to eastern coyotes from the
Frontenac Axis (FRAX). Data were complete for 4 loci of all
populations, but for 5 loci, HH64–65 was missing 23% of
data at locus cxx442 and for 6 loci it was also missing
35% at locus cxx147. NEON = gray-eastem wolf hyorids
from northeastern Ontario; HH64–65 = Historic Harvested
sampled in Algonquin Provincial Park (APP) between
1964–55: CHB7–99 = Conternporary Harvested sampled
in APP between 1987–99: CP02–07 = Contemporary
Protected sampled between 2002–07. Data for FRAX,
NEON and CP02–07 are from Rutledge et al. (2010c).

Appendix A2. Comparison of haplotypes with the published litrature.
(a) Leonard & Wayne 2008; (b) Koblmüller et al. (2009); (c) Wilson et al.
(2000); (d) Hailer & Leonard (2008); (e) Rutledge et al. (2010d).

Sample ID Sequence length (bp) mtDNA Haplotypes

6345/64 343 GL10, GL17, GL18a; C13c; Ccr10e

6242/65 343 GL12a; C17e; Ccr11e

6347/64 343 GL13a; Ia33d; C14c; Ccr09e

6342/64 343 GL13a; Ia33d; C14c; Ccr09e

6244/65 343 GL13a; Ia33d; C14c; Ccr09e

6257/65 343 GL13a; la33d; C14c; Ccr09e

6288/65 343 GL13a; Ia33d; C14c; Ccr09e

6252/65 343 GL13a; Ia33d; C14c; Ccr09e

6254/65 343 GL13a; Ia33d; C14c; Ccr09e

6250/65 343 GL13a; Ia33d; C14c; Ccr09e

6290/64 343 GL13a; Ia33d; C14c; Ccr09e

6246/65 342 GL16a; Ia18?; C9c; Ccr29e

6352/64 343 GL1a; Ia19b; C1c; Ccr12e

6315/64 343 GL1a; Ia19b; C1c; Ccr12e

6240/65 343 GL1a; Ia19b; C1c; Ccr12e

6307/64 343 GL1a; Ia19b; C1c; Ccr12e

6311/64 343 GL1a; Ia19b; C1c; Ccr12e

6256/65 343 GL1a; Ia19b; C1c; Ccr12e

6253/65 343 GL1a; Ia19b; C1c; Ccr12e

6241/65 343 GL1a; Ia19b; C1c; Ccr12e

6283/65 343 GL1a; Ia19b; C1c; Ccr12e

6346/64 343 GL1a; Ia19b; C1c; Ccr12e

6269/64 299 GL1a; Ia19b; C1c; Ccr12e

Appendix A3. Y-microsatellite scores for Historic Harvested samples
collected between 1964–65 (HH64–65), Haplotypes are assigned based
on previously published literature (see Rutledge et al. 2010b). Several
values are missing due to the difficulty in amplifying MS41 in these his-
toric samples. However, the only known haplotype combinations where
values are missing are indicated. It is probable that MS41 haplotypes with
missing alleles (marked ∗) are A haplotypes because the other possibility
is AQ (Wilson et al. In Review) that occurs in Nebraska coyotes and is
not known to occur in Ontario. Similarly, it is probably that the one ∗∗

is A because the only other known alternative is E which occurs in Texas
coyotes and red wolves (Wilson et al. In Review) and is not known to
occur in Ontario.

Sample MS34 MS41 Y
ID MS34A MS34B Haplotype MS41A MS41B Hapotype Haplotype

6240/65 172 180 A 212 212 A AA
6285/65 172 180 A 212 A, Q∗ A?
6244/65 172 180 A 212 − A, Q∗ A?
6307/64 172 − − − − − ?
6311/64 172 180 A − − − A?
6309/64 172 180 A − − − A?
6253/65 172 180 A − − − A?
6241/65 − − A, E∗∗ 212 212 A ?A
6252/65 172 180 A 212 − A, Q∗ A?
6242/65 172 180 A − − − A?
6283/65 172 180 A 212 212 A AA
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ABSTRACT 

Surgical Sterilization of Coyotes to Reduce 

Predation on Pronghorn Fawns 

by 

Renee Seidler, Master of Science 

Utah State University, 2009 

Major Professor: Eric M. Gese 
Department: Wildland Resources 

 Coyote (Canis latrans) predation accounts for the majority of neonatal pronghorn 

(Antilocapra americana) mortality in many areas and may influence local population 

declines. Current techniques used to manage coyote predation on wildlife species 

generally focus on lethal control methods. However, these methods may be controversial 

to the general public. Coyote sterilization is an alternative predation control method 

which is more acceptable to the public and has been shown to be effective in reducing 

sheep predation. We hypothesized that surgical sterilization of coyotes may increase 

pronghorn fawn survival; in the same way it reduces coyote predation on domestic sheep. 

Sterilization reduces the energetic need to provision coyote pups, which may decrease the 

predation rate on fawns by sterile coyotes.  We employed tubal ligation and vasectomy of 

captured coyotes to maintain pair bonds and territoriality.  We monitored pronghorn 

fawns by radio telemetry for one year pre-treatment and coyotes and pronghorn fawns 

one year post-treatment. We also examined the effects of sterilization on coyote territorial 



 

 

iv
maintenance and survival. Survival of fawns captured in sterile coyote home ranges was 

higher than survival of fawns captured in intact home ranges (P = 0.078). We also found 

that fawn survival was consistently higher in the northern part of the study site (P = 

0.081). A severe winter followed by a wet spring in 2007 did not reduce fawn survival 

and may have increased fawn survival (P = 0.364); however, our sample sizes did not 

allow us to detect significance in this relationship. Our results also supported the 

hypothesis that sterilization, while keeping hormonal systems intact, did not change 

coyote territorial behaviors. Sterile coyote packs were the same size as intact packs (P = 

0.554). Sterile and intact coyote packs maintained similar home range sizes in all seasons 

tested (P ≥ 0.556). We found differences between home range and core area overlap of 

sterile and intact packs in some seasons, but this trend appeared to exist before the 

coyotes were treated. Residency rates were similar for sterile and intact coyotes (P = 

0.406). We recommend coyote sterilization as a tool to boost pronghorn fawn survival in 

areas where fawn survival is a critical factor in pronghorn population persistence. 

Because these techniques have been tested under few circumstances, we recommend 

careful monitoring in future coyote sterilization programs. 

(101 pages) 
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 Chapter 2, The effects of coyote sterilization on pronghorn fawn survival, will be 
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Conner. Chapter 3, The effects of tubal ligation and vasectomy on coyote home range 

maintenance, will also be submitted to the Journal of Wildlife Management. The sole 

coauthor will be Eric Gese.
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CHAPTER 1 

INTRODUCTION 

 Pronghorn (Antilocapra americana) are a species endemic to North America and 

are the sole surviving member of the family Antilocapridae (Byers 1997a). Pronghorn 

evolved to escape the fastest predators of the Pleistocene period and remain the fastest 

land mammal in North America. In addition to swiftness, pronghorn evolved complex 

behavioral adaptations to avoid predation (Byers 1997a). Neonates not yet fast enough to 

escape predators, rely on the ability to hide from predators between nursing bouts. This 

hiding strategy, coupled with the doe’s behavior, may fool predators regarding the 

location or presence of fawns; however, high mortality of fawns due to predation still 

occurs (Byers 1997a, Gregg et al. 2001, Dunbar and Giordano 2003). 

Coyotes (Canis latrans) are well-adapted for searching for hidden pronghorn 

fawns because they are designed for tireless trotting and exhibit cooperative social 

behavior during hunting (Byers 1997a). Typically, pups need to be provisioned in May 

and June, when pronghorn fawns are born. A pronghorn fawn represents approximately 

1.5-2.25 days worth of the energy requirements for a coyote (Byers 1997a). When 

coyotes are provisioning pups, caloric demands increase and larger prey items can 

provide a greater source of energy than smaller alternative prey (i.e., rodents; Bekoff and 

Gese 2003). Fawns can be an order of 16-120 times larger in mass than a rodent (mass 

estimates are based on Neotoma and Peromyscus species) and 1.3 times larger than a 

black-tailed jackrabbit (Lepus californicus). According to Byers (1997a: 54), “the annual 

production of pronghorn fawns represents an energy bonanza available to coyotes during 

a short season when additional food is essential.” 



 

 

2
Pronghorn fawn mortality generally ranges from 40-80% in North America 

(Byers 1997a) with Von Gunten (1978) reporting fawn mortality as high as 90% in 

Montana. In Alberta over a two-year period, 67% of fawn mortality was due to predation 

and 78% of this predation was due to coyotes (Barrett 1984). Average yearly fawn 

mortality on the National Bison Range in Montana was 87% and decreases in fawn 

mortality were correlated with the number of coyotes removed (Byers 1997a). On the 

Hart Mountain National Antelope Refuge, Oregon, 60-85% of pronghorn fawn 

mortalities were attributed to coyote predation (Dunbar and Giordano 2003). Coyotes 

were responsible for at least half of the predation events in Wind Cave National Park, 

South Dakota (Jacques et al. 2007). In southeastern Colorado on the Piñon Canyon 

Maneuver Site, coyote predation accounted for 79% of fawn mortality over 4 years 

(Gerlach and Vaughan 1990). After coyote control in 1987 and 1988, fawn mortality was 

significantly reduced (Gerlach and Vaughan 1990). 

High coyote-caused fawn mortality has the potential to lower recruitment of 

fawns into the adult population, thereby contributing to local population declines. 

Predator management directed at boosting fawn survival can be difficult to implement. 

Non-lethal coyote control techniques, i.e., husbandry practices, fencing, frightening 

devices, guard animals, and repellents (Knowlton et al. 1999), often used to discourage 

livestock depredation, are generally costly in money, time, and effort (Gese et al. 2005). 

Coyotes often habituate to these deterrents and their tolerance may increase with limited 

alternative prey or the presence of pups. In addition, because game species are usually not 

confined to fenced pastures, implementing non-lethal techniques in wildlife management 

situations can be impractical due to animal movement and dispersion. 
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Lethal control of coyotes has been employed as a management tool to boost 

native ungulate populations where the coyote is the cause of low fawn survival and 

potentially low fawn recruitment (Kie et al. 1979, Neff et al. 1985, Smith et al. 1986, 

Byers 1997b). Although short-term benefits have been documented, lethal control may 

not be biologically or economically effective over the long term. For instance, control 

efforts on Anderson Mesa, Arizona, effectively reduced the coyote population over a 3-

year period from 1981-1983 (Smith et al. 1986) and resulted in a concomitant increase in 

the pronghorn population size by >400%. This increase was the result of greater fawn 

survival and recruitment and evidence suggested that the higher survival was correlated 

with coyote control. In addition, the year after coyote removal ceased, fawn:doe ratios 

declined from 0.67 in 1983 to 0.47 in 1984 and 0.26 in 1985, which suggests that 

continued application of lethal coyote control would be necessary to maintain this 

pronghorn population at management level goals. However, yearly application of lethal 

control could be financially costly. Wagner and Conover (1999) estimated that aerial 

gunning of coyotes would cost $185/coyote and trapping and killing from the ground 

would cost $805/coyote. 

 Management agencies choosing to employ lethal coyote control to boost 

ungulate numbers also run into political and social resistance. The general public 

contends that lethal control of coyotes is an unacceptable strategy for predation 

management (Knowlton et al. 1999). In 1996 and 1998, the Predator Defense and the 

Oregon Natural Desert Association legally prevented Hart Mountain National Antelope 

Refuge from using lethal control of coyotes to boost pronghorn fawn survival (Belsky 

1999). The U.S. Fish and Wildlife Service was attempting to solve the 29% decline in 
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pronghorn numbers coupled with a <1:100 fawn:doe ratio in July, 1995 (Dunbar et al. 

1999). Similarly, Friends of Animals and Predator Defense halted lethal control of 

coyotes on the Julia Butler Hansen Refuge, Washington, in 1998 (U.S. Fish and Wildlife 

Service 1998). The goal on this refuge was to boost Columbian white-tailed deer 

(Odocoileus virginianus leucurus) fawn survival, which is a federally-listed endangered 

species. In 2002, after being denied the ability to remove coyotes, fawn survival was 

considered too low to contribute to overall increases in the population (Ricca et al. 2002). 

As an alternative to lethal control of coyotes, Bromley and Gese (2001a) focused 

on biological mechanisms to alter predatory behaviors of coyotes. They followed the vein 

of Till and Knowlton (1983) who explored the possibility of reducing domestic sheep 

depredations by removing coyote pups from the dens of sheep-killing coyotes. In the 

week following treatment (pup removal), they found the total number of predation 

incidents decreased by >87% when pups were removed from dens of sheep-killing adult 

pairs. No changes in predation incidents were seen in the control group where sheep-

killing coyotes did not have their pups removed from the den. Although data were 

collected for only a short period following treatment, the results suggest that adult 

coyotes killed fewer sheep when they did not have pups to feed. 

Consequently, Bromley and Gese (2001a) sterilized coyotes to prevent 

reproduction. They hypothesized that without pups, the energetic demands of the alpha 

pair would decrease and, hence, so would depredations on domestic sheep. They used 

tubal ligation and vasectomy to sterilize coyotes, leaving hormonal systems intact. Over 

the 3-year study, non-sterile coyote packs with pups killed 6 times more sheep than 

sterile packs without pups. In addition, the surgically sterilized coyotes had higher 
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survival rates, remained pair-bonded and territorial, and sterile dyads had a significantly 

higher association score than sham-operated dyads in the second year (Bromley and Gese 

2001b). Given sterile coyotes retained their territorial behavior, it is likely they will 

exclude non-sterile, reproductive coyotes through territory defense. In a comparison of 

costs versus benefits, this study suggested that surgical sterilization of coyotes is a cost 

effective means of reducing domestic lamb loss due to coyote depredation, even after one 

year of application (Bromley and Gese 2001a, b). 

We hypothesized this same sterilization technique could increase pronghorn fawn 

survival where coyote predation is a significant contributor to fawn mortality. Because 

surveys have shown fertility control is more acceptable among the general public than 

traditional lethal techniques (Arthur 1981, Kellert 1985, Andelt 1987, Messmer et al. 

2001), we believed this to be an important non-lethal alternative to explore. We 

conducted our study on the Piñon Canyon Maneuver Site in southeastern Colorado, 

where coyote predation on fawns was historically high in the absence of coyote control 

(Firchow 1986, Gerlach and Vaughan 1990). Our questions were twofold: 1) Do tubal 

ligation and vasectomy of coyotes increase pronghorn fawn survival? and 2) Do 

surgically sterilized coyotes exhibit normal social behaviors and biology; specifically, do 

sterilized pairs associate the same as intact pairs and do sterilized coyotes remain 

members of a pack at the same rate as intact coyotes? If evidence confirms increases in 

fawn survival and no change in coyote behaviors when coyotes are sterilized, then 

surgical sterilization could be an effective option for wildlife managers. Sterilization 

offers the advantages of biological and economical effectiveness as well as public 

acceptance. 
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CHAPTER 2 

THE EFFECTS OF COYOTE STERILIZATION ON PRONGHORN FAWN 

SURVIVAL1 

 
 Abstract. Sterilization of coyotes (Canis latrans) has been shown to reduce 

predation of domestic sheep. We investigated whether sterilizing coyotes would similarly 

reduce predation on pronghorn (Antilocapra americana) neonates in southeastern 

Colorado. In a study from May 2006 to March 2008, we radio-collared 71 pronghorn 

fawns to determine survival rates and causes of death. During the first year of the study, 

all coyotes were intact. During the second year, we captured and sterilized coyotes in the 

southern half of the study area, while coyotes in the northern half were given sham 

sterilizations. In addition, we surveyed the availability of alternative prey and examined 

the influence of snowfall and precipitation on fawn survival and small mammal detection. 

Using the known fate model in Program Mark, we constructed models that included a 

treatment effect, plus year, area, alternative prey, and individual covariates to estimate 

fawn survival. Fawn survival was higher for fawns captured in sterile coyote home ranges 

than for fawns captured in intact coyote home ranges (P = 0.078). Subtle differences in 

locale affected fawn survival; fawn survival was higher in the north than in the south in 

both years (P = 0.081). Lagomorph abundance was not influential on fawn survival (P = 

0.293) nor was rodent abundance (P = 0.264), but increased vegetation may have 

impaired prey detection probabilities. We did not detect any relationship between fawn 

survival and fawn gender, fawn birth weight, fawn birth date, fawn age, or coyote density 

                                                 
 
1 Co-authored by Eric Gese and Mary Conner. 
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(P > 0.110). Although in the second year of the study we experienced record winter 

conditions, this did not reduce fawn survival and may have contributed to increased fawn 

survival (P = 0.364). Our results indicate that sterilization of coyotes may be a useful tool 

for wildlife managers to reduce coyote predation on pronghorn fawns. 

 
INTRODUCTION 

 Coyotes (Canis latrans) are considered an abundant and expanding native species 

in much of North America (Garrott et al. 1993, Goodrich and Buskirk 1995). Their 

population expansion has been enhanced by altered landscapes and the loss of top 

carnivores (Gompper 2002, Berger and Gese 2007). Coyotes can have considerable 

effects on prey populations and in particular, the effects of coyote predation on ungulate 

neonate survival can be significant (Linnell et al. 1995). Where ungulate populations are 

declining or critically low, limited fawn recruitment can affect the persistence of local 

populations (Bright and Hervert 2005, Berger et al. 2008). Under these circumstances, 

coyote management may be required to sustain ungulate populations. For instance, in 

Grand Teton National Park, Wyoming, a tenuous balance exists between a declining 

pronghorn (Antilocapra americana) population and development along their migration 

corridor (Berger 2003). Mitigation in the form of immediate coyote control may help to 

preserve this population while conservation efforts address long-term stability. However, 

traditional control methods cannot be used in a national park. As another example, 

Sonoran pronghorn (A. a. sonoriensis) in Arizona face an estimated 23% probability of 

extinction in <100 years (Bright and Hervert 2005). In 2002, only 21 animals were 
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estimated to occur. Coyote control in areas of fawn birthing could increase chances of 

fawn recruitment into the population (Smith et al. 1986, Bright and Hervert 2005).   

 Predation of North American ungulate neonates can be the primary cause of 

mortality in many ungulate populations, on average accounting for 67% of total mortality 

(Linnell et al. 1995). Coyotes are especially adapted for pronghorn fawn predation (Byers 

1997). Studies have shown coyote-caused mortality of pronghorn neonates to exceed 

75% of total mortality (Gerlach and Vaughan 1990, Dunbar and Giordano 2003). The 

latter population had fawn:doe ratios in mid-July of <1:100 (Dunbar and Giordano 2003). 

Losses such as these may not sustain declining pronghorn populations, despite efforts in 

habitat preservation or ecosystem restoration (Goodrich and Buskirk 1995). 

 Management of coyote predation is complex and generally involves employment 

of several techniques (Knowlton et al. 1999). In the wild where protection of game 

species or species of concern is the goal, management becomes a greater challenge due to 

unrestricted animal movements, extent of the landscape, cost of the effort, and lack of 

public support. Management techniques that gain more public acceptance (such as animal 

husbandry, guard animals, repellents, or aversive conditioning; Mitchell et al. 2004) are 

impractical and often impossible in these settings. Lethal control of coyotes is frequently 

the only method available for managers to cope with predation. However, lethal control is 

a source of controversy to the public (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001) and in some cases may not be biologically effective (Ballard et al. 2001).

 Till and Knowlton (1983) showed removing coyote pups from a den reduced 

predation on domestic sheep over a short-time interval. They hypothesized that the lack 

of pups reduced the energetic needs of the pack, thus reducing predation on larger food 
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items. Corroborating evidence from Sacks et al. (1999) showed the offending coyotes 

responsible for sheep predation were breeding, territorial animals and recommended 

control efforts be focused on these individuals. After Zemlicka (1995) demonstrated 

sterilization of captive coyotes did not affect social or territorial behaviors, Bromley and 

Gese (2001a) introduced coyote sterilization as an alternative method to coyote removal 

for protection of domestic sheep. They found surgical sterilization of coyotes reduced 

predation on domestic lambs by up to eightfold. In addition, Conner et al. (2008) 

simulated several management scenarios for lethal and non-lethal control of coyote-

livestock predation. They determined that coyote sterilization was the most effective 

strategy to reduce coyote numbers and so may be the most practical method to reduce 

predation. 

 Surgical sterilization is less objectionable to the public and has the potential to be 

more successful biologically because it can persist for several years. Lethal control has to 

be applied annually. The surgical technique used in previous studies kept the endocrine 

systems intact (ovaries and testes remained in the animals) and preserved social 

behaviors. Sterilized wild coyote pairs continued to defend their territory against 

neighboring coyotes (Bromley and Gese 2001b). In addition, they showed this 

management technique to be economically feasible (Bromley and Gese 2001a). 

 If predation can be reduced on domestic lambs with this technique, then it may 

have the potential to work in a wildlife application as well. We tested the hypothesis that 

surgical sterilization of coyotes would reduce predation on pronghorn fawns in 

southeastern Colorado. We evaluated baseline pronghorn fawn survival and cause-

specific mortality during the first year, and then sterilized coyotes during the second year 
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on approximately half the study site. Subsequently, we compared fawn survival and 

cause-specific mortality in the treatment area and the control area where coyotes were 

given sham surgeries. Survival estimates of fawns were also compared between the first 

(pre-treatment) and second (post-treatment) years. We examined levels of alternative 

prey availability and relative coyote density in addition to other individual fawn 

covariates in the survival analysis. 

 
METHODS 

Study site 

 We conducted this research on the 1,040-km2 Piñon Canyon Maneuver Site 

(PCMS) in Las Animas County, Colorado. The study area encompassed the home-range 

boundaries of radio-collared coyotes and the locations of radio-collared fawns involved 

in the study (approximately 350 km2). Average elevation on the PCMS was 1520 m, 

average temperatures ranged from 1ºC in January to 24ºC in July (Shaw and Diersing 

1990), and mean annual precipitation was 305 mm at the nearest long-term weather 

station in Delhi, Colorado (Milchunas et al. 1999). Harvest of coyotes was not permitted 

for the duration of the study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 

sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 
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(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. Areas that had been burned were defined as natural or prescribed 

fires occurring either during or after 2004. 

 
Capture and monitoring of fawns 

 We observed solitary pronghorn does during the fawning season with spotting 

scopes in order to locate hidden fawns (Autenrieth and Fichter 1975). Newborn fawns 

were permitted to bond with their mother for >4 hours before capture. We captured fawns 

by hand or with a long-handled salmon net, then blindfolded and handled them with latex 

gloves. We outfitted fawns with ≤75 g expandable radio-collars with a 6-hour mortality 

mode and precise event transmitter (Advanced Telemetry Systems, Isanti, Minnesota). 

The transmitter was programmed to convey the amount of time elapsed post-mortality 

mode. We measured fawn mass with a spring scale and sling, and noted the presence and 

state of the umbilicus (Byers and Moodie 1990), sex, and health of fawns. Research 

protocols were approved by the Institutional Animal Care and Use Committees at the 

USDA/National Wildlife Research Center (QA-1350) and Utah State University (IACUC 

#1269). 

 We monitored fawns daily from the ground with telemetry through July, weekly 

through August, and monthly through March of the following year. We located 

mortalities immediately and the body, if present, and surrounding area was carefully 

examined. We classified predation events as coyote, eagle, or unknown, based upon 
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tracks, scat, hair, hemorrhage patterns, and caching characteristics (O’Gara 1978, Wade 

and Bowns 1984, Acorn and Dorrance 1998). We collected DNA evidence from fatal 

puncture wounds on carcasses that had evidence of hemorrhaging (Blejwas et al. 2006). 

When doubt remained about the species of predator responsible for the mortality, we 

attempted to identify the species through genotyping (Wildlife Genetics International, 

Nelson, BC, Canada). Unless otherwise noted, all statistics were calculated in SPSS 

10.0.5 (SPSS Inc., Chicago, IL). 

 
Capture and monitoring of coyotes 

 Coyotes were sterilized in December 2006 in half the study site in a Before-After, 

Control-Impact (BACI) study design (Stewart-Oaten et al. 1986, Gotelli and Ellison 

2004). We attempted to capture all coyotes present in the study area with a net-gun fired 

from a helicopter (Barrett et al. 1982, Gese et al. 1987). We sterilized animals captured in 

the southern portion of the study area, while animals captured in the northern portion of 

the study area were sham-operated. We transported captured animals by vehicle or 

helicopter to a central processing location. A veterinarian sterilized females by tubal 

ligation and males by vasectomy. All animals otherwise received the same treatment: 

they were given a combination of a sedative and dissociative, incised and sutured, radio-

collared, allowed to recover, and released at the capture site within 24 hours. 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from the pack were 

detected with telemetry. Packs with pups were considered intact. 

 Visual observations of radio-collared individuals allowed us to gain information 

on pup presence as well as minimum group sizes. We conducted these surveys 8 June 

2007 to 5 December 2007. One to two people would home in on a radio-collared coyote 

on foot. We attempted to approach animals from downwind in a stealthy manner to 

reduce disturbance of potential additional pack members that may have been present. We 

noted coyote group size, location, and the presence of pups. We estimated pre-whelping 

coyote density by dividing the minimum pack size observed by the pack’s home-range 

size (Gese 2001). 

 
Home range analysis 

 We monitored coyotes with telemetry from December 2006 to March 2008, 

primarily at dawn and dusk to obtain locations during the highest activity periods (Andelt 

and Gipson 1979). Telemetry was performed using a hand-held antenna and receiving 

unit from a vehicle. Locations were attempted every two days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). To reduce estimation 

errors when assigning fawn capture locations to specific coyote home ranges, we only 

used locations with 95% error areas ≤0.10 km2 and we did not include extra-territorial 

forays as part of the home range. The mean telemetry error was 328 ± 97.133 (95%CI) m 

based on 14 blind tests on randomly placed radio-collars. The average 95% error area 

estimated for reference collars was 26,419 m2. We used data locations gathered from 

April 2007 to September 2007 to define seasonal pack home ranges used in assigning 
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pronghorn fawns to sterile or intact coyote packs. We chose this time period to include 

the coyote pup-rearing season when energetic needs for the pack were highest and 

pronghorn fawns were vulnerable to predation. 

  We used observation-area curves (Odum and Kuenzler 1955) to determine 

whether we had enough locations to adequately estimate seasonal home ranges for radio-

collared coyotes. The curves reached an asymptote at an average of 22 locations (for 

curves which reached an asymptote). Since some curves (7/17) had not reached an 

asymptote with all locations gathered that season, some home range boundaries may have 

been underestimated. 

 We plotted home ranges of coyote packs with the ArcMap (ArcGIS 9.2- 

Environmental Systems Research Institute, Inc., Redlands, CA) extension, Hawth’s Tools 

3.27. We used the fixed kernel density estimator (Worton 1989) with point locations to 

describe resident pack home ranges because it is less biased to small sample sizes and 

outliers (Millspaugh and Marzluff 2001). We used a 95% contour to describe a pack’s 

home range (Shivik and Gese 2000). To determine bandwidths, we adapted an ad hoc 

method which prevents undersmoothing, is relatively unaffected by sample size, and 

reduces Type I errors (J. G. Kie, unpublished data). Initially, we plotted home ranges 

using h = 1000 and then incrementally reduced the bandwidth by 10% until we had the 

smallest bandwidth that did not create disjoint polygons and did not contain lacuna. 

Additionally, because we wanted home ranges to not only be contiguous but also reflect 

ground-truthed observations, we up-smoothed the bandwidth if long, narrow channels 

persisted in the home range that were not justified by topographic or anthropogenic 

features. We also up-smoothed the bandwidth if an unjustified gap was amid two 
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contiguous home ranges. In this case, we used the same methods as before, but 

increased each home range bandwidth involved in the gap by 10% until the gap was 

closed with minimal overlap. 

 We calculated the amount of each habitat type present in each coyote pack home 

range to compute indices for alternative prey available to each coyote pack. Vegetation 

layers were provided by the Directorate of Environmental Compliance and Management 

(DECAM), Fort Carson, Colorado, as geospatial data. These layers were merged into four 

habitat types: grassland, shrubland, woodland, or burn. Coyote pack home ranges were 

clipped over the habitat layers in ArcGIS to estimate the amount of each habitat type 

present within each pack’s home range. 

 
Estimation of available alternative prey 

 We conducted surveys to determine the relative abundance of rodents and 

lagomorphs available within each coyote pack home range. We used small mammal 

trapping grids and spotlight surveys in June and July of both years. We used 7.6 x 7.6 x 

25.4 cm Sherman live traps baited with chicken-scratch-grain mix and peanut butter to 

catch small mammals. Traps were set in a 5 x 7 grid design with 10 m spacing across all 

four different habitat types in a nested design of three replicates per habitat in the north 

half and south half of the study area. Traps were run for three consecutive nights. We 

checked the traps each morning and captured animals were marked, recorded, and 

released. To calculate the rodent index, all catchable species were grouped by genus and 

the median mass for each species (Fitzgerald et al. 1994) was then averaged across all 

species captured in that genus. The average mass was then multiplied by the total number 
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of unique individuals of that genus captured on each grid. A rodent index value was 

assigned to each habitat type as rodent kg/km2. We then extrapolated the rodent index to 

each coyote home range based upon the amount of each habitat type in the home range 

(Bromley and Gese 2001a). 

 Lagomorph spotlight surveys (Smith and Nydegger 1985) were conducted in 

replicates of three per habitat type over three consecutive nights. Cottontail (Sylvilagus 

audubonii) and black-tailed jackrabbit (Lepus californicus) numbers were counted per 

kilometer for each habitat type and replicates were averaged together. The mean number 

of lagomorphs/km was multiplied by the average mass of the species and used to assign a 

lagomorph index value to each habitat type. These index values were then extrapolated 

into each coyote home range. 

 
Fawn survival analysis 

 We estimated semi-monthly fawn survival rates over five time intervals (14 May 

to 31 July) using known fate models in Program MARK (White and Burnham 1999). 

This program estimates model parameters using the numerical maximum likelihood 

techniques of Akaike’s Information Criterium (AIC, Akaike 1973). We compared 

differences between models using the change in AIC corrected for small sample size bias 

(∆AICc, Burnham and Anderson 2002). We used the logistic (logit-link) function when 

running our models in order to express the probability of survival as a linear function of 

the explanatory variables. 

 Due to small sample sizes, a priori models were carefully designed to avoid 

detection of spurious correlations (Burnham and Anderson 2002). Survival rates for 
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unequal time intervals (18, 15, 15, 15, 16 days, sequentially) were standardized to semi-

monthly rates for comparison (White and Burnham 1999) and encounter histories were 

censored for the year the fawn was not monitored (i.e., fawns captured in 2006 had 

encounter history formats of LDLDLDLDLD0000000000 and fawns captured in 2007 

had encounter history formats of 0000000000LDLDLDLDLD). We then grouped the 

data by area (north or south). Our models included eight covariates: fawn sex, birth 

weight (kg), estimated age at capture (days), birth date, treatment (intact or sterile), 

relative coyote density, lagomorph relative abundance index, and rodent relative 

abundance index. We assigned values for the last four covariates based upon the coyote 

home range in which the fawn was captured. If a fawn was captured outside of any 

known coyote home range, then it was assigned an average coyote, rodent, and 

lagomorph index value. 

 Because the primary goal of our study was to evaluate the effect of coyote 

sterilization on pronghorn fawn survival, we included the sterilization treatment effect in 

every model. This allowed us to determine a parameter estimate for treatment using 

model averaging (White et al. 1999). The sterilization treatment effect was modeled by 

the covariate called treatment which separated fawns captured in the south into sterile and 

intact treatments. To minimize the number of models, we constructed models of fawn 

survival in a 3-phase process. First we constructed models with just temporal effects.  

Survival of fawns over a 79-day period should show variance between semi-monthly 

intervals as the fawns’ vulnerability to predation changes (Barrett 1978, Von Gunten 

1978). To model hypothesized temporal differences in survival, we ran the following 4 

models: a linear time trend model based on the hypothesis that fawn survival increases 
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after birth, a non-linear time trend model (i.e., a threshold model using the natural 

logarithm) based on the hypothesis that fawn survival increases to a maximum value then 

plateaus, a model which held the first three and the last two time intervals equal based on 

the hypothesis that survival increases in stages as fawns age, and a model which allowed 

the first 3 time intervals to vary but held the last two intervals constant based on the 

hypothesis that survival is variable when fawns are the youngest and most vulnerable to 

predation (Table 2-1, models 3 - 6).   

 Once we had established the appropriate temporal component of the models, we 

combined the best time model of fawn survival with area and year effects (Table 2-1, 

models 7-9).  The area effect was considered different from treatment because, although 

we attempted to capture and sterilize coyote packs throughout the entire southern portion 

of the study site, some fawns in the south were not captured within a radio-collared 

coyote home range and so could not be assigned to the treatment regime.   

 For the last phase of model building, we added all other covariates to the best 

model from phase 1 and 2.  We included the fawn covariates sex, birth weight, age, and 

birth date to address important variation known to occur in other fawn survival studies 

(Fairbanks 1993, Byers 1997, Gregg et al. 2001; Table 2-1, models 10-13). Estimated age 

at capture was calculated using a constant for growth rate derived from Byers (1997). We 

used the formula: 

 

estimated age at capture = (weight at capture – mean of known birth weights) / 0.2446. 

 

Known birth weights were taken from fawns known to have been born the day of capture. 

We knew <1-day old fawns because either we witnessed their birth or they had a wet 
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umbilicus (Byers and Moodie 1990). Birth weight was then estimated using the fawn’s 

estimated age.  Lastly, because fawn survival could be related to predator-prey factors, 

we also added coyote density, lagomorph abundance index, and rodent abundance index 

(Table 1, models 14-16) covariates to the best model from phase 1 and 2.  Due to a 

significant difference between alternative prey index estimates in the two years, we 

always included year in models with an alternative prey covariate. Using real and derived 

model averaged estimates, we performed a z-test for differences in survival rates to 

compare significance between areas and years. A Wald’s test (Agresti 1990) was used to 

determine significance of covariates. 

 
Weather 

 Weather patterns may influence fawn production and survival. Maternal condition 

has been shown to be an important correlate with fawn survival in many ungulate species 

and severe winters may reduce maternal condition (Verme 1977, Guinness et al. 1978, 

Andersen and Linnell 1998). Due to record snowfall events in the second winter of our 

study, we compared weather parameters between the two years. Estimates of 

precipitation in the north and south were compared within each year to investigate 

potential influences on fawn survival. We used data from the U.S. Geological Survey 

weather stations on the PCMS to compare 2006 and 2007 spring precipitation; monthly 

totals from 12 meteorological stations were averaged. The nearest recorded snowfall data 

to the PCMS were from the National Weather Service in Trinidad, Colorado (50 km 

southwest of the PCMS). These data were used to compare monthly snowfall amounts 

between the two winters. 
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RESULTS 

Coyote home ranges and densities 

 We captured 30 coyotes and outfitted them with transmitters. Nine coyotes from 7 

resident (areas <35 km2) home ranges in the north were captured and sham sterilized 

(Figure 2-1). We captured and sterilized 15 coyotes from 10 resident home ranges in the 

south; 2 of the sterile packs were later assigned to the intact treatment regime due to 

suspected presence of pups (Figure 2-1). In one of these packs, 2 males were captured 

and sterilized, but pups were later heard during June howling surveys. In another pack, a 

single female had been captured and upon sterilization she was found to be senescent. 

Her age was approximated to be 7+ years both by tooth wear and because she had a 

friable uterus. Although she remained a resident in her home range for the duration of the 

study, the potential for another reproductive female in her pack prompted us to treat the 

home range as intact. While most of our pup-presence efforts were focused on the 

sterilized coyote packs, we occasionally surveyed the sham packs for pups as well in 

order to validate our methods. Coyote pups were confirmed in 3 of the 7 intact sham-

operated packs. 

 Four radio-collared coyotes (two intact and two sterile) were transient (their home 

range encompassed multiple resident home ranges) and one sterile and two intact resident 

coyotes began dispersals in the summer of 2007. One intact coyote could not be 

accurately tracked due to her home range being off the study area. Four radio-collared 

coyotes died during the study. Three mortalities were due to gunshot and one was due to 

unknown causes during dispersal. 
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 We used 485 locations (x̄  = 28.53 ± 5.00 (95%CI) per home range) to define 

seasonal pack home ranges. The total area considered sterile was 125.1 km2. Mean home 

range area of all radio-collared coyotes was 16.13 ± 3.38 (95%CI) km2 and the mean 

minimum pack size was 2.19 ± 0.20 (95%CI) coyotes. Coyote densities were not 

different in the north (0.15 ± 0.05 (95%CI) coyotes/km2) and south (0.18 ± 0.04 

coyotes/km2, t14 = -0.816, P = 0.428) areas of the study site. 

 
Alternative prey indices 

 Alternative prey indices decreased in the second year. Lagomorph relative 

abundance index was 22.70 ± 4.69 (95%CI) kg/km in 2006 compared to 4.96 ± 1.56 

kg/km in 2007 (t20 = 7.034, P ≤ 0.001). Rodent relative abundance index was 1235.18 ± 

228.12 kg/km2 in 2006 and 282.22 ± 70.82 kg/km2 in 2007 (t20 = 7.819, P ≤ 0.001). We 

detected no difference in overall availability of alternative prey between the north and 

south (lagomorph index, t32 = -0.349, P = 0.730; rodent index, t32 = 0.038, P = 0.970). 

 
Fawn survival 

 We captured and radio-collared 31 fawns in 2006 and 40 fawns in 2007 (Figure 2-

1). Coyote predation was the primary cause of death in both years. In 2006, 26 fawns 

died or lost their collars by July. In the north, most deaths were due to coyote predation, 

followed by unknown predation, then eagle predation (Table 2-2). In the south, most 

deaths were also due to coyote predation, followed by unknown predation, then unknown 

causes. DNA analysis attributed the cause of death to coyote predation in one out of two 

questionable mortalities. 
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 In 2007, 25 fawns died or lost their collars by July. In the north, most deaths 

were due to coyote predation, followed by unknown causes (Table 2-2). In the intact area 

in the south, most deaths were due to coyote predation and a few to unknown causes. In 

the sterile area, most deaths were due to coyote predation, followed by unknown causes. 

DNA analysis attributed cause of death to coyote predation in four out of five 

questionable mortalities. We failed to detect a difference in the frequency of fawns killed 

by coyotes when analyzed by year (χ
2
1 = 0.579, P = 0.447, Pearson’s chi-square), area 

(χ2
1 = 0.002, P = 0.963), or treatment (χ2

1 = 0.019, P = 0.889). 

 The best model of fawn survival, S{(t4=t5)+area+treatment}, was only slightly 

better than many other models tested (Table 2-3, model 7). Based upon a criterion of 

∆AICc < 2 (Burnham and Anderson 2002), five models were competitive (Table 2-3, 

models 7, 9, 10, 11, and 13). Not counting treatment, which was in every model, all 

competing models included area and semi-monthly time interval (modeled as varying in 

the first three intervals but constant in the last two; Table 2-3). 

 Based on model averaged values (White et al. 1999), the probability of a fawn 

surviving the duration of the study in the north (0.183, 95%CI = 0.071-0.396) was higher 

than the probability of a fawn surviving the duration of the study in the south (0.034, 

95%CI = 0.008-0.139, z = 1.744, 2-sided z-test, P = 0.080). This pattern was consistent 

between the years (Figure 2-2A, B). Model averaged parameter estimates for year 

showed fawn survival in 2006 to be the same as fawn survival in 2007 (β = 0.110 ± 

0.635, 1-sided Wald test, P = 0.364). 

 Model averaged fawn survival was higher for fawns captured in treated (sterile) 

coyote home ranges when compared to fawns captured in untreated (intact) coyote home 



 

 

27
ranges in the south (β = 0.904 ± 1.247, 1-sided Wald test, P = 0.078). To more 

thoroughly evaluate the effect of treatment using model averaged values, we ran our set 

of models with user-specified treatment values of zero and one (Figure 2-2A, B). Overall, 

survival was higher in the north control area than in the south control area. In spite of this 

difference, increased survival on the treatment area was evident; that is, survival on the 

south treatment area increased substantially more than on the south control area in 2007 

(Figure 2-2B). None of the other covariates tested were statistically significant (P > 

0.110, 1-sided Wald test). 

 We also calculated model averaged cumulative summer survival rates of fawns in 

each area for 2006 and 2007 by treatment (Figure 2-3). After declining over the first 2 

time intervals, the probability of fawn survival stabilized in the third week of June. In 

2006 at the end of the 79-day period, cumulative summer survival rates of fawns were 

0.16 in the south and 0.39 in the north. In 2007, cumulative summer survival rates of 

fawns were 0.18 for southern control fawns, 0.43 for northern control fawns, and 0.44 for 

southern treatment fawns. 

 
Weather 

 During severe winter weather, pronghorn malnutrition and fetal resorption can 

increase (Martinka 1967, Barrett 1982) which may lead to low fawn survival for neonates 

born to does that survive to parturition the following spring. Because weather patterns 

were remarkably different in the two years of this study, the covariate year, which 

showed an insignificant yet increasing fawn survival trend between the years, could be 

viewed as a proxy for weather in our fawn survival analysis. In the winter of 2005-06, the 
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highest recorded monthly snowfall in Trinidad was 35.56 cm in January with a total 

snowfall of 78.74 cm over the winter (Figure 2-4). In the winter of 2006-07, snowfall in 

Trinidad peaked in December with 125.73 cm and total winter snowfall was 205.99 cm. 

This was the highest snowfall amount recorded in December and the second highest total 

winter snowfall on record since 1947 (Western Regional Climate Center, Reno, NV). In 

the spring of 2006, 21.59 cm of snow fell in March. In spring 2007, the latest snowfall 

recorded was 20.32 cm in April. 

 Precipitation in the spring and summer months on the PCMS also showed 

variation between the two years (Figure 2-5). In 2006, heavy rain did not fall until July, 

well after the peak of fawning season. From our survival estimates, this was also beyond 

the period of fawns’ vulnerability to mortality. In 2007, heavier rain patterns occurred in 

April, May, and June contributing to a subsequent increase in vegetative cover across the 

study area (R. Seidler, personal observation; Figure 2-6). However, we found no 

difference in mean precipitation amounts between the north (1.21 ± 0.10 (95%CI) cm) 

and south (1.16 ± 0.16 cm) in 2006 (t10 = 0.462, P = 0.654) nor in 2007 (north = 0.99 ± 

0.11 cm, south = 1.13 ± 0.15 cm, t10 = 1.573, P = 0.147). 

 
DISCUSSION 

Was sterilization of coyotes correlated with increased fawn survival? 

 Coyote predation on domestic sheep was reduced up to 8-fold when coyotes were 

experimentally sterilized (Bromley and Gese 2001a). Given the success of Bromley and 

Gese’s study (2001a), we hypothesized that sterilized coyotes would prey less on 

pronghorn fawns than intact coyotes. Thus, we designed an experiment to evaluate 
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whether pronghorn fawn survival could be increased via experimental sterilization of 

coyotes. The applicability of such a tool could alleviate pressures on pronghorn 

populations that are at critical thresholds while reducing public concerns about lethal 

management of coyotes. In the face of the many factors that influence fawn survival, we 

found a significant treatment effect. Over the course of a summer, cumulative fawn 

survival was 2.4 times higher for fawns captured in treatment areas compared to fawns 

captured in control areas. 

 There are undoubtedly many factors influencing fawn survival on the PCMS. We 

investigated the variables we believed would be most influential on coyote predation 

rates. Since the predator-prey relationship between coyotes and pronghorn is potentially 

quite different than between coyotes and domestic sheep, it was important to quantify the 

influence of intrinsic and extrinsic factors such as fawn sex, birth weight, birth date, age 

at capture, coyote density, alternative prey abundance, and weather. We found local area 

and coyote sterilization (treatment) to be the most influential covariates on fawn survival 

rates. We found no significant correlations between the other covariates and fawn 

survival rates. 

 Pronghorn have been present in North America since the Pleistocene and have 

likely been sympatric with coyotes since the evolution of Canis latrans (Kurtén and 

Anderson 1980). Because coyote predation on pronghorn reflects an evolved relationship 

unlike the predatory relationship with domestic sheep, we had concern that sterilization 

of coyotes may not change ungulate neonate predation. Coyotes also may have different 

hunting strategies dependent upon the behavioral response of the prey which could 

influence management efforts. Sheep have been bred to be docile and may even flee in 
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the presence of coyotes, stimulating an attack response from the predator (Connolly et 

al. 1976, Lehner 1976). In contrast, pronghorn neonates remain bedded and motionless in 

the threat of coyote predation (Byers and Byers 1983). Does with fawns are observant of 

nearby coyotes until the coyote comes too close to their fawn’s bed site, at which point 

she will defensively charge the coyote (Byers 1997; R. Seidler, personal observation). 

Given the vastly different predatory strategies employed with these prey, it is an 

important finding that coyote sterilization can increase fawn survival. 

 The significance level of our results suggests that our conclusions should be 

interpreted cautiously. More importantly, our study represents only one replicate and it 

could be that we sampled an unusual population. However, given that we observed a 

substantial effect (Fig. 2-2 and 2-3) and that treatment was significant at α = 0.10 even 

with the number of parameters included in our models and the relatively low number of 

fawns in the analysis, it is our opinion that this result is biologically significant. In 

addition, our estimates of fawn survival reflect biologically relevant population changes 

(i.e., cumulative fawn survival rates in the south more than doubled from 0.18 to 0.44 for 

fawns captured in sterile coyote home ranges); an increase which could influence fawn 

recruitment and provide important demographic changes for pronghorn populations 

considered critical. We evaluated whether the changes in fawn survival on the PCMS 

were reflected in fawn recruitment. At the end of our semi-monthly fawn survival 

analysis (31 July), 8/22 southern fawns captured in 2007 were alive; 9/18 fawns were 

alive in the north. In December of 2007, 6/22 fawns captured in the south were still alive 

and 6/18 fawns captured in the north were still alive (2 northern animals were censored 

due to collar failure). In February 2008, all 6 fawns were still alive in the south. All but 1 
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animal in the north was censored due to collar failure; the remaining fawn was still alive 

in February. 

 
The influence of other variables 

 Although the relationship was not significant, we found a positive correlation 

between fawn survival and alternative prey abundance; specifically, lagomorph 

abundance. We were only able to see this relationship by modeling prey abundance with 

year present in the same model because overall prey indices dropped from 2006 to 2007 

while fawn survival rates increased. By modeling these variables together, we found 

higher alternative prey abundance was correlated with higher fawn survival rates. The 

lack of significance in these results may be due to small sample sizes of small mammals 

or differences in detection probability in the second year. 

 The observed decreases in alternative prey abundance may be due to the severe 

winter in 2006-07. Stoddart (1985) described severe winter conditions (unusually low 

temperatures, high snow accumulation, high wind velocities) over a <3-day period, which 

resulted in the mortality of 34% of 59 instrumented jack rabbits. Many of the carcasses 

were still intact, suggesting the cause of death was related to the weather. 

 Alternatively, severe winter weather may have created apparent decreases in 

alternative prey abundance on the PCMS in 2007 due to decreased detectability during 

our surveys. Increased vegetation height and density on the PCMS was noted after heavy 

winter snows and a wet spring. Tall, dense vegetation could make it difficult to detect 

small mammals during surveys. Dense vegetation can make it difficult for some rodent 

species to travel (Rowland and Turner 1964, Rosenzweig and Winakur 1969). If rodents 
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are moving shorter distances, their trap-ability will decrease during surveys. This would 

be reflected in mark-recapture studies as decreased density estimates. In addition, 

spotlight surveys for lagomorphs can also be compromised by issues of visibility. 

Lagomorphs may have been easier to detect in 2006 because the vegetation was lower in 

height and less dense. If alternative prey abundances were actually higher in 2007 (and 

went undetected), increases in alternative prey abundance might then act as a buffer for 

pronghorn fawns (Stoddart et al. 2001, Bartel and Knowlton 2005). Hamlin et al. (1984) 

found that coyote populations were highest when fawn mortality was lowest. 

 Of the covariates we tested, fawn birth weight, birth date, and age at capture, none 

were statistically important in our models. We found that subtle differences in local areas 

(i.e., between the north and south) influenced fawn survival. We attempted to account for 

these differences by comparing average precipitation amounts between the north and 

south, but found no differences. Although both the north and south were comprised 

primarily of grassland species, the distributions of vegetation types within the grasslands 

in the two areas were different (B. Smart, personal communication). Predominant species 

in the north (i.e., western wheatgrass and needle-and-thread (Stipa comata)) tend to grow 

taller than predominant species in the south (i.e., grama species) potentially influencing 

fawn survival. In addition, a recent burn regime had been used in the south part of the 

study area in 2004-2006, and not in the north. Although fires are often used to improve 

shortgrass prairie habitats to benefit species such as pronghorn (Yoakum 1979, Wright 

and Bailey 1982, Courtney 1989), recent burns could compromise immediate fawn 

survival by reducing canopy cover. Canopy cover has been shown to be an important 

correlate in fawn survival (Barrett 1984, Alldredge et al. 1991). We attempted to compare 
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fawn survival between fawns which were captured in burn areas and fawns which were 

not. The sample size of fawns captured in burn areas was small (n = 6) and we were not 

able to detect a difference in 115-day survival rates (t69 = 0.647, P = 0.520), however the 

means indicated a trend toward lower survival for fawns captured in burned areas (burn: 

mean = 0.17 ± 0.33 (95%CI); non-burn: mean = 0.29 ±0.11). 

 We found that fawn survival was lowest in the second semi-monthly time interval 

and that after the first 6 weeks of life, the probability of fawn survival increased to 100%. 

This is supported by previous studies which have shown fawn mortality to be highest at 

ages 11-20 days (Von Gunten 1978, Barrett 1978, Byers 1997). We found no difference 

in survival between male and female fawns. This is similar to other studies which 

reported no difference between the sexes (Fairbanks 1993, Byers 1997). In the Greater 

Yellowstone Ecosystem, female fawn survival was higher than male fawn survival 

(Berger et al. 2008). 

 Although extreme winter weather can adversely affect fawn survival by affecting 

the condition of the doe (Verme 1977), the extreme snowfalls of 2006-07 in southeastern 

Colorado did not reduce fawn survival on the PCMS. In fact, fawn survival following the 

winter of 2006-07 was higher in both the north and south than fawn survival in the same 

areas the previous year (although not statistically significant). Because the effect of 

treatment was of most importance to us, we concentrated our capture efforts on treatment 

animals and focused our analyses on the effect of treatment. This focus probably masked 

a real influence of weather changes over the years. The winter snowfall and spring 

precipitation likely boosted fawn survival in 2007 directly by increasing vegetation 

biomass. Coyotes probably initially use visual cues to detect pronghorn fawns (Wells 
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1978) and high vegetation would make it difficult for them to find fawns (Barrett 1981). 

Increased vegetation would also provide important forage for lactating does (Smyser et 

al. 2005), subsequently increasing fawn survival. 

  Our study results were not as clear as Bromley and Gese’s (2001a) study in Utah 

(i.e., they reported a significance level of P = 0.026 when comparing kill-rates between 

intact and sterile packs). This may be due to sample size variation or it may be due to the 

differing dynamic of coyote predation and different prey types (e.g., domestic versus 

native). Further research may be able to elucidate the relationship between coyotes and 

native prey and determine if there is a more tightly coupled dependency between coyotes 

and neonatal ungulates versus domestic sheep. Future studies should focus on differences 

in coyote behaviors given different prey types. 

 
Study limitations 

 We chose not to randomize our treatment area based on coyote home ranges. 

Instead, we selected one contiguous area to treat. We believe this was the best way to test 

our hypothesis because if the treatment had been randomly applied we would have been 

presented with the issue of fawns moving across the landscape through treated and non-

treated areas. In addition, a broad spectrum application of coyote sterilization best 

simulated what would be conducted in a true management setting. We also did not use a 

fawn’s mortality location in order to test the effects of the covariates because not all 

fawns died in this study. If we had used mortality locations (instead of fawn capture 

locations), then all the fawns that had survived would have been assigned average values 

for covariates, biasing our sample.  



 

 

35
 Our statistical power could have increased with a larger sample size and longer 

study duration but we were limited by our ability to capture coyotes and fawns. And 

although the extraordinary winter in 2006-07 provided important insight into pronghorn 

ecology in southeastern Colorado, it may have influenced our ability to interpret the 

effects of coyote sterilization on pronghorn fawn survival. Because fawn survival rates 

changed between the 2 years, there may have been an interaction between some of the 

covariates that we were not able to detect (i.e., the severe winter may have influenced our 

ability to accurately assess alternative prey abundances). 

 
Management implications 

 We recommend coyote sterilization be considered as a tool to boost pronghorn 

fawn survival in areas where fawn survival is a critical factor in pronghorn population 

persistence. This non-lethal tool is especially applicable in situations where lethal 

management of coyotes is controversial, unacceptable, or not an option. Costs to perform 

this technique (helicopter captures + sterilization = $900/coyote) are not very different 

from estimates made to trap and kill coyotes ($805; Wagner and Conover 1999). The fact 

that sterilization lasts the lifetime of the coyote offers promise of lower costs than lethal 

control over the long-term. 

 We do not recommend the use of coyote sterilization alone to boost pronghorn 

numbers where populations are critically low. The importance of multiple or concurrent 

management strategies in reducing coyote predation or increasing prey survival has been 

demonstrated many times. Management should also continue to use the current successful 
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tools to boost fawn survival, such as habitat enhancement. Careful monitoring of any 

program which uses these techniques will be insightful for future management. 
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Figure 2-2. Model averaged pronghorn fawn survival rates (± 95%CI) in semi-monthly 
intervals for 79-days, (A) before treatment in 2006, and (B) after treatment in 2007, 
Piñon Canyon Maneuver Site, Colorado. Note in (B) that 3 survival curves are present; 
upper curve represents 2 survival curves, south treatment, 2007, and north, 2007. 
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Figure 2-3. Model averaged estimates of cumulative summer fawn survival for the north 
and south study areas in 2006 and 2007, Piñon Canyon Maneuver Site, Colorado. 
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Figure 2-4. Snowfall amounts for the winter of 2005-2006 and 2006-2007, Trinidad, 
Colorado (data provided by the National Weather Service).
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Figure 2-5. Monthly precipitation averaged across 12 stations (± 95%CI) on the Piñon 
Canyon Maneuver Site, Colorado (data provided by the U.S. Geological Service).
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A.  

B.  

Figure 2-6. Photos taken from similar locations on the Piñon Canyon Maneuver Site, 
Colorado on (A) 15 July 2006 and (B) 26 June 2007. 
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CHAPTER 3 

THE EFFECTS OF TUBAL LIGATION AND VASECTOMY ON COYOTE HOME 

RANGE MAINTENANCE2 

 
 Abstract. Sterilization of wild canids is being used experimentally in many 

management applications. Few studies have clearly demonstrated that vasectomized and 

tubal ligated canids will retain pair-bonding and territorial behaviors. We tested whether 

behaviors of surgically sterilized coyote packs were different from sham-sterilized coyote 

packs. We captured and radio-collared 30 coyotes in December 2006. Sixteen of these 

animals were sterilized via vasectomy or tubal ligation, 14 were given sham-surgeries. 

We monitored these animals using telemetry and visual observations through 2 breeding 

seasons from December 2006-March 2008. Pack sizes were the same for sterile and intact 

coyotes (P = 0.554).  We found no difference in home range size between sterile and 

intact coyotes (P ≥ 0.556).  We found differences in home range and core area overlap 

between sterile and intact coyote packs in some seasons, however it is likely this 

difference was pre-existing before treatment. Home range fidelity was the same for sterile 

and intact coyotes (P = 0.406).  All coyotes had higher residency rates during the 

breeding season, with no differences between sterile and intact coyotes. Survival rates 

were correlated with biological season, but may have been confounded by human 

presence on the site; there were no differences between sterile and intact coyote survival 

rates. We conclude that surgical sterilization of coyotes did not affect pair-bonding or 

home range maintenance. 

                                                 
 
2 Co-authored by Eric Gese. 
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INTRODUCTION 

 Sterilization of canids is being tested for various management purposes including 

population control of native and non-native species, predation control, and to reduce 

genetic introgression with other canids (Haight and Mech 1997, Kelly et al. 1999, Spence 

et al. 1999, Bromley and Gese 2001a, Saunders et al. 2002). Surgical sterilization in 

particular is a promising approach because hormonal systems remain intact with 

vasectomy and tubal ligation. Canid reproductive strategies (e.g., monogamy and 

pseudopregnancy in subordinate pack members) and physiology (e.g. monestrum and 

prolonged proestrus and estrus) favor pair and pack cohesion (Asa 1997). Without 

hormonal signals, these characteristics may not be preserved (Asa 1995). For most 

management purposes, retaining social structure of the pack is critical. If the social 

structure of a sterilized pack fails, then a vacant territory becomes open to colonization 

by intact animals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 

1998, Gese 1998). 

 In 1987 and 1988, Mech et al. (1996) vasectomized 5 wolves (Canis lupus) to 

determine if sterilization of wolves was a viable method for controlling population sizes. 

They determined that the vasectomized wolves’ social behaviors were not altered. 

Subsequently, state management agencies predicted that wolf control may be necessary 

where wolves colonize close to human settlement. Due to the success of this study, wolf 

sterilization is one of several proposed methods to control populations in the Lake 

Superior region (Haight and Mech 1997). 

 In the Yukon, Canada, wolves had been implicated in the decline of caribou 

(Rangifer tarandus) and moose (Alces alces) calf survival (Spence et al. 1999). Due to 
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the economic costs, effort, and public concern of the use of lethal control, fertility 

control was tested as an alternative tool to manage wolves (Spence et al. 1999). In studies 

to determine the applicability of such a tool, territorial behaviors were again examined. 

Using aerial telemetry, the study reported that the sterilized wolves maintained pair bonds 

and remained in their territories (Spence et al. 1999). 

 Red foxes (Vulpes vulpes) in Australia are an introduced species from Europe and 

have had destructive impacts on native fauna (Saunders et al. 1995). Native mammals 

lack the appropriate anti-predator behaviors and, hence, are susceptible to fox predation 

(Kinnear et al. 1988). In addition, the foxes may pose a threat to livestock producers 

(Saunders et al. 2002). Consequently, female foxes were experimentally sterilized. The 

sterile vixens retained pair-bonding and territorial behaviors, although they became more 

tolerant of home range overlap (Saunders et al. 2002). 

 The sheep industry in the western United States has a long history of conflict with 

coyote (Canis latrans) predation (Wagner 1988). When warranted, ranchers and wildlife 

management agencies utilize various lethal methods to control coyote predation on 

livestock and wildlife species (Knowlton et al. 1999). The public, concerned with animal 

rights, continually voices concern over the use of lethal management (Arthur 1981, 

Kellert 1985, Andelt 1987, Messmer et al. 2001). One alternative method being 

considered to reduce predation on sheep is surgical sterilization of coyotes (Knowlton et 

al. 1999). Bromley and Gese (2001a) sterilized coyotes in Utah and found that they could 

reduce coyote predation on domestic sheep by up to eight-fold. This technique is thought 

to be effective because it reduces the energetic needs of the pack (Till and Knowlton 
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1983, Bromley and Gese 2001a). Bromley and Gese (2001b) further demonstrated that 

the sterile coyotes’ territorial and pack affiliative behaviors were not modified. 

 Coyote sterilization is also being used as part of an endangered species recovery 

program in the eastern United States. In North Carolina, red wolf (Canis rufus) recovery 

is being threatened by genetic introgression with coyotes. Coyotes and red wolves can 

hybridize (Nowak 1992) which jeopardizes the persistence of the red wolf gene pool 

(Fredrickson and Hedrick 2006). After consideration by the U.S. Fish and Wildlife 

Service and The Conservation Breeding Specialist Group (Kelly et al. 1999), coyotes 

were sterilized in various areas across the recovery zone (Beck 2005). Sterilization has 

reduced the incidences of coyotes breeding with red wolves, while maintaining a space 

for the future placement of newly released red wolves (Beck 2005). 

 Although sterilization has been used in many canid species, only Bromley and 

Gese’s (2001b) study has demonstrated that free-ranging coyotes will maintain territorial 

and breeding-pair behaviors. If coyote sterilization continues to be used as a management 

tool, it is important to validate that territorial maintenance and pair-bonding behaviors are 

retained across different circumstances (Asa 1995). Without this assurance, intact animals 

can displace sterile packs and threaten the success of the management practice (Till and 

Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 1998, Gese 1998). As part 

of a study to test whether coyote sterilization could increase pronghorn fawn survival 

(Chapter 2), we tested the hypothesis that coyote sterilization will not affect home range 

maintenance. We examined similar behavioral criteria as Bromley and Gese (2001b). We 

compared pack size of sterilized coyotes to intact coyotes. We also evaluated home range 

size and overlap as well as home range fidelity. We used the home range as our 
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measurement of space use instead of the territory because we did not collect any data 

that we believed would constitute a territorial analysis (i.e., we did not make visual 

observations of coyote behaviors such as urinating, defecating, or howling at territory 

boundaries) and the methods we used were designed to match previous studies. Finally, 

we made a comparison of survival rates between sterile and intact animals. We were not 

able to compare association indices between treatment groups due to a small sample size 

of intact coyote pairs. 

 
METHODS 

Study site 

 We conducted this study on the 1,040 km2 Piñon Canyon Maneuver Site (PCMS) 

in Las Animas County, ~50 km northeast of Trinidad, Colorado. The study area within 

the PCMS encompassed the home range boundaries of radio-collared coyotes involved in 

the study. Average elevation on the PCMS was 1520 m, average temperatures ranged 

from 1ºC in January to 24ºC in July (Shaw and Diersing 1990), and mean annual 

precipitation was 305 mm at the nearest long-term weather station in Delhi, Colorado 

(Milchunas et al. 1999). Harvest of coyotes was not permitted for the duration of the 

study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included species of black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 
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sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 

(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. 

 
Capture and monitoring of coyotes 

 We captured coyotes in December 2006 using a net-gun fired from a helicopter 

(Barrett et al. 1982, Gese et al. 1987). Animals captured in the southern portion of the 

study area were sterilized, while animals captured in the northern portion of the study 

area were sham-sterilized. We used this clustered experimental design in an effort to 

swamp a single area with the treatment and to simulate actual management practices 

(Chapter 2). We transported captured animals by vehicle or helicopter to a central 

processing location. A veterinarian sterilized females by tubal ligation and males by 

vasectomy. All animals otherwise received the same treatment: they were given a 

combination of a sedative and dissociative, incised and sutured, radio-collared, allowed to 

recover, and released at the capture site within 24 hours. Research protocols were 

approved by the Institutional Animal Care and Use Committees at the USDA/National 

Wildlife Research Center (QA-1350) and Utah State University (IACUC #1269). 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from nearby packs 

were detected with telemetry. Visual observations of radio-collared individuals allowed 

us to gain information on pup presence as well as minimum group sizes. We considered 

packs with pups as intact. 

 
Pack size 

 We compared pack sizes between sterile and intact packs using the minimum 

pack size observed. We made multiple visual observations of radio-collared individuals 

to count associated pack members. Packs were surveyed from 8 June 2007 to 5 December 

2007. One or two people would track a radio-collared animal on foot. We attempted to 

approach animals from down wind in a stealthy manner to reduce disturbance of potential 

additional pack members that may have been present. Group size, location, and pup 

presence were noted. We did not include pups in pack size estimations; we used pre-

whelping pack size estimates. 

 
Home range size and overlap 

 We performed telemetry primarily at dawn and dusk to obtain point locations 

during the highest activity periods (Andelt and Gipson 1979) using a hand-held antenna 

and receiving unit. We attempted to locate animals every 2 days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). All home ranges were 

computed using locations with error <0.10 km2. We calculated home range size using the 

95% fixed kernel (FK) density estimator and core area with the 50% FK density estimator 

in ArcGIS 9.2 (Environmental Systems Research Institute, Inc., Redlands, CA) with the 
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Hawth’s Tools extension (Hawth’s Analysis Tools). Bandwidths were set to h = 1000 

for consistency and each home range and core area was calculated separately. Due to 

limited location sample sizes, we calculated estimates for 3 seasons: first winter 

(December 2006-March 2007), summer (April 2007-September 2007), and second winter 

(October 2007-March 2008). 

 We compared percent overlap among adjacent packs for the 95% and 50% FK 

contours using analysis of variance (ANOVA). We used only adjacent packs to calculate 

percent overlap, including adjacent packs with zero overlap. Packs were considered 

adjacent if their home range boundaries were <2 km apart. This figure represents the 

radius of the smallest home range and was the minimum area we used to exclude the 

potential presence of a home range in which the pack members were not radio-collared. 

We made comparisons of home range overlap among adjacent sterile-sterile packs, intact-

intact packs, and sterile-intact packs. Tests for differences between each pair were 

performed with a Tukey’s honestly significant difference (HSD) test. All statistical tests 

were performed using SPSS 10.0.5 (SPSS Inc., Chicago, Illinois, USA). 

 Because availability of alternative prey could affect the percentage of tolerated 

overlap between coyote home ranges, we monitored rodent and lagomorph abundance 

and applied an index for each to all coyote home ranges. We used small mammal 

trapping grids run for three consecutive nights in four different habitat types (grasslands, 

shrublands, woodlands, and burned areas) to estimate rodent abundance. An average 

mass was calculated based upon the unique individuals captured and the median mass for 

each species (Fitzgerald et al. 1994). These estimates were then extrapolated to each 

coyote home range given the amount of habitat types in that home range. Lagomorphs 
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were surveyed using spotlight surveys conducted in replicates of three per habitat type 

over three consecutive nights. An average mass was calculated using the number of 

lagomorphs seen/km times the mean mass of the species. These estimates were then also 

extrapolated to each coyote home range given the amount of habitat types in that home 

range. A regression was then performed using the amount of available alternative prey 

(rodents or lagomorphs) and the amount of coyote home range overlap. 

 
Home range fidelity 

 We tested home range fidelity of resident coyotes using known fate models in 

Program MARK (White and Burnham 1999). Animals were censored after dispersal. We 

compared models of residency rates between sterile and intact coyotes with Akaike’s 

Information Criterium (AIC, Akaike 1973) corrected for small sample size bias (∆AICc, 

Burnham and Anderson 2002).  

 We grouped coyotes by treatment (sterile or intact) and encounter occasions were 

expressed as 15 1-month intervals. Because treatment was of primary interest, all models 

included this variable. Hypotheses tested included residency varying by treatment alone, 

treatment and 4-month season, or treatment and 1-month time interval (Table 3-1, models 

1, 2, and 3). We based 4-month seasons on biological changes in coyote behavior, 

including the breeding season (December-March), pup-rearing season (April-July), and 

dispersal season (August-November; adapted from Gese and Ruff 1998). We also tested a 

model which examined the interactive effect between treatment and time (the most 

parameterized model, Table 3-1, model 4). We censored animals which were transient 
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when captured from the analysis unless and until they resettled as residents later in the 

study. 

 
Survival 

 We compared estimates of survival rates between sterile and intact coyotes in 

Program MARK using the numerical maximum likelihood model approach and known 

fate analysis (White and Burnham 1999). We compared models of survival rates using 

∆AICc (Akaike 1973, Burnham and Anderson 2002). Coyotes were grouped by treatment 

and models included 3 covariates: gender, age, and weight. We analyzed survival over 15 

1-month occasions. We created models based on gender, age, weight, coyote season, or 

monthly time interval and always included the variable treatment since this was our 

variable of interest (Table 3-2, models 1-6). Except a global model (Table 3-2, model 7), 

all hypothesized models were restricted to additive models due to a limited sample size.  

 
RESULTS 

Pack size 

 We captured and radio-collared 30 coyotes across the PCMS. We sterilized 16 

animals from the southern portion of the study area and sham-operated 14 from the 

northern portion. Defined home ranges contained 1-2 radio-collared individuals because 

we were not consistently able to capture pairs. The first winter and summer seasons we 

defined 8 sterile home ranges. After the dispersal season, we defined 6 sterile home 

ranges in the second winter. We defined 10 intact home ranges in the first winter, 9 in the 

summer, and 8 in the second winter. Most of the control (intact) coyote home ranges 
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contained sham-operated coyotes. Two of the control home ranges contained sterilized 

coyotes but due to the detection of pups in these packs, we considered them intact. Mean 

pack size of sterile coyotes (2.3 ± 0.3 (95%CI)) was similar to the mean pack size of 

intact coyotes (2.10 ± 0.3; t9 = 0.607, 2-sided t-test, P = 0.554). 

 
Home range size and overlap 

 Home range sizes were not different between sterile and intact coyotes in any 

season. In the first winter season, mean home range size of intact (n = 10) and sterile (n = 

8) coyotes was 24.0 ± 3.8 (95%CI) km2 and 22.3 ± 3.9 km2, respectively (t16 = 0.601, 2-

sided t-test, P = 0.556; Figure 3-1A). In the summer, home range size of intact (n = 9) 

coyotes was 26.4 ± 6.8 km2 and sterile (n = 8) coyotes was 24.7 ± 4.4 km2 (t15 = 0.405, 2-

sided t-test, P = 0.692; Figure 3-1B). In the second winter season, home range size of 

intact 7) and sterile (n = 6) coyotes was 20.6 ± 4.9 km2 and 22.0 ± 4.0 km2, respectively 

(t11 = -0.421, 2-sided t-test, P = 0.682; Figure 3-1C). Equal variances were assumed in all 

cases by Levene’s test (P ≥ 0.082). 

 All overlaps of home ranges were expressed as a proportion of total home range 

area, not an area per se. In the first winter season, mean overlap between adjacent sterile 

home ranges was 0.251 ± 0.081 (95%CI) and mean overlap between adjacent intact home 

ranges was 0.139 ± 0.076. Mean overlap between adjacent sterile and intact home ranges 

was 0.060 ± 0.069. During the first winter season, core areas of adjacent sterile home 

ranges had an average overlap of 0.033 ± 0.032 (SD). Core areas of adjacent intact home 

ranges overlapped by 0.001 ± 0.001 and core areas of adjacent sterile-intact home ranges 

had no overlap. We found differences in overlap of adjacent sterile core areas compared 
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to adjacent intact core areas (P = 0.020). This relationship appears to be mainly due to 

the overlap of core areas between only 2 sets of sterile home range pairs (Figure 3-1A). 

We did not find any other differences in overlap in the first winter season (Table 3-3A). 

 Mean summer home range overlap among adjacent sterile home ranges (0.266 ± 

0.073 (95%CI)) was different from the mean overlap among adjacent intact home ranges 

(0.113 ± 0.061; P = 0.006). Differences in overlap among adjacent sterile home ranges 

and adjacent sterile-intact home ranges were also significant (0.057 ± 0.074, P = 0.007). 

However, there was no evidence of difference in the overlap among adjacent intact home 

ranges and adjacent sterile-intact home ranges (P = 0.639). Core area overlaps in the 

summer were also different among adjacent sterile home ranges (0.028 ± 0.030) and 

adjacent intact home ranges (no overlap, P = 0.043). No other differences in core area 

overlap were found in the summer (Table 3-3B).  

 Mean overlap of adjacent sterile home ranges (0.208 ± 0.074 (95%CI)) in the 

second winter season was different from adjacent intact home ranges (0.012 ± 0.017, P < 

0.001). We also found a difference among mean overlap of adjacent sterile home ranges 

and adjacent sterile-intact home ranges (no overlap, P = 0.011). No other differences in 

overlap in the second winter season were found (Table 3-3C). 

 Because age differences may influence dispersal which could affect apparent 

overlap, we also tested for differences in age between sterilize and intact coyotes. We 

found no difference in age between sterile and intact coyotes (t28 = -0.976, P = 0.337) nor 

did we find a difference between sample sizes used to define home ranges for sterile and 

intact coyotes (first winter: t16 = -0.429, P = 0.674, summer: t15 = -0.249, P = 0.807, 

second winter: t13 = -0.147, P = 0.885) which may also influence home range overlap. 
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We also found no correlation between home range sample size and percent overlap of 

home ranges (first winter: R2 = 0.013, F53 = 0.676, P = 0.415, summer: R2 = 0.013, F45 = 

0.601, P = 0.442, second winter: R2 = 0.017, F29 = 0.480, P = 0.494). 

 In order to better determine what may have caused differences in overlap between 

sterile and intact home ranges, we performed a regression of alternative prey availability 

against home range overlap. Relative rodent abundance was not strongly correlated with 

home range overlap (R2 = 0.135, F = 2.340, P = 0.147), nor was relative lagomorph 

abundance (R2 = 0.000, F = 0.001, P = 0.974). 

 
Home range fidelity 

 Six coyotes (20%) dispersed during the study. Three of these dispersals occurred 

during the pup-rearing season and 3 during the dispersal season. No dispersals occurred 

during the breeding seasons. 

 The best fit model for coyote residency was R{treatment+season} (Table 3-4, 

model 2). This model was 2.2 times as plausible as the second-best model R{treatment} 

(Table 3-4, model 1). Models 3 (R{treatment+time}) and 4 (R{treatment*time}) were not 

very likely candidates (evidence ratios = 927.04 and NA, respectively, Table 3-4). 

Residency was highest during the breeding seasons and dropped during the pup-rearing 

and dispersal season (Figure 3-2). Model averaging showed that derived residency rates 

(the probability of remaining a resident through the duration of the study) were not 

different between sterile (r̂ = 0.779, 95%CI = 0.496-0.927) and intact (r̂ = 0.738, 95%CI 

= 0.432-0.913) coyotes (z = 0.239, 1-sided z-test, P = 0.406). 
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Coyote survival rates 

 We analyzed survival rates of 17 male and 13 female coyotes. Eight of the males 

and eight of the females were sterilized. Ages (as assessed by tooth-wear; Gier 1968) 

ranged from 1-7 years old and weights ranged from 8.16-16.33 kg. Four coyotes perished 

during the study: 3 due to gunshot wounds, 1 due to unknown causes. 

 Many of the models used to analyze coyote survival rates were competitive. The 

first 5 models were within <2.016 ∆AICc values from each other, indicating that all 5 

were plausible (Burnham and Anderson 2002). The best-fit model, S{treatment} (Table 

3-5, model 1), suggested that sterile coyotes had lower survival rates than intact coyotes, 

but statistics did not support this hypothesis (sterile: ŝ = 0.805, 95%CI = 0.540-0.936, 

intact: ŝ = 0.923, 95%CI = 0.608-0.989, z = -0.940, 1-sided z-test, P = 0.174). The 

second-ranked model, S{treatment+season} (Table 3-5, model 5), showed an increasing 

trend in survival over the seasons and higher survival in intact coyotes, but the 

confidence intervals between the groups overlapped (Figure 3-3). Model averaged 

derived estimates of survival rates (i.e., the probability of surviving the duration of the 

study) of sterile and intact coyotes were not different (sterile: ŝ = 0.809, 95%CI = 0.544-

0.938; intact: ŝ = 0.924, 95%CI = 0.611-0.990; z = -0.926, P = 0.177). When we 

calculated statistics for the third-, fourth-, and fifth-ranked models, S{treatment+age}, 

S{treatment+weight}, and S{treatment+sex}, we found the covariates were not 

significant (P > 0.280). Other models had ∆AICc values > 2.016. 
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DISCUSSION 

 As surgical sterilization becomes more widely used in canid research and 

management practices, we must confirm that territorial maintenance and pair-bonding 

behaviors are retained. Without these behaviors, the social structure of the pack will 

dissolve leading to an unguarded, open territory and management efforts would fail. We 

found no evidence to suggest that territorial behaviors among coyotes were altered by 

sterilization. Pack size, home range size, home range fidelity, and coyote survival rates 

were the same for sterilized and sham-operated coyotes. We did find that sterile packs 

exhibited greater home range overlap than intact packs, but it is questionable whether this 

was due to the effects of sterilization. 

 Similar to our results, sterile red fox vixens also displayed increases in home 

range overlap when compared to non-sterile vixens (Saunders et al. 2002). In contrast, 

coyotes in Utah did not display differences in home range overlap between sterile and 

intact packs (Bromley and Gese 2001b). Average overlap between coyote territories in 

Utah was 21%, greater than the overall average overlap in our study (13.8%). It appeared 

that sterile coyote packs on the PCMS were more tolerant of home range overlap than 

intact coyote packs. However, the degree of home range overlap that we found within the 

sterilized coyote packs appears to have existed at the time the animals were sterilized. 

 Overlap in the sterilized home ranges was greatest during the first winter and 

summer seasons. It then declined in the second winter season, but there were no real 

differences between any of the seasons (F2,47 = 0.426, P = 0.656, ANOVA). This 

consistent temporal trend implies that greater overlap was typical for the treatment area 

before we captured and sterilized coyotes. We also tested for age and location sample 



 

 

69
size differences between the sterile and intact packs to try and account for the 

differences in overlap. Younger, low-ranking pack members disperse when resources are 

not abundant (Gese et al. 1996). If coyotes in the sterile group were younger than coyotes 

in the intact group and location sample sizes were not large enough to accurately detect 

pre-dispersal forays then we might mistake these forays for home range overlap. 

However, we did not detect differences in dispersal rates between the groups. Further, we 

found no difference in age between the groups nor did we find a difference between 

sample sizes used to define home ranges for the 2 groups suggesting that pre-dispersal 

forays were not occurring differentially between sterile and intact coyotes. Varying home 

range sample sizes also did not account for differences in overlap of home ranges. 

 Potentially, food resources were better is sterile home ranges (Atwood and Weeks 

2003), however we found no correlation between alternative prey availability and coyote 

home range overlap. Perhaps kinship was higher (Kitchen et al. 2005) in the sterilized 

area allowing for greater home range overlap, but we did not test for this. Additionally, 

two dispersals in the second winter of previously resident coyotes in the intact area may 

account for differences observed between home range overlap in this season. One of the 

dispersers was an adult male coyote that was located in the center of the intact part of the 

study area. His initial home range had contributed to overlap in previous seasons. His 

dispersal was associated with the expansion of adjacent coyote pack home ranges into his 

previous home range area and may have been the result of displacement (Carbyn 1981, 

Gese et al. 1996). However, the expansion of the neighboring pack’s home range was not 

enough to compensate for the lost overlap. Given consistently high overlap in the sterile 

home ranges and dispersal events which reduced overlap in the intact home ranges, we 
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believe that the disparity in home range overlaps was not prompted by sterilization, but 

most likely had high pre-existing overlap among home ranges in that area. 

 Home range fidelity of coyotes varied by season and declined during the pup-

rearing and dispersal seasons. This is not surprising; pack sizes gradually decline after 

whelping due to dispersals of non-breeding associated pack members (Bekoff and Gese 

2003). We found no evidence that dispersals were influenced by sterilization. This 

corroborates with Bromley and Gese’s (2001b) results; they found no difference between 

residency rates of sterile and sham-operated animals. 

 Although our results suggested many variables were important to coyote survival, 

sterilization had no significant influence. In addition, a post hoc analysis using the model 

S{.} (coyote survival rate was not influenced by any of the variables), ranked this model 

at the top when run with the previously described models,  further suggesting none of the 

other variables captured the true effects. Indeed, the Wald’s test confirmed them as 

insignificant. Season, as modeled as a coyote biological interval, may have been 

influential on coyote survival. A further post hoc analysis ranked this model (S{season}) 

as second only to S{.}. However, we must also consider confounding variables such as 

human persecution. Three of four coyote mortalities were caused by gunshot and the 

fourth mortality suggested human involvement. This mortality was discovered >12 km 

from its home range and >2 km off the PCMS. This death was recorded as “unknown 

causes” because the carcass was too decayed, but it was discovered <4 m from a gravel 

road, implicating human-related causes. Although shooting of coyotes was not permitted 

during the study, 3 of the 4 mortalities were detected during or shortly after military 

maneuvers involving armed personnel. 
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 Results from this study add to the small body of knowledge that we have 

regarding the effects of sterilization on wild canids. We did not find any results that were 

in contradiction to other studies on coyotes or wolves. One component that is lacking in 

all peer-reviewed studies of coyote sterilization is an assessment of the long-term stability 

of territorial and social behaviors following sterilization. Mech et al. (1996) monitored 

vasectomized wolves for seven years, but their sample size was small and females were 

not sterilized. Zemlicka (1995) monitored sterilized captive coyotes for 1 year and 

Bromley and Gese (2001b) followed their sterilized coyotes for 3 years. Despite 

functioning endocrine systems, it is possible that after multiple, sequential years of no 

reproductive success sterile coyotes could sever their pair-bond and search for a more 

successful mate. Hence, we recommend a study of sterilized, free-ranging, male and 

female coyotes which follows treated and untreated animals into senescent years. With 

this method, dispersals by “breeding” individuals (dominant animals which had been 

sterilized) due to a lack of reproduction may be detected. Also, by following sterile and 

intact coyotes to senescence, changes in survival rates may be detected. Because home 

range overlap of red fox vixens was reported (Saunders et al. 2002) and this study found 

apparently pre-existing home range overlap in sterile coyotes, disruption of territory 

boundaries may be an important avenue to explore further. Tolerance of trespassers into 

territories may complicate interpretation of experimental results and could result in failed 

measures for canid management. 
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Table 3-3. Tukey's Honestly Significant Difference comparison of home range 
and core area overlap between sterile and intact coyote home ranges on the 
Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008. 

A. First Winter Group Comparison P
Sterile-Intact 0.118

95% Home Range: Sterile-Both 0.181
Intact-Both 0.734

Sterile-Intact 0.020
50% Core Area: Sterile-Both 0.343

Intact-Both 0.999

B. Summer Group Comparison P
Sterile-Intact 0.006

95% Home Range: Sterile-Both 0.007
Intact-Both 0.639

Sterile-Intact 0.043
50% Core Area: Sterile-Both 0.200

Intact-Both 1.000

C. Second Winter Group Comparison P
Sterile-Intact <0.001

95% Home Range: Sterile-Both 0.011
Intact-Both 0.982

Sterile-Intact 0.312
50% Core Area: Sterile-Both 0.733

Intact-Both 1.000
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Figure 3-2. Coyote residency rates (± 95%CI) from the top model, R{treatment+season}, 
in 4-month coyote season increments for sterile and intact coyotes on the Piñon Canyon 
Maneuver Site, Colorado, December 2006-March 2008. 
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Figure 3-3. Coyote survival rates (± 95%CI) from the second-ranked model, 
S{treatment+season}, in 4-month coyote season increments for sterile and intact coyotes 
on the Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008.
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CHAPTER 4 
 

SUMMARY 

 Coyote (Canis latrans) management in the U.S. has a long and contentious history 

that began with the settling of the West (Reynolds and Tapper 1996). Initial efforts to 

reduce predation on livestock focused on lethal control of canid populations (Reynolds 

and Tapper 1996). Today, public outcry challenges the use of lethal control and solicits 

more humane management practices (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001). However, methods which are used in confined agricultural settings such as 

animal husbandry, guard dogs, and aversive conditioning (Mitchell et al. 2004) are not 

practical with wild, free-ranging ungulates. Recently, coyote predatory behaviors toward 

sheep have been changed using surgical sterilization (Bromley and Gese 2001a). This 

approach is more acceptable to the public (Arthur 1981, Kellert 1985, Andelt 1987, 

Messmer et al. 2001) and has the potential to be more effective than lethal control 

(Conner et al. 2008) because it leaves territorial coyote packs essentially guarding a pup-

less, sterile home range (Bromley and Gese 2001b). The lack of pups in sterile coyote 

packs is believed to be the mechanism which has reduced predation on domestic sheep 

(Till and Knowlton 1983, Knowlton et al. 1999, Bromley and Gese 2001a). 

 Key to the implementation of sterilization is that the coyotes’ hormone systems 

remain viable. Without functional physiological stimuli, coyotes are likely to lose 

motivation to maintain pair-bonds and territorial behaviors (Asa 1995). If these behaviors 

are not maintained, then intact coyotes are likely to displace the pup-less pack, defeating 
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the management goals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto 

et al. 1998, Gese 1998). 

 Surgical sterilization of canids is being contemplated under several management 

scenarios. Studies have focused on population reduction, sterilization as a model for 

immunocontraception, prevention of genetic introgression, and reducing predation on 

livestock (Haight and Mech 1997, Kelly et al. 1999, Bromley and Gese 2001a, Saunders 

et al. 2002). In some of these situations, the goal was a simple reduction in population 

size (Haight and Mech 1997, Saunders et al. 2002). But there is also evidence that 

surgical sterilization can change the predatory behaviors of canids. In Utah, sterile coyote 

packs killed 8-fold fewer sheep than intact coyote packs (Bromley and Gese 2001a). The 

results of this study led us to hypothesize that surgical sterilization of coyotes may also 

reduce predation on ungulate neonates; a circumstance where management typically has 

only been able to practice lethal control. We chose to focus our efforts on pronghorn 

(Antilocapra americana) fawn survival due to high fawn mortality rates associated with 

coyote predation (Gerlach and Vaughan 1990, Linnell et al. 1995, Byers 1997, Dunbar 

and Giordano 2003). 

 Our study was designed in such a way as to compare not only changes in 

pronghorn fawn survival between a treatment and control group, but to also compare 

changes in fawn survival between years before and after treatment. This approach 

allowed us to detect a difference in fawn survival rates that existed between the north 

(0.183, 95%CI = 0.071-0.396) and south areas (0.034, 95%CI = 0.008-0.139) and was 

apparent in both years (z = 1.744, P = 0.080). Knowing that one area (the south) had 

lower survival rates, we applied treatment there. Additionally, we accounted for 
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variability in the system (fawn gender, fawn birth weight, fawn age, fawn birth date, 

coyote density, and alternative prey abundance) in an attempt to find the most 

parsimonious model to represent ecological reality. 

 Since our experiment was conducted in a free-range setting (i.e., not in captivity), 

we had to account for variables which could not be controlled. In fitting data to a set of 

models, a balancing act is played between reducing bias and reducing variance (Burnham 

and Anderson 2002). The most parsimonious model will fall somewhere in between. The 

number of parameters included in our suite of models affects the fit of our data. As we 

increased the number of parameters (variables), we decreased the bias in our estimates. 

However, this comes at the cost of increasing variance in our estimates. It is perhaps the 

case that we struck the balance in favor of low bias, as our level of confidence in our 

estimates was marked with some uncertainty. However, given the amplitude of the 

difference in estimates (cumulative survival of fawns captured in intact coyote home 

ranges was 0.18 and cumulative survival of fawns captured in sterile coyote home ranges 

was 0.44), we believe that coyote sterilization has a relevant effect on pronghorn fawn 

survival. If coyote predation on fawns generates additive mortality in a pronghorn 

population that is struggling to persist, then this technique holds important prospects. 

 In addition to the importance of treatment effects, it is critical to test that coyotes 

maintain their territorial behaviors. Without this, packs likely will not defend a home 

range and the area will fall to occupation by intact coyotes. Because only one study has 

previously shown that sterile coyotes will maintain a home range, the importance of 

confirming the retention of pair-bond and territorial behaviors was apparent. Some of our 

findings did not clearly demonstrate the maintenance of home ranges in sterile coyotes: 



 

 

89
we found greater home range and core area overlap between sterile packs than intact 

packs in some seasons. However, we do not believe these results were the effects of 

sterilization. The home range and core area overlaps in the sterile packs were consistent 

from the beginning of the study, indicating that this pattern likely existed before 

experimental treatment was applied. Hence, we believe that these differences between 

sterile and intact packs were characteristic of the packs before they were sterilized. Other 

than these discrepancies, all other measured characteristics between the treatment and 

control group were the same. Pack sizes were the same for sterile and intact coyotes and 

home range sizes remained consistent through all 3 seasons and were the same between 

the sterile and intact packs. Residency and survival rates for sterile and intact coyotes 

were also similar. 

 Our results suggest that sterilization of coyotes could be a useful tool to reduce 

predation on free-ranging pronghorn fawns. Trends in public opinion demonstrate a need 

for non-lethal alternatives when managing wildlife. Currently, the only practical non-

lethal method to reduce predation in these situations is through reproductive interference. 

When ungulate populations are low or persistence is threatened, several management 

techniques may be needed to preserve the local population. Careful analysis of the 

situation may conclude that predation management is necessary. When lethal control is 

unacceptable or ineffective, surgical sterilization is a practical alternative. 
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Abstract
Little information exists on coyote (Canis latrans) space use and habitat selection in the

southeastern United States and most studies conducted in the Southeast have been carried

out within small study areas (e.g.,�1,000 km2). Therefore, studying the placement, size,

and habitat composition of coyote home ranges over broad geographic areas could provide

relevant insights regarding how coyote populations adjust to regionally varying ecological

conditions. Despite an increasing number of studies of coyote ecology, few studies have

assessed the role of transiency as a life-history strategy among coyotes. During 2009–

2011, we used GPS radio-telemetry to study coyote space use and habitat selection on the

Albemarle Peninsula of northeastern North Carolina. We quantified space use and 2nd- and

3rd-order habitat selection for resident and transient coyotes to describe space use patterns

in a predominantly agricultural landscape. The upper limit of coyote home-range size

was approximately 47 km2 and coyotes exhibiting shifting patterns of space use of areas

>65 km2 were transients. Transients exhibited localized space use patterns for short dura-

tions prior to establishing home ranges, which we defined as “biding” areas. Resident and

transient coyotes demonstrated similar habitat selection, notably selection of agricultural

over forested habitats. However, transients exhibited stronger selection for roads than resi-

dent coyotes. Although transient coyotes are less likely to contribute reproductively to their

population, transiency may be an important life history trait that facilitates metapopulation

dynamics through dispersal and the eventual replacement of breeding residents lost to

mortality.

Introduction
Similar to other Canis species, coyotes establish and hold territories to ensure optimal repro-
ductive fitness through group living [1–4]. However, not all coyotes defend territories and biol-
ogists studying coyote ecology often classify them according to their space use as residents and
transients [5–8]. Resident coyotes are individuals (breeders, juveniles, and pups) belonging to a
pack and in possession of a territory that exhibit passive (i.e., scent marking) and aggressive
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(i.e., physical conflict) behaviors to exclude conspecifics [9,10]. Conversely, transient coyotes
do not maintain territories and exhibit nomadic movements with no fidelity for any one area
[5,8]. Researchers have traditionally focused on resident animals when studying space use of
coyotes because residents make up the breeding portion of populations. Until recently, resi-
dents have been easier to study because their site fidelity and predictable movement patterns
favor traditional telemetry techniques (i.e., very high frequency [VHF]) that require intensive
field effort to locate study animals. Conversely, space use by transient coyotes has rarely been
assessed because transients traverse expansive areas and are difficult to track without global
positioning system (GPS) and satellite technology. A number of studies have noted the pres-
ence of coyotes with nomadic behaviors that traverse expansive areas and are difficult to moni-
tor via VHF radio-telemetry [6,11–13]. For example, Andelt [6] reported that coyotes
considered to be transients in his study were located<50% of the time within their study area
and Chamberlain et al. [11] reported 33% of coyotes with VHF radio collars had permanently
left their study area. Despite these logistical challenges, several studies have documented and
assessed space use patterns of transient coyotes [6,7,14], but fewer have assessed both space use
and habitat selection [8,15].

Coyote space use has been routinely studied and study area sizes ranged from approximately
30 km2 [6] to approximately 3,000 km2 [16]. Many well-referenced studies have been con-
ducted within study areas about 1,000 km2 or less [6–8,17–19]. Because coyotes are highly
mobile, patterns of space use and habitat selection within relatively small study areas can only
provide part of the total knowledge into the spatial ecology of coyotes. Recently, Hinton et al.
[20] described unique, localized space use during long-distance movements by 3 transient coy-
otes. They referred to intermittent, localized space use exhibited by transients as “biding” areas
because those patterns may represent attempts by transients to assess areas and establish home
ranges. Although Hinton et al. [20] reported anecdotal findings, their study indicated that
assessing transient space use and habitat selection over broad geographic areas may provide
important insights into how coyotes seek out and acquire territories.

Previous studies examining space use and habitat selection of coyotes concluded that tran-
sients are likely subordinate individuals who may actively avoid territories of residents and
occupy suboptimal habitats not used by residents [5,7,8,15]. Additionally, Camenzind [5] sug-
gested that transients serve as a surplus of individuals that are periodically recruited into the
resident, reproductive segment of the population. These insights demonstrate that space and
reproductive opportunities are limiting resources for coyotes. However, the ephemeral nature
of space use that results from continuous exchanges of territorial ownership among individuals
in coyote populations has been difficult to assess. Understanding these spatiotemporal dynam-
ics is particularly important because they may contribute to life history characteristics of coy-
otes that permit populations to expand and persist in human-altered landscapes.

Extensive movements by transients involve decisions by individuals that contribute to key
aspects of coyote ecology such as competition, foraging behavior, and habitat selection, which,
in turn, influence population structure and processes over broad geographic areas. Because
estimates of density, dispersal, and survival may be biased within small study areas [21,22], we
define a minimum geographic extent as�2,500 km2. In the eastern United States, this large
extent is important to capture actual dispersal ability of large Canis species and thus for proper
classification of coyote social status [20,23]. Coyotes in eastern North Carolina are sympatric
with endangered red wolves (Canis rufus) and both species are managed and monitored by the
United States Fish and Wildlife Service (USFWS) Red Wolf Recovery Program (Recovery Pro-
gram) on the Albemarle Peninsula to prevent hybridization and facilitate red wolf recovery
[24,25]. Because Recovery Program biologists radio monitor both coyotes and red wolves
throughout the Albermarle Peninsula, the approximately 6,000 km2 Red Wolf Recovery Area

Space Use by Resident and Transient Coyotes
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offers a large study area in the Southeast to evaluate the ecology of resident and transient
coyotes.

Our understanding of key traits that facilitate coyote adaptation to diverse ecosystems
throughout North America remains incomplete because studies examining the ecology of tran-
sient coyotes are limited. Understanding how coyote populations structure themselves on the
landscape and which landscape characteristics facilitate coyote movements is critical for mak-
ing reliable inferences about coyote ecology. Here, we compare space use and habitat selection
by resident and transient coyotes to describe how coyotes exploit space. Our first objective was
to quantify the size of areas used by resident and transient coyotes and describe the habitat
composition of those areas. Our second objective was to assess differences in resident and tran-
sient habitat selection and develop resource-selection functions (RSFs) to map relative proba-
bility of habitat use by coyotes within the Recovery Area.

Materials and Methods
Our study was conducted on the Albemarle Peninsula in the northeastern region of North
Carolina (Fig 1). The study area included approximately 6,000 km2 of federal, state, and private
lands comprising a row-crop agricultural-bottomland forest matrix with little change in eleva-
tion (<50 m). Agricultural crops (i.e., corn, cotton, soybean, and winter wheat) and managed
pine (Pinus spp.) composed of approximately 30% and 15% of the land cover, respectively.
Other prominent land-cover types were coastal bottomland forests and pocosin (peatlands
with a low [1–4 m] and dense evergreen shrub layer; 35%), herbaceous wetlands and saltwater
marshes (5%), open water (5%), and other minor land-cover types (10%). The climate was typi-
cal of the mid-Atlantic: 4 distinct seasons, nearly equal in length, with an annual precipitation
averaging between 122 to 132 cm. Summer climate was typically hot and humid with daily tem-
peratures ranging from 27°C to over 38°C and winters were relatively cool with daily tempera-
tures ranging between -4° to 7° C.

As part of long-term monitoring and management of red wolves and coyotes on the Albe-
marle Peninsula, the Recovery Program conducted annual trapping during autumn and winter
to capture and fit individual red wolves and coyotes with radio collars. Our field study assisted
annual trapping efforts from 2009 through 2011 to capture coyotes and red wolves. Coyotes

Fig 1. Map of the Albemarle Peninsula of northeastern North Carolina with primary habitat types
during 2009–2011.

doi:10.1371/journal.pone.0132203.g001
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were not a listed or protected species and the permitting authority for their capture and release
was the North Carolina Wildlife Resources Commission. However, red wolves were listed as
critically endangered by the International Union Conservation of Nature’s (IUCN) red list of
threatened species and we operated under a cooperative agreement with the USFWS that per-
mitted us to trap under special handling permits issued to the Recovery Program to trap and
handle red wolves. This study, including all animal handling methods, was approved by the
Louisiana State University Agricultural Center Institutional Animal Care and Use Committee
(Protocol Number AE2009-19) and meets the guidelines recommended by the American Soci-
ety of Mammologists [26]. Permission to access private lands for trapping occurred under
memorandum of agreements (MOAs) between individual landowners and the Recovery Pro-
gram. We access private lands of landowners without existing MOAs by contacting those indi-
viduals to receive permission to trap their lands.

We captured coyotes using padded foot-hold traps (Victor no.3 Softcatch, Woodstream
Corporation, Lititz, Pennsylvania, USA) from October through May, 2009–2011. Coyotes were
typically restrained using a catchpole, muzzle, and hobbles. Although most coyotes were not
anesthetized, several were chemically immobilized with an intramuscular injection of ketamine
HCl and xylazine HCl to inspect inside the mouth for injuries. Coyotes were sexed, measured,
weighed, and aged by tooth wear [27], and a blood sample was collected. We categorized coy-
otes>2 years old as adults, 1–2 years old as juveniles, and<1 year old as pups. Coyotes on the
Albemarle Peninsula were reproductively sterilized by the USFWS to prevent introgression
into the red wolf population [24,25]. Coyotes were taken to a local veterinary clinic for surgical
sterilization where males and females were reproductively sterilized by vasectomy and tubal
ligation, respectively. This process keeps hormonal systems intact to avoid disrupting breeding
and territorial behavior [28,29]. Prior to release at the original capture sites, we fit coyotes with
a mortality-sensitive GPS radio collar (Lotek 3300s, Newmarket, Ontario, Canada) scheduled
to record a location every 4 hours (0:00, 04:00, 08:00, and so on) throughout the year.

The Recovery Program monitored radio-collared red wolves and coyotes 2 times a week
from aircraft to identify red wolf and coyote territories on the Albemarle Peninsula. Resident
pairs of coyotes were identified as radio-collared individuals of breeding age (�2 years old)
who were temporally and spatially associated with one another and defending a territory for
�4 months. When trapping was not feasible after radio-collared coyotes established territories,
we confirmed the presence of a mate via field inspection for sign (i.e., visual observations and
tracks) of another individual over the course of several weeks. To avoid autocorrelation, we
only fit one coyote in each pair of residents with a GPS radio-collar. We classified radio-col-
lared coyotes as transients when they were solitary and not associated with other radio-collared
coyotes and displayed extensive movements throughout the Albemarle Peninsula.

To reflect the anthropogenic effects of agricultural practices on the landscape, we divided
each year into 2 6-month seasons based on agricultural activity: growing (1 March–31 August)
and harvest (1 September–28 February). We estimated space use of resident and transient coy-
otes by fitting dynamic Brownian bridge movement models (dBBMMs) to the time-specific
location data to estimate the probability of use along the full movement track of each coyote
[30], using R package moveud [31] in Program R [32]. Brownian bridge movement models use
characteristics of an animal’s movement path among successive locations to develop a utiliza-
tion distribution of an animal’s range. Because many factors influence telemetry error and
recent studies suggest telemetry error for GPS radio collars range between 10–30 m [33], we
used an error estimate of 20 m for all locations. Our error estimate was calculated based on rec-
ommendations and assumptions outlined in Byrne et al. [34]; we chose a moving window size
of 7 locations (equivalent to 14 hours) with a margin of 3 locations for full tracks of each ani-
mal to reflect temporal shifts in coyote movements related to photoperiods. For residents, we
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considered 95% and 50% contour intervals as home ranges and core areas, respectively.
Because transients do not maintain and defend territories, we did not refer to transient space
use as home ranges and core areas. Instead, we considered 95% and 50% contour intervals for
transients as transient ranges and biding areas [20], respectively. We used t-tests to investigate
changes in the area of space use among seasons.

We estimated predominant landscape features from a digitizedlandscape map of vegetative
communities developed by the North Carolina Gap Analysis Project [35]. We collapsed vegeta-
tive communities estimated by McKerrow et al. [35] into 4 general habitat classes with a 30-m
resolution. For the habitat selection analysis, we divided the landscape into agriculture, coastal
bottomland forest, pine forest, and wetlands (e.g., herbaceous wetlands, marshes, and pocosin).
Because coyotes are known to use roads and forage along edges, we also developed road and
agricultural-forest edge layers [36]. We created distance raster maps for habitat classes, roads,
and agricultural-forest edges (hereafter edges) using the ‘Euclidean Distance’ tool in the Spatial
Analyst toolbox in (ArcGIS 10; Environmental Systems Research Institute Inc., Redlands, Cali-
fornia) to calculate the distance from every 30 m pixel to the closest landscape feature [37, 38].
We used analysis of variance (ANOVA) and Tukey tests [39] for multiple comparisons to
determine if habitat composition of home ranges, core areas, transient ranges, and biding areas
differed.

We used RSFs to examine relationships between landscape features and coyote establish-
ment of home ranges on the landscape (2nd-order selection) [40] and to examine relationships
between landscape features and coyote use within their home ranges (3rd-order selection) fol-
lowing Design II and III approaches suggested by Manly et al. [41]. For 2nd-order selection, we
used individual animals as our sampling units and measured resource availability at the popu-
lation level. For 3rd-order selection, we used individual animals as our sampling units and
resource availability was measured for each animal. Despite the presence of territorial red
wolves on the Albemarle Peninsula and active management by the Recovery Program to reduce
red wolf-coyote hybridization, coyotes were found throughout the entire peninsula. We used
distance-based variables to assess habitat selection to eliminate the need to base inference on
subjectively chosen reference categories [37]. Therefore, we inferred “selection” when known
(used) locations were closer to resource features than were random (available) locations and
“avoidance” was inferred when known locations were farther from resource features than ran-
dom locations. We used a binomial approach to estimate resource-selection functions by com-
paring characteristics of known locations to an equal number of random locations within the
Albemarle Peninsula study area (2nd-order selection) and within home ranges and transient
ranges (3rd-order selection) of coyotes [41]. We used generalized linear mixed models with a
logistic link to compare habitat selection between resident and transient coyotes. We included
random intercepts for individual coyotes in each model to account for correlation of habitat
use within individuals and the unbalanced telemetry data. We modeled resource selection
using the R package ‘lme4’ [42] with a binary (0 = available, 1 = used) response variable. Prior
to modeling, we rescaled values for all distance-based variables by subtracting their mean and
dividing by 2 standard deviations [38,43].

We designed 5 candidate models for coyote occurrence guided by 4 a priori general hypoth-
eses to develop RSFs: (1) Coyotes require cover and shelter found primarily in forests. (2) Coy-
otes favor linear landscape characteristics, such as edges and roads. (3) Coyotes prefer open,
treeless habitats, such as agricultural fields. (4) Coyotes avoid wetland habitats. We used an
information-theoretic approach to assess models by calculating Akaike’s information criterion
for small sample sizes (AICc) [44,45] and used ΔAICc to select which models best supported
habitat selection. First, we used all resident and transient locations from our telemetry data,
included main effects for all fixed predictor variables, and considered interactions between a
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coyote status variable (resident = 1, transient = 0) and each landscape feature variable to inves-
tigate potential differences in selection between resident and transient coyotes. Second, we sub-
setted resident and transient locations and constructed separate models to derive 2nd- and 3rd-
order selection coefficients for each landscape feature without interactions. We included all
landscape features described above in our global models sets because correlation between indi-
vidual predictor variables was low or modest (all r< 48%).We conducted model validation of
the best model using k-fold cross-validation and then tested for predictive performance using
area under the curve (AUC) [46–49]. This cross-validation is based on partitioning the data
into k bins and performing k iterations of training and validation in which a different bin of the
data is held out for validation, while remaining k–1 bins are used for the training set. We used
10 folds (k = 10) to estimate performance of RSF models. Area under the curve of a receiver
operating characteristic (ROC) curve represents the relative proportions of correctly and incor-
rectly classified predictions over a range of threshold levels by plotting true positives versus
false positives for a binary classifier system.

Results
During 2009–2011, we fit 28 coyotes with GPS radio collars for monitoring. During this period,
the Red Wolf Recovery Program also radio monitored 12 sterile coyote pairs (comprising
about 20 radio-collared coyotes) each year. Each year, approximately 20 radio-collared coyotes
were not associated with known packs or breeding pairs and were assumed to be transients.
Monitoring data collected after release indicated 14 coyotes were residents and 14 were tran-
sients. Eight (57%) transient coyotes eventually established residency during the study. Mean
(±SE) mass and age of coyotes monitored were 14.0 kg ± 0.4 and 2.5 yrs ± 0.2, respectively.
Mass (t26 = 2.75, P = 0.010) and age (t26 = 2.23, P = 0.034) of resident coyotes were greater than
transients (Table 1). Additionally, body measurements of coyotes sampled for this study were
consistent with body measurements reported in Hinton and Chamberlain [50]. Mean resident
home-range size (t45 = 0.03, P = 0.981) and resident core area (t45 = 0.26, P = 0.797) of coyotes
did not differ between seasons (Table 1); resident home-range sizes ranged from 13.4 km² to
47.3 km². Although we detected no seasonal differences in the size of transient biding areas
(t17 = 1.07, P = 0.296), our data suggest transient ranges were greater during the harvest season
of agricultural crops (Table 1; t17 = 1.86, P = 0.080). Transient-range sizes ranged from 64.5 km²
to 633.4 km².

Table 1. Mean (± SE) bodymass, age, and space use of resident and transient coyotes in northeastern North Carolina during 2009–2011.

Size of area used (km²)

Growing1 Harvest2 Composite3

Coyote status Mean mass (kg) Mean age (yr) 95%4 50%5 95% 50% 95% 50%

Resident 14.7 ± 0.4 2.7 ± 0.2 24.1 ± 2.3 4.0 ± 0.5 25.0 ± 2.8 4.0 ± 0.4 27.2 ± 2.0 4.2 ± 0.4

Transient 12.3 ± 0.7 1.6 ± 0.5 212.5 ± 58.0 11.6 ± 4.1 296.9 ± 55.0 21.7 ± 3.9 307.9 ± 44.9 20.6 ± 3.2

1Growing season space use was defined as areas used during March through August.
2Harvest season space use was defined as areas used during September through February.
3Composite space use was defined as the total area used.
495% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident home ranges and transient

ranges.
550% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident core areas and transient

biding areas.

doi:10.1371/journal.pone.0132203.t001
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Resident home ranges, resident core areas, transient ranges, and transient biding areas of
coyotes comprised mostly agriculture, coastal bottomland forest, and pine forest (Fig 2).
Home-range sizes of residents were negatively correlated with the percentage of agricultural
habitats found within home ranges (r2 = 0.32, P = 0.003; Fig 3). We detected no difference in
the proportion of habitat that comprised these 4 area measurements (resident home ranges,
resident core areas, transient ranges, transient biding areas) for agriculture (F3, 72 = 1.66,
P = 0.184), coastal bottomland forest (F3, 72 = 1.87, P = 0.142), and pine forest (F3, 72 = 0.81,
P = 0.490; (Fig 2). Core areas used by resident coyotes contained proportionally less wetland
than home ranges, transient ranges, and biding areas (F3, 72 = 5.51, P = 0.002).

We used distance to 6 landscape features (agriculture, coastal bottomland forest, pine forest,
wetland, edge, and roads) to develop RSFs and map relative probability of habitat use by tran-
sient and resident coyotes separately. Model fit improved substantially by accounting for resi-
dency status and fitting interactions between resource variables and residency status to
explicitly test for differences in habitat selection between residents and transients, providing
support that coyote status affects resource selection (Tables 2 and 3). We created 4 subset mod-
els that included 2nd- and 3rd-order selection for resident and transient coyotes (Table 4). With
the exception of pine forest, all other covariates were important predictors of transient occur-
rence at the landscape level in which transients selected agriculture and roads, and avoided
coastal bottomland forest, wetlands, and edges (2nd-order selection; Table 5). Agriculture and
roads were the only important predictors for transient 3rd-order selection (Table 6). All covari-
ates were important predictors of resident habitat selection at the landscape level (2nd-order
selection; Table 5). Agriculture, coastal bottomland forest, wetlands, edge, and roads were
important predictors at the home-range level (3rd-order selection; Table 6). Although residents
selected for all landscape features except pine forests at the landscape level, residents selected
pine forests and avoided wetlands and roads at the home-range level (Tables 5 and 6). Our k-

Fig 2. Habitat availability and habitat proportions of space used by resident and transient coyotes in northeastern North Carolina during 2009–
2011. Asterisks above the bars represent statistical differences among areas within habitat classes (P < 0.05, Tukey’s test). Study area proportions are
shown for reference.

doi:10.1371/journal.pone.0132203.g002
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fold cross-validation correctly classified 88% of the resident locations for the selection model
comparing resident and transient locations. Similarly, k-fold cross-validation correctly classi-
fied 80% and 76% of the locations for the best 2nd- and 3rd-order selection models for resident
coyotes, respectively, whereas 77% of the locations for the best 2nd- and 3rd-order selection
models for transient coyotes were correctly classified. Model performances of the best models
for transient and resident coyotes ranged from poor to fair. The area under the curve value for
the selection model comparing residents to transients was 78%. Area under the curve values
were 73% and 63% for 2nd- and 3rd-order selection models of residents, respectively. Area
under the curve values were 69% and 61% for 2nd- and 3rd-order selection models of transients,
respectively.

Spatially, differences in habitat selection between residents and transients revealed substan-
tial heterogeneity in the response to the agricultural-forest habitat matrix of the Albemarle
Peninsula (Figs 4 and 5). Compared to transients, resident coyotes showed greater selection for
agriculture, coastal bottomland forest, and edge and lower selection for roads (Tables 5 and 6).

Discussion
Our findings indicate that transient individuals may play a crucial role in dynamic space-use
patterns of coyotes. Similar to other studies [7,11,51], our results indicate that approximately
70% of coyotes in eastern North Carolina are likely residents whereas the remaining 30% are
transients. Transients consisted of younger and smaller individuals than residents and this may
indicate that most transients are dispersing juveniles. However, as breeding pairs and packs are
disrupted via natural or anthropogenic sources, older individuals who previously were

Fig 3. Home-range sizes of resident coyotes regressed against the percentages of agricultural
habitats within home ranges (r2 = 0.39, P < 0.001).

doi:10.1371/journal.pone.0132203.g003

Table 2. Comparison of model fit among the null model, andmodels with and without interactions used to test hypotheses about coyote resource
selection at 2nd and 3rd order in northeastern North Carolina, 2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc), differ-
ences among AICc (ΔAIC), and the conclusion regarding whether there was strong support for the interaction.

Order of selection Models k AICc Deviance ΔAIC Conclusions

2nd Interactions (Resident x each variable) 14 90,512 90,464 0.00 Interactions strongly supported

No interactions 8 93,910 93,889 3,398

Null 2 105,753 105,749 15,241

3rd Interactions (Resident x each variable) 14 101,970 101,922 0.00 Interactions strongly supported

No interactions 8 103,088 103,067 1,118

Null 2 105,178 105,174 3,208

doi:10.1371/journal.pone.0132203.t002
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residents may become transient as well. For instance, after coyote 505M (Fig 6) established a
home range, he was displaced by a neighboring red wolf pack and was a transient for approxi-
mately 15 weeks until establishing a second territory with a female red wolf. Under the direc-
tion of the Recovery Program, 505M was removed during October 2011 so the female red wolf
would be available to potential red wolf mates. Indeed, approximately 4 weeks later, a male red
wolf moved in and formed a breeding pair with the female red wolf (USFWS, unpublished
data).

Throughout North America, coyote home-range sizes typically vary between 2.5 and 70 km2

and the home-range sizes we documented for eastern North Carolina are typical of those
reported in other studies (see Table 22.4 in Bekoff and Gese [52] and Table 21 in Leopold and
Chamberlain [53]). Home ranges of coyotes in our study ranged between 13 and 47 km2 and
did not exceed 47 km2, indicating that coyotes may have an upper limit to the areas they can
effectively exploit and defend as territories. Although regional variability in coyote home-range
sizes can be attributed to adjustments of space use patterns to local environmental conditions,
the minimum and maximum size of coyote home-ranges is likely driven by metabolic costs,
which varies with body mass [54,55]. Coyotes can only defend a finite area while maintaining
an optimal foraging strategy commensurate with the distribution and availability of prey in
their territories [56,57]. Home ranges of resident coyotes were stable and did not vary between

Table 3. Summary of results from generalized linear mixedmodels with for 2nd- and 3rd-order resource selection models for coyotes in northeast-
ern North Carolina during 2009–2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

Order of Selection Model variables β SE 95% CI z P

2nd-Order Intercept -0.430 0.053 -0.532, -0.327 -8.19 <0.001

Agriculture -0.522 0.050 -0.620, -0.425 -10.50 <0.001

Coastal bottomland forest 0.096 0.022 0.054 0.139 4.46 <0.001

Pine 0.042 0.024 -0.006, 0.089 1.73 0.083

Wetland 0.098 0.021 0.056, 0.140 4.56 <0.001

Edge 0.220 0.046 0.130, 0.310 4.78 <0.001

Road -0.599 0.027 -0.652, -0.545 -21.88 <0.001

Agriculture x Resident -2.339 0.083 -2.502, -2.176 -28.11 <0.001

Coastal bottomland forest x Resident -0.533 0.028 -0.588, -0.478 -18.96 <0.001

Pine x Resident 0.440 0.032 0.378, 0.502 13.97 <0.001

Wetland x Resident 0.203 0.028 0.149, 0.258 7.23 <0.001

Edge x Resident -0.349 0.067 -0.481, -0.218 -5.21 <0.001

Road x Resident 0.207 0.034 0.141, 0.273 6.15 <0.001

3rd-Order Intercept -0.051 0.070 -0.188, 0.085 -0.736 0.462

Agriculture -0.250 0.026 -0.301, -0.199 -9.638 <0.001

Coastal bottomland forest -0.032 0.019 -0.070, 0.006 -1.668 0.0954

Pine -0.044 0.019 -0.081, -0.007 -2.302 0.021

Wetland 0.025 0.020 -0.014, 0.064 1.269 0.204

Edge -0.032 0.025 -0.080, 0.017 1.280 0.201

Road -0.168 0.015 -0.198, -0.138 -11.02 <0.001

Agriculture x Resident -0.936 0.047 -1.028, -0.844 -19.93 <0.001

Coastal bottomland forest x Resident -0.130 0.026 0.001, 0.001 5.78 <0.001

Pine x Resident -0.038 0.024 -0.010, 0.086 1.55 0.122

Wetland x Resident 0.063 0.027 0.010, 0.116 2.34 0.020

Edge x Resident -0.049 0.042 -0.130, 0.032 -1.18 0.239

Road x Resident 0.301 0.019 0.263, 0.338 15.53 <0.001

doi:10.1371/journal.pone.0132203.t003
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seasons, suggesting that coyotes may not adjust home-range size to immediate demand but
rather potential demand. In other words, coyotes are likely aware of potential changes in the
environment prior to establishing residency and acquire enough space to accommodate sea-
sonally varying needs and resource availability.

Instability (i.e., shifting patterns) of space use and use of areas greater than 65 km2 were
characteristic of transient coyotes. Despite their wide-ranging (64.5 km² to 633.4 km²) space-
use patterns, many transients exhibited localized movements (i.e., clusters of locations) for sev-
eral weeks that averaged about 21 km2 and those areas appeared analogous to home ranges in
both size and habitat composition. We referred to them as biding areas [20] and 7 of 8 (88%)
residents who were initially transients established home ranges in or nearby their biding areas
(Fig 6). We suggest this behavior may provide benefits to coyote populations because it
increases survivorship of transients via familiarity of areas they roam, allow transients to assess
potential areas prior to establishing home ranges, and, when opportunities arise, replace resi-
dents upon death. However, this relationship requires further investigation. Territorial behav-
ior in coyotes involves a strategy to increase reproductive success among residents holding
space [58]. Although this prevents transients from reproducing, transiency is likely an impor-
tant trait that allows populations to recover rapidly after suffering drastic and extensive

Table 4. Summary of generalized linear mixedmodels for predicting coyote habitat use in four groups corresponding to different hypotheses of
landscape features potentially affecting 2nd- and 3rd-order habitat selection by transient and resident coyotes in northeastern North Carolina,
2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc) and differences among AICc (ΔAIC).

Status Order of selection Model k AICc Deviance ΔAIC

Transient 2nd Full model 8 25,599 25,578 0

No wetlands–AG1+CB2+PI3+ED4+RD5 7 25,614 25,596 14

No forests–AG+WL6+ED+RD 6 25,615 25,601 16

No agriculture–CB+PI+WL+ED+RD 7 25,704 25,690 108

No linear features–AG+CB+PI+WL 6 26,239 26,224 639

Resident 2nd Full model 8 64,822 64,806 0

No wetlands–AG+CB+PI+ED+RD 7 65,106 65,088 279

No linear features–AG+CB+PI+WL 6 65,253 65,237 427

No forests–AG+WL+ED+RD 6 65,842 65,829 1016

No agriculture–CB+PI+WL+ED+RD 7 66,917 66,899 2090

Transient 3rd No wetlands–AG+CB+PI+ED+RD 7 24,052 24,034 0

Full model 8 24,053 24,031 1

No forests–AG+WL+ED+RD 6 24,060 24,045 8

No agriculture–CB+PI+WL+ED+RD 7 24,143 24,126 91

No linear features–AG+CB+PI+WL 6 24,150 24,135 98

Resident 3rd Full model 8 75,693 75,671 0

No wetlands–AG+CB+PI+ED+RD 7 75,712 75,694 19

No forests–AG+WL+ED+RD 6 75,772 75,757 79

No agriculture–CB+PI+WL+ED+RD 7 75,836 75,821 143

No linear features–AG+CB+PI+WL 6 76,654 76,636 961

1 Agriculture
2 Coastal bottomland forest
3 Pine forest
4 Agriculture-forest edge
5 Roads
6 Wetlands

doi:10.1371/journal.pone.0132203.t004

Space Use by Resident and Transient Coyotes

PLOS ONE | DOI:10.1371/journal.pone.0132203 July 6, 2015 10 / 17



mortality. This may be particularly important for coyote populations to persist where they are
heavily exploited. For example, 7 coyotes monitored in this study replaced resident coyotes and
red wolves that were killed during the study [59].

Relationships between agriculture and forest habitat and coyote space use in northeastern
North Carolina are similar to those reported for studies in the Northeast and indicate general
selection for open, treeless environments [60–62]. Coyotes typically centered territories on
edges of agricultural fields and forests with higher percentages of agriculture in the interior
(i.e., core areas) as forest habitat increased in outer fringes. During harvest season (autumn
through winter), coyotes typically loafed in forest habitats within 50–300 m of edges adjacent
to agricultural fields and roads. As winter wheat reached heights of approximately 0.5 m during
the growing season (spring through summer), coyotes abandoned forest habitats to loaf in

Table 5. Parameter estimates for 2nd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

2nd-Order Model variables β SE 95% CI z P

Transient Intercept -0.040 0.023 -0.090, 0.007 -1.71 0.088

Agriculture -0.522 0.050 -0.619, -0.425 -10.53 <0.001

Coastal bottomland forest 0.091 0.022 0.049, 0.0133 4.25 <0.001

Pine 0.041 0.024 -0.006, 0.088 -1.72 0.085

Wetland 0.091 0.046 0.049, 0.132 4.26 <0.001

Edge 0.221 0.046 0.131, 0.310 4.82 <0.001

Road -0.594 0.027 -0.648, -0.541 -21.95 <0.001

Resident Intercept -0.673 0.032 -0.742, -0.611 -20.81 <0.001

Agriculture -2.888 0.067 -3.020, -2.758 -43.21 <0.001

Coastal bottomland forest -0.437 0.018 -0.472, -0.402 -24.30 <0.001

Pine 0.477 0.020 0.437, 0.517 23.43 <0.001

Wetland -0.299 0.018 0.228, 0.335 16.47 <0.001

Edge -0.131 0.049 -0.229, -0.036 -2.68 0.007

Road -0.390 0.020 -0.428, -0.351 -19.86 <0.001

doi:10.1371/journal.pone.0132203.t005

Table 6. Parameter estimates for 3rd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

3rd-Order Model variables β SE 95% CI z P

Transient Intercept -0.477 0.750 -2.183, 1.091 -0.64 0.525

Agriculture -0.253 0.026 -0.304, -0.202 -9.64 <0.001

Coastal bottomland forest -0.034 0.021 -0.074, 0.007 -1.64 0.101

Pine -0.059 0.020 -0.097, -0.021 -3.01 0.003

Wetland 0.030 0.021 -0.011, 0.072 1.44 0.151

Edge -0.031 0.025 -0.080, 0.018 -1.23 0.219

Road -0.159 0.016 -0.190, -0.129 -10.05 <0.001

Resident Intercept -0.707 0.293 -1.345, -0.124 -2.42 0.016

Agriculture -1.180 0.039 -1.257, -1.103 -30.07 <0.001

Coastal bottomland forest -0.161 0.018 -0.196, -0.125 -8.85 <0.001

Pine -0.016 0.015 -0.046, 0.014 -1.02 0.307

Wetland 0.087 0.018 0.051, 0.123 4.73 <0.001

Edge -0.066 0.034 -0.131, 0.001 -1.96 0.050

Road 0.139 0.012 0.115, 0.162 11.53 <0.001

doi:10.1371/journal.pone.0132203.t006
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wheat fields when available and then shifted to corn later in the season as wheat was harvested
(J. Hinton, personal observation). Home ranges were smaller where agriculture became the pre-
dominant habitat type (Fig 3), whereas the opposite pattern occurred for forested habitats. For
example, the smallest home-range size (13.4 km2) was that of a female coyote, which contained
approximately 56% agricultural and 30% forested habitat. Of her 1,987 GPS locations, approxi-
mately 87% occurred in agriculture. In contrast, the home range of a female coyote with the
largest home-range size (47.3 km2) consisted of approximately 10% agricultural and 70% for-
ested habitat. Of her 2,296 GPS locations, approximately 35% were in agriculture.

Although habitat compositions of space used by resident and transient coyotes were similar,
patterns of habitat selection differed. Direct comparison between residents and transients
revealed that both selected for agriculture but coastal bottomland forest and edges were
selected more by residents whereas transients were more likely to show selection for roads.

Fig 4. Relative probability of 3rd-order habitat selection by resident coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g004

Fig 5. Relative probability of 3rd-order habitat selection by transient coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g005
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Consequently, resident coyotes tended to establish territories in predominantly agricultural
areas whereas transient coyotes appeared to center their movements and biding areas proxi-
mate to these same habitats via road networks (Fig 5). Indeed, models of 3rd-order selection
indicated only agriculture and roads were important for predicting transient habitat use.

Use of roads was a primary difference in habitat use between residents and transients at the
3rd-order selection level. Coyote populations are adept at exploiting anthropogenic landscape
features [36,63], and we suggest the use of roads by transients may be related to 2 important
aspects of transient ecology. First, roads may provide benefits to transient coyotes through effi-
cient movements that improve foraging opportunities and reduce energetic costs related to
shifting and expansive space use. The use of roads may also permit transients to move effi-
ciently through unsuitable habitat (i.e., inundated forested habitats and wetlands). For exam-
ple, coyote use of bridges to cross waterways has been observed [63]. Indeed, we documented
several of the transient coyotes crossing bridges [20]. Second, most contact between transient
and resident coyotes likely occur through passive and indirect interactions (i.e., scent marking).
As observed in gray wolves (Canis lupus; [64,65]) and red wolves [66], roads and linear corri-
dors may enhance line of sight and olfactory senses of Canis species and facilitate detection of
conspecifics and their territorial boundaries. However, use of roads are known to expose

Fig 6. Transient locations and estimated home ranges of coyotes 505M and 613M in eastern North
Carolina.Coyote 505M was monitored as a transient from 16 April 2009 until 31 May 2009. Coyote 505M
established a territory approximately 1 June 2009 and maintained it until 27 October 2009 when he was
displaced by a neighboring red wolf pack. Coyote 613M was monitored as a transient from 7 January 2011
until 4 April 2011. Coyote 613M established a territory approximately 5 April 2011 after the resident red wolf
pack dissolved after the death of a breeder. Coyote 613Mwas monitored as a resident from 5 April 2011 until
16 August 2012 when his GPS collar failed.

doi:10.1371/journal.pone.0132203.g006
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coyotes to increase risks of mortality and how coyotes make trade-offs between costs and bene-
fits associated with using roads will need to be further assessed [38].

The extent of study areas can make it difficult to understand the probability of occurrence
of coyotes on the landscape. Although our probability maps of predicted habitat selection
reveal distinct gradients of habitat suitability on the Albemarle Peninsula, our AUC scores
were low. Low AUC values indicate the ability of the habitat models to discriminate between
coyote and random locations was limited, but do not necessarily imply low model accuracy
[67]. We believe our low AUC values do not imply low model accuracy because coyotes are
generalists and AUC values for species with broad requirements tend to be low to denote their
widespread distribution [66]. Second, models of 2nd-order selection had greater AUC values
than 3rd-order models, indicating the effect that geographic extent can have on AUC values. In
this case, random locations used in 2nd-order selection models were typically much further
from areas of confirmed use (e.g., resident home ranges and transient ranges) than those used
in 3rd-order selection models. Consequently, random locations in 2nd-order selection orders
were more distinct in their characteristics than those in 3rd-order selection and were better pre-
dicted (i.e., greater model discrimination). In other words, by simply increasing the geographic
extent to areas beyond those occupied by radio-collared coyotes we artificially increased our
AUC values. Therefore, it is likely that we could not assess true accuracy of different models
because 2nd- and 3rd-order selection models differed in the total extent analyzed [67].

Although transient coyotes are commonly perceived as subordinate individuals who are
excluded to suboptimal space unoccupied by residents [5,7,8,15], our knowledge about the role
of transients in coyote ecology remains limited. Because territories are also transitory and
space is frequently gained and lost by individuals, coyotes, irrespective of age and social status,
can become transient through a number of causes. When released from their territories, coy-
otes are capable of traversing over large areas because of their relatively large body size, physiol-
ogy, and overall need to move in response to ecological demands. Therefore, behaviors
associated with transiency involve important decisions by individuals that permit coyotes to
seek out new territories and breeding opportunities broadly across the landscape. During our
study, transient coyotes typically replaced lost mates of residents. When residents lost mates,
we documented surviving residents permitting several transients of the opposite sex into their
territories to select a new mate. Once a new mate was selected, the resident coyote regained
exclusive control of the territory. Because of these observations, we assumed biding areas of
transients may represent attempts of transients to establish territories through mate selection.
As a result of dynamic space use patterns documented in our study, we believe transiency may
be an important life history trait because it facilitates metapopulation dynamics through dis-
persal and replacement of resident breeders [68–70]. Coyotes have become an apex predator
throughout eastern North America and our findings provide insights into the potential role of
transients in coyote ecology.
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a  b  s  t  r  a  c  t

Surgical  sterilization  of  coyotes  (Canis  latrans)  reduced  their  predation  rate  on  domestic
sheep.  We  investigated  whether  sterilizing  coyotes  would  similarly  change  coyote  pre-
dation rates  on  pronghorn  antelope  (Antilocapra  americana)  neonates.  From  May  2006  to
March 2008,  we  radio-collared  71  pronghorn  fawns  to determine  survival  rates  in  south-
east Colorado,  USA.  During  the first year  of  the study,  all coyotes  were  reproductively  intact.
During  the  second  year,  we  surgically  sterilized  15  coyotes  from  10  packs  in  the  southern
half  of  the  study  area,  while  nine  coyotes  from  seven  packs  in the  northern  half  were  given
sham  sterilizations  (i.e., remained  reproductively  intact).  In  addition,  we estimated  the
availability  of  alternative  prey and  coyote  density  on both  areas  to  evaluate  predator–prey
factors  that  could  interact  with  the  sterilization  treatment.  Using  the  known  fate  model  in
Program  Mark, we constructed  models  with  and without  a treatment  effect,  plus  year,  area,
individual covariates,  alternative  prey indices,  and  predator  density  to  estimate  pronghorn
fawn  survival  rates.  Results  from  model  averaged  parameter  estimates  and  cumulative  sum-
mer survival  indicated  coyote  sterilization  increased  survival  rates  of pronghorn  fawns  by
reducing predation  rates  of  fawns.  While  fawn  survival  was  higher  overall  in the  north
area,  after  treatment  was applied,  cumulative  pronghorn  fawn  survival  during  the  summer
of 2007  in  the south  area  was  242%  higher  for  pronghorn  fawns  captured  in  sterile  coyote
territories  (0.44;  79-day  interval  survival  rate)  compared  to  fawns  captured  in  intact  coyote
territories  (0.18).  There  was  also  a significant  local  area  effect,  but no  relationship  between
fawn survival  and  individual  fawn  covariates  of sex,  birth  weight,  birth  date,  or age.  No
relationship  was  detected  between  fawn  survival  and  lagomorph  abundance  index,  rodent
abundance  index,  or coyote  density.  Surgical  sterilization  of  coyotes  was useful  in reducing
predation  rates  on pronghorn  fawns.

Published by Elsevier  B.V.

1. Introduction

Coyotes (Canis latrans) are considered an abundant and
expanding native species in North America. Their popula-
tion  expansion has been enhanced by altered landscapes

∗ Corresponding author. Tel.: +1 435 797 2542; fax: +1 435 797 3796.
E-mail  address: eric.gese@usu.edu (E.M. Gese).

and the loss of top carnivores (Gompper, 2002; Berger and
Gese,  2007). One concern with the expansion of native
predators is their impact on prey species. In North Amer-
ica,  predation of ungulate neonates can be the primary
cause of mortality (Linnell et al., 1995). Coyotes are espe-
cially  adept at killing pronghorn (Antilocapra americana)
fawns (Byers, 1997). Studies have shown coyote-caused
mortality of pronghorn neonates exceeds 75% of total mor-
tality  (Gerlach and Vaughan, 1990; Dunbar and Giordano,

http://dx.doi.org/10.1016/j.applanim.2014.02.006
0168-1591/Published by Elsevier B.V.
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2003) and can lead to fawn:doe ratios <1:100 (Dunbar and
Giordano,  2003). Where ungulate populations are declin-
ing  or critically low, limited fawn recruitment can affect the
persistence  of local populations (Bright and Hervert, 2005;
Berger  et al., 2008). Under these circumstances, coyote
management may  be required to sustain ungulate popu-
lations. Coyote control in areas of fawn birthing could
increase chances of fawn recruitment into the population
(Smith et al., 1986; Bright and Hervert, 2005).

Management of coyote predation for domestic ani-
mals is complex and involves using several techniques
(Knowlton et al., 1999). There are added challenges for
coyote  management for wild ungulate populations, such
as  pronghorn or mule deer (Odocoileus hemionus), due to
unrestricted animal movements, extent of the landscape,
cost of the effort, and lack of public support. Non-lethal
management techniques for domestic animals, such as
animal  husbandry, guard animals, repellents, or aversive
conditioning, are impractical for wildlife management.
Habitat management is often the most obvious non-lethal
method by which to influence ungulate population dynam-
ics  (Gaillard et al., 2000; Ballard et al., 2001; Forrester
and Wittmer, 2013) with the interaction of forage quality
and  predation often being mediated by climate (Hopcraft
et  al., 2010). Lethal control of coyotes is frequently the
only  method available for managers to cope with preda-
tion.  However, lethal control is a source of controversy
to the public (Kellert, 1985; Messmer et al., 2001) and in
some  cases may  not be biologically effective, particularly in
cases  where predation is not a limiting factor to the ungu-
late  population (Ballard et al., 2001; Hurley et al., 2011;
Forrester and Wittmer, 2013).

One non-lethal method to control coyote predation is
changing predatory behavior through reproductive inter-
ference  (i.e., reduce the energetic demands of provisioning
pups). Till and Knowlton (1983) showed removing coy-
ote  pups from a den reduced predation on domestic
sheep and hypothesized that the absence of pups reduced
energetic needs of the pack, thus reducing predation
on larger food items. Sacks et al. (1999) found offend-
ing coyotes responsible for sheep predation were the
breeding, territorial animals and recommended that con-
trol  efforts focus on these individuals. Zemlicka (1995)
demonstrated sterilization of captive coyotes did not affect
social  or territorial behaviors. Bromley and Gese (2001a)
found surgical sterilization of coyotes resulted in an eight-
fold  reduction of predation on lambs. In addition, results
from  a modeling study comparing sterilization and other
lethal  strategies, indicated sterilization offered the most
lasting  impact on coyote population dynamics (Conner
et  al., 2008). Surgical sterilization is less objectionable
to the public and has the potential to be more success-
ful biologically because it can persist for several years,
whereas lethal control generally is applied annually. In
addition, sterilized wild coyote pairs continued to defend
their  territory against neighboring coyotes and maintain
pair bonds (Bromley and Gese, 2001b; Seidler and Gese,
2012).

Since  coyote predation on lambs can be reduced using
sterilization (Bromley and Gese, 2001a), then it may
work in a wildlife application as well. In this study,

we  tested the hypothesis that surgical sterilization of
coyotes would increase survival rates of pronghorn fawns
by  decreasing coyote predation rates on fawns, using
a  Before-After-Control-Impact paired (BACIP) field study
design  (Stewart-Oaten et al., 1986; Smith, 2002; Gotelli
and  Ellison, 2004). To evaluate factors impacting coyote
predation on pronghorn fawns, we also examined levels
of  alternative prey availability and coyote density, as well
as  individual fawn covariates of sex, birth weight, and birth
date.  Our study is the first to examine the use of steriliza-
tion on coyotes as a non-lethal management tool to reduce
predation on wild neonates.

2.  Methods

2.1. Description of study area

We conducted this research on the 1,040 km2 Piñon
Canyon Maneuver Site (PCMS) in Las Animas County, Col-
orado,  USA. The study area encompassed the home-range
boundaries of radio-collared coyotes and the locations of
radio-collared fawns involved in the study (approximately
350 km2). Average elevation on the PCMS was 1520 m,
mean  temperatures ranged from 1 ◦C in January to 24 ◦C
in  July (Shaw and Diersing, 1990), and mean annual pre-
cipitation was  305 mm  (Milchunas et al., 1999). Harvest
of  coyotes was not permitted for the duration of the
study. Nearly 60% of the PCMS was  identified as short-
grass prairie dominated by blue grama (Bouteloua gracilis),
galleta  (Hilaria jamesii), and western wheatgrass (Agropy-
ron  smithii) (Shaw et al., 1989). Many shrub communities
occurred within the grassland communities along allu-
vial  fans, waterways, and slopes. These were characterized
by black greasewood (Sarcobatus vermiculatus), fourwing
saltbush (Atriplex canescens), Bigelow sagebrush (Artemisia
bigelovii), winterfat (Krascheninnikovia lanata), small soap-
weed  (Yucca glauca), and tree cholla (Opuntia imbricata).
Woodland communities were composed primarily of one-
seed  juniper (Juniperus monsperma) and pinyon pine (Pinus
edulis)  mixed with grassland or shrubland species. Wood-
lands  dominated the canyons and breaks. Areas that were
defined  as burned had natural or prescribed fires during or
after  2004.

2.2.  Description of study design

This study was designed to test the prediction that
fawns born in territories of sterile coyotes (i.e., no pups)
would have higher survival rates than fawns born in
territories of intact coyotes (i.e., with pups). Using a Before-
After-Control-Impact paired (BACIP) field study design
(Stewart-Oaten et al., 1986; Smith, 2002; Gotelli and
Ellison, 2004), the first year of the study was  a baseline
year in which no treatment (i.e., sterilization) was  applied.
We  captured and radio-collared fawns in two  sites (north,
south)  and determined survival rates in both sites for the
baseline  survival rate estimates. During the second year of
the  study, we  sterilized coyotes in the south area, while
sham-operating coyotes in the north area (i.e., remained
reproductively intact). To maintain hormone levels, female
coyotes  were tubal ligated and males were vasectomized,
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thereby insuring maintenance of territorial boundaries and
pair  bonds (Bromley and Gese, 2001a; Seidler and Gese,
2012).  However, some fawns in the south were captured
outside the territorial boundaries of our sterile packs and
these  fawns were considered to be within the range of
intact  packs. Therefore our comparisons were across two
areas  (north, south) and two treatments (sterile, intact). To
evaluate  additional factors impacting survival rates other
than  sterilization, we also included variables that measured
levels  of prey availability, coyote density, as well as indi-
vidual  pronghorn fawn covariates of sex, birth weight, and
birth  date.

2.3.  Capture and monitoring of pronghorn fawns

We observed solitary pronghorn does during the fawn-
ing  season (mid-May through early June) with spotting
scopes to locate hidden fawns (Autenrieth and Fichter,
1975). Newborn fawns were permitted to bond with their
mother  for >4 h before capture. We  captured fawns by
hand  or with a long-handled salmon net, then blindfolded
and handled them with latex gloves. We  outfitted fawns
with  ≤75 g expandable radio-collars with a 6 h mortality
mode and precise event transmitter (Advanced Teleme-
try  Systems, Isanti, Minnesota, USA). The transmitter was
programmed to convey the amount of time elapsed post-
mortality mode. We  measured fawn mass, and noted the
presence  and state of the umbilicus (Byers and Moodie,
1990), sex, and health of fawns. Research protocols were
approved by the Institutional Animal Care and Use Com-
mittees at the National Wildlife Research Center and Utah
State  University.

We  monitored fawns daily from the ground with
telemetry from mid-May through July, weekly through
August, and monthly through March of the following
year. We  located mortalities immediately and the body, if
present,  and surrounding area was carefully examined. We
classified  predation events as coyote, eagle (Aquila chrysae-
tos),  or unknown, based upon tracks, scat, hair, hemorrhage
patterns, and caching characteristics (O’Gara, 1978; Wade
and  Bowns, 1984; Acorn and Dorrance, 1998). We  collected
DNA  evidence from fatal puncture wounds on carcasses
that had evidence of hemorrhaging (Blejwas et al., 2006).
When  in doubt about the species of predator responsible for
the  mortality, we attempted to identify the species through
genotyping (Wildlife Genetics International, Nelson, British
Columbia,  Canada). Unless otherwise noted, all statistics
were calculated in SPSS 10.0.5 (SPSS Inc., Chicago, IL).

2.4.  Capture and monitoring of coyotes

We selected a contiguous area to treat as opposed to
randomizing our treatment area based on coyote home
ranges. If the treatment had been randomly applied at the
scale  of the home range we would have had the issue of
radio-collared fawns moving across the landscape through
treated  and non-treated areas. In addition, a broad spec-
trum  application of coyote sterilization best simulated
what would be conducted in a true management setting.
Coyotes were sterilized in December 2006 in half of the
study  site in a BACIP study design. We  attempted to capture

all  coyotes present in the study area with a net-gun fired
from  a helicopter (Barrett et al., 1982; Gese et al., 1987). We
sterilized  animals captured in the southern portion of the
study  area (treated), while animals captured in the north-
ern  portion were sham-operated (i.e., remained intact).
We  transported captured animals by vehicle or helicopter
to  a central processing location. A veterinarian sterilized
females by tubal ligation and males by vasectomy, thereby
allowing hormonal systems and social behaviors to remain
unaffected (Asa, 1995; Zemlicka, 1995). All animals other-
wise  received the same treatment: they were anesthetized,
incised and sutured, radio-collared, allowed to recover, and
released  at the capture site within 24 h. Effects of surgi-
cal  sterilization on coyote social and spatial ecology (pair
bonds,  territory maintenance, space use, and survival rates)
are  addressed in Seidler and Gese (2012).

To determine with greater certainty that treated coyote
packs were indeed sterile, we conducted howling surveys
(Harrington and Mech, 1982; Fuller and Sampson, 1988)
and  searched for dens and pups of radio-collared individ-
uals. Howling surveys were conducted from 4 June 2007
to  13 August 2007, with one to two  field teams going to
high  points, howling, and recording whether the response
included pups or not. Concurrently, all radio-collared indi-
viduals  in the pack were detected with telemetry. Packs
with  pups were considered intact. Visual observations of
radio-collared individuals allowed us to gain information
on pup presence as well as minimum group sizes. We  con-
ducted  these surveys from 8 June 2007 to 5 December
2007. One to two  people would home in on a radio-collared
coyote on foot. We attempted to approach animals from
downwind in a stealthy manner to reduce disturbance
of pack members. We noted coyote group size, location,
and the presence of pups. We  estimated pre-whelping
coyote density by dividing the minimum pack size
observed by the pack’s home-range size (Gese et al., 1989;
Gese,  2001).

2.5.  Home range analysis

We  monitored coyotes with telemetry from December
2006 to March 2008, primarily at dawn and dusk to obtain
locations during the highest activity periods (Andelt and
Gipson,  1979). Telemetry locations were attempted every 2
days.  We calculated locations using ≥3 bearings in Program
Locate  II (Pacer, Ltd., Truro, Nova Scotia, Canada). To reduce
estimation errors when assigning fawn capture locations to
specific  coyote home ranges, we  only used locations with
95%  error areas ≤0.10 km2. We  used data locations gath-
ered  from April 2007 to September 2007 to define seasonal
pack  home ranges used in assigning pronghorn fawns to
sterile  or intact coyote packs. We chose this time period
to  include the coyote pup-rearing season when energetic
needs for the pack were highest and pronghorn fawns were
vulnerable to predation. We  used observation-area curves
(Odum  and Kuenzler, 1955) to determine whether we col-
lected  enough locations to adequately estimate seasonal
home ranges for radio-collared coyotes.

We plotted home ranges of coyote packs with the
ArcMap (ArcGIS 9.2, Environmental Systems Research
Institute, Inc., Redlands, California, USA) extension,
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Hawth’s Tools 3.27. We  used the fixed kernel density esti-
mator  (Worton, 1989) with point locations to describe
resident pack home ranges because it is less biased to small
sample  sizes and outliers (Millspaugh and Marzluff, 2001).
We  used a 95% contour to describe a pack’s home range
(Shivik and Gese, 2000). To determine bandwidths, we
adapted  an ad hoc method which prevents undersmooth-
ing, is relatively unaffected by sample size, and reduces
Type I errors. Initially, we plotted home ranges using h
(bandwidth) = 1000 and then incrementally reduced the
bandwidth by 10% until we had the smallest bandwidth
that did not create disjoint polygons.

We calculated the amount of each habitat type present
in  each coyote pack home range to compute indices for
alternative prey available to each coyote pack. Vegetation
layers were provided by the Directorate of Environmental
Compliance and Management, Fort Carson, Colorado, USA.
These  layers were merged into four habitat types: grass-
land,  shrubland, woodland, or burned area. Coyote pack
home  ranges were overlaid with the habitat layers to esti-
mate  the amount of each habitat type present within each
pack’s  home range.

2.6.  Estimates of prey availability

We  conducted surveys to determine the relative
abundance of rodents (trapping grids) and lagomorphs
(spotlight surveys) available within each coyote pack home
range  (Bromley and Gese, 2001a) during June and July of
both  years. We  used 7.6 × 7.6 × 25.4 cm Sherman live traps
(H.B. Sherman Traps, Tallahassee, Florida, USA) baited with
chicken–scratch–grain mix  and peanut butter to capture
small mammals. Traps were set in a 5 × 7 grid design with
10  m spacing across all four different habitats in a nested
design of three replicates per habitat in both the ster-
ile  (treated) and intact (sham) areas; traps were run for
three  consecutive nights (Valone et al., 2002; Thibault et al.,
2010;  Allington et al., 2013). We  checked the traps each
morning and captured animals were marked, recorded, and
released.  To calculate the rodent index, all catchable species
were  grouped by genus and the median mass for each
species (Fitzgerald et al., 1994) was then averaged across
all  species captured in that genus. The average mass was
then  multiplied by the total number of unique individuals
of  that genus captured on each grid. A rodent index value
was  assigned to each habitat type as rodent kg/km2. We
then  extrapolated the rodent index to each coyote home
range  based upon the amount of habitat type in the home
range  (Bromley and Gese, 2001a).

Lagomorph spotlight surveys (Smith and Nydegger,
1985) were conducted in replicates of three per habitat
type over three consecutive nights in both the sterile and
intact  areas. Cottontail (Sylvilagus audubonii) and black-
tailed  jackrabbit (Lepus californicus) numbers were counted
for  each habitat and replicates were averaged together. The
mean  number of lagomorphs/km was multiplied by the
average  mass of the species and used to assign a lagomorph
index value to each habitat type. These index values were
then  extrapolated into each coyote home range (Bromley
and  Gese, 2001a).

2.7.  Pronghorn fawn survival analyses

We estimated semi-monthly fawn survival rates over
five  time intervals (14 May–31 July) using known fate mod-
els  in Program MARK (White and Burnham, 1999). Survival
rates  for unequal time intervals (18, 15, 15, 15, 16 days)
were  standardized to semi-monthly rates for compari-
son (White and Burnham, 1999) and encounter histories
were censored for the year the fawn was  not monitored.
We  compared models using the Akaike Information Crite-
ria  corrected for small sample size (AICc; Burnham and
Anderson, 2002).

Due  to small sample sizes, a priori models were care-
fully designed to avoid detection of spurious correlations
(Burnham and Anderson, 2002). We grouped the data by
area  (north or south). Our models included eight covari-
ates: fawn sex, birth weight (kg), estimated age at capture
(days), birth date, treatment (captured in an intact or
sterile  coyote home range), relative coyote density, lago-
morph  abundance index, and rodent abundance index. We
assigned  values for the last four covariates based upon the
coyote  home range in which the fawn was captured. We
did  not use a fawn’s mortality location to test the effects
of  the covariates because not all fawns died. Fawns cap-
tured  outside of a known coyote home range were classed
as  intact and assigned an average coyote density, rodent
abundance, and lagomorph abundance value.

The primary goal of our study was  to estimate the effect
of  coyote sterilization on pronghorn fawn survival. There-
fore,  we  examined a dual model set with and without the
treatment effect (Bishop et al., 2008) allowing us to use
model  averaging (White et al., 1999); that is, each model
had  a structure with and without a treatment effect. If there
was  no treatment effect, then there would be no differ-
ence in the model averaged fawn survival estimates on
intact  and sterile coyote home ranges; that is, the model-
averaged estimated effect-size would be small and the
confidence interval would cover 0. To minimize the num-
ber  of models, we constructed models of fawn survival in
a  three-phase process. First, we  constructed models with
only  temporal effects (Table 1, models 1a,b–6a,b). We  pre-
dicted  survival of fawns over a 79-day period would be
variable  because their vulnerability to predation changes as
they  develop (Barrett, 1978; Von Gunten, 1978). To model
these  hypothesized temporal differences in survival, we
ran  the following four models: (1) a linear time trend model
based  on the hypothesis that fawn survival increases after
birth;  (2) a non-linear time trend model (i.e., a threshold
model using the natural logarithm) based on the hypothe-
sis  that fawn survival increases to a maximum value then
plateaus; (3) a model which held the first three and the
last  two  time intervals equal based on the hypothesis that
survival  increases in stages as fawns age; and (4) a model
which allowed the first three time intervals to vary but held
the  last two intervals constant based on the hypothesis that
survival  is variable when fawns are the youngest and most
vulnerable to predation (Table 1, models 3a,b–6a,b). We
then  combined the best time model of fawn survival with
area  and year effects (Table 1, models 7a,b–9a,b). Area was
different from treatment because, although we attempted
to  capture and sterilize coyote packs throughout the entire
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Table 1
Models used to evaluate the influence of coyote sterilization and other covariates on pronghorn fawn survival (S), Piñon Canyon Maneuver Site, Colorado,
USA,  May  2006–March 2008.

Model
no.

Model structure Model hypothesis

1a S(area × time) + treatment Survival varied by an interactive effect of area and time, plus treatment
1b  S(area × time) Survival varied by an interactive effect of area and time
2a  S(treatment) Survival varied only by treatment
2b  S(.) Survival was constant
3a  S(time + treatment) Survival varied by a linear trend in time, plus treatment
3b  S(time) Survival varied by a linear trend in time
4a S(ln(time) + treatment) Survival varied by a nonlinear trend in time, plus treatment
4b  S(ln(time)) Survival varied by a nonlinear trend in time
5a S((t1 = t2 = t3, t4 = t5) + treatment)a Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5, plus treatment
5b  S(t1 = t2 = t3, t4 = t5) Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5
6a  S((t4 = t5) + treatment) Survival was constant in time intervals 4 and 5, plus treatment
6b  S(t4 = t5) Survival was constant in time intervals 4 and 5
7a  S((t4 = t5) + area + treatment) Survival was constant in time intervals 4 and 5 but varied by area (north

and south) and treatment
7b  S((t4 = t5) + area) Survival was constant in time intervals 4 and 5 but varied by area (north

and south)
8a  S((t4 = t5) + year + treatment) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007) and treatment
8b  S((t4 = t5) + year) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007)
9a  S((t4 = t5) + area + year + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

and treatment
9b  S((t4 = t5) + area + year) Survival was constant in time intervals 4 and 5 but varied by area and year
10a S((t4 = t5) + area + sex + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

sex, and treatment
10b  S((t4 = t5) + area + sex) Survival was constant in time intervals 4 and 5 but varied by area and

fawn sex
11a  S((t4 = t5) + area + birth weight + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth weight, and treatment
11b  S((t4 = t5) + area + birth weight) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth weight
12a  S((t4 = t5) + area + age + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

age, and treatment
12b  S((t4 = t5) + area + age) Survival was constant in time intervals 4 and 5 but varied by area and

fawn age
13a  S((t4 = t5) + area + birth date + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth date, and treatment
13b  S((t4 = t5) + area + birth date) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth date
14a  S((t4 = t5) + area + coyote + treatment) Survival was constant in time intervals 4 and 5 but varied by area, coyote

density, and treatment
14b  S((t4 = t5) + area + coyote) Survival was constant in time intervals 4 and 5 but varied by area and

coyote density
15a  S((t4 = t5) + area + year + lago + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

lagomorph density, and treatment
15b S((t4 = t5) + area + year + lago) Survival was constant in time intervals 4 and 5 but varied by area, year,

and lagomorph density
16a  S((t4 = t5) + area + year + rodent + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

rodent density, and treatment
16b  S((t4 = t5) + area + year + rodent) Survival was constant in time intervals 4 and 5 but varied by area, year,

and rodent density

a t = time interval.
For each model structure, two versions of the model were run; one with a treatment effect (a) and one without a treatment effect (b), for a total of 32
models.

southern portion of the study site, some fawns in the south
were  not captured within a radio-collared coyote home
range  and could not be assigned to the treatment group.

For  the last phase of model building, we added all other
covariates to the best model from phase one and two. We
included  sex, birth weight, age at capture, and birth date
to  account for potentially important sources of individual
variation of fawn survival (Fairbanks, 1993; Byers, 1997;

Table  1, models 10–13), and coyote density, lagomorph
abundance index, and rodent abundance index to account
for  predator–prey factors (Table 1, models 14a,b–16a,b).

Age at capture was estimated using a constant for
growth rate derived from Byers (1997). Mean known birth
weight  was  estimated from fawns known to have been born
the  day of capture. We  knew <1-day-old fawns because
either we witnessed their birth or they had a wet umbilicus
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(Byers and Moodie, 1990). Because there was a difference
between prey index estimates in the 2 years, we always
included year in models with an alternative prey covariate.
Using model averaged estimates, we performed a Z-test for
differences  in survival rates to compare survival between
areas and years. A Wald’s test (Agresti, 1990) was  used to
determine significance of covariates.

We estimated model averaged cumulative summer sur-
vival  (White et al., 1999) to evaluate the overall impact
of  sterilization on fawn survival over the 79-day study
period. We  estimated overall summer survival from the five
semi-monthly model averaged survival estimates (ŝ1–ŝ5) as
ŝ1 × ŝ2 × ··· × ŝ5 and used the delta method to estimate its
variance (on the natural-log scale; Franklin et al., 2004).

3.  Results

3.1. Coyote home range and density

We captured 30 coyotes: nine coyotes from seven
resident home ranges in the north were captured and
sham-operated (i.e., intact), while we sterilized 15 coyotes
from  10 resident home ranges in the south; although two
of  the sterile packs were later assigned to intact due to sus-
pected  presence of pups. Four radio-collared coyotes (two
intact  and two sterile) were transient (their home range
encompassed multiple resident home ranges) and one ster-
ile  and two intact resident coyotes began dispersing in the
summer  of 2007. One intact coyote could not be accurately
tracked due to her home range being on private land.

We  used 485 locations (x̄ = 28.5, 95% CI = 23.5–33.5 per
home range) to define seasonal pack home ranges. The
mean  telemetry error was 328 m (95% CI = 231–425) based
on  14 blind tests of randomly placed transmitters. The
total  area considered sterile was 125.1 km2. Mean home
range  size of all radio-collared coyotes was 16.1 km2 (95%
CI  = 12.7–19.5) and the mean minimum pack size was 2.2
coyotes  (95% CI = 2.0–2.4). Coyote density was not different
in  the north (0.15 coyotes/km2, 95% CI = 0.10–0.20, n = 9)
and  south (0.18 coyotes/km2, 95% CI = 0.14–0.22, n = 8;
t14 = −0.816, P = 0.428) areas.

3.2.  Alternative prey indices

The  lagomorph abundance index was 22.7 kg/km (95%
CI  = 18.0–27.4) in 2006, and 5.0 kg/km (95% CI = 3.4–6.6) in
2007  (t20 = 7.034, P < 0.001). The rodent abundance index
was  1235.2 kg/km2 (95% CI = 1,007.1–1,463.3) in 2006, and
282.2  kg/km2 (95% CI = 211.4–353.0) in 2007 (t20 = 7.819,
P  < 0.001). We  detected no difference in overall availabil-
ity  of alternative prey between the north and south areas
(lagomorph index, t32 = −0.349, P = 0.730; rodent index,
t32 = 0.038, P = 0.970).

3.3.  Pronghorn fawn survival

We  captured and radio-collared 31 fawns in 2006 and
40  fawns in 2007. Coyote predation was the primary cause
of  death in both years. In 2006, 26 of 31 fawns died by
July;  16 (61.5%) fawns were killed by coyotes, one mortal-
ity  was due to eagle predation, and nine mortalities were

by  unknown predators; DNA analysis attributed the cause
of  death to coyote predation in one out of two  question-
able mortalities. In 2007, 25 of 40 fawns died by July. In
both  sterile and intact areas, deaths were primarily due to
coyote  predation (76%) while six mortalities were due to
unknown  causes. DNA analysis attributed cause of death to
coyote  predation in five out of six questionable mortalities.
A  simple determination of the 78-day survival rate (Heisey
and  Fuller, 1985) using accumulated radio-days and the
number  of deaths (Trent and Rongstad, 1974) showed that
during  2006, the 78-day interval survival rate was 0.04 (10
of  14 fawns died) and 0.01 (16 of 17 fawns died) for the
north  and south areas, respectively (both areas contained
intact coyote packs). In 2007, the 78-day interval survival
rate  was  0.25 in the north area (again all coyotes were
intact in the north). However, in the south area, the inter-
val  fawn survival rate was 0.07 in the intact coyote home
ranges, but 0.24 in the sterile home ranges, generating over
a  3× increase in fawn survival in the sterile home ranges
compared to the intact ranges in the southern study site.

The  best model of fawn survival, S(t4 = t5) + area + year,
was  only slightly better than the model
S(t4 = t5) + area + treatment (Table 2, models 9 and 7).
Based upon a criterion of �AICc < 2 (Burnham and
Anderson, 2002), 11 models were competitive (Table 2).
All  competing models included area and semi-monthly
time interval (modeled as varying in the first three
intervals but constant in the last two; Table 2). Based
on model averaged parameter estimates, there was a
significant treatment effect at  ̨ = 0.10 (ˇtreat = 0.543, 90%
CI  = −0.361–1.447, 1-sided Wald test, P = 0.098; Fig. 1A
and  B), which suggested fawn survival was higher for
fawns captured in treated (sterile) coyote home ranges
when compared to fawns captured in untreated (intact)
coyote home ranges in the south area. Overall survival
differences were consistent between years (Fig. 1A and
B);  model averaged parameter estimates of fawn sur-
vival  in 2006 were similar to 2007 (ˇyear = 0.135, 90%
CI = −0.673–0.397, 1-sided Wald test, P = 0.289). Overall,
survival was  higher in the north control than in the south
control area (ˇarea = 0.763, 90% CI = 0.023–1.549, 1-sided
Wald test, P = 0.018). In spite of this area difference, the
treatment effect was evidenced by increased survival on
the  south treatment area (sterile) compared to the south
control area (intact) in 2007 (Fig. 1B). None of the other
model covariates (i.e., lagomorph index, rodent index,
fawn sex, fawn birth weight, fawn birth date, fawn age at
capture)  were significant (P > 0.110 for all tests, 1-sided
Wald test).

The  treatment effect was  also manifested in model aver-
aged  cumulative summer survival rates (Fig. 2). In 2007,
cumulative summer survival for the north area was 2.4×
higher  than for the south control area, while cumulative
survival on the south sterile area was  2.4× higher than for
the  south intact area (P = 0.032 and P = 0.068, respectively;
Table 3). After accounting for treatment, model averaged
cumulative survival of fawns differed by area (Table 3).
Fawn  survival showed the same pattern for years, areas,
and  treatment groups; after declining over the first two
time  intervals, the probability of fawn survival stabilized
in  the third week of June (Fig. 2).
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Table 2
Model selection results for pronghorn fawn survival (S) with five semi-monthly time (t) intervals, Piñon Canyon Maneuver Site, Colorado, USA, May
2006–March  2008.

Model no. Model structure Ka �AICcb AICc Weights Deviance

9b S((t4 = t5) + area + year) 6 0.00 0.12 173.06
7a  S((t4 = t5) + area + treatment) 6 0.40 0.10 173.47
9a  S((t4 = t5) + area + year + treatment) 7  0.67 0.08 171.58
10a  S((t4 = t5) + area + sex + treatment) 7 1.06 0.07 171.97
8b  S((t4 = t5) + year) 5 1.64 0.05 176.84
10b S((t4 = t5) + area + sex) 6 1.74 0.05 174.80
11a S((t4 = t5) + area + birthweight + treatment) 7 1.80 0.05 172.71
7b  S((t4 = t5) + area) 5 1.82 0.05 177.02
16b S((t4 = t5) + area + year + rodent) 7 1.88 0.05 172.79
13a S((t4 = t5) + area + birthdate + treatment) 7 1.92 0.05 172.83
15b S((t4 = t5) + area + year + lago) 7 1.94 0.04 172.84
13b S((t4 = t5) + area + birthdate) 6 2.34 0.04 175.41
16a S((t4 = t5) + area + year + rodent + treatment) 8 2.45 0.03 171.17
12a S((t4 = t5) + area + age + treatment) 7 2.53 0.03 173.43
15a S((t4 = t5) + area + year + lago + treatment) 8 2.55 0.03 171.27
14a S((t4 = t5) + area + coyote + treatment) 7 2.56 0.03 173.46
6b  S((t4 = t5)) 4 3.28 0.02 180.59
11b  S((t4 = t5) + area + birthweight) 6 3.41 0.02 176.48
8a  S((t4 = t5) + year + treament) 6 3.63 0.02 176.70
14b S((t4 = t5) + area + coyote) 6 3.69 0.02 176.75
12b S((t4 = t5) + area + age) 6 3.89 0.02 176.95
6a  S((t4 = t5) + treatment) 5 4.35 0.01 179.55
5b  S((t1 = t2 = t3, t4 = t5)) 2 4.69 0.01 186.16
5a  S((t1 = t2 = t3, t4 = t5) + treatment) 3  5.89 0.01 185.29
3b  S(T) 2 20.73 0.00 202.19
3a  S(T + treatment) 3 21.88 0.00 201.27
1b  S(area x t) 20 25.94 0.00 166.44
4b  S(ln(T)) 2 26.89 0.00 208.35
1a  S(area x t) + treatment 21 27.34 0.00 165.31
4a  S(ln(T) + treatment) 3 27.98 0.00 207.37
2b  S(.) 1 32.36 0.00 215.86
2a  S(treatment) 2 33.20 0.00 214.66

a Number of estimable parameters.
b Minimum AICc = 185.53.

Table 3
Difference in model-averaged cumulative pronghorn fawn summer survival rates (interval: May  14–31 July; 79 days), based on five semi-monthly intervals,
Piñon  Canyon Maneuver Site, Colorado, USA.

Year Area Treatment Cumulative ŝ SE Diff  Diff

ŝintact−ŝintact) SE P (ŝsterile−ŝintact) SE P

2006 North Intact 0.416 0.129 0.243 0.152 0.055 – – –
–  South Intact 0.173 0.081 – – – – – –
2007 North Intact 0.439 0.105 0.250 0.135 0.032 0.254 0.170 0.068
–  South Intact 0.183 0.085 – – – – – –
–  South Sterile 0.443 0.147 – – – – – –

Models with no treatment effect were used for model averaged survival estimates in 2006 and for north and south intact in 2007. Models with a treatment
effect  were used for model averaged survival estimates for south sterile in 2007.

4. Discussion

Our results from model averaged parameter estimates
and cumulative summer survival indicated coyote ster-
ilization changed the predatory behavior of coyotes as
evidenced by reducing predation rates on pronghorn
fawns. While fawn survival was higher overall in the north
area,  after treatment was  applied, cumulative pronghorn
fawn survival during the summer of 2007 was 2.42× higher
for  fawns captured in sterile packs compared to fawns cap-
tured  in intact packs in the southern area. Indeed, despite
the  fact that pronghorn fawn survival was 2.40× higher in
the  north area than the south area during pre-treatment
in 2006, the treatment effect was evidenced by increased

survival in sterile packs compared to no increase in intact
packs  in 2007, nor any increase on the north intact area
from  2006 to 2007. That is, cumulative fawn survival in
the  sterile packs on the south was  raised to northern lev-
els,  while remaining low in southern intact packs. For
wildlife managers seeking an alternative to lethal removal
of  coyotes, acquiring a 242% increase in pronghorn fawn
survival by using coyote sterilization is biologically signif-
icant  and relevant for management actions in areas where
lethal  control is undesirable.

None  of the individual covariates we tested (fawn sex,
birth  weight, birth date, age at capture) were statistically
important. The lack of difference between male and female
fawn  survival was  similar to other studies (Fairbanks, 1993;
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Fig. 1. Model averaged pronghorn fawn survival rates (±95% CI) in semi-
monthly intervals, 14 May–31 July (79 days), (A) before treatment in 2006,
and (B) after treatment in 2007, Piñon Canyon Maneuver Site, Colorado,
USA. Models with no treatment effect were used for model averaged sur-
vival  estimates in 2006 and for north and south intact in 2007. Models
with a treatment effect were used for model averaged survival estimates
for south sterile in 2007. Note in (B) that three survival curves are present.

Fig. 2. Model averaged estimates of cumulative summer pronghorn fawn
survival, 14 May–31 July (79 days), for north and south study areas in
2006 and 2007, Piñon Canyon Maneuver Site, Colorado, USA. Models with
no  treatment effect were used for model averaged survival estimates in
2006  and for north and south intact in 2007. Models with a treatment
effect were used for model averaged survival estimates for south sterile
in  2007.

Byers, 1997). However, this pattern may  be variable; in the
Greater  Yellowstone Ecosystem, female fawn survival was
higher  than males (Berger et al., 2008). We  found fawn sur-
vival  was lowest in the second semi-monthly time interval,
and  after the first 6 weeks of life the probability of fawn
survival increased to 100%. This is similar to results from

previous studies (Barrett, 1978; Von Gunten, 1978; Byers,
1997).

While  we  found no significant individual covariates,
there were large survival differences between the local
areas  (i.e., between the north and south), and this differ-
ence  was  as large as the treatment difference (i.e., intact
versus sterile in the south). We  attempted to account for
these  differences by including prey abundance and coyote
density in the models. However, these relationships were
not  significant. The lack of significance in these results may
be  due to small sample sizes of small mammals or differ-
ences in detection probability for lagomorph surveys in
the  second year that resulted from dramatically different
weather conditions (higher winter and spring precipita-
tion) and the consequent increase in vegetation height and
density.

The  north and south sites were close enough so
that average precipitation amounts were similar (approx-
imately 27.5 and 30.2 cm for north and south sites,
respectively; Stevens et al., 2008); in accordance with
the  requirement that sites for BACIPs need to be close
enough to be influenced by the same range of environ-
mental phenomena (Stewart-Oaten et al., 1986). Besides
similar environmental conditions, the north and south
were  comprised primarily of grassland species. However,
distributions of vegetation types within the grasslands
in the two  areas were different, which may  explain the
differences in survival between the two areas. Predom-
inant species in the north (i.e., western wheatgrass and
needle-and-thread (Stipa comata)) tend to grow taller than
predominant species in the south (i.e., grama species),
potentially providing more escape cover for fawns in the
northern  area. In addition, a recent burn regime had been
used  in the southern part of the study area in 2004–2006,
and not in the north. Although fires are often used to
improve shortgrass prairie habitats to benefit species such
as  pronghorn (Yoakum, 1979; Wright and Bailey, 1982;
Courtney, 1989), recent burns could compromise immedi-
ate  fawn survival by reducing cover. Cover has been shown
to  be an important correlate in fawn survival (Barrett, 1984;
Alldredge et al., 1991). It is possible that higher fawn sur-
vival  in the north resulted from its higher vegetation height
and  the escape cover it provided.

In addition to survival differences by area, there were
slight differences between years. The winter of 2006–2007
was  the second highest total winter snowfall on record
since 1947 (Western Regional Climate Center, Reno,
Nevada). Although extreme winter weather can adversely
affect fawn survival by affecting the condition of the doe
(Verme, 1977), the extreme snowfalls of 2006–2007 did
not  reduce fawn survival on the PCMS. In fact, fawn sur-
vival  following the winter of 2006–2007 was  slightly higher
than  the previous year for the entire study area (although
not statistically significant). It is possible that winter snow-
fall  and spring precipitation (in 2007, heavier rain patterns
occurred in April, May, and June) boosted fawn survival
in  2007 by increasing vegetation biomass. Anecdotally, we
noted  an increase in vegetative cover across the study area
in  2007. Coyotes are reported to use visual cues to detect
pronghorn fawns (Wells, 1978), so high vegetation would
make  it difficult for them to find fawns (Barrett, 1981).
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Additionally, increased vegetation would provide impor-
tant  forage for lactating does, subsequently increasing fawn
survival.

We  recommend coyote sterilization be considered
as a non-lethal tool to boost pronghorn fawn sur-
vival in pronghorn populations where predation is a
limiting factor. This non-lethal tool is applicable where
lethal management of coyotes is controversial, unaccept-
able, or not an option (i.e., national parks, sites near
urban areas). Costs to perform this technique (helicopter
captures + sterilization = $900/coyote) were approximately
12% higher than cost estimates to trap and kill coyotes
($805; Wagner and Conover, 1999). Adjusting the cost
from  Smith et al. (1986) to current rates for helicopter
flying ($1100/h), we estimated aerial gunning would cost
$600/coyote. The fact that surgical sterilization will last for
many  years (Bromley and Gese, 2001a, b) offers promise of
lower  long-term costs than lethal control and is considered
to  be economically feasible.

5.  Conclusion

Pronghorn have been present in North America since
the  Pleistocene and have been sympatric with coyotes
since the evolution of Canis latrans (Kurtén and Anderson,
1980). Because coyote predation on pronghorn reflects an
evolved  relationship unlike the predatory relationship with
domestic  sheep, we were concerned that sterilization of
coyotes  may  not decrease ungulate neonate predation as
it  did in sheep. However, we observed a substantial effect
(Figs.  1 and 2) which was significant at  ̨ = 0.10, even with
the  number of parameters included in our models and the
relatively  small sample size. Certainly, these results indi-
cate  biological significance (i.e., a 242% increase in fawn
survival in sterile packs compared to intact packs in the
south  area). In addition, our estimates of fawn survival
reflect biologically relevant population changes (i.e., cumu-
lative  fawn survival rates in the south more than doubled
from 0.18 to 0.44 for fawns captured in sterile coyote home
ranges);  an increase which could influence fawn recruit-
ment and provide important demographic changes for a
pronghorn  population, particularly in areas where coyote
predation is a limiting factor on population growth and
predation is additive to natural mortality.

Acknowledgments

Financial and logistical support provided by the U.S.
Department of Agriculture, Wildlife Services, National
Wildlife Research Center, Logan Field Station at Utah State
University, Logan, Utah. Additional support provided by
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Abstract  Hybridization presents a unique challenge for conservation biologists and managers. While hybridization is an im-

portant evolutionary process, hybridization is also a threat formany native species. The endangered species recovery effort for the 

red wolf Canis rufus is a classic system for understanding and addressing the challenges of hybridization. From 1987‒1993, 63 

red wolves were released from captivity in eastern North Carolina, USA, to establish a free-ranging, non-essential experimental 

population. By 1999, managers recognized hybridization with invasive coyotes Canis latrans was the single greatest threat to 

successful recovery, and an adaptive management plan was adopted with innovative approaches for managing the threat of hybri-

dization. Here we review the application and results of the adaptive management efforts from 1993 to 2013 by comparing: (1) the 

numbers of wolves, coyotes, and hybrids captured, (2) the numbers of territorial social groups with presumed breeding capabili-

ties, (3) the number of red wolf and hybrid litters documented each year and (4) the degree of coyote introgression into the wild 

red wolf gene pool. We documented substantial increases in the number of known red wolves and red wolf social groups from 

1987–2004 followed by a plateau and slight decline by 2013.The number of red wolf litters exceeded hybrid litters each year and 

the proportion of hybrid litters per year averaged 21%. The genetic composition of the wild red wolf population is estimated to 

include < 4% coyote ancestry from recent introgression since reintroduction. We conclude that the adaptive management plan 

was effective at reducing the introgression of coyote genes into the red wolf population, but population recovery of red wolves 

will require continuation of the current management plan, or alternative approaches, for the foreseeable future. More broadly, we 

discuss the lessons learned from red wolf adaptive management that could assist other endangered species recovery efforts facing 

the challenge of minimizing hybridization [Current Zoology 61 (1): 191–205, 2015 ]. 

Keywords  Canid, Conservation, Genetics, Hybrid, Management 

Hybridization, the interbreeding among distinct taxa, 
presents a unique challenge for conservation biologists 
and managers. While hybridization is an important evo-
lutionary process for speciation (Arnold, 1992; Allendorf 
et al., 2001), hybridization also poses a threat to the 
conservation of native species, particularly when it is 
facilitated by anthropogenic alteration of habitats, trans-
location of species, and excessive exploitation (Wayne 
et al., 2004). Such human activities have caused a glob-
al escalation in hybridization, resulting in multiple ex-

tinctions of plant and animal populations and species 
(Rhymer and Simberoff, 1996; Wolf et al., 2001). The 
need to develop strategies to minimize anthropogenic-    
driven hybridization is a key conservation challenge 
(Allendorf et al., 2001). 

Hybridization followed by introgression is the most 
difficult type of hybridization to control and manage 
(Allendorf et al., 2001). Over time, breeding among 
hybrids and backcrossing of hybrids and parentals can 
lead to the formation of a hybrid swarm and the loss of 

proyster2
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the gene pool of one or both parental species (Rhymer 
and Simberloff, 1996). This process, known as genomic 
extinction (Allendorf and Luikart, 2007), has been do-
cumented as a major threat for a diverse group of plant 
and animal taxa (McCarley, 1962; Rogers et al., 1982; 
Dowling and Childs, 1992; Abernethy, 1994; Rhymer et 
al., 1994), including several species of wild canids 
(Wayne et al., 2004). 

One intensive effort to address the threat of hybridi-
zation and introgression has been implemented for the 
endangered red wolf (Canis rufus; USFWS, 1989). This 
species, first described by Bartram (1791), was listed as 
endangered in 1967, and starting in 1973 the last known 
wild individuals were captured and placed in a captive 
breeding program to avoid genomic extinction due to 
hybridization with coyotes C. latrans. The red wolf re-
covery effort has been clouded by debate over the taxo-
nomic status and evolutionary history of this species. It 
has been classified as a distinct species (Nowak, 1979, 
2002), a species of hybrid origin due to breeding be-
tween gray wolves C. lupus and coyotes (Wayne and 
Jenks, 1991; Roy et al., 1994, 1996), and as member of 
a third group of independently evolving North Ameri-
can canids called the eastern wolf Canis lycaon that 
includes the Algonquin wolf and wolf-like canids in the 
Great Lakes region (Wilson et al., 2000, 2003; Kyle et 
al., 2006, 2007). The grouping of red wolves and east-

ern wolves as a distinct species was challenged by re-
sults from a large-scale genomic survey of grey wolves, 
coyotes, red wolves and eastern wolves (VonHoldt et al., 
2011). Using over 48,000 single nucleotide polymor-
phism (SNP) loci, VonHoldt et al. (2011) rejected the 
hypothesis that red wolves were part of a third species 
group of North American canids and concluded there 
were only two main groups of canids in North America 
(coyotes and gray wolves), and red wolves and eastern 
wolves have a hybrid origin. In response, Rutledge et al. 
(2012b) argued the VonHoldt et al. (2011) study in-
cluded insufficient sampling of Algonquin wolves (n = 
2) and flawed analyses. After reanalysis of the Von-
Holdt et al. (2011) data, they concluded that the three 
species hypothesis grouping Algonquin wolves and red 
wolves cannot be rejected.  

The goal of this study was not to address the red wolf 
taxonomic debate but instead to evaluate the efforts of 
the U.S. Fish and Wildlife Service (USFWS) to prevent 
introgression of coyote genes into the reintroduced wild 
population. Between 1987 and 1993, the USFWS rein-
troduced red wolves to the Alligator River National 
Wildlife Refuge (ARNWR) in northeastern North Caro-
lina to re-establish a free-ranging experimental popula-
tion (Phillips et al., 2003). The experimental population 
area (Fig. 1) primarily encompassed the Albemarle Pe- 
ninsula, which was characterized by a diversity of habi-

 

 
 

Fig. 1  Historic and current management zones within the red wolf experimental area on the Albemarle Peninsula, North 
Carolina 
In 2002, based on an evaluation of the known spatial distribution of red wolves and non-red wolf canids, the boundaries of the management zones 
were realigned (dotted lines to solid lines). 
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tats (Hinton and Chamberlain, 2010; Dellinger et al., 
2013). Initially, coyotes were not thought to occupy the 
experimental population area, but by the early 1990’s 
their presence was documented and shortly thereafter 
hybridization between red wolves and coyotes occurred 
(Phillips et al., 1995, 2003; Adams et al., 2003; Adams, 
2006). In 1999, a population and habitat viability as-
sessment recognized several threats to establishing a 
free-ranging red wolf population (Kelly et al., 1999), 
and the group acknowledged hybridization with coyotes 
was the greatest risk to recovery of the species. Subse-
quently, the USFWS adopted a Red Wolf Adaptive 
Management Plan (RWAMP) to reduce or eliminate this 
threat (Kelly, 2000).  

By its very nature, an adaptive management plan in-
corporates new or modified procedures as new informa-
tion becomes available. Such changes in procedures, as 
well as the amount and geographic distribution of ef-
fects, precludes a rigorous quantitative approach, how-
ever, we have documented and evaluated the actions 
taken and their effectiveness. Here we review the results 
of management actions for the red wolf ARNWR expe-
rimental population area from 1993–2013 by evaluating: 
(1) the numbers of wolves, coyotes, and hybrids cap-
tured and monitored each year, (2) the numbers of terri-
torial social groups with presumed breeding capabilities, 
(3) the number of red wolf and hybrid litters documented 
each year, and (4) the degree of coyote introgression 
into the wild red wolf gene pool. If the RWAMP was 
successful at controlling hybridization and facilitating 
recovery, we expected (1) an increase in the number of 
red wolves and the number of canid territories con-
trolled by red wolves, (2) a decrease in the number of 
hybrid and coyote-like animals occupying the recovery 
area, (3) more red wolf litters than hybrid litters and a 
decline in the proportion of hybrid litters over time, and 
(4) < 10% introgression of coyote ancestry into the wild 
red wolf population. These results are examined for 
their implications concerning the future of red wolf re-
covery, and more broadly, other conservation efforts 
facing the challenge of hybridization.  

1  Materials and Methods 
1.1  Field methods 

This study occurred within the Red Wolf Recovery 
Experimental Population Area on the Albemarle Penin-
sula in northeastern North Carolina (Phillips et al., 2003; 
Dellinger et al., 2013). During 1993 to 2013, USFWS 
personnel used padded foot-hold traps to capture all 
adult (> 9 months old) red wolves, coyotes, and hybrids. 

Prior to implementing the RWAMP, management efforts 
concentrated on capturing, radio-collaring, and radio-   
tracking as many red wolves as possible. In addition, 
biologists attempted to locate dens and mark pups with 
microchip “PIT” tags for future identification during 
subsequent capture operations. At the request of land-
owners, red wolves were removed from areas where 
they were not wanted and released at other locales. Co-
yotes were removed and euthanized when they were 
encountered. 

 Conceptually, the RWAMP partitioned the Peninsu-
la into three management zones (Fig. 1), with the most 
intensive efforts initially deployed in the eastern-most 
zone and progressing successively westward (Stoskop-
fet al., 2005). The goals for the eastern-most zone (Zone 
I) were to radio-collar and release all red wolves, and to 
remove all coyotes and hybrids. In Zone II the goals 
were to radio-collar and release all red wolves, and ei-
ther remove or sterilize (via tubal ligation or vasectomy) 
and release all coyotes and hybrids at their points of 
capture. Surgical procedures were performed by a li-
censed veterinarian following methods described in 
Seidler and Gese (2012). These sterile animals were left 
as “placeholders” to defend and maintain their territo-
ries (Bromley and Gese, 2001; Seidler and Gese, 2012) 
with minimal risk to the red wolf gene pool before be-
ing removed when there were dispersing red wolves 
seeking to establish territories, or a red wolf naturally 
displaced a placeholder. In the remainder of the area 
(Zone III), Zone II management activities were oppor-
tunistically extended westward as resources allowed. In 
theory, creating a functional red wolf population occu-
pying the entire Albemarle Peninsulawould ultimately 
saturate the landscape and naturally exclude immigrat-
ing coyotes (Kelly, 2000).  

Field personnel located radio-collared animals via 
ground and aerial telemetry every 3- to 7-days to define 
home ranges and territorial limits, and locate mortalities 
and identify causes of death. Personnel conducted field 
surveys to identify areas occupied by unknown canids, 
translocated red wolves from areas where landowners 
objected to their presence, located dens to collect sam-
ples for genotyping pups, and cross-fostered red wolf 
pups from captivity to wild parents to augment wild 
productivity particularly after removing a hybrid litter 
(cf. Kitchen and Knowlton, 2006). The radio-telemetry 
data was also used to estimate the proportion of the re-
covery area occupied by red wolf territories (see online 
supplemental). Scat sampling for DNA analyses, cou-
pled with location data, was intermittently applied to 
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provide additional information concerning the genetic 
characteristics and distribution of canids without cap-
turing and handling animals (Adams et al., 2003, 2007; 
Adams and Waits, 2007; Bohling, 2011). 
1.2  Species identification methods 

We defined a red wolf as an individual whose gene-
alogy could be traced directly to the 14 captive red wolf 
population founders (see online supplemental), or an 
individual whose genotype contained no coyote-specific 
alleles and was classified as red wolf using a maximum 
likelihood assignment test (Miller et al., 2003; Adams, 
2006). The genetic assignment test uses a maximum-  
likelihood approach to compare the genotype of an un-
known individual to the allele frequencies of the red 
wolf founders (with modeled drift) and North Carolina 
coyotes using 18 nuclear DNA microsatellite loci (Mil-
ler et al., 2003). This test considers allele frequency 
differences, as well as the presence of coyote-specific 
alleles, which are absent in the red wolf founders but 
observed in the current coyote population in northeas-
tern North Carolina. Results from the genetic analyses 
were integrated with data on morphology and parentage 
to determine whether to retain, sterilize, or euthanize an 
individual (Stoskopf et al., 2005; Adams, 2006). To be 
retained in the wild population, animals originally had 
to have at least 75% red wolf ancestry (Stoskopf et al., 
2005). This threshold was raised to ≥ 87.5% red wolf 
ancestry in 2002. The percentage of red wolf ancestry 
for each individual was determined in two ways: di-
rectly based upon a genetically reconstructed pedigree 
(e.g., 75% red wolf female x 100% red wolf male = 
87.5% red wolf offspring, Adams, 2006) and, in cases 
where parentage is unknown, from the maximum-   
likelihood assignment test (Miller et al., 2003). Pedigree 
analysis methods are described in more detail in online 
supplemental. For our 2014 sample of known red 
wolves, 100% can be placed into the pedigree, and the 
percentage of ancestry that can be traced to the red wolf 
founders and the proportion of coyote introgression are 

estimated from the pedigree. 
1.3  Assessment of progress 

Our assessment of population numbers relies on the 
number of radio-collared canids ≥ 5 months old known 
to be alive on 1 March and 1 September each year, 1993– 
2013. Individuals not identified as being alive on or 
after specific inventory dates were subsequently cen-
sored after that date. By design, the RWAMP was flexi-
ble and adaptive (Kelly, 2000). Consequently, we pro-
vide results from a management process in which data 
interpretations are confounded by changes in procedures 
as well as changes in the geographic distribution of ef-
forts. An example is the more stringent criteria adopted 
for genetically discriminating between red wolves and 
hybrids in 2002 (Miller et al., 2003), forcing re-evalua-
tion of all current and former animals in each manage-
ment zone. Also in 2002, based on an evaluation of the 
known spatial distribution of red wolves and non-red 
wolf canids, the boundaries between zones were moved 
westward, enlarging Zone I and decreasing the size of 
Zone III (Fig. 1; Stoskopfet al., 2005). Results and in-
terpretations that follow are presented in accord with the 
zone boundaries recognized in 2007 rather than those 
accepted at times during which specific management 
actions were taken. Similarly, the more conservative 
assignment of genetic ancestry, based on microsatellite 
genotyping adopted in 2002, is used for animals from 
all years. 

2  Results 
2.1  Summary of population management 

In the 6 years preceding adoption of the RWAMP, the 
average number of canids captured for the 1st time (“1st 
captures”) was about 28 per year, and most (75%) were 
retrospectively identified via genetic analysis as being 
red wolves (Table 1). During 1999–2013, the number of 
first captures averaged 63.5 per year, but during this 
time the proportion of red wolves declined and that of 
coyotes increased (Table 1). 

 

Table 1  Numbers, by genetic assignment, of adult canids captured for the first time on the Albemarle Peninsula, North 
Carolina, during four periods, 1993 through 2013 

Period No. canids captured 
Mean No.  

captures/yr. 

Mean No. by genetic assignment (%) 

Red wolf Hybrid Coyote 

1993–19981 167 27.8 20.8 (75) 2.8 (10) 4.2 (15) 

1999–20002 129 64.5 40.5 (63) 16.5 (26) 7.5 (11) 

2001–20023 87 43.5 26.5 (61) 10.0 (23) 7.0 (16) 

2003–20134 735 66.8 22.6 (34) 10.1 (15) 34.1 (51) 

1 Prior to adoption of RWAMP. 2 Post-adoption of RWAMP relying on physical characteristics. 3 Initiation of reliance on genetic testing. 4 Full im-
plementation of genetic testing of all canids. 
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Prior to adoption of the RWAMP, the number of ca-
nids (> 5 months of age) removed from the Peninsula 
averaged 11.2 per year (6.5 red wolves, 1.0 hybrids, and 
3.7 coyotes; Fig. 2A). Red wolves were primarily re-
moved to accommodate landowners, to initiate breeding 
on island populations and to establish a second release 
site in the Great Smoky Mountains National Park. Fol-

lowing implementation of the RWAMP, 13–63 ( x = 

28.2) canids were removed per year. As the years pro-
gressed, the genetic classification of animals that were 
removed changed, with red wolf captures declining and 
numbers of hybrids and coyotes removed increasing 

dramatically (Fig. 2A). The high incidence of red 
wolves removed in 2000 and 2001 (12 and 11, respec-
tively) occurred while management efforts increased 
substantially but prior to implementing use of genetic 
criteria for assessing ancestry. Between 2004 and 2013, 
the number of red wolves removed declined while the 
removal of animals with coyote ancestry increased (Fig. 
2A). 

No animals were sterilized prior to 1999, but after 
that 252 animals were sterilized and released, including 
3 red wolves inaccurately classified as hybrids before 
genetic testing (Fig. 2B); 35 of these occurred in the 

 

 
 

Fig. 2  Numbers of canids (A) removed,and(B) sterilized and released, by genetic classification and year, within the red 
wolf experimental area, Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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first 3 years of the RWAMP. The number sterilized was 
relatively small (1–10 per year) between 2003 and 2005.  
In 2006 as efforts increased toward the west, 17 animals 
were sterilized. During 2007–2013, an increasing num-
ber of coyotes were sterilized to serve as “placeholders” 
to hold space on the landscape and prevent genetic in-
trogression (Fig. 2B). Many of these sterilized animals 
were eventually removed from the population (n = 19) 
when red wolves appeared to be seeking new territories 
in areas occupied by sterile animals. In addition, many 
of these sterile animals were naturally displaced (n = 50) 
by red wolves. 

Other types of management actions were sporadical-
ly employed. An additional 41 wolves born in captivity 
or on island propagation sites were released within the 
experimental population area, 29 prior to 1999 and 12 
afterwards. Between 1999 and 2013, 27 captive-born 
red wolf pups were cross-fostered into wild litters to 
augment wild recruitment and enhance genetic diversity 
after removing a hybrid litter. All cross-fostered pups 
were accepted by the wild, surrogate parents and at least 
seven became breeders responsible for 98 red wolf pups 
born from 2004 to 2013 (A. Beyer, USFWS, unpubl. 
data). 
2.2  Canid population demography and social groups 

Sixty-three red wolves (32 adults and 31 juveniles) 
were released on the Alligator River National Wildlife 
Refuge (within Zone I) between 1987 and 1994 (Phil-
lips et al., 2003). Fourteen of the releases (11 adults and 
3 juveniles) were considered successful and breeding 
was documented in the wild. Our initial census indicates 
33 red wolves known to be present in March 1993 (22, 
8, and 3 in Zones I, II, and III, respectively; Fig. 3A). 
Between 1993 and 1998, 125 additional red wolves > 5 

months of age ( x = 20.8 annually) were captured (Table 

1), with the spring 1999 census indicating 52 red wolves 
within the experimental area (22, 18, and 12 in Zones I, 
II, and III, respectively; Fig. 3A). During the same 6-   
year period, 43 red wolf litters were located. 

In the first 2 years after implementation of the 
RWAMP, 81 additional red wolves were captured, plus 
another 303 red wolves in the ensuing 13 years. Despite 
the large number of potential recruits to the population, 
in the next 3 years the census of known living red 

wolves only increased to 85‒90 ( x = 86.7) animals in 

the fall, with slightly lower numbers ( x = 77.0) in spr-

ing (Fig. 3A). Thereafter, the known number of free-   
ranging red wolves across the recovery area has re-
mained relatively stable at around 90‒95 adult red wolves. 

The relative distribution of red wolves on the land-

scape changed over time. Both the number of wolves 
(Fig. 3A) and the number of social units in Zone I de-
clined to about half after implementation of the RWAMP 
(Fig. 3B), without evidence that hybrids and/or coyotes 
had appropriated those territories. In Zone II, known 
numbers of red wolves increased from around 30 to 
perhaps 50, while an increase from 15 to 25 occurred in 
Zone III (Fig. 3A).  

Coyotes have increased in numbers of first captures 
(Table 1), numbers removed (Fig. 2A), and numbers 
sterilized (Fig. 2B) during the recovery effort. During 
inventories for all intact canids on the Albemarle Pe-
ninsula, most coyotes captured and identified were re-
moved and were not alive at our inventory dates, or 
were sterilized and released. Coyotes were routinely 
removed in small numbers during the pre-RWAMP pe-
riod (Fig. 4B) with an increasing number of coyotes 
being removed throughout the recovery area. Only ste-
rile coyotes were documented in our inventories; intact 
coyotes were removed. Since 2009, extensive trapping 
efforts in Zones II and III have resulted in removal of 

15–41 ( x = 24.0) coyotes annually (Fig. 4B). The at-

tempt to capture and genotype all Canis on the Penin-
sula, starting in 1999, resulted in a dramatic surge in the 
number of hybrids removed, principally in Zone II (Fig. 
4A). Additional hybrid individuals were regularly re-
moved, mostly in Zones II and III. Another surge in 
hybrid removal followed adoption of the more stringent 
genotype criteria in 2002, resulting in removal of 9 hy-
brid individuals, including 7 within Zone I (Fig. 4A). 
Subsequently, the number of hybrids removed declined 
erratically (Fig. 4A) with surviving individuals being 
removed from Zone I and increased removals from 
Zones II and III. 

The number of recognized red wolf social groups in-
creased from 5 in 1993 to 14 by 1999 (Fig. 5D). Subse-
quently, this increased to about 20 social units between 
2003 and 2008 (Fig. 5D) and then declined to about 15 
social units during 2009 to 2013 as breeding pairs have 
been disrupted by gunshot mortalities associated with 
coyote hunting in the recovery area during the past seve-
ral years (USFWS, 2009–2013). In Zone I, the number 
of social units increased from 4 in 1993 to 10 by 2001, 
where it remained through 2003 but then dropped to 5 
by 2005, and subsequently declined to 2 breeding units 
during 2011–2013 (Fig. 5A). The change in known 
numbers of desirable social units in Zone II from one in 
1993 to 10 in 2004 was associated with an intermediate 
shift to “neutral” social units associated with the sterili-
zation of one or both alpha animals (Fig. 5B). The 
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known number of wolf social units in Zone III was rela-
tively stationary (12) until implementation of the 
RWAMP. As in Zone II, it appears the use of steriliza-
tion assisted in an increase to 5–6 social units with de-
sirable red wolf ancestry (Fig. 5C). 
2.3  Summary of genetic results 

As the number of radio-collared animals increased, 

so did the location of natal dens (8.5/yr before RWAMP 
adoption to 12.6/yr afterward). Genetic assessment of 
litters indicated the number of hybrid litters fluctuated 
over time (0–5/yr) with an average of 1.5/year (Fig. 6). 
The number of red wolf litters per year was always 
higher than the number of hybrid litters and averaged 
6.9/year (Fig. 6). The ratio of hybrid to red wolf litters 

 

 
 

Fig. 3  Known numbers and distribution of (A) red wolves during spring (March 1st) and fall (September 1st) inventories, 
and (B) known red wolf social units in spring, among management zones within the red wolf experimental area on the Al-
bemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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Fig. 4  Numbers of (A) hybrids removed, and (B) coyotes removed, by zone and year, from the red wolf experimental area 
on the Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 

 

averaged 21% and peaked at 55% in 2006 (Fig. 6). 
Overall, 37 of the 40 (92.5%) litters with coyote ance-
stry were detected and removed, while 7 of 147 (4.8%) 
red wolf litters were mistakenly removed before genetic 
testing. 

Retrospective molecular genotyping suggested the 
known number of free-ranging reproductively-intact 
hybrids alive at any inventory point in the pre-RWAMP 
period never exceeded two. No reproductively-intact 
hybrids were noted at any inventory date from 2004 

through 2013 (i.e., all known hybrids were removed or 
sterilized). The average ancestry of all known, repro-
ductively intact red wolves and introgressed individuals 
in the recovery zone in 2014 is 96.5% based on genetic 
testing and pedigree analysis. 

3  Discussion 

3.1  Success of current program 
Minimizing the threat of hybridization for threatened 

and endangered species is particularly challenging when  
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Fig. 5  Numbers and suitability of canid social units in Zones (A) I, (B) II, and (C) III, and (D) the entire red wolf experi-
mental area, Albemarle Peninsula, North Carolina, 1993–2013 
“Desirable” indicates the alpha male and female individuals are ≥75 % red wolf ancestry; “neutral” indicates one or both alpha individuals are ste-
rile; “undesirable” indicates both breeding individuals are reproductively intact and one or both are genotypically identified as coyote or hybrid; and 
“unknown” indicates that the genotype of one individual of the breeding pair is unknown. Vertical lines represent initiation of the Red Wolf Adap-
tive Management Plan. 

 

 
 

Fig. 6  Number of red wolf and hybrid litters detected each year since the reintroduction of red wolves into North Carolina 
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the hybridizing species greatly outnumbers the threat-
ened population (Allendorf et al., 2001) as with red 
wolves and coyotes in North Carolina. The success of 
the RWAMP at controlling hybridization and facilitating 
red wolf recovery was mixed, based our criteria. The 
number of red wolves did increase over time but pla-
teaued around 2009 and declined slightly thereafter. The 
number of coyotes and hybrids detected did not de-
crease over time as desired. Despite predictions of ge-
netic swamping (Kelly et al., 1999; Fredrickson and 
Hedrick, 2006), our estimate of average ancestry of all 
known, reproductively intact red wolves and intro-
gressed individuals in the recovery zone in 2014 is cur-
rently 96.5% indicating the success of the RWAMP at 
limiting introgression of coyote genes into the reintro-
duced population. We also documented more red wolf 
litters than hybrid litters, but the ratio of hybrid litters to 
red wolf litters did not decline over time indicating hy-
bridization is an ongoing challenge. 

The RWAMP is an intensive long-term management 
effort that includes removal of coyotes and hybrids, 
sterilization and release of others to control space (i.e., 
the “placeholder” concept), the release of red wolves 
from captive-breeding programs, genetic testing of lit-
ters, cross-fostering captive born pups to wild parents, 
and a public relations effort to promote the recovery 
program and reduce anthropogenic mortalities. It is dif-
ficult to speculate about the relative contribution of in-
dividual activities, but we consider the removal, as well 
as sterilization and release, of coyotes and hybrids as 
critical components. Another key management activity 
has been the genetic testing of wild born litters to pro-
vide the opportunity to remove hybrids before they 
reach breeding age. Although such activities were not a 
part of the original recovery effort, they now constitute 
a core component of the program, and in the absence of 
such efforts it seems unlikely that introgression of co-
yote genes into the red wolf population could be ade-
quately controlled (Fredrickson and Hedrick, 2006). We 
recognize the potential biases of monitoring hybridiza-
tion based on capture efforts alone and suggest com-
plementary, non-invasive sampling of scats (Adams and 
Waits, 2007; Bohling and Waits, 2011) to assess the 
genetic composition and distribution of canids. In 2010, 
this type of analysis was conducted in the recovery area 
and revealed that 1) only 4% of samples had hybrid 
ancestry, and 2) red wolf ancestry was highest in zone 1 
(> 80%) and decreased from East to West (Bohling, 2011) 
consistent with results from the trapping efforts pre-
sented here.  

3.2  Implications for future management of red 
wolves 

The U.S. Fish and Wildlife Service continues to ac-
tively promote recovery efforts of the red wolf in east-
ern North Carolina (USFWS, 2007; Hinton et al., 2013). 
These efforts are consistent with the conclusion that we 
should “protect the red wolf as a component of the evo-
lutionary legacy of canids” (Allendorf et al., 2001), and 
recent analyses of North American canids indicating 
this species has a distinct genetic signature (VonHoldt et 
al., 2011; Rutledge et al, 2012b). We acknowledge that 
these efforts have required considerable financial and 
social investments each year (USFWS 2013), and the 
population is not self-sustaining. In theory, efforts to 
remove or sterilize coyotes might be relaxed with time 
as red wolves fully occupy available habitat within the 
recovery area. Under such conditions, wolves dispersing 
within the recovery area would be successful in finding 
conspecific mates and coyotes immigrating to the area 
would be naturally excluded by resident wolves (Mur-
ray and Waits, 2007; Roth et al., 2008; Wheeldon et al., 
2010). However, we believe this scenario is unlikely 
because wolf habitat is discontinuous within the recove-
ry area and anthropogenic habitat changes will continue 
to favor coyotes because of their ability to more effec-
tively colonize landscapes in closer proximity to human 
activity (Benson et al., 2012; Gese et al., 2012; Benson 
and Patterson, 2013). Further, there is little evidence red 
wolves naturally control the coyote population through 
strife, which is a core prediction derived from the com-
petitive exclusion hypothesis (Murray et al., 2015). 
However, it is notable that recent records also report 
gunshot mortality remains prevalent for coyotes, indi-
cating that mistaken identity by coyote hunters could 
continue to disrupt red wolf breeding pairs. Yet, a recent 
legal ruling banning coyote hunting in the recovery area 
(Red Wolf Coalition et al., v. Cogdellet al., No. 2:13-cv- 
60-BO, 2014 WL 1922234 [E.D. N.C. May 13, 2014]) 
may help promote stability of red wolf social groups. 

While the wolf population had a relatively high base-
line mortality risk relative to other wolf populations 
(Fuller et al., 2003; Smith et al., 2010) and the majority 
of deaths were related to anthropogenic activities, it 
does not appear the additive nature of human-related 
mortality exceeds that observed in other wolf popula-
tions (Creel and Rotella, 2010; Murray et al., 2010; 
Sparkman et al., 2011). However, anthropogenic mor-
tality can lead to increased hybridization in other canid 
systems (Rutledge et al., 2012a). In red wolves, over 
half of the detected hybridization events followed the 
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disruption of a stable breeding pair of red wolves due to 
mortality of one or both breeders (Bohling, 2011). Of 
these 69% were due to anthropogenic causes, primarily 
gunshot mortality during the local fall hunting season, 
which occurs just prior to the red wolf breeding season 
(Bohling and Waits, press).  

The number of known wolves appeared to plateau at 
around 90 to 95 adult red wolves, indicating the popula-
tion may have reached carrying capacity, as also sug-
gested by Murray et al. (2015). In 2007, red wolf social 
units were using about 1,043 km2 – about 48% of “usa-
ble” (cumulatively used) habitat and about 23% of the 
total recovery area (USFWS 2007, online supplemental), 
but the remainder of acceptable habitat is fragmented in 
small patches located across the recovery area and less 
likely to be colonized by wolves given recent habitat 
studies (Dellinger et al., 2013). In addition, we consider 
expansion of the red wolf population beyond the current 
recovery area unlikely given recent survey results 
showing few red wolves in adjacent areas (Bohling and 
Waits, 2011). The current USFWS recovery goals re-
quire establishing 3 independent populations (USFWS, 
1989), and such efforts would require a rigorous as-
sessment of red wolf habitat availability, combined with 
empirical and modeling analysis of coyote abundance 
and potential hybridization, in candidate recovery areas. 
If reintroduction efforts are initiated in new geographic 
areas, the management actions for controlling hybridi-
zation described here will likely be critical to success as 
most of the historical red wolf range is now occupied by 
coyotes. Given the extensive loss of habitat and the 
challenge of hybridization with invasive coyotes, the 
red wolf is a species fitting the definition of “conserva-
tion reliant” (Scott et al., 2005), and the ongoing pro-
gram review should be considered an opportunity to 
chart a new direction that reflects the changing stan-
dards and expectations regarding endangered species 
recovery (Scott et al., 2010; Jackowski et al., 2014; 
Murray et al., 2015). 
3.3  Implications for other species 

Our assessment suggests that access to appropriate 
resources can curtail or reverse genetic introgression in 
some situations. Our data indicate the use of steriliza-
tion and the removal of hybrids to limit introgression of 
unwanted coyote genes has enhanced effectiveness of 
red wolf recovery efforts. Red wolves are relatively 
long-lived, territorial, form social hierarchies, and de-
velop strong and persistent social bonds. This enables 
the use of sterile individuals of the introgressing species  
and hybrids to control space without compromising the 

status of the target species. In our case the introgressing 
species, the coyote, is abundant and adaptable to hu-
man-modified landscapes. While procedures similar to 
those used in the RWAMP might work in the case of 
European gray wolves or Ethiopian wolves Canis si-
mensis, there could be additional social conflicts be-
cause domestic dogs represent the introgressing species. 
Perhaps more realistically, the population of eastern 
wolves in Algonquin Provincial Park (Patterson and 
Murray, 2008) ultimately may benefit from removal of 
hybrids occurring in the same region, especially given 
the unique genetic and taxonomic status of wolves in-
side the park (Rutledge et al., 2010). Similar considera-
tions might apply for conserving the European wildcat 
Felis silvestris, with the added caveat that felids may 
not have as persistent social bonds and strong territorial 
constraints common among many canids, thereby prec-
luding some of the measures enacted in North Carolina 
to protect wolves. Reduced social fidelities among cer-
vids (e.g., red deer Cervus elaphus), or among aquatic 
species, may reduce the utility of such efforts.  

An important contribution of the RWAMP has been 
to help elucidate mechanisms of hybridization affecting 
recovering populations, and to test methods of manag-
ing such hybridization to improve chances of recovery 
success (Murray and Waits, 2007). Another novel mana-
gement method used for red wolves that might be bene-
ficial in other systems is the genetic testing of litters to 
remove hybrid individuals and cross-fostering pure 
offspring from captivity to increase recruitment into the 
wild population. Aggressive management actions de-
signed specifically to undermine the negative influence 
of invasive species can enhance population recovery 
efforts (Peterson et al., 2008; Finlayson et al., 2010), at 
least over the short-term. Such management, based on 
intensive and adaptive research, is a much-   needed 
addition for other species threatened by hybridization 
and introgression (Laikre et al., 2010). 
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Supplemental information 
 

Red Wolf Founders 
The red wolf founders are the 14 individuals removed from the wild along the Gulf coast of Texas and Louisiana 

who were chosen, based upon morphology, skull radiographs, sonographic analysis, breeding experiments, and elec-
trophorectic and chromosomal analysis, to initiate the captive breeding program (Carley, 1975; Riley and McBride, 
1975). These individuals also have a unique mitochondrial DNA haplotype that has not been observed in coyotes 
(Adams et al., 2003). 
Pedigree Analysis Methods 

Pedigree analysis methods are described in detail in Adams 2006, but are summarized here. Parentage was deter-
mined using a combination of field and genetic data. USFWS biologists typically identified potential parents of a 
newly captured red wolf or litter of puppies based upon observational knowledge of breeding pairs and the proximity 
of the various red wolf packs. Parents were unknown or uncertain for approximately 25% of captured individuals.  
Genotypic data at 18 microsatellite loci was used to determine parentage relationships using the program Cervus 
(Marshall et al., 1998; Kalinowski et al., 2007). We used Cervus to identify the most likely parents from the potential 
pool of reproductive individuals in the population. We allowed a maximum of one mismatch for a potential parent pair, 
but only if the mismatch was due to allelic dropout. We also checked all parentage assignments with a 1 allele mis-
match to confirm that the pairing was realistic based on detailed field observations and/or telemetry of wolves during 
the breeding season. Fifteen percent of identified parent-offspring relationships had 1 genotypic mismatch; the re-
mainder had zero mismatches.   
Red Wolf Pack Territory Estimates 

Using data from 1987–2007, wolf pack territory estimates were generated by including data for every known pack 
member in a 95% kernel density estimation with a root-n bandwidth estimator (Worton, 1989; Wu and Tsai, 2004; 
Steury et al., 2010). Locations from all wolves (> 75% ancestry) within a pack were combined for home range estima-
tion, although exploratory and emigrant movements were excluded, and more than one location per pack per day was 
included only if individual wolves were > 500 m apart (Oakleaf et al., 2006). We considered any habitat that had ever 
been occupied by a red wolf pack between 1987 and 2007 as “usable habitat”. 

The recovery area encompasses about 4,600 km2 (not including large water features). From 1987 through 2007 wolf 
pack territories cumulatively covered a total of 2,172 km2, or about 47% of the total experimental area. In 2007, red 
wolf social units were using about 1,043 km2 – about 48% of “usable” (cumulatively used) habitat and about 23% of 
the total recovery area (Fig. 1).   

 

 
 

Fig. 1  Availability of red wolf habitat on the Albemarle Peninsula, North Carolina 
Usable habitat includes any habitat known to be used by red wolves (1987–2007). 
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Pack social dynamics and inbreeding avoidance 
in the cooperatively breeding red wolf
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For cooperatively breeding groups composed of close relatives, whether and how a group avoids inbreeding are questions of key 
evolutionary and conservation importance. A number of strategies for inbreeding avoidance may be employed by cooperative 
breeders, including extrapair reproduction, reproductive suppression, and juvenile dispersal. However, population-wide infor-
mation on the prevalence of different strategies is difficult to obtain. We investigated the prevalence of inbreeding and potential 
mechanisms for inbreeding avoidance in a reintroduced population of the red wolf. Using long-term data on individuals of 
known pedigree, we determined that inbreeding among first-degree relatives was rare. Potential mechanisms for inbreeding 
avoidance included low levels of philopatric reproduction in spite of delayed dispersal, and reproductive suppression prior to 
dispersal. Inbreeding avoidance among siblings may have been further facilitated by independent dispersal trajectories, as many 
young wolves spent time alone or in small nonbreeding packs composed of unrelated individuals. The dominant pattern of 
breeding-pair formation involved the union of 2 unrelated individuals in a new home range. Replacement of 1 or both mem-
bers of an existing breeding pair involved new immigrants to a pack or, in a small number of cases, ascendance of either resi-
dent offspring or adopted pack members to vacant breeding positions. Extrapair reproduction was rare, suggesting that it was 
not a major mechanism for outbreeding. We conclude that there are several prevalent behavioral strategies within the red wolf 
population that may work together to minimize inbreeding and any associated fitness costs, helping make cooperative breeding 
an evolutionarily viable strategy. Key words: Canis rufus, competition, lone wolves, monogamy, nonbreeding packs, pair forma-
tion. [Behav Ecol]

InTRoDucTIon

The risk of inbreeding is a potential threat to the evolutionary 
stability of cooperative breeding when groups are composed 

of close relatives. As high levels of inbreeding have been associ-
ated with negative effects on fitness-related traits (reviewed in 
Pusey and Wolf 1996; Hedrick and Kalinowski 2000; Keller and 
Waller 2002), the study of mechanisms for inbreeding avoidance 
has been a topic of great interest to behavioral ecologists. Studies 
in diverse species have suggested that cooperative breeders can 
exhibit a range of behaviors that may help reduce inbreeding 
within groups, including extrapair reproduction, reproductive 
suppression of subordinates, and sex-biased dispersal (reviewed 
in Pusey and Wolf 1996; Packard 2003). Indeed, although iso-
lated instances of inbreeding have been documented in many 
cooperative breeders, in most species the rate of inbreeding is 
thought to be quite low (Koenig and Haydock 2004).

Inbreeding rates and evidence for inbreeding avoidance 
have been studied most thoroughly in cooperatively breeding 
birds (reviewed in Koenig and Haydock 2004). Inbreeding 
avoidance has also been explored to some extent in coop-
eratively breeding mammals, but with the exception of a 
few well-studied species (e.g., meerkats: O’Riain et  al. 2000; 
Griffin et  al. 2003; Ethiopian wolf: Sillero-Zubiri et  al. 1996, 

Randall et  al. 2007; African wild dog: Girman et  al. 1997; 
Damaraland mole rat” Cooney and Bennett 2000; canid spp.: 
Geffen et  al. 2011), most support for inbreeding avoidance 
tends to rely on anecdotal accounts. For many species, lit-
tle is known regarding the prevalence of different strategies 
within a single population, and how they might work together 
to create a viable social system. In order to fully understand 
all possible social mechanisms through which harmful lev-
els of inbreeding might be avoided, it is important to have  
a basic understanding of the different strategies that charac-
terize the life cycles of individuals, and from this, discern the 
dominant strategy (or strategies) exhibited within a particu-
lar population. However, knowledge of key factors—such as 
when (or if) individuals disperse from their natal groups, how 
individuals spend their time before breeding, how breeding 
relationships are eventually formed, and by whom—is often 
difficult to come by. Such knowledge requires longitudinal, 
individual-based information on location and group affilia-
tion, as well as detailed information on the sex, age, repro-
ductive status, and relationships among individuals within a 
population (Pemberton 2008).

Cooperative breeding is widespread among canids 
(Moehlman 1986; Moehlman 1997; Mech et al. 1999; Packard 
2003; Sparkman et  al. 2011a), and potential mechanisms 
for inbreeding avoidance appear to vary among species. 
The Ethiopian wolf, Canis simensis, for instance, exhibits 
female-biased dispersal, thus limiting opportunities for 
mate formation between siblings (Sillero-Zubiri et  al. 1996). 
Furthermore, although Ethiopian wolves tend to be socially 
monogamous, the frequency of extrapair reproduction appears 
to be relatively high, which may further reduce the risk of 
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inbreeding when female offspring are philopatric and replace 
their mothers as the dominant breeder (Sillero-Zubiri et  al. 
1996; Randell et  al. 2007). In contrast, the gray wolf, Canis 
lupus, tends to exhibit both social and genetic monogamy 
(reviewed in Packard 2003), with only rare instances of 
extrapair reproduction, suggesting that in this case reproductive 
suppression of subordinates and high rates of dispersal for both 
sexes may contribute more to low rates of inbreeding within 
packs (Smith et al. 1997; Vonholdt et al. 2008).

Inbreeding depression within captive populations of 
Canis species ranges from low to severe (Laikre and Ryman 
1991; Ellegren 1999; Kalinowski et  al. 1999; Fredrickson 
and Hedrick 2002; Lockyear et al. 2009; Rabon and Waddell 
2010). In the wild, Scandinavian gray wolves recovering from 
a population bottleneck exhibit signs of severe inbreeding 
depression (Liberg et al. 2005). The reintroduced population 
of Yellowstone gray wolves, on the other hand, exhibits rela-
tively low inbreeding coefficients (f), likely due to a relatively 
large founding population as well as mechanisms for inbreed-
ing avoidance (Vonholdt et al. 2008). There is also evidence 
that inbreeding within packs in other gray wolf populations, 
as well as populations of other canid species, is rare (Smith 
et  al. 1997; Geffen et  al. 2011). Similarly, a wild population 
of Eastern wolves (Canis lycaon) appears to exhibit high levels 
of heterozygosity (Grewal et  al. 2004; Rutledge et  al. 2010). 
Nevertheless, there is still much to learn regarding inbreed-
ing in wild populations, and the study of behavioral mecha-
nisms for inbreeding avoidance has conservation as well as 
theoretical relevance, particularly as the risk of inbreeding is 
a major concern for small or declining populations and rein-
troduction projects often involve small numbers of founding 
individuals (Hedrick and Kalinowski 2000).

We investigated the prevalence of inbreeding among 
first-degree relatives (i.e., parent/offspring, siblings), and 
potential behavioral mechanisms for inbreeding avoidance 
in a reintroduced population of the cooperatively breed-
ing red wolf, Canis rufus. The red wolf is an ideal system in 
which to investigate the fitness costs and benefits of coopera-
tive living, as it constitutes a relatively closed, closely moni-
tored population of known pedigree. Although derived from 
a captive population descending from only 14 founders, 
inbreeding coefficients of wild-born individuals are relatively 
low (mean f = 0.10 ± 0.05, range 0–0.26) (William Waddell, 
Point Defiance Zoo and Aquarium, unpublished data). 
Furthermore, inbreeding events appear to be infrequent in 
the closely related Eastern wolf (Rutledge et al. 2010). Thus, 
we predicted that instances of breeding among first-degree 
relatives in the red wolf are rare and there are mechanisms 
for inbreeding avoidance active within this population.

Previous work has reported that red wolves primarily live 
in packs composed of a socially monogamous breeding pair 
and offspring of different ages (Phillips et al. 2003; Sparkman 
et al. 2011a). In spite of the fact that many young wolves will 
delay dispersal for up to 2 years, previous work has also dem-
onstrated high rates of dispersal prior to reproduction, with 
only a few individuals remaining to breed in their natal pack 
(Sparkman et  al. 2011b). Infrequent breeding in the natal 
pack could be sufficient for inbreeding avoidance, at least 
among parents and offspring. However, the extent to which 
inbreeding occurs has not yet been documented in the red 
wolf, and how dispersal and social behaviors both outside 
and within breeding packs might decrease the probability of 
inbreeding has not hitherto been explored.

To address these questions, we evaluated the prevalence of 
different strategies in the red wolf life cycle. Using long-term 
radio-telemetry data and a population pedigree, we explored 
prebreeding social behavior and its ramifications for the 
longevity of family bonds, and the prevalence of different 

mechanisms for breeding-pair formation, including natal 
philopatry, adoption of unrelated individuals into a breed-
ing pack, and competition. We also assessed the frequency of 
extrapair reproduction as another potential mechanism for 
inbreeding avoidance. We predicted that strategies favoring 
the formation of breeding pairs between 2 unrelated individ-
uals would be most prevalent. Note that we do not argue that 
any of these behaviors evolved exclusively as a result of direct 
selection for inbreeding avoidance; rather, our goal was to 
evaluate how various components of red wolf behavior might 
contribute toward that end (Moore and Ali 1984; Pusey and 
Wolf 1996).

METHoDS

Monitoring methods and pedigree

Red wolves were reintroduced into the Alligator River 
National Wildlife Refuge in North Carolina in 1987, after 
extinction from their native distribution throughout the 
southeastern United States (McCarley and Carley 1979; U.S. 
Fish and Wildlife Service [USFWS] 1984). Between 1987 
and 2007, 506 free-ranging wolves were captured primar-
ily via foothold traps, equipped with very high frequency 
radio-collars and monitored to gather detailed information 
on location, pack affiliation, reproductive status, and timing 
of dispersal and death (Phillips et  al. 2003). It is estimated 
that >95% of handled adult wolves were collared and that 
>90% of adults on the recovery area were “known” (A. Beyer, 
USFWS, unpublished data). Radio-collared wolves were moni-
tored every 3–4  days from the ground or via fixed-wing air-
craft. Wolves were aged by PIT tagging at den sites or during 
pup capture in early fall. Based on this intensive monitoring 
data, it has been reported that red wolves disperse between 1 
and 2 years of age, and begin to breed between ages of 2 and 
4 on average (Sparkman et al. 2011a, 2012).

The reconstruction of the pedigree for the red wolf popu-
lation has been described in detail elsewhere (Adams 2006). 
Briefly, genetic material was obtained for 703 individuals and 
genotypes were collected at 18 microsatellite loci with an aver-
age heterozygosity of 0.65 (Adams 2006). To assign parentage, 
we used a maximum likelihood approach as implemented 
in the program CERVUS 2.0 (Marshall et  al., 1998; Adams 
2006)  as well as field data on known pairings and spatial 
locations of individuals. When 1 parent was known we could 
successfully assign parentage 95% of the time at the 95% 
confidence level and 96% of the time at the 80% confidence 
level. When neither parent was known we could successfully 
assign parentage 88% of the time at the 95% confidence level 
and 99% of the time at the 80% confidence level using these 
18 loci (Adams 2006). In total, we had genetic confirmation 
for the identity of both parents for 303 out of 408 individuals 
for whom parentage was inferred through field observations. 
One parent was known for an additional 101 individuals, and 
parentage was unknown for 194 individuals. From the result-
ing pedigree, we were able to identify breeding pairs and 
their corresponding offspring so as to be able to differentiate 
between what we define as related—that is, parent and off-
spring or siblings—and unrelated members of a pack—that 
is, adoptees/immigrants from other packs. Reintroduced red 
wolves do naturally hybridize with the coyote (Canis latrans), 
although management efforts selectively remove hybrid litters 
(Phillips et  al. 2003). We were able to identify all instances 
of pair formation and hybridization between red wolves and 
coyotes (C. latrans). Using this information, we surveyed all 
instances of incestuous matings between first-degree relatives. 
All summary statistics and analyses were performed using JMP 
8.0.2 (SAS Institute Inc.).
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Prebreeding social behavior and inbreeding avoidance

We evaluated the prevalence of different social behaviors 
subsequent to dispersal from the natal pack, and their poten-
tial to contribute to inbreeding avoidance through dissolv-
ing social bonds between family members. Our long-term 
radio-telemetry records allowed us to identify 3 main social 
grouping behaviors exhibited by wild-born red wolves: solitary 
periods, membership in nonbreeding packs, and membership 
in breeding packs. Time periods were defined and quantified 
as the number of seasons in which a particular behavior was 
exhibited (i.e., Winter, Spring, Summer, and Fall). Solitary 
individuals that appeared to be traveling or residing in a par-
ticular home range for 1 or more seasons by themselves were 
designated as “lone wolves.” Nonbreeding individuals that 
were found to be in the company of other nonbreeders in 
the same home range for 2 or more seasons were considered 
members of a nonbreeding pack. Individuals found for 2 or 
more seasons in a home range with 2 breeding individuals 
present were considered members of a breeding pack. Home 
ranges were determined from the 95% isopleths of utilization 
distributions, as estimated using kernel density estimators 
with fixed bandwidth estimated using the root-n bandwidth 
estimator (Steury et al. 2010; T. Steury, unpublished data).

We assessed the proportion of both sexes within the popu-
lation that were lone wolves during at least 1 season, and clas-
sified them according to reproductive status during that time: 
prereproductive, postreproductive until death, ultimately 
nonreproductive until death, or between reproductive events. 
We also calculated the average age of lone wolves and length 
of time spent alone. Similarly, we also assessed the proportion 
of both sexes that were members of nonbreeding packs for at 
least 2 or more seasons and their reproductive status during 
that time. Since membership of nonbreeding packs fluctu-
ated, with some wolves dispersing whereas others remained 
and new members arrived, we also compiled descriptive sta-
tistics on “subpacks,” which we define as an aggregation of 
nonbreeding wolves that lasted 2 or more seasons longer than 
associations with other members (past or future) of a given 
pack. Note that in creating the category “subpack” we are 
not proposing a novel form of social organization per se, but 
simply devising an arbitrary but effective method to quantify 
the frequency and duration of different types of associations 
between individuals. We determined the composition of each 
subpack—numbers of each sex and presence of close rela-
tives—the average age of members, and the average subpack 
lifespan (i.e., number of seasons spent together). Because the 
majority of nonbreeding subpacks were composed of male 
and female dyads that may have been attempting to form a 
breeding pair (see Results), we determined whether male–
female dyads spent significantly longer together than other 
aggregations using Welch’s test for unequal variance.

Breeding-pair formation and inbreeding avoidance

We identified breeding pairs as 2 individuals that were known 
to den and produce offspring. We identified and assessed 
the prevalence of 4 main patterns of breeding-pair forma-
tion: 1) the union of 2 lone individuals in a new home range, 
2)  the replacement of 1 lost breeder by a new breeder in 
an established home range, 3)  the formation of a breeding 
pair composed of 2 new individuals in the absence of other 
individuals, or 4)  the formation of a breeding pair com-
posed of 2 new individuals in the presence of other unrelated 
individuals.

For patterns of breeding-pair formation (2)–(4), which 
involved the replacement of 1 or both breeders, we quantified 
the prevalence of the 4 different replacement mechanisms 

that were observed, the first of which could contribute to 
inbreeding, and remainder of which could contribute to 
inbreeding avoidance: replacement of a breeder by 1)  resi-
dent offspring, 2)  adopted immigrants, that is, individuals 
adopted by a pack with an intact breeding pair, 3) new immi-
grant individuals arriving after death or dispersal of a previ-
ous breeder, and 4) new immigrants that may have competed 
with and deposed a previous breeder. Concrete evidence for 
competitive breeder displacement is difficult to collect in wild 
wolves, although intraspecific conflict is known to occur and 
tends to be higher for breeding gray wolves than for non-
breeders (Mech and Boitani 2003). Thus, for (4), we consid-
ered the death or dispersal of a breeder after the arrival of 
a successor at some point after the previous breeding season 
as potential evidence for competition. Furthermore, because 
the majority of potential cases of competitive displacement 
involved males (see Results), we sought evidence that post-
breeding male red wolves are more likely to be found outside 
of their breeding pack than females, with the prediction that 
females would be more likely to die in their breeding packs.

Extrapair reproduction and inbreeding avoidance

Using the population pedigree and information on pack com-
position, we were also able to quantify instances of multiple 
paternity (where pups from the same litter were fathered by 
2 or more males) and instances of extrapair paternity (where 
a male fathered pups by 2 or more females), to determine 
whether these were common behaviors that could contribute 
to inbreeding avoidance within a cooperatively breeding fam-
ily group.

RESuLTS

Frequency of inbreeding

As predicted, breeding among first-degree relatives was rare. 
Breeding between parents and offspring occurred in only 4 
out of 90 (4%) breeding pairs; similarly, breeding between 
full siblings also occurred in 4 (4%) breeding pairs. Two 
of four parent–offspring breeding events involved a single 
female, who bred with both her son, and then with their son. 
The remaining 2 parent–offspring breeding events involved 
father–daughter and mother–son pairings. One of four sib-
ling breeding events involved siblings who bred together in 
their natal pack after their mother died during parturition, 
a second involved 2 siblings who dispersed from their natal 
pack together, and a third involved siblings born in consecu-
tive years who independently dispersed to the area in which 
they bred. The fourth case involved a male who bred not only 
with his mother but also with his sister in the same year.

Prebreeding social behavior and inbreeding avoidance

The prevalence of lone wolf and nonbreeding pack behaviors 
subsequent to dispersal suggested that both may contribute 
to inbreeding avoidance. After dispersing from their natal 
packs, approximately 43% (n = 386) of monitored individuals 
spent 1 or more seasons as lone wolves (Figure 1). Of these, 
28% (n  =  166) were prereproductive and 72% were nonre-
productive, that is, never became reproductive before death. 
The average age of pre- and nonreproductive lone wolves was 
1.7 ± 0.9  years, and time spent as a lone wolf ranged from 1 
to 13 seasons, with a mean of 3.0 ± 2.5 seasons. The sex of 
pre- and nonreproductive lone wolves was approximately 
evenly distributed (48% females and 52% males). Only 7% 
of lone wolves were postreproductive (i.e., did not reproduce 
again prior to death), and a mere 1% were between breeding 
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events in different packs. Thus, in general, it appears that a 
large number of young wolves of both sexes spent time alone 
subsequent to dispersal from their natal packs, rather than 
in the company of siblings with whom they might otherwise 
have formed pair bonds (although this has only been docu-
mented in captivity, e.g., Packard et al. 1983).

After dispersing from their natal packs, 30% (n  =  386) 
of individuals spent time associated with other wolves in  
nonbreeding packs, that is, packs in which there was no  
evidence of pups produced (Figure 1). Although nonbreeding  
packs were largely composed of pre- or ultimately non-
reproductive individuals, approximately evenly distributed 
between the sexes (46% females and 54% males), 9 post-
reproductive individuals were also found within nonbreeding 
packs. There were 54 discrete nonbreeding packs with no 
temporal overlap among individuals within a given home 
range. The average size of nonbreeding packs was 2.4 ± 0.8 
wolves, with a range of 2–6. There were 91 subpacks within 
the 54 nonbreeding packs. The composition of the subpacks 
varied, but the majority were characterized by the presence 
of at least 1 male and 1 female (Table 1). Approximately 64% 
(n  =  91) were male–female dyads. Male–female dyads spent 
significantly longer together than any other combination of 
nonbreeding individuals within a subpack, averaging 5.8 ± 3.2 
versus 3.2 ± 1.2 seasons (F1,66 = 27.8; P < 0.0001). In every case, 
where there were originally more than 1 male and female 
in a nonbreeding pack, when only 2 individuals remained 

in a pack it was a male–female pair. Nonbreeding packs 
were largely composed of individuals that were not closely 
related; there were only 3 cases where full siblings were found 
together in a nonbreeding pack. Only 12 individuals (6 males 
and 6 females) in nonbreeding packs went on to breed in 
the same home range. Thus, the majority of nonbreeding 
packs appeared to represent failed attempts at breeding-pair 
formation, and/or an aggregation of floaters available for 
breeding opportunities elsewhere. With respect to the former 
scenario, it is relevant to a goal of inbreeding avoidance 
that such a low number of subpacks contained first-degree 
relatives.

Formation of breeding pairs and inbreeding avoidance

There were 90 breeding pairs that were formed success-
fully during the study period, composed of 58 females 
and 69 males, as well as 3 cases where an entire family dis-
persed together to take up occupancy of a new home range. 
Seventeen percent (n = 90) of these breeding pairs involved 
coyotes; however, because the distribution of mechanisms 
for pair formation was similar for both red wolf–red wolf 
and red wolf coyote pairs (A. Sparkman, unpublished data), 
we retained these pairs in our analysis. There were 4 main 
mechanisms for formation of a new breeding pair: 1)  join-
ing of 2 lone individuals (54%), 2) replacement of 1 breeder 
either by an adopted immigrant or a son or daughter (24%), 
3)  replacement of both breeders by an adopted immigrant 
and/or a son or daughter (9%), or 4) the formation of a new 
breeding pair by new immigrants in the presence of one of 
the former breeders, or one or more other immigrants (12%) 
(Figure  2). The prevalence of strategy (1) is conducive to 
inbreeding avoidance, as it involves 2 individuals who have 
dissolved ties with closely related members of their natal pack. 
We describe the strategies involved in filling breeder vacan-
cies in mechanisms (2)–(4), and their potential for causing 
or providing an alternative to inbreeding within a group, in 
more detail below.

Breeding of resident offspring
Inbreeding due to reproduction of resident offspring within 
their natal packs was rare. Only 8% (n = 90) of breeding-pair 
formations involved offspring—4 females and 3 males—
that remained to breed in their natal packs. These events 
occurred through one or the other of two of the mechanisms 
listed above: when one (2) or both (3) parents were replaced 
as breeders. Two of the females in question bred during 
the spring after their mother’s death, 1 with her father and 
1 with a new pack member. The third female bred with a 

Figure 1 
Prevalence of major social group behaviors employed by red wolves. Because only 30% of pups become reproductive, postbreeder percentages 
are based on the number of individuals that actually became reproductive. Note that all but 1 out of 21 instances of postbreeding extrapack 
behavior involved males. NB, nonbreeding, B, breeding (although not generally an individual’s own breeding reproductive pack). Note that 
although not shown, some individuals may alternate between being alone, or in NB/B packs both before and after breeding.

Table 1 
number and percentage of the total number of subpacks for 
non-reproductive subpacks of various compositions

Composition No. of subpacks Percentage of total subpacks

5–6 Individuals
MMMMFF  1  1.1
MMFFF  1  1.1
MMMFF  1  1.1
3–4 Individuals
MMFF  2  2.2
MMMF  2  2.2
MMM  2  2.2
MFF  9  9.9
MMF  9  9.9
2 Individuals
FF  1  1.1
MM  5  5.5
MF 58 63.7
Total 91
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new pack member 2  years after her mother’s death, and the 
fourth bred with her brother during the same year he bred 
with their mother. One male that bred in his birth pack bred 
with his mother after his father succumbed to an unknown 
fate; another male was his son, who bred with his mother/
grandmother after his father dispersed, as well as with his sis-
ter (mentioned above). The third male bred with a new pack 
member the year after his mother died during parturition; his 
father remained in the pack during this time. Thus, breeding 
of resident offspring in their natal pack was rare, but in 4 out 
of 7 cases it involved inbreeding between first-degree relatives.

Breeding of adopted pack members
There were 43 instances where an unrelated individual was 
adopted by 35 of 90 breeding pairs. Of the 43 unrelated 
individuals that spent time in breeding packs, 3 were coyotes 
(2 male and 1 female) and 3 were wolves of unknown ori-
gin (1 male and 2 females). Of the 37 remaining individuals, 
there was a fairly even distribution between the sexes, with 
15 females and 22 males accepted into breeding packs. The 
average age of adopted pack members was 2.4 ± 1.8  years, 
with a range of 0–8  years old. Two postreproductive males 
were accepted into breeding packs. Sixteen percent (n = 43) 
of adopted individuals later became reproductive themselves 
in other packs, and only 9% became reproductive in the 
pack in which they were an adopted member. Thus, adopted 
pack members were involved in mechanisms (2)–(4) for 
breeding-pair formation in only 4% (n = 90) of pairs. These 
individuals were involved in 1 out of 22 replacements of a 
single breeder (2), 1 out of 10 replacements of both breeders 
(3), and 2 out of 11 replacements of both breeders with other 
individuals present (4). These findings suggest that joining a 
breeding pack did not carry strong reproductive advantages 
either in the pack in question (actively displacing a current 
breeder or replacing a lost breeder), or elsewhere, and thus 
did not contribute substantially to inbreeding avoidance 
within the adopting pack.

Breeding of new immigrants
Breeding of new immigrants to a pack occurred at high 
enough frequencies to suggest that it may be an important 

contributor to inbreeding avoidance, either through 
incidental arrival after a breeding position in a pack opened 
up or through male–male competition. Approximately 17% 
(n = 90) of breeding pairs were formed when a new immigrant 
arrived after the death or dispersal of a previous breeder 
and assumed a breeding position, either with the surviving 
mate or a new mate. There was also some evidence that an 
additional 12% (n = 90) of breeding-pair formations involved 
replacement of one member of a breeding pair (option 
(2) above) via male–male competition. Approximately half 
(55%) of transitions to a new breeder were potentially due 
to male–male competition, where the arrival of the new 
breeder or breeding of a subordinate was associated with the 
death/departure of the resident breeder between breeding 
seasons. Three of these cases involved sons displacing fathers 
(2 initially through extrapair copulation with their mother), 
7 cases involved the arrival of a competitor and subsequent 
death/departure of the resident breeder within the same 
season, and 1 case involved the arrival of a competitor and 
subsequent dispersal of the resident breeder in the following 
season. There were 2 clear deaths due to intraspecific strife 
after the arrival of a competitor that resulted in 5- and 
10-year-old males being replaced by incoming 2  year olds. 
In general, 3- to 10-year-old breeders were replaced by 
1–3-year-old competitors, with the competitor always being 
younger than the resident breeder. We found little evidence 
of female–female competition, although 3 female breeder 
displacements could potentially have occurred by competition 
as defined above. One of these cases involved a female who 
took over from her mother after the death of her father.

Another line of evidence suggesting that male–male com-
petition may have occurred more frequently than female–
female competition lies in the higher frequency of males with 
postbreeding pack activity: 25% of male (n  =  69) but only 
2% of female (n = 59) breeders were located outside of their 
breeding pack after their last breeding event. Nineteen per-
cent of male breeders spent time as lone wolves, 9% spent 
time in transient nonbreeding packs, and 3% spent time in 
stable breeding packs as nonbreeders (note that 4 out of 21 
of males in this sample spent time both alone and with other 
wolves) (n  =  69). Overall, males spent a mean of 7.3 ± 7.3 

Figure 2 
Frequency of individual strategies for forming a pair bond. Note that some individuals fall into 2 categories (i.e., those that both bred in their 
natal pack and were involved in extrapair copulation), and some individuals formed more than 1 pair bond over their lifetime.
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seasons (range 1–25) after dispersing from their breed-
ing pack before death or censorship. The average age of 
postreproductive males outside of their breeding packs was 
6.4 ± 2.3 years (range 2–11 years). The only postreproductive 
female to leave her breeding pack and spend time elsewhere 
as a nonbreeder was 10  years old. She spent 1 season alone 
and 4 seasons with a postreproductive male (the first 2 sea-
sons of which a nonreproductive female was also present) 
before being censored. Note, however, that approximately 
half of male dispersal events from their breeding packs 
appear to have been a consequence of mate loss, suggesting 
that there are reasons other than male–male competition that 
could create sex different frequencies in postbreeding pack 
lifespan.

Extrapair reproduction and inbreeding avoidance

Socially monogamous breeding pairs showed a high degree of 
genetic monogamy. From 1987 to 2007, within 174 litters pro-
duced by 90 breeding pairs (59 females and 69 males), there 
were only 4 instances of extrapair reproduction—2 involving 
multiple paternity, and 2 involving extrapair paternity. Two 
of the four instances involved mating between first-degree 
relatives described above (see Frequency of inbreeding). The 
third instance involved multiple paternity, where a female 
produced a litter both with her mate and with a lone male 
residing in a home range in close proximity. The fourth 
instance involved extrapair paternity by a male that produced 
a litter both with his long-term mate, as well as a litter with a 
female in an adjoining pack, whose long-term mate had previ-
ously been killed by a vehicle. This latter female went on to 
breed with a new resident male the following year, and the 
male continued to breed with his long-term mate. The low 
frequency of extrapair reproduction suggests that it was not 
a major mechanism for outbreeding within red wolf family 
groups.

DIScuSSIon

Using long-term, population-wide data on the reintroduced 
red wolf, we explored the major social behaviors employed by 
red wolves throughout their lifespans (Figure 1). Consistent 
with studies in other cooperatively breeding species, including 
gray and Eastern wolves (e.g., reviewed in Koenig and Haydock 
2004; Smith et al. 1997; Vonholdt et al. 2008; Rutledge et al. 
2010; Steinglein et al. forthcoming), we found that in spite of 
prolonged associations among close relatives due to delayed 
dispersal, breeding pairs in the red wolf population were 
almost entirely composed of 2 unrelated individuals. We 
report a variety of behaviors, including independent dispersal 
trajectories, membership in nonbreeding packs of unrelated 
individuals, and a high prevalence of breeding-pair formation 
between unrelated mates, that may serve as mechanisms 
contributing to inbreeding avoidance.

Prebreeding social behavior and inbreeding avoidance

We observed few cases (4% of mated pairs) of siblings breed-
ing together, thus although siblings may interact in the natal 
pack when delaying dispersal, they are unlikely to breed 
together. Almost half (43%) of the wolves in the study popu-
lation spent time as lone wolves following dispersal from their 
natal pack (Figure 1). For these individuals, social bonds with 
siblings were effectively broken, increasing the likelihood that 
siblings will find unrelated mates. Furthermore, up to 30% 
of young wolves joined aggregations of other nonbreeding 
individuals (Figure  1), and only 3% of siblings were found 
in the same nonbreeding subpacks. This is critical given the 

high frequency of male–female dyads among nonbreeding 
subpacks (Table 1), and that these dyads stayed together lon-
ger than other combinations of nonbreeders. These are indi-
cators that such aggregations were incipient breeding packs 
which, if successful, could have increased levels of inbreed-
ing if were largely composed of relatives. Thus, in general, 
the activities of dispersing young wolves favored mixing with 
wolves from other packs, rather than maintaining close ties 
with siblings. Interestingly, a recent study that compared 
rates of pairing with kin versus nonkin in several canid spe-
cies suggested that selection for inbreeding avoidance via kin 
recognition mechanisms may be weak in canids, due to low 
rates of encounter with close relatives outside the natal pack 
(Geffen et al. 2011). Thus, our reported low rates of new pairs 
between close relatives may be attributable to low encounter 
rate rather than inbreeding avoidance per se.

Similarly, breeding between parents and offspring was rare 
(4% of mated pairs), in spite of the likelihood that some 
offspring that delayed dispersal to 1 or more years of age 
were physiologically capable of reproduction (Rabon 2009; 
Sparkman et  al. 2011a). Two factors likely contributed to 
the low frequency of parent–offspring pairs. First, behavioral 
or physiological reproductive suppression of subordinates 
is widespread among canids and other cooperatively breed-
ing mammals (e.g., reviewed in Solomon and French 1997; 
O’Riain et al. 2000; Packard 2003); second, the high rate of 
dispersal from the natal pack (Sparkman et  al. 2011b), sug-
gests that young wolves rarely compete with a same-sex par-
ent for a breeding position (or at least succeed in doing so), 
and do not wait indefinitely for a position to become avail-
able. Although there were 7 instances of territory inheritance 
by resident offspring (Figure  2), a phenomenon previously 
reported in both gray and Eastern wolves (e.g., Mech and 
Boitani 2003; Jędrzejewski et  al. 2005; Rutledge et al. 2010), 
most dispersed elsewhere to breed, which is consistent 
with other cooperatively breeding species (Dickinson and 
Hatchwell 2004; Russell 2003).

Although the inbreeding among first-order relatives is rare 
in the red wolf population, we have not demonstrated that 
red wolves are statistically less likely to mate with close rela-
tives. Unfortunately, demonstrating this requires more than 
simply testing for inbreeding avoidance against a null model 
of random mating that incorporates spatial, temporal, and 
developmental constraints on mate formation. Ideally, an 
appropriate null model for a cooperative breeder should also 
incorporate the potential for a nonrandom preference for 
family members because, in the absence of behavioral mecha-
nisms for inbreeding avoidance, these individuals may be the 
most easily accessible and energetically inexpensive mates, 
especially considering high costs of dispersal (e.g., Sparkman 
et al. 2011b). Indeed, it is the prolonged association between 
relatives of or near breeding age that raises the theoretical 
enigma of how such social systems avoid dangerously high 
rates of inbreeding in the first place. An additional challenge 
to modeling potential versus actual breeding pairs in our pop-
ulation of red wolves is the unknown availability of coyotes as 
potential mates. Nevertheless, we hope that future work will 
use the information we present here as a starting point for 
exploring a variety of alternate models that formally test for 
evidence of inbreeding avoidance among individuals of vary-
ing degrees of relatedness (e.g., see Geffen et al. 2011).

Breeding-pair formation and inbreeding avoidance

Patterns of breeding-pair formation in the red wolf favored 
the breeding of unrelated individuals. There were 4 major 
patterns of pair formation, the most prevalent being the pair-
ing of 2 unrelated individuals in an otherwise unoccupied 
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home range (54%). This is not surprising given a previous 
finding that in approximately half of the cases where 1 mem-
ber of a breeding pair is lost, the breeding pack is disbanded 
(Sparkman et al. forthcoming), necessitating that the majority 
of new pairs be formed independently. Furthermore, the pop-
ulation was expanding during the first few years of the study 
period (USFWS 2007), and many home ranges remained 
unoccupied during that time. Pairing of 2 lone individuals in 
this way is highly conducive to inbreeding avoidance, and is 
likely facilitated by high dispersal rates, a high proportion of 
individuals spending time as lone wolves, and the high fre-
quency of unrelated male–female dyads even among pre- or 
nonreproductive wolves (Figure 1, Table 1).

Transitions resulting in the replacement of 1 or both 
members of a breeding pair occurred in the remaining 45% 
of cases (Figure  2). Interestingly, only 8% of total pair for-
mations involved resident offspring replacing a parent as 
a breeder, and 4 out of these 7 cases involved inbreeding 
between parents and offspring or siblings. Thus, breeding 
in the natal pack, when it occurs, is often associated with 
inbreeding, suggesting that the low frequency of this strategy 
is in general an important factor in inbreeding avoidance.

Among cooperatively breeding species, a major mecha-
nism for outbreeding can be adoption of unrelated immi-
grant individuals into a social group (e.g., Rood 1990). These 
individuals may take part in the regular activities of the pack, 
even providing care for young, with the possibility that, when 
the opportunity arises, they may eventually assume breeding 
dominance. Acceptance of “adoptees” into packs has previ-
ously been reported in gray and Eastern wolves (reviewed 
in Mech and Boitani 2003; Grewal et  al. 2004; Jędrzejewski 
et al. 2005; Rutledge et al. 2010). Nevertheless, in our study, 
although unrelated individuals were occasionally adopted 
into a breeding pack, only 9% of red wolves employed this 
strategy (Figure  1), and breeding opportunities for these 
individuals was even rarer than for offspring within their 
natal pack (4% vs. 8%, respectively) (Figure 2).

It is worth noting that in our study, males and females 
were equally likely to be adopted, and 3 females and 1 male 
remained to breed in their adopted packs. This is surprising 
given the preponderance of male adoptees in gray wolves 
(Mech and Boitani 2003), and the lack of female immigrants 
observed in Yellowstone wolves (Vonholdt et al. 2008). Future 
studies should evaluate if differences in pack social structure 
in Canis species are attributable to species-specific factors, or 
whether strategies vary from population to population.

Another mechanism for outbreeding in wolves is through 
the arrival of new immigrants. Second to breeding-pair for-
mation by 2 unrelated individuals on an unoccupied home 
range (54% of breeding pairs), immigration of new individu-
als into a pack to assume already-vacant breeding positions 
(17% of breeding pairs) was the most prevalent mechanism 
conducive to inbreeding avoidance in red wolves (Figure 2). 
There was also evidence that an additional 12% of breed-
ing pairs were formed via male–male competition. Although 
there exists evidence of competition within groups for breed-
ing status among cooperative breeders (e.g., Mumme et  al. 
1983; Reyer 1986), little is known regarding active displace-
ment of resident breeders by competitors (but see Doolan 
and Macdonald 1996). Among gray wolves, intraspecific 
competition has been observed, but the extent to which this 
acts as a mechanism for breeder transition in a population 
is unknown (reviewed in Mech and Boitani 2003). In this 
study, there were 3 instances where a son took over from his 
father, although an additional 8 instances involved the arrival 
of an apparent competitor, followed by the death or depar-
ture of the breeding male (Figure  2). Evidence for female–
female competition was negligible, and the fact that males 

were also much more likely to be found outside their breed-
ing pack after vacating a breeding position suggests that com-
petition for breeding positions, should it occur, is generally 
among males.

Interestingly, although more anecdotal accounts have sug-
gested that the dominant pattern of pair formation in gray 
wolves corresponds to our option “1,”, where 2 lone individu-
als form a pair bond (reviewed in Vonholdt et  al. 2008), a 
recent study of the reintroduced Yellowstone population sug-
gested that only 7% (2 out of 29) of pairs conformed to this 
pattern (Vonholdt et  al. 2008). The remaining pairs were 
formed when packs split, a vacancy was filled by an unrelated 
individual, or a group of individuals dispersed to be joined by 
an opposite-sex group. It remains to be seen which pattern of 
pair formation is most prevalent in other wolf populations. 
It is possible that in the red wolf population, high levels of 
anthropogenic mortality exerting an additive effect on rates 
of pair-bond dissolution may be at least partially responsible 
for the high rate of pair formation by 2 lone individuals 
(Sparkman et  al. 2011c). However, in spite of this disparity 
in the prevalence of different strategies for breeding-pair for-
mation, both Yellowstone gray wolves and red wolves showed 
equally low levels of breeding between closely related individ-
uals (Vonholdt et al. 2008, this study), suggesting that at any 
frequency, the employment of any or all of these strategies 
may culminate in similar levels of inbreeding avoidance.

Extrapair reproduction and inbreeding avoidance

Like the gray wolf (e.g., Smith et al. 1997; Vonholdt et al. 2008), 
the red wolf appears to be a rare case of both social and genetic 
monogamy. In 174 breeding events, there were only 4 excep-
tions, 2 involving resident offspring, and 2 involving individu-
als from adjoining home ranges. Furthermore, although there 
can be intraspecific variation in mating system in response to 
differences in ecological variables (Sun 2003), it is notable that 
although the red wolf population density rose steadily over the 
study period, reaching high and stable numbers from 2000 to 
2007 (USFWS 2007), extrapair reproduction occurred so rarely 
so as to make any potential density-dependent increase in its 
frequency indiscernible. This suggests that although delayed 
dispersal of offspring and adoption of unrelated individu-
als into a pack may provide ample opportunity for extrapair 
reproduction, red wolves have a strong tendency to exhibit 
reproductive suppression of subordinates, thereby favoring the 
maintenance of monogamous pair bonds. Furthermore, high 
levels of territoriality may reduce the possibility of extrapack 
breeding with neighboring wolves. Thus, although extrapair 
reproduction may be an important mechanism for outbreed-
ing in other cooperative breeders (e.g., Sillero-Zubiri et  al. 
1996; Randall et al. 2007; Young et al. 2007), red wolves appear 
to rely more on mechanisms compatible with a genetically 
monogamous mating system.

concLuSIon

We found few instances of breeding between first-degree rela-
tives in the reintroduced red wolf population, suggesting that 
there are elements to the red wolf life cycle that reduce the risk 
of inbreeding incurred by delayed dispersal of offspring. High 
dispersal rates, potentially accompanied by behavioral repro-
ductive suppression prior to dispersal, likely contributed to low 
rates of inbreeding within a pack. Furthermore, the high pro-
portion of young wolves spending time alone, or as members of 
nonbreeding packs primarily composed of unrelated individu-
als, could act as a barrier to breeding among siblings after dis-
persal. Outbreeding was at least partially facilitated by unrelated 
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individuals immigrating into a pack to replace 1 or both breed-
ers (either serendipitously or actively via competition); however, 
although adoption of unrelated wolves into breeding packs did 
occur, these individuals seldom attained dominance. Similarly, 
red wolves did not appear to rely on extrapair reproduction 
with either adopted pack members or extrapack individuals for 
inbreeding avoidance, as they primarily exhibited both social 
and genetic monogamy, and 2 of the 4 instances of extrapair 
reproduction involved family members. Instead, the most sig-
nificant guarantor of outbreeding appeared to be the high 
proportion of breeding pairs formed in new territories by 2 
unrelated individuals.

In general, we conclude that an array of dispersal, postdis-
persal, and pair formation behaviors have the potential to 
work together to reduce rates of inbreeding, and any associ-
ated fitness costs, in the cooperatively breeding red wolf.

The Red Wolf Recovery Program is conducted by the USFWS, and 
we are grateful to Service personnel for their diligent efforts in the 
field and access to the data. The fieldwork was funded by the USFWS, 
and data analysis and write-up were supported by grants to DLM from 
the Canada Research Chairs program and the Natural Sciences and 
Engineering Research Council (Canada). The findings and conclu-
sions in this article are those of the authors and do not necessarily 
represent the views of the USFWS.
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Effects of sterilization on territory fidelity and
maintenance, pair bonds, and survival rates of
free-ranging coyotes

Cassity Bromley and Eric M. Gese

Abstract: Predation on sheep by coyotes (Canis latrans) is a longstanding problem for sheep producers. Current re-
search suggests that surgical sterilization of coyotes could prove to be an effective method of reducing their depreda-
tion rates on domestic sheep by modifying their predatory behavior. However, for sterilization to be a viable
management tool, the territorial and affiliative behaviors of pack members would need to remain in place. We tested
whether surgically sterilized coyotes maintained pair bonds and territories in the same manner as intact coyotes. We
also examined if territory fidelity and survival rates differed between sterile and intact coyotes. From June 1997 to
April 2000, 10 males and 9 females were sham-operated and radio-collared, while 20 males and 6 females were surgi-
cally sterilized and radio-collared. We monitored members of 5 sterile and 4 intact packs during 1998, 6 sterile and 7
intact packs during 1999, and 4 sterile and 6 intact packs through the 2000 breeding season. Behaviorally, sterile packs
appeared to be no different than intact packs. A half-weight association index showed that social dyads within sterile
coyote packs were located together as frequently as dyads within intact packs. Simultaneous radiolocations of members
of sterile packs showed that members of sterile packs were significantly closer to each other than would be expected
from random locations. There was no difference in size or degree of overlap between territories of sterile and sham-
operated coyote packs. Sterile coyotes had a higher annual survival rate than reproductive animals in 2 of the 3 years,
and there was no difference in the level of territory fidelity. We concluded that surgical sterilization did not modify the
territorial or affiliative behaviors of free-ranging coyotes, and therefore sterile coyotes could be used as a management
tool to exclude other potential sheep-killing coyotes.

Résumé: La prédation opérée sur les moutons par les Coyotes (Canis latrans) est un problème de longue date pour
les éleveurs de moutons. Des recherches récentes indiquent que la stérilisation chirurgicale des coyotes pourrait être
une façon efficace de diminuer les taux de prédation exercée sur les moutons domestiques car elle modifie le comporte-
ment prédateur des coyotes. Cependant, pour que la stérilisation soit un outil de gestion efficace, il faudrait que les
comportements territoriaux et les comportements d’affiliation restent les mêmes. Nous avons vérifié si les coyotes stéri-
lisés par chirurgie sont capables de maintenir la fidélité à un territoire et les liens entre deux individus aussi bien que
les coyotes témoins. Nous avons également vérifié si la fidélité au territoire et les taux de survie diffèrent chez les
coyotes stérilisés et les coyotes intacts. De juin 1997 à avril 2000, nous avons procédé à des opérations simulées sur
10 mâles et 9 femelles et stérilisé vraiment 20 mâles et 6 femelles et nous avons muni tous ces animaux d’un collier
émetteur. Nous avons suivi ainsi 5 meutes stériles et 4 intactes en 1998, 6 stériles et 7 intactes en 1999 et 4 stériles et
6 intactes pendant la saison de reproduction 2000. Le comportement des meutes stériles ne semblait pas différer de ce-
lui des meutes témoins. Un coefficient d’association (« half-weight association index ») a montré que les dyades socia-
les au sein des meutes stériles se retrouvaient ensemble aussi souvent que les dyades au sein des meutes intactes. Le
repérage simultané par radio de membres des meutes stériles a permis de constater que les individus des meutes stéri-
les se tiennent plus près les uns des autres que s’ils étaient répartis au hasard. Nous n’avons pas observé de différences
dans la taille des territoires ou l’importance du recoupement entre les meutes stériles et les meutes qui n’ont subi que
des opérations simulées. Le taux de survie annuel des coyotes stériles s’est révélé plus élevé que celui des coyotes re-
producteurs au cours de 2 des 3 années de l’étude et les deux groupes avaient le même degré de fidélité au territoire.
Nous concluons que la stérilisation par chirurgie ne modifie pas les comportements territoriaux ou les affiliations chez
les coyotes en nature. Les coyotes stérilisés pourraient ainsi être utilisés en gestion pour assurer l’exclusion d’autres
coyotes prédateurs de moutons.
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Introduction

People have been trying to prevent coyotes (Canis latrans)
from killing domestic sheep for as long as sheep grazing and
coyotes have coexisted. In Utah, ranchers reported the loss
of 19 000 lambs and sheep in 1997 (U.S. Department of Ag-
riculture 1998), and losses to predators have been cited as a
factor in ranchers leaving the industry (Gee et al. 1977). Till
and Knowlton (1983) suggested that provisioning of pups
may be a factor driving coyote predatory behavior. When
both pups and adult coyotes were removed, predation on
sheep declined by 98.8%. When just pups were removed and
adults were left in place, sheep losses declined by 91.6%. In
areas where no control was performed, losses declined by
4.2%. Those authors hypothesized that sterilization might be
even more effective because the sheep losses that occurred
before pups were removed would be avoided. In addition, if
sterilized coyotes maintain pair bonds and defend territories,
other benefits would accrue: pairs defending a territory could
exclude other potential sheep-killing coyotes, and these ben-
efits could continue for several years, as long as the coyotes
survived and pair bonds remained intact.

Sterilization has been discussed as a wildlife management
tool (Garrott 1995) in many contexts, including control of
rabies (Linhart and Enders 1964) and limiting the distribution
and numbers of animals such as feral horses (Kirkpatrick et
al. 1990), geese (Branta canadensis) (Converse and Kennelly
1994), deer (Odocoileus virginianus) (Matschke 1977; Plotka
and Seal 1989), burros (Turner et al. 1996), and red foxes
(Vulpes vulpes) (Linhart and Enders 1964; Oleyar and
McGinnes1974; Pech et al. 1997). However, the effect of
sterilization on wild carnivore behavior has not been widely
investigated (Asa 1995). Mech and Fritts (1993) reported
that 5 vasectomized wolves (Canis lupus) maintained territo-
ries and pair bonds. Haight and Mech (1997) developed a
model testing the use of vasectomy for wolf control. A study
of red foxes in Australia showed that during the first year af-
ter they were surgically sterilized, females maintained home
ranges similar in size to intact females, but overlap of home
ranges wasgreater among sterile vixens (Saunders and
McIlroy 1996).Dominance relationships, mortality rates, and
behavior did not change, and compensatory reproduction ap-
parently did not occur (Saunders and McIlroy 1996; Bubela
1999). Balser (1964) examined the effectiveness of diethyl-
stilbestrol drop baits in reducing coyote reproduction, but
did not examine any behavioral effects. Zemlicka (1995)
found no effect of sterilization on courtship and territorial
behaviors in captive coyotes.

Bromley (2000) demonstrated that packs of coyotes that
had been surgically sterilized killed sheep significantly less
often than packs of intact coyotes. However, for sterilization
to be effective in modifying the predatory tendencies of coy-
otes and reducing predation on sheep, the behavioral com-
ponents of coyote social ecology would need to remain
unchanged (Asa 1995). This study examined the behavioral
aspects of surgically sterilizing coyotes. Specifically, we ad-
dressed the following questions: (i) will free-ranging steril-
ized coyotes differ from reproductive coyotes in terms of
pair-bond maintenance? (ii ) will members of a sterile pack
remain together and maintain territory boundaries? (iii ) will

sterilization affect coyote pack size? (iv) will survival rates
differ between sterile and intact coyotes? and (v) will steril-
ization affect the residency rates of coyotes (i.e., the level of
territory fidelity), or will sterile members leave packs that
are not producing pups?

Methods

This study was conducted on 400 km2 of the Deseret Land and
Livestock Ranch in northeastern Utah. The primary vegetation type
is sagebrush steppe (Artimesia tridentata wyomingensis) with an
understory of grasses, including needle and thread grass (Stipa
comata), Indian rice grass (Oryzopsis hymenoides), and western
wheatgrass (Pascopyrum smithii). Crested wheatgrass (Agropyrum
desertorum) was planted on some areas of the ranch during the
1960s. Rocky outcrops and some irrigated meadow also make up a
small portion of the ranch. The area receives approximately 27 cm
of rainfall a year, and temperatures range from a winter average of
–9.5°C to a summer average of 15.6°C. Most of the ranch is grazed
by cattle each year.

During the spring and summer of 1997, coyotes were captured
using padded leg-hold traps with tranquilizer tabs (Balser 1965).
Traps were checked each morning and coyotes were weighed, aged
by tooth wear (Gier 1968), ear-tagged, sexed, and fitted with radio
transmitters (Advanced Telemetry Systems, Isanti, Minnesota). The
purpose of capturing animals in the summer and spring of 1997
was to confirm that the coyote packs would kill sheep, as well as to
allow for efficient capture of the pack with the aid of a helicopter
by relocating radio-collared coyotes during winter. Collared and
uncollared coyotes were captured using a helicopter and net gun
(Barrett et al. 1982; Gese et al. 1987) during December 1997, Jan-
uary 1998, and January 1999. Packs were randomly divided into
sham- and sterile-treatment groups. We captured and radio-collared
as many members of each pack as possible. All captured coyotes
were transported to a veterinary clinic for surgical sterilization. A
premolar was extracted from each animal for aging by cementum
annuli analysis (Linhart and Knowlton 1967). Females were sterilized
by tubal ligation and males by vasectomy, leaving the hormonal
system intact (Zemlicka 1995). Sham-treated animals underwent
the same surgical procedure, but sterilization was not completed.
All animals were held overnight for observation and released at the
point of capture the following morning.

When sheep were present, from mid-May to September, coyotes
were located once or twice daily from null telemetry stations or
with a hand-held antenna (Mech 1983; White and Garrott 1990).
Six null stations were placed on elevated points in an attempt to
cover much of the study area; telemetry error was ±1–2° for the
null stations. Coyotes were generally relocated during the time
when most coyote movement and activity occurred (evening, night,
and early morning). During the rest of the year, coyotes were lo-
cated every 2 weeks, either from the ground or during the day from
the air (Mech 1983). The software programLOCATE (Pacer, Truro,
Nova Scotia) was used to calculate location coordinates, andCALHOME

(Kie et al. 1996) was used to calculate adaptive kernel home-range
estimators (Worton 1989). Minimum pack sizes were estimated
from observations of coyote packs during aerial telemetry and re-
flect prewhelping (winter) pack sizes. To confirm the breeding sta-
tus of the pack, searches were made by foot and from the air in all
coyote territories to find dens and confirm the presence or absence
of pups. Response to simulated howling was also used to monitor
pup production (Harrington and Mech 1982).

Annual survival rates were calculated usingMICROMORT (Heisey
and Fuller 1985) by extrapolation of daily survival rates (Trent and
Rongstad 1974). Rates were calculated for animals of known fate;
these rates were compared with rates calculated assuming that all
missing animals still lived, and assuming that they had all died
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(Fuller 1989; Gese et al. 1989). The level of territory fidelity was
examined by calculating residency rates in the same manner as sur-
vival rates but substituting dispersal for death in the calculation
(Fuller 1989). Az test was used to compare both survival and resi-
dency rates between sterile and sham-operated coyotes.

Bonds between all radio-collared pack members were analyzed
by comparing the average distance between two animals located in
the same hour with the distance between random locations for the
same animals (Kitchen et al. 1999). At test was used to compare
the mean distances of simultaneous (<1 h apart) versus random
locations. A half-weight association index (Brotherton et al. 1997)
was also calculated:

n

n x y+ +1 2/ ( )

wheren is the number of times both animals were located together,
x is the number of times one animal was located without the other,
and y is the number of times the remaining animal was located
without thex animal. For animals that are always located together
the index is 1, and for animals that are never together it is 0.

Results

From June 1997 to April 2000, 10 males and 9 females
were sham-operated and 20 males and 6 females were steril-
ized and radio-collared; 3016 telemetry locations were col-
lected. Two females and 1 male were initially captured and
sham-operated in 1998, then recaptured and sterilized in the
second year. In 1998, coyotes from 9 packs were radio-
collared (5 packs of sterile coyotes and 4 packs of sham-
operated coyotes). In 1999 and 2000, coyotes from 10 packs
were radio-collared (4 packs of sterile coyotes and 6 packs
of sham-operated coyotes). In three cases sterile animals
were present in breeding packs, but they were associates
rather than members of the breeding pair. We monitored
members of 5 sterile and 4 intact packs during 1998, 6 ster-
ile and 7 intact packs during 1999 (4 sterile and 3 intact
packs were the same in 1998 and 1999), and 4 sterile and 6
intact packs through the 2000 breeding season (all 4 sterile
and all 6 intact packs in 2000 were monitored previously in
1999).

Pack affiliations and pair bonds
Sterile coyotes maintained pair bonds similarly to sham-

operated packs. The half-weight association index scores for
4 sterile breeding pairs were between 0.41 and 0.72 (Ta-
ble 1). We did not have a comparable sample of sham-

operated pairs, but these sterile pairs were located together,
on average, 57% of the time. When we compared the half-
weight association index scores for all dyads from sterile
packs (x = 0.313) with all dyads from sham-operated packs
(x = 0.19) summed over both years, there was no significant
difference in the scores between all members of sham-
operated and sterile packs (t = 1.32, P = 0.198). In 1999,
sterile dyads (x = 0.444) had a significantly higher score (t =
2.45,P = 0.031) than sham-operated dyads (x = 0.199). This
is probably due to a greater number of breeding pairs being
captured and radio-collared in the sterile cohort and a greater
number of nonbreedingassociates being radio-collared in the
sham-operated cohort.

The average distance between members of a sterile breed-
ing pair located within the same hour was 0.47 km (n = 4
pairs; Table 2). In Colorado, Kitchen et al. (1999) calculated
an average distance of 1.07 km between members of the
same pack.Breeding members of sterile packs were signif-
icantly (t = –10.17,P < 0.0001) closer to each other than
would be expected from random locations (x = 2.06 km
apart). In 1998, when the distances for all dyads from sterile
packs are compared with random locations, the difference is
not significant (t = –1.68,P = 0.11). This is probably due to
the small number of locations available for each animal
(mean 15.5), and 6 of the 10 dyads were from comparisons
of distances between members of 1 large pack.When the
distances for all dyads from sterile packs for 1999 are
comparedwith random locations(mean points/animal = 121),
the dyads are significantly closer than would be expected (t =
–2.70, P = 0.016). In 1999, all dyads from sham-operated
packs were also closerthan expected when compared with
random locations (t = –3.03,P = 0.016). The composition
of sterile coyote packs persisted over several years, and was
similar to relations among individuals in intact packs.

Home-range size and overlap
The density of coyotes in the study area was fairly high,

and all available territories were filled (i.e., evidence such as
scats and tracks was present even in areas where coyotes
were not radio-collared). The mean territory size (90%
isopleth) forsterile packs was 17.4 km2 (n = 5), while terri-
tories of sham-operated packs (n = 6) averaged 16.8 km2

(Fig. 1); there was no significant difference (t = –0.196,P =
0.85) between territory sizes of sterile and sham-operated
packs. Average overlap between coyote territories drawn to
the 95% isopleth was 21% (range 0–39%). The core areas
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1998 1999

Male–female Male–male Male–female Male–male

Sterile packs 0.54 0.57 0.53 0.36
0.38 0.18 0.61 0.03
0.08 0.07 0.03 0.54
0 0.31 0.41
0.06 0.72
0.07 0.52

Sham-operated packs 0.14 na 0.16 0.08
0.20 0.27 0.35

0.12

Table 1. Half-weight association index scores for coyote dyads in sterile and sham-
operated packs, Deseret Land and Livestock Ranch, Utah, 1998–1999.
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(estimated at the 60% isopleth) between 2 packs overlapped
only once: 3% between two packs. There was no significant
difference between the average overlap of 2 adjacent sterile
packs and the overlap of a sterile pack with an adjacent
sham-operated pack (t = 0.19,P = 0.85). Nor was the aver-
age overlap between 2 adjacent sterile packs significantly
different from that between 2 adjacent sham-operated packs
(t = –0.01,P = 0.91).

Territory fidelity
In 1998 there was no significant difference between the

annual residency rate of sham-operated and sterile coyotes
(z = 0.86, P = 0.195). Sham-operated coyotes remained in
territories at an annual rate of 0.88 (1 coyote dispersed) and
sterile coyotes at a rate of 0.74 (3 coyotes dispersed); in cal-
culating rates, animals of unknown fate were censored. In
1999, only 1 sterile male coyote is known to have dispersed
from its territory. In 2000 there were no confirmed dispersals
of coyotes in either treatment group from their territory.
Thus, sterile coyotes remained within their territory at simi-
lar rates to members of reproductive packs. The lack of re-
production in the sterile packs did not increase abandonment
of the territory, even after 3 breeding seasons.

Pack size
Our purpose in using sterilization was to modify the pred-

atory behavior of coyotes by reducing the motivation of
provisioning pups. However, because sterilization could af-
fect pack size, we compared minimum observed pack sizes
between sham-operated and sterile coyote packs. This mini-
mum count represents prewhelping (winter) pack size. In
1998 the mean size of sterile and sham-operated packs was
2.8 and 3.0, respectively (t = –0.25,P = 0.80). In 1999 the
mean size of sterile and sham-operated packs was 2.2 and
3.4 coyotes, respectively (t = –1.42,P = 0.18). In 2000 the
average size of the sham-operated packs was 3.0 coyotes and
that of the sterile packs was 2.4 coyotes (t = –1.04, P =
0.32). Thus, over 3 years there was no appreciable effect of

sterilization on the number of coyotes in each pack observed
in winter. We emphasize that these pack-size estimates are
from winter, after most dispersal of young has occurred.
Pups were produced in the intact packs, but these pups had
either dispersed or died by the next breeding season (Janu-
ary), hence the size of the core social unit remained un-
changed between reproductive and non-reproductive packs.

Survival
Forty-two coyotes were radio-collared and monitored for

22 167 radio-days over the course of the study; 20 coyotes
were alive and accounted for at the end of the study. Nine
coyotes were known to have died during the course of the
study: 4 died of unknown causes and 5 were shot (usually
outside the study area). Survival rates calculated when miss-
ing animals were censored versus rates calculated assuming
that missing animals had died and then assuming that they
still lived were not significantly different (z = 0.116, P =
0.45). In 1998, the annual survival rate for sham-operated
and sterile coyotes was 0.57 and 0.91, respectively (z = 2.06,
P = 0.02). In 1999, sterile and sham-operated coyotes had an
annual survival rate of 0.91 and 0.60, respectively (z = 1.36,
P = 0.09). In 2000 (January–April), sham-operated coyotes
had a higher survival rate (1.00) than sterile coyotes (0.89)
(z = 1.56,P = 0.03).

Discussion

A major concern when contraceptive intervention is used
with canids is the effects on behavior and social structure
(Asa 1995). Our results indicate that surgical sterilization
had no effect on pair-bond maintenance and territorial be-
havior among free-ranging coyotes. Sterile packs of coyotes
remained together, in the same territory, even after no pups
had been produced for 3 years. This observation of no be-
havioral change is supported by the results of other studies
of sterile carnivores. Zemlicka (1995), working with captive
coyotes, observed that sterile coyotes displayed all social
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Male–female Male–male

Concurrent Random Concurrent Random

Sterile pack 0.584 2.195 0.574 2.030
0.424 2.327 3.324 3.429
3.494 3.677 0.399 2.189
0.652 1.733 0.383 1.438
0.222 2.112 0.949 1.485
0.373 2.203 0.212 2.300
0.563 1.624 0.776 1.838
0.185 0.842
2.902 3.530
2.761 2.718
2.757 3.065
2.082 2.166

Sham-operated pack 2.117 3.019 1.303 1.638
1.190 2.822 0.919 2.278
1.258 1.421 1.912 3.164
1.401 2.538

Table 2. Distances (km) between members of social dyads in sterile and sham-operated
coyote packs when located in the same hour, compared with random pairs of locations,
Deseret Land and Livestock Ranch, Utah, 1998–1999.
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behaviors similarly to intact animals. In Minnesota, Mech et al.
(1996) vasectomized 5 free-ranging wolves and found that
all of them stayed in their respective territories after steril-
ization, although 1 male dispersed after 2 years and formed
a new pair bond in another pack. One vasectomized wolf re-
mained in his territory for 7 years before he was killed. In
another study, a contraceptive implant (melengesterol acetate)
was administered to 10 free-ranging female lions (Panthera
leo) (Orford and Perrin 1988). The treated lionesses pro-
duced no cubs but remained as members of their prides, and
no behavioral changes were noted. Red fox vixens have also
been surgically sterilized, with no evidence of changes in
their social behavior, dominance relationships, or survival
(Bubela 1999).

Territory overlap for sterile coyote packs was similar to
that for sham-operated packs, and associate animals stayed
with the pack. We also found no significant difference be-
tween the sizes of territories occupied by sterile and sham-
operated packs. Red fox vixens that had been surgically
sterilized maintained home ranges similar in size to those
of intact females; however, home-range overlap increased
among sterile females (Saunders and McIlroy 1996). Since
our surgical-sterilization method (vasectomy and tubal ligation)
left all hormonal systems intact (Zemlicka 1995), the results
may not be the same if spaying and castration (in which re-
productive systems are removed) are employed. Modification

of hormonal systems (e.g., castration) could have a negative
effect on behavior (Asa 1995). Territorial defense, aggres-
sion, pair-bond formation, and scent-marking behavior ap-
pear to be hormone-dependent (Asa et al. 1990; Asa 1995).
Therefore, the method of sterilization used should leave the
hormone systems intact.

While our principal aim in sterilizing the coyotes was to
modify their predatory behavior, a concern with sterilization
is that it may affect population size. Although we did not
study the long-term population effects of sterilization, during
the 3 years (1998–2000) of aerial telemetry and observation
in winter, prewhelping (winter) pack sizes did not differ be-
tween sham-operated and sterile coyote packs. We empha-
size that pup production was confirmed in the intact packs,
but loss of pups due to either dispersal or death reduced
these intact packs to levels similar to those of sterile packs
by the following winter. Thus, since territory size and pack
size were unchanged, the winter density of coyotes in the
study area was not reduced. If “problem” animals in individual
packs are closely targeted for sterilization, then any long-
term population effect should be minimal. Applying steril-
ization on a larger scale may affect a population, but this
remains untested.

Because we sterilized as many pack members as possible,
we have no data on whether nonsterile associates would re-
produce, or replace sterile alpha coyotes. It is important that
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Fig. 1. Territories (90% isopleth) of sham-operated and sterile coyote packs, Deseret Land and Livestock Ranch, Utah, 1999.
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the breeding pair be identified and targeted if possible, which
can prove difficult, particularly in areas where coyote packs
are large. During our study we captured as many coyotes as
possible from each pack and treated all members accord-
ingly in the attempt to stop pup production (i.e., the sample
unit in our study was the social group or pack). In research
with red foxes (Bubela 1999), where only the dominant vixen
was sterilized, none of the 3 vixens was replaced in the first
year. In the second year, 1 sterile dominant female was re-
placed by her sister.

Sterile coyotes had a significantly higher annual survival
rate than reproductive animals in 2 of the 3 years. Sterile an-
imals did not incur reproductive costs, but since there was no
significant difference between survival rates of males (0.78)
versus females (0.52) (for 2 years,z = –1.03,P = 0.15), this
may not explain the difference in survival rates. Our results
may have been confounded by the number of coyotes that
were shot. Coyotes were most often shot when off the study
area (shooting was prohibited in the study area), and some
of the “missing” coyotes were probably also shot. However,
our survival rates are similar to those reported for mostly un-
exploited coyote populations. Gese et al. (1989) studied a
relatively unexploited population in southeastern Colorado
and reported annual survival rates of 0.72–0.80, while Andelt
(1985) reported an annual adult survival rate of 0.68 in south
Texas.

Territory fidelity, as measured by residency rates, did not
differ significantly between the two treatment groups. The
sterile animals appeared to be more likely to disperse than
the sham-operated animals, but the sample size was small
(5). Intuitively, fewer internal pressures or stresses in the ab-
sence of pup recruitment should lessen the need for other
pack members to disperse (Gese et al. 1996), but our find-
ings do not support this assumption. Associates may gain
advantages by staying, particularly in areas where larger pack
size may facilitate the killing and defense of larger prey
(Bekoff and Wells 1986; Gese et al. 1996). Our dispersal
rates for adults were similar to those reported in the litera-
ture (Gese et al. 1989) for an unexploited coyote population.
We only examined residency rates for adult coyotes. Be-
cause we did not radio-collar pups or juvenile coyotes, and
capture efforts were made during December and January (af-
ter the main pulse of dispersal would have occurred), we
were unable to estimate dispersal rates. If we had radio-
collared pups in the fall, then dispersal could have been
measured in the intact packs but not in the sterile packs.

Attempts to limit coyote predation on sheep often involve
removing as many coyotes as possible. This type of nonspe-
cific control often has limited effectiveness (Conner et al.
1998). Not all coyotes kill sheep (Sacks et al. 1999; Bromley
2000) and most killing is performed by the breeding pair
(Sacks et al. 1999). Thus, the removal of coyotes that are not
actually killing sheep could be counterproductive, opening
territories to other potential sheep-killing coyotes. Bromley
(2000) demonstrated that sterile coyote packs killed fewer
sheep than packs with pups. Provisioning of pups appears to
be a major motivation for coyotes to kill more larger, more
profitable prey (Till and Knowlton 1983). Because packs of
sterile coyotes maintained pair bonds and territories, and had
higher survival rates in 2 of 3 years, a sterile coyote pair
could prove to be a viable management tool to reduce coyote

predation on sheep. Coyotes are long-lived and highly territo-
rial (Knowlton et al. 1999), thus a sterile pair could exclude
other potentially sheep-killing coyotes for several years if the
sterile coyotes are allowed to survive. Sterilization could
also prove an effective management tool where lethal con-
trol is not a socially acceptable option. Sterilization may be
more acceptable to the public (Arthur 1981; Cluff and
Murray 1995; Mech et al. 1996) than lethal control methods
such as aerial hunting or trapping. Although our method of
sterilization may appear to be costly (~$560 per coyote), an
alternative chemical sterilant (DeLiberto et al. 1998) that
does not affect the hormonal system (Asa 1995) and could
be delivered effectively and economically may be an effi-
cient method to sterilize coyotes and modify their predatory
behavior while leaving social behaviors intact.
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Dynamics of Hybridization and Introgression in Red
Wolves and Coyotes

RICHARD J. FREDRICKSON∗ AND PHILIP W. HEDRICK
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Abstract: Hybridization and introgression are significant causes of endangerment in many taxa and are
considered the greatest biological threats to the reintroduced population of red wolves (Canis rufus) in North
Carolina (U.S.A.). Little is known, however, about these processes in red wolves and coyotes (C. latrans). We used
individual-based simulations to examine the process of hybridization and introgression between these species.
Under the range of circumstances we considered, red wolves in colonizing and established populations were
quickly extirpated, persisted near the carrying capacity, or had intermediate outcomes. Sensitivity analyses
suggested that the probabilities of quasi extinction and persistence of red wolves near the carrying capacity
were most affected by the strength of two reproductive barriers: red wolf challenges and assortative mating
between red wolves and coyotes. Because model parameters for these barriers may be difficult to estimate,
we also sought to identify other predictors of red wolf population fate. The proportion of pure red wolves in
the population was a strong predictor of the future probabilities of red wolf quasi extinction and persistence.
Finally, we examined whether sterilization can be effective in minimizing introgression while allowing the
reintroduced red wolf population to grow. Our results suggest sterilization can be an effective short-term strategy
to reduce the likelihood of extirpation in colonizing populations of red wolves. Whether red wolf numbers are
increased by sterilization depends on the level of sterilization effort and the acting reproductive barriers.
Our results provide an outline of the conditions likely required for successful reestablishment and long-term
maintenance of populations of wild red wolves in the presence of coyotes. Our modeling approach may prove
generally useful in providing insight into situations involving complex species interactions when data are few.

Keywords: Canis rufus, hybridization, introgression, persistence, reproductive barriers, sensitivity analysis

Dinámica de la Hibridación e Introgresión en Lobos Rojos y Coyotes

Resumen: La hibridación y la introgresión son causas significativas de peligro en muchos taxa y son con-
sideradas como las mayores amenazas biológicas para las poblaciones reintroducidas de lobos rojos (Canis

rufus) en Carolina del Norte (E.U.A.). Sin embargo, se conoce poco sobre estos procesos en lobos rojos y coy-
otes (C. latrans). Utilizamos simulaciones basadas en individuos para examinar los procesos de hibridación e
introgresión entre estas dos especies. Bajo el rango de circunstancias que consideramos, los lobos rojos eran ex-
tirpados rápidamente de poblaciones colonizadoras y establecidas, persist́ıan cerca de la capacidad de carga,
o tenı́an resultados intermedios. Los análisis de sensibilidad sugirieron que las probabilidades de cuasi ex-
tinción y persistencia de lobos rojos cerca de la capacidad de carga se vieron afectadas por la fortaleza de dos
barreras reproductivas: retos de los lobos rojos y apareamiento concordante entre lobos rojos y coyotes. Debido
a que la estimación de los parámetros de estas barreras en el modelo puede ser dif́ıcil, también buscamos
identificar otros predictores de las probabilidades futuras de la cuasi extinción y persistencia de lobos rojos.
Finalmente, examinamos si la esterilización puede ser efectiva para minimizar la introgresión y al mismo
tiempo permita que crezca la población reintroducida de lobos rojos. Nuestros resultados sugieren que la
esterilización puede ser una estrategia efectiva a corto plazo para reducir la probabilidad de extirpación en
poblaciones de lobos rojos colonizadoras. El incremento del número de lobos rojos debido a la esterilización
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depende del nivel de esfuerzo de esterilización y de las barreras reproductivas activas. Nuestros resultados
proporcionan un bosquejo de las condiciones requeridas para el reestablecimiento exitosos y mantenimiento
a largo plazo de poblaciones de lobos rojos silvestres en presencia de coyotes. Nuestro modelo puede ser útil
para el entendimiento de situaciones que involucran interacciones complejas entre especies y los datos son
escasos.

Palabras Clave: análisis de sensibilidad, barreras reproductivas, Canis rufus, hibridación, introgresión, persis-

tencia

Introduction

Hybridization and introgression occur naturally among
many plants, insects, fishes, birds, and other organisms
and are thought to be an important aspect of evolution-
ary change (Smith et al. 2003). However, they may also
be a significant cause of endangerment in other taxa
(Rhymer & Simberloff 1996; Levin 2002). Hybridization
and introgression can cause the elimination of one or
both parental species when no genetically “pure” individ-
uals remain. In some cases, extinction of parental species
can occur in only a few generations (Wolf et al. 2001).
The recent increase in species threatened by hybridiza-
tion and introgression is largely a result of formerly al-
lopatric species that are closely related becoming sym-
patric through direct transport of one species by humans
or by human-caused habitat change facilitating range ex-
pansion (Rhymer & Simberloff 1996).

Whether hybridization and introgression are limited to
a zone between species ranges or act to eliminate one
or both parental species is largely determined by the
strengths and types of reproductive barriers operating in
a system (Wolf et al. 2001; Coyne & Orr 2004). Among
species that hybridize, either multiple prezygotic barri-
ers or a combination of prezygotic and postzygotic barri-
ers are generally necessary to prevent the loss of one or
both parental species. If substantive reproductive barri-
ers are lacking, there may be little hope of maintaining
in the wild a species threatened by hybridization (Rosen-
feld et al. 2004). Knowledge of and quantitative data for
these barriers, however, are commonly lacking for species
threatened by hybridization. This and the complexity of
species interactions can make the likely outcome of hy-
bridization difficult to predict.

Red wolves (Canis rufus) occurred historically throu-
ghout southeastern North America from eastern Texas
into Pennsylvania and perhaps through Maine (Nowak
2002). Prior to European settlement of North America,
the geographic range of red wolves had little overlap with
that of coyotes (C. latrans), whose eastern limits largely
coincided with the westerly plains (Nowak 2002). By the
early 1900s the combination of direct persecution, forest
clearing, road building, and perhaps the decline of deer
herds had eliminated red wolves from most of their his-
toric range (USFWS 1989), and hybridization between red

wolves and coyotes had begun in central Texas (Nowak
2002). By the 1960s red wolves were confined to a single
small population in Louisiana and Texas, encompassed by
coyotes that had expanded their range eastward (USFWS
1989).

Upon learning that few red wolves remained in the wild
and that they were interbreeding with coyotes, the U.S.
Fish and Wildlife Service (USFWS) listed red wolves as
endangered in 1967 and initiated a captive breeding pro-
gram for them in 1973 (Riley & McBride 1975; USFWS
1989). Over the next 7 years, more than 400 wild canids
were captured from the area of the remaining red wolf
population. Fewer than 10% of the canids captured were
determined to be pure red wolves, underscoring the pre-
carious status of the species in the 1970s. Ultimately 14 of
the red wolves brought into captivity founded the current
population of red wolves. Reintroduction efforts began
in 1986, and wolves were first released into northeastern
North Carolina (NENC) in 1987. By the early 1990s coyo-
tes began to colonize the reintroduction area, and pairings
between wolves and coyotes and the production of hy-
brid offspring were subsequently observed (Phillips et al.
2003). Introgression of coyote ancestry is considered the
greatest biological threat to the reintroduced population
of red wolves (Kelly et al. 1999), which currently numbers
about 100 individuals (B. Fazio, unpublished data).

Hybridization between wolves and other canids is not
exclusive to red wolves. Analyses of mitochondrial DNA
indicate past introgression of coyote ancestry into gray
wolves (Canis lupus lycaon) in Minnesota and southeast-
ern Canada (Lehman et al. 1991). Other information in-
dicates hybridization is ongoing in Ontario (Kolenosky &
Standfield 1975). Hybridization with domestic dogs is also
considered a factor in the decline of Ethiopian wolves,
where dogs (C. familiaris) outnumber wolves by as much
as 10 to 1 (Gottelli et al. 1994).

We use individual-based simulations with a focus on the
effects of reproductive barriers to explore the dynamics
of hybridization and introgression in the wild population
of red wolves in NENC and for red wolves more generally.
Little quantitative data exist on red wolf and coyote de-
mography and reproductive barriers, and the range of re-
productive barriers operating is unknown. Consequently,
we also focused on elucidating the factors with the great-
est potential effects on hybridization and the conditions
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under which red wolves are likely to persist in the pres-
ence of coyotes. We addressed four questions: (1) What
are the potential effects of introgression on small popula-
tions of red wolves? (2) What parameters (and reproduc-
tive barriers) most strongly affect the probabilities of red
wolf extinction and maintenance of population numbers
near the carrying capacity? (3) Is it possible to predict
the fates of red wolf populations using metrics readily
estimated in the field? and (4) Is sterilization effective
in minimizing introgression while allowing the red wolf
population to grow? We believe that our modeling ap-
proach may be generally useful in providing new insights
into situations involving complex interactions between
species when data are few.

Methods

To explore the dynamics of hybridization between red
wolves and coyotes, we used individual-based simula-
tions implemented in the Visual Basic programming lan-
guage. In the simulations, individual red wolves, hybrids,
and coyotes chose mates, reproduced, survived, and dis-
persed in time steps of 1 year. The simulations assumed
that interactions between the two populations were
consistent with a continent-island model of gene flow
(Hedrick 2005), where red wolves form a small “island”
population adjacent to a much larger “continental” popu-
lation of coyotes. The island habitat space was occupied
by red wolves, immigrant coyotes, and hybrids, whereas
the overall coyote population occupied separate but ad-
jacent habitats not explicitly modeled in the simulations.
With this model of gene flow, there will be ongoing coy-
ote immigration and hybridization even if red wolf pairs
fill all the island habitat space, but immigration of hy-
brids into the large continental population of coyotes is
assumed to have a negligible effect on allele frequencies.
The effects of reproductive barriers on red wolf persis-
tence or extinction, however, will differ little from that in
standard hybrid zones.

For colonizing populations we started simulations with
eight pairs of wolves and a carrying capacity of 50 pairs.
This approximated the number of red wolf pairs present
when hybridization with coyotes was thought to have be-
gun (Phillips et al. 2003). Although the carrying capacity
for red wolf pairs in and around the recovery area is un-
known, it likely does not exceed about 50 pairs (Kelly
et al. 1999; Phillips et al. 2003). To simulate established
populations, we started with 50 pairs of red wolves and
allowed these populations to equilibrate for 25 years be-
fore pairing with coyotes began. These simulations then
ran for 100 additional years. To explore the mechanistic
causes of red wolf extirpation and the utility of steriliza-
tion in limiting introgression, we used several sets of 1000
simulations with a range of starting conditions and param-
eter values (heuristic simulations Table 1). (Supplemen-

tal information on mating decisions, demographic rates,
sensitivity analysis, parameterization, and management of
hybridization is available [see Supplementary Materials
below].)

Mating Decisions

In the simulations, coyote gene flow into the red wolf
population was controlled by red wolf and hybrid mate
selection. Molecular data suggest that hybridization be-
tween wild red wolves and coyotes in NENC is bidi-
rectional and that hybrids backcross with both parental
species (Adams et al. 2003). Consequently, pairing rules
did not differ by sex and hybrids were able to backcross
with red wolves and coyotes in our simulations. We as-
sumed that the probability of a red wolf pairing with a
coyote (PWC) declines as the number of red wolves and
hybrids increase. We modeled this decrease with the ex-
ponential function

PWC = PmaxeNrW , (1)

where Pmax is the maximum probability of a red wolf pair-
ing with a coyote, N is the number of red wolf and hybrid
individuals in the population, and rW is a constant affect-
ing the rate of change in PWC. When N = 0, PWC = Pmax.
The value of rW for a set of simulations can be calculated
as

rW = ln (Pmin/Pmax)

Nthresh

, (2)

where Pmin is the minimum probability of a red wolf pair-
ing with a coyote and Nthresh is the threshold number of
red wolves and hybrids in the population at which Pmin is
reached. To calculate the probability of a hybrid pairing
with a coyote (PHC), the probability of a coyote pairing
with a coyote (PCC) must first be calculated

PCC = (1 − Pmax) eNrC , (3)

where

rC = ln[(1 − Pmin)/(1 − Pmax)]

Nthresh

.

Finally

PHC = PWC + (1 − AH ) × (PCC − PWC), (4)

where AH is the proportion of red wolf ancestry of the
hybrid. This proportion ranges from 0 for coyotes to 1
for pure red wolves; F1 hybrids have red wolf ancestry
of 0.5. Therefore, the increased probability of a hybrid
pairing with a coyote relative to that of a red wolf was
proportional to the ancestry difference between a red
wolf and the hybrid. In short, the probability of a red
wolf or hybrid pairing with a coyote was determined by
their abundance, the pairing parameters, and the ancestry
of hybrids. Coyotes entered the simulations only when a
red wolf or hybrid chose to pair with a coyote, and they
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Table 1. Parameter values and ranges used in heuristic simulations and sensitivity analysis for red wolves (W), coyotes (C), and hybrids (H).∗

Heuristic simulations Sensitivity analysis ranges

Parameter maximum minimum maximum minimum

Red wolf survival
resident adult 0.8 0.8 0.72–0.89 0.67–0.89
resident yearling/adult ratio 0.88 0.75 0.88–1.00 0.67–0.82
resident pup 0.49 0.32 0.4–0.7 0.23–0.42
adult transient/resident ratio 0.95 0.8 0.79–1.00 0.77–0.87
yearling transient/resident ratio 0.95 0.75 0.79–1.00 0.77–0.87
pup transient/resident ratio 0.80 0.72 0.79–1.00 0.75–0.89

Red wolf fecundity and dispersal
adult fecundity 2.5 1.9 1.62–3.45 1.63–2.45
yearling/adult fecundity ratio 0.8 0.68 0.80–0.95 0.69–0.78
pup fecundity 1.2 1.0 0.5–1.2 0.02–1.12
pup dispersal probability 0.10 0.05 0.10–0.35 0.05
yearling dispersal probability 0.40 0.35 0.40–0.83 0.35

Coyote survival
resident adult 0.7 0.7 0.69–0.87 0.69–0.87
resident yearling/adult ratio 0.93 0.93 0.9–1.0 0.75–0.80
resident pup 0.47 0.4 0.4–0.6 0.24–0.44
adult transient/resident ratio 0.95 0.86 0.8–1.0 0.62–0.70
yearling transient/resident ratio 0.95 0.82 0.8–1.0 0.67–0.75
pup transient/resident ratio 0.79 0.68 0.78–0.90 0.67–0.83

Coyote fecundity and dispersal
adult fecundity 3.5 2.1 2.63–3.87 2.05–2.50
yearling/adult fecundity ratio 0.8 0.71 0.80–0.95 0.66–0.76
pup fecundity 2.0 0.25 1.13–2.62 0.1
pup dispersal probability 1.0 0.3 0.9–1.0 0.2–0.5
yearling dispersal probability 1.0 0.25 1.0 0.10–0.50

Mate selection
probability of W:C pairing 0.05 0.01 0.05–0.25 0.01–0.15
threshold number of H & W for — 120 na 50–120

minimum W:C pairing probability
number of mate candidates 1, 3 — 1–5 —
number of challenge candidates 3 — 1–5 —
probability of challenger success 0.5 — 0.0–0.5 —

Ancestry threshold for H emigration 0.05 — 0.01–0.20 —

∗Details on the bases for parameter values and ranges are available (see Supplementary Material).

were terminated from the simulation when the coyote or
its mate died. We assumed that there were always single
coyotes available for pairing.

If a wolf or hybrid chose not to pair with a coyote,
then one or more unpaired individuals (singles) of the
opposite sex were randomly drawn and the single clos-
est in red wolf ancestry was selected as its mate. Pairings
among single red wolves and hybrids were random when
one mate candidate (a single considered for pairing) was
specified at program start (Table 1) because mate candi-
dates were selected at random from singles of the oppo-
site sex. When more than one mate candidate was spec-
ified, red wolves tended to mate with other red wolves
over hybrids (assortative mating), depending on the pro-
portion of red wolves of the opposite sex in the singles
pool. Similarly, hybrids tended to mate with other hybrids
of like ancestry rather than red wolves, slowing the rate
of introgression.

Although patterns of mate selection by hybrids and
red wolves in NENC are unknown, assortative mating

among hybrids and red wolves based on levels of red wolf
ancestry and mate availability is a conservative first hy-
pothesis. Prezygotic reproductive barriers are common
among hybridizing species (Coyne & Orr 2004), and as-
sortative mating is a common prezygotic barrier among
formerly allopatric species. Also, assortative mating based
on ancestry (or body size) may be advantageous for male
and female red wolves because it would allow red wolf
pairs to retain territories and minimize risk to their off-
spring in the presence of strong intraspecific aggression.
Prezygotic and extrinsic postzygotic barriers, however,
become weaker in F2 and backcross generations as hy-
brids become more like pure species (Coyne & Orr 2004),
suggesting that hybrids with high levels of red wolf an-
cestry may be the second-most desired mate choice by
red wolves. Assortative mating among red wolves may
enforce assortative mating among hybrids to an extent
when few red wolves are willing to pair with hybrids,
particularly those with low or moderate levels of red wolf
ancestry.
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In recent years, single red wolves or wolf pairs in NENC
have challenged and displaced paired and single hybrids
on at least eight occasions, taking over their home ranges
(B. Fazio, unpublished data). In these incidents all dis-
placed individuals were hybrids, except in one incident
when a pair of red wolves displaced a pair consisting of a
hybrid and a red wolf. No coyotes or hybrids are known to
have displaced red wolves. Displacements and mortality
from intraspecific aggression are also relatively common
among red wolves in the colonizing population in NENC
(Phillips et al. 2003; A. Beyers, unpublished data).

Consequently, red wolves in simulated populations
could challenge paired coyotes and hybrids for their
mates. For each individual challenger, one or more mixed
pairs (those including a coyote or hybrid) were randomly
chosen (“challenge candidates” Table 1). The red wolf
challenged for the canid of the opposite sex with the
highest ancestry among the randomly chosen pairs, pro-
vided that it was higher than that of its current mate or
>0.5 for single challengers. The probability of the chal-
lenging wolf dropping its current mate and pairing with
the potential new mate was the product of the probability
of challenger success (Table 1) and the absolute value of
the ancestry difference between the potential new mate
and its current mate. Therefore challengers were more
likely to pair with animals of high red wolf ancestry.

Demographic Rates

In simulations, survival, fecundity, and dispersal rates
were stochastic and density dependent. Maximum demo-
graphic rates were reached when there were no canid
pairs, and minimum rates were reached when there were
50 pairs. The ancestry threshold for hybrid emigration
(Table 1) was the ancestry level at which hybrids were
assumed to immigrate to the coyote population (Table 1).

Sensitivity Analysis

We conducted sensitivity analyses to determine which bi-
ological parameters (Table 1) in our simulations had the
greatest effects on persistence of red wolves in the pres-
ence of hybridization and introgression. To do this, we
first generated 5000 parameter sets with each parameter
value randomly drawn from uniform distributions of plau-
sible ranges (see Table 1 and Supplementary Material).

We used results from half of the sensitivity simulations
to construct logistic regression models to identify the pa-
rameters that most affected the probabilities of quasi ex-
tinction and persistence of red wolves at year 50 (Mc-
Carthy et al. 1995; Cross & Beissinger 2001). Logistic reg-
ression uses one or more independent variables to esti-
mate the probability of occurrence of a binary outcome
(e.g., quasi extinction or not). Regression coefficients
standardized by their standard errors, a measure of their
uncertainty, can be used to identify the parameters with
the greatest effects on the probability of quasi extinction

or persistence (McCarthy et al. 1995). We used forward
stepwise selection procedures to identify an initial set of
parameters of potential importance. From this initial set,
we identified the most important parameters by examin-
ing their standardized regression coefficients, their levels
of significance in the regression, the change in model log-
likelihood values if dropped, the contribution to Nagelk-
erke R2, and their ability to improve the classification
accuracy of the model.

We constructed separate logistic regression models to
estimate the probabilities of quasi extinction (<10 red
wolf pairs) and of persistence (>40 red wolf pairs) at year
50. Simulation results indicated that all populations with
<10 red wolf pairs at year 50 were extirpated by year 100.
Simulations not used in model construction were used to
assess the ability of logistic regression models to correctly
predict the fates of simulated populations.

Parameterization

Little quantitative information exists on demographic rat-
es, pairing decisions, and other possible reproductive bar-
riers between red wolves and coyotes in NENC. To set
demographic rate ranges for red wolves, we used all avail-
able information from the reintroduced and captive popu-
lations (Phillips et al. 2003; Waddell 2003). Because these
data were limited, we also used information from stud-
ies of gray wolf populations at or near saturation densi-
ties and colonizing or intensively controlled populations
(see Supplementary Materials). Red wolves in NENC are
ecologically and behaviorally similar to gray wolves and
dissimilar to coyotes in important aspects, including the
routine formation of packs by delayed dispersal of off-
spring even in a population well below carrying capac-
ity, the use of primarily large- and medium-sized prey,
and in high levels of intraspecific aggression resulting in
displacements and mortalities among red wolves (Andelt
1985; Harrison 1992; Gese 2001; Mech & Boitani 2003;
Phillips et al. 2003). Consequently, the use of information
from studies of gray wolves to guide parameterization for
our simulations is justified. Demographic rates for coy-
otes on the recovery area are also unknown. Therefore,
we based demographic parameters on studies of coyotes
at high densities and on studies contrasting populations
with and without population control programs (see Sup-
plementary Material).

For sensitivity analysis we chose parameter ranges that
would likely capture the actual values in NENC and incor-
porate a plausible range of values for red wolf and coy-
ote populations generally. Parameter ranges also reflected
the level of uncertainty associated with parameter values.
For example, because the strength of assortative mating
among red wolves and hybrids is unknown, the range for
the number of mate candidates (1 to 5) allows for simula-
tions with random-to-strong assortative mating (Table 1).
In contrast, available information on survival of adult red
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and gray wolves (see Supplementary Material) allowed us
to set a relatively narrow range.

Management of Hybridization

The primary management method used to control hy-
bridization in NENC is to sterilize paired hybrids and coy-
otes in the recovery area (B. Fazio unpublished data).
Identifying hybrids with more than 50% red wolf ances-
try, however, can be difficult based on appearance alone.
Consequently, assignment tests based on microsatellite
loci are used to help identify hybrid individuals (Miller et
al. 2003).

To explore the effectiveness of sterilization in limiting
introgression while allowing the population of red wolves
to grow, we simulated two sterilization regimes, high and
low effort, under which paired hybrids and coyotes were
sterilized with assignment errors based on those found
by Miller et al. (2003). For simulations with high steril-
ization effort, sterilization was initiated each year that the
proportion of nonsterilized mixed pairs exceeded 0.10 of
total pairs. At these times, hybrids and coyotes in 75% of
nonsterilized mixed pairs were sterilized. For simulations
with low sterilization effort, hybrids and coyotes in 50%
of nonsterilized mixed pairs were sterilized, when the
proportion of mixed pairs exceeded 0.40. These levels of
sterilization are possible in NENC.

Results

Dynamics of Introgression

Following the onset of hybridization with coyotes, three
changes occurred quickly in simulated populations of col-
onizing red wolves. First, there was a rapid increase in hy-
brids, with a wide range of red wolf ancestry levels (Table
2). Second, the proportion of simple hybrids (those with
red wolf ancestry proportions of 0.25, 0.5, and 0.75) was
quickly exceeded by the proportion of complex hybrids
(all other hybrids) such that by year 20 (less than four gen-
erations) complex hybrids were on average 6–10 times
more numerous than simple hybrids (Table 2). Complex
hybrids increased in frequency and number fastest when
reproductive barriers between red wolves and coyotes
were weak and slowest when they were strong (Table 2).
Thus, the increase of complex hybrids in simulated pop-
ulations was indicative of the increase in introgression.
Finally, the proportion of pure red wolves in the popu-
lation was decreased (Table 2). The rapidity and depth
of the decline in the frequency of red wolves was also
symptomatic of the extent of introgression.

Without coyotes present, red wolf pairs increased
quickly to carrying capacity in about 25 years on average
(Fig. 1a) with no red wolf pair extirpations among the
1000 simulated populations. When coyotes were present
and pairing among red wolves and hybrids was random,

Table 2. Mean proportions of red wolves, simple hybrids, complex
hybrid backcrosses, and coyotes over time in all colonizing
populations with different reproductive barriers.a

Simple Complex Red
Year Coyotes hybrids hybrids wolves

Random mate selection
0 0 0 0 1

10 0.066 0.085 0.106 0.744
20 0.094 0.042 0.344 0.520
30 0.122 0.023 0.538 0.317
50 0.193 0.006 0.733 0.068

100 0.380 0 0.62 �0.001
Weak assortative matingb

0 0 0 0 1
10 0.061 0.077 0.082 0.781
20 0.083 0.041 0.235 0.641
30 0.094 0.024 0.337 0.545
50 0.134 0.015 0.506 0.345

100 0.233 0.004 0.656 0.107
Red wolf challenges and weak assortative matingb

0 0 0 0 1
10 0.056 0.067 0.081 0.796
20 0.059 0.017 0.172 0.751
30 0.051 0.006 0.171 0.773
50 0.051 0.003 0.179 0.766

100 0.059 0.004 0.150 0.787

aSimple hybrids have proportions of red wolf ancestry equal to 0.25,
0.5, or 0.75; complex hybrids include all other hybrid types.
Standard errors ranged from 0.06% to 11.5% of mean values.
bRed wolves not pairing with coyotes select mates from three
randomly chosen singles.

however, the increase in red wolf pairs was quickly re-
versed and red wolf pairs were quickly extirpated in many
simulated populations. By year 20, the number of red wolf
pairs averaged 21.9 in nonextirpated populations, drop-
ping to 16.2 by year 30 (Fig. 1a). Although red wolf pairs
were extirpated in only 4% of simulated populations by
year 20, introgression resulted in rapid extirpation of pairs
thereafter with 13% and 80% of populations lacking red
wolf pairs by years 25 and 50, respectively (Table 3 no
sterilization). Rapid extirpation of red wolf pairs occurred
in these simulations despite low rates of pairing between
the parental species. The probability of a red wolf choos-
ing to pair with a coyote averaged 0.044 at the start of
these simulations and dropped to 0.01 as red wolf and
hybrid numbers increased.

In these simulations, the rapid decline in red wolf pair
numbers and proportions resulted primarily from the
backcrossing of hybrids with red wolves rather than from
hybridization between red wolves and coyotes. This is in-
dicated by the rarity of simple hybrids relative to complex
hybrids (Table 2). It is also indicated by the percentage
of red wolf pairs over time; after 5 years, red wolf pairs
comprised on average only 82% of total canid pairs, drop-
ping to an average of 61% of canid pairs by year 10. This
increase in the proportion of mixed pairs is much faster
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Figure 1. Mean numbers of red
wolf pairs in extant wolf
populations over time when
coyotes are not present, there is
random mating, there is weak
assortative mating between red
wolves and hybrids, and there is
weak assortative mating with red
wolf challenges for (a) colonizing
red wolf populations and (b)
established red wolf populations
(broken lines are 95% confidence
intervals).

than would be expected from the rate of hybridization
alone.

Introgression occurred much more slowly when each
wolf and hybrid not pairing with a coyote selected as its
mate the individual most similar in ancestry to itself from
three randomly chosen singles (weak assortative mating).
Complex hybrids arose more slowly in the population.
At year 20 their mean proportion, 0.235, was two-thirds
of that found in random mating populations at year 20
(Table 2). As a result red wolf pairs were extirpated in
only 3.3% of populations by year 25, roughly a quarter of
that found among random mating populations (Table 3 no
sterilization). Also, the mean number of red wolf pairs in
nonextirpated populations, 27.6, was almost 50% greater
than that in random mating populations (Fig. 1). Introgres-
sion, however, was not limited. By year 50, red wolf pairs
were extirpated in 35% of populations and averaged only

23.6 in extant populations. Mixed pairs averaged 26.0 in
extant red wolf populations, indicating that extirpations
resulting from introgression would continue.

When there was weak assortative mating among red
wolves and hybrids and red wolves challenged paired coy-
otes or hybrids for mates with higher ancestry, introgres-
sion was eventually stabilized. In these populations, red
wolf pairs were extirpated in 1.1% and 10% of populations
by years 25 and 50, respectively (Table 3 no sterilization).
Over the same period their numbers increased in extant
populations from 36.2 to 40.9 pairs on average (Fig. 1a).
The mean proportion of hybrids in extant populations
dropped over the same time period from 0.173 in year
25 to 0.123 in year 50 and 0.028 in year 100. In contrast,
the mean proportion of hybrids in extant populations in-
creased over time with random or weak assortative mat-
ing without red wolf challenges. With random mating,
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Table 3. Percentage of colonizing populations in which red wolf pairs
are extirpated.

Year 25 Year 50 Year 100

No sterilization
random mating 12.7 79.9 99.9
weak assortative matinga 3.3 35.2 81.9
red wolf challenges 1.1 10 23.7

High sterilization effortb,d

random mating 0.4 16.8 —
weak assortative matinga 0 0.1 —
red wolf challenges 0.1 0.1 —

Low sterilization effortc,d

random mating 2.9 59.5 —
weak assortative matinga 0.4 4.7 —
red wolf challenges 0.1 0.3 —

aRed wolves not pairing with coyotes select mates from three
randomly chosen singles.
bCoyotes and perceived hybrids are sterilized in 75% of
nonsterilized mixed pairs each year that nonsterilized mixed pairs
exceed 10% of total pairs.
cCoyotes and perceived hybrids are sterilized in 50% of nonsterilized
mixed pairs each year that nonsterilized mixed pairs exceed 40% of
total pairs.
dPopulations with sterilization were simulated for only 50 years.

hybrids averaged 0.434 of extant populations in year 25,
increasing to 0.596 in year 50. With weak assortative mat-
ing, hybrids averaged 0.305 in year 25, reaching 0.403 by
year 50.

The simulations described above used the parameter
values for “heuristic simulations” (Table 1). Simulations
with lower but equal maximum net reproductive rates
for red wolves and coyotes resulted in increased rates of
introgression. Hybrids accumulated in populations more
rapidly and reached higher proportions, and complex hy-
brids were more common relative to simple hybrids. In-
creases in red wolf pair numbers were slower, and de-
clines were faster, resulting in increased extirpation rates
(results not shown).

The same patterns were evident in established popu-
lations of red wolves with random or weak assortative
mating once they came into contact with coyotes. Num-

Table 4. Standardized regression coefficients from logistic regressions for quasi-extinction (<10 red wolf pairs) and persistence (>40 red wolf
pairs) probabilities of simulated red wolf populations at year 50.

Colonizing populations Established populations

Parameter quasi extinction persistence quasi extinction persistence

Probability of challenger success −19.64 19.49 −18.48 26.35
Minimum probability of wolf:coyote pairing 18.10 −14.05 15.20 −12.46
Maximum red wolf resident adult survival −16.27 11.86 — —
Ancestry threshold for hybrid emigration −11.66 9.90 −5.21 —
Number of mate candidates −9.84 — −6.59 —
Number of challenge candidates −9.66 7.04 −6.88 —
Maximum red wolf adult fecundity −9.47 7.03 — —
Maximum red wolf resident pup survival −8.36 6.07 — —
Minimum red wolf demographic rate set — — −7.78 —

bers of red wolf pairs immediately began to decrease (Fig.
1b) as hybrids became established in the populations. The
proportion of hybrids in extant, random mating popula-
tions increased from 21% in year 25 to 59% and 75% in
years 50 and 100, respectively. Concurrently, red wolf
pairs were extirpated in 46.3% of populations in year 50
and 99.7% in year 100. Similarly, the proportion of hy-
brids in extant populations with weak assortative mating
increased from 8% in year 25 to 23% and 46% in years
50 and 100, respectively. Although red wolves pairs were
extirpated in only 0.6% of populations in year 50, they
were absent in 53.7% of populations by year 100.

In contrast, populations with red wolf challenges dif-
fered little from red wolf populations with no coyote con-
tact (Fig. 1b). After 100 years, populations with red wolf
challenges averaged 46.6 red wolf pairs. Hybrids averaged
1.3% of individuals, and red wolf pairs had not been ex-
tirpated in any populations.

Sensitivity Analysis

Forward stepwise logistic regressions identified 12 pa-
rameters of potential importance to the probability of
quasi extinction and 11 parameters of potential impor-
tance to persistence in year 50 for colonizing red wolf
populations. Of these parameters, 8 were most impor-
tant in determining the probability of quasi extinction,
and 7 were most important in determining the probabil-
ity of persistence (Table 4). All parameters included in
the persistence model were also included in the quasi-
extinction model, and the parameter importance rank-
ings based on standardized regression coefficients were
identical. All but one of the identified parameters speci-
fied components of reproductive barriers or the red wolf
population growth rate.

The two most important parameters, the probability of
challenger success and the minimum probability of a red
wolf pairing with a coyote, both relate to reproductive
barriers. The third most important parameter, maximum
resident red wolf adult survival, is an important determi-
nant of the growth rate of the red wolf population. The
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one parameter not related to isolating mechanisms or red
wolf population growth was the ancestry threshold for
hybrid emigration. None of these parameters and only
1 of the 23 parameters included in stepwise regressions
were related to the growth rate of the coyote population.
This suggests that within the range of values included in
our simulations the outcome of hybridization between
red wolves and coyotes is little affected by the growth
rate of the coyote population.

To explore whether the wide ranges assigned to the
two most important parameters were the source of their
importance, we eliminated the upper halves of their
ranges and ran new simulations. The probability of chal-
lenger success and the minimum probability of a red wolf
pairing with a coyote were still the two most important
parameters in all steps of forward stepwise logistic regres-
sions for quasi extinction and persistence.

For established populations of red wolves, the proba-
bility of challenger success and the minimum probability
of a red wolf pairing with a coyote were also the most
important parameters affecting quasi extinction and per-
sistence (Table 4). These were the only two parameters
strongly affecting the probability of persistence, with the
former being twice as important as the latter. Of the six
parameters strongly affecting the probability of quasi ex-
tinction, only one related to red wolf demography, the
minimum red wolf demographic rate set, and no parame-
ters associated with red wolf or coyote population growth
were included in either of these models.

Predicting Population Fate

Because many of the parameters that were important in
determining the probability of red wolf quasi extinction
and persistence may be difficult to estimate in the field,
we also examined the ability of two state variables at year
20, the proportion of pure red wolves in the population
and mean ancestry of hybrids, to predict the outcome
of hybridization at year 50 with logistic regression. Of
these variables, only the proportion of pure red wolves
had strong predictive ability of population fates. This
variable correctly identified 95% of colonizing and es-
tablished populations that reached the quasi-extinction
threshold and correctly predicted 80.6% and 86.9% of
colonizing and established populations, respectively, that
did not reach the threshold.

The proportion of pure red wolves at year 20 was less
able to accurately predict population persistence (>40
red wolf pairs) and nonpersistence at year 50. Among
colonizing populations, 95% of populations that dropped
below the persistence threshold were correctly identi-
fied, but only 61.9% of populations that remained above
the threshold were correctly identified. The proportion of
pure red wolves at year 20 was marginally effective in pre-
dicting persistence among established populations, but
at year 25 this variable correctly identified 95% of pop-

ulations below the persistence threshold and 73.2% of
populations above it. We prioritized correct identification
of populations that ultimately dropped below the quasi-
extinction and persistence thresholds at year 50 when
choosing probability cutpoints. Plots of mean probabil-
ities of quasi extinction and persistence from the logis-
tic regression models suggested that populations that fail
to support high proportions of pure red wolves after 20
years had elevated risks of quasi extinction and reduced
likelihood of persistence by year 50 (Fig. 2).

Management of Hybridization

With high sterilization effort, the numbers of red wolf
pairs maintained in extant colonizing populations were
substantially increased relative to populations without

Figure 2. Mean probabilities of (a) quasi extinction
and (b) persistence in year 50 as predicted from the
proportion of pure red wolves in the population at
year 20 for colonizing and established populations of
red wolves.
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Figure 3. Mean numbers of red wolf pairs in
nonextirpated wolf populations over time when there
is high or low sterilization effort for populations with
(a) random mating, (b) weak assortative mating, and
(c) red wolf challenges (broken lines are 95%
confidence intervals).

sterilization (Fig. 3) and red wolf pair extirpations were
greatly reduced in the first 50 years (Table 3). For popu-
lations with weak assortative mating and those with red
wolf challenges, extirpations in the first 50 years were
nearly eliminated.

When assignment errors were made in deciding which
canids should be sterilized, some red wolves were mistak-
enly sterilized, and some hybrids were identified as red
wolves and escaped sterilization. As a result, hybrids were
allowed to enter what was perceived to be the breeding
population of red wolves. When mate selection was ran-
dom and sterilization effort was high, the mean number
of perceived red wolf pairs exceeded actual pair numbers
(Fig. 3) by 50% at year 50 (39.3 vs. 26.0), and the mean
proportion of individuals in “red wolf” pairs that were
actually hybrids reached 0.373. As a result, red wolf pairs
were perceived to be extirpated in only 0.2% of popula-
tions but were actually extirpated in 16.8% of populations
by year 50 (Table 3). For populations with weak assorta-

tive mating and those with red wolf challenges, the mean
perceived numbers of red wolf pairs in extant populations
were similar to the actual red wolf pair numbers, and the
proportion of hybrids in “red wolf” pairs remained low,
0.023 and 0.001, respectively, for the first 50 years. De-
spite the undetected entrance of hybrids into the breed-
ing populations of red wolves in each of the three types
of populations, the mean ancestry of perceived red wolf
pairs exceeded 0.99 through year 50 in all cases, and the
introgression of coyote ancestry into the red wolf breed-
ing population was minimal.

When there was low sterilization effort, the rate of ex-
tirpation of red wolf pairs was still reduced relative to pop-
ulations with no sterilization (Table 3). However, red wolf
population growth was inhibited (Fig. 3). Mean numbers
of red wolf pairs were similar to or only slightly higher
than those in populations with no sterilization. Also, the
mean proportions of members of red wolf pairs that were
actually hybrids increased. By year 50, hybrids accounted
for 0.74, 0.22, and 0.03 of perceived members of red wolf
pairs among populations with random mating, weak as-
sortative mating, and red wolf challenges, respectively.
For random mating populations perceived to be extant,
the proportion of red wolf ancestry among perceived red
wolf pairs dropped to 0.98.

Discussion

Despite a general paucity of quantitative data on demog-
raphy, pairing decisions, and other possible mechanisms
acting to reproductively isolate red wolves and coyotes
in NENC, we gained considerable information relevant
to restoring red wolf populations. First, our simulations
provide insight into the likely process of hybridization
and introgression that is ongoing in NENC. Second, us-
ing sensitivity analyses, we identified two reproductive
barriers—red wolf challenges and assortative mating be-
tween red wolves and coyotes—that appear to have large
effects on the likelihood of persistence and extinction
of colonizing and established red wolf populations and a
number of other parameters that may have lesser effects.
These analyses also suggest that the conditions necessary
for red wolf populations to simultaneously have a low
probability of quasi extinction (<0.05) and a high proba-
bility of persistence (≥0.80) are restrictive. For colonizing
populations, either the probability of challenger success
must be high and the minimum probability of a red wolf
pairing with a coyote low or these parameters must have
moderate values and the values of remaining parameters
must be high relative to their ranges. For established pop-
ulations, either the probability of challenger success must
be high or the minimum probability of a red wolf pairing
with a coyote must be low.

Displacement behavior by red wolves appears to be
critical in determining the fate of the red wolf population
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in NENC. The level of aggression among red wolves ap-
pears to be a fundamental life-history difference between
the two parental species that forms the basis for a poten-
tially important extrinsic reproductive barrier that may
act prezygotically and postzygotically. Although it has not
been observed, hybrids with high red wolf ancestry may
be expected to at times display this type of competitive
behavior. If it occurs, hybrids may be less successful chal-
lengers than red wolves, and displacement of red wolves
by hybrids may be rare. Other factors not included in our
simulations may also be important in determining the out-
come of hybridization between red wolves and coyotes,
including the fitness of hybrids and inbreeding among red
wolves.

Low reproductive fitness or viability of hybrids rela-
tive to parental species combined with prezygotic bar-
riers may in some cases confine hybridization to a zone
of interspecific overlap. However, even greatly reduced
hybrid fitness may not prevent a parental species from
being replaced by hybrids or the other parental species,
if other reproductive barriers are weak (Wolf et al. 2001).
Fitness of hybrids in NENC is unknown, but observation
suggests that if their fitness differs from red wolves, the
differences are probably not large. Simulations including
sterilization indicate that large decreases in hybrid repro-
ductive fitness would be needed to qualitatively change
the outcome of our simulations for colonizing popula-
tions. Because established populations of red wolves do
not appear to be sensitive to variation in demographic
rates (Table 4), it is unlikely that small changes in hybrid
fitness would notably affect these populations. A small
increase or decrease in hybrid fitness, therefore, likely
would not qualitatively change the outcome of our simu-
lations and the conditions necessary for a low probability
of quasi extinction and a high probability of persistence
may not be appreciably expanded.

Inbreeding among red wolves would be expected to
lower demographic rates and perhaps competitive abili-
ties, possibly affecting displacement behavior (Meagher
et al. 2000; Keller & Waller 2002) thereby hastening in-
trogression and the extirpation of red wolves. Wild-born
wolves with inbreeding coefficients as high as 0.305 have
been observed in NENC, although most wolves have
substantially lower inbreeding levels (Waddell 2003).
If inbreeding depression becomes severe and common
among red wolves, partially outbred hybrids may have
increased relative fitness, which could accelerate the in-
trogression of coyote alleles into the red wolf population
(Ebert et al. 2002; Vilà et al. 2003). Among red wolves in
NENC some genetic management of the population may
be prudent in minimizing introgression and ensuring a fit
red wolf population.

Our simulations also suggest that the proportion of
pure red wolves in the population is a strong predictor of
future red wolf population failure and a reasonably good
predictor of persistence that improves over time. This
metric is readily estimated for actual populations through

the combination of ongoing management and monitoring
activities in NENC and genetic assignment tests (Miller et
al. 2003) and may be useful in monitoring the status of
red wolf populations over time.

Finally, our simulations suggest that sterilization can
be an effective short-term strategy to reduce the likeli-
hood of red wolf extirpation in colonizing populations.
Whether the red wolf component of the population is
increased with sterilization depends on the level of steril-
ization effort and the reproductive barriers acting in the
population. Although it may be difficult to establish a pop-
ulation of wild red wolves with no introgression of coyote
ancestry, the level of introgression may be similar to that
occurring naturally in some populations of gray wolves
(Lehman et al. 1991).

Hybridization and introgression threaten the persiste-
nce of many species and populations (Rhymer & Simber-
loff 1996). In many cases, the future outcome of hybridiza-
tion and the effectiveness of potential management op-
tions are unclear. Also, quantitative data on reproductive
barriers, demographic rates, and other potentially impor-
tant biological considerations are often lacking. Because
the dynamics of hybridization and introgression between
species are typically influenced by multiple reproductive
barriers (Coyne & Orr 2004), simple models may be inad-
equate to provide useful insights. However, more realistic
(and complex) models often include many parameters for
which little data exist.

We approached this problem by developing a simu-
lation model incorporating known and potential repro-
ductive barriers and realistic life histories of parental
species. We incorporated uncertainty in parameter values
and used sensitivity analysis to identify biological factors
that likely have the greatest effects on hybridization and
introgression. Our findings provide an outline of the con-
ditions likely required for successful reestablishment and
long-term maintenance of populations of wild red wolves
in the presence of coyotes. Our approach may be gener-
ally useful in other cases where quantitative data are in
short supply and there is (1) at least a qualitative under-
standing of the life histories of the species involved, (2)
enough quantitative information on demographic param-
eters from other populations or a closely related species
with similar ecological characteristics to set ranges for
demographic parameters that will likely capture the true
values, and (3) some knowledge of the reproductive bar-
riers that may be operating. Our modeling approach may
also prove useful in situations involving complex species
interactions other than hybridization (e.g., the effects of
invasive species or in situations where inclusion of sub-
stantial biological detail into models is important).

Our findings and those of others (Wolf et al. 2001;
Rosenfield et al. 2004) indicate that for species threatened
by hybridization, management efforts to increase popula-
tion numbers will fail to prevent their demise if substan-
tive barriers to hybridization do not exist. In these cases,
preventing or stopping contact between the hybridizing
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species is the only course of action likely to prevent their
loss. If substantive reproductive barriers do exist, man-
agement to increase the size of small, threatened popula-
tions may allow these species to persist in the presence of
ongoing hybridization. In many cases, the specific set of
reproductive barriers operating and their strengths may
be unique to the hybridizing species pair. Thus, general-
ization from one case of hybridization to another may not
prove useful in predicting outcomes or suggesting appro-
priate management options, even among closely related
species (Echelle & Echelle 1994; Rosenfield et al. 2004).
Identification of the factors likely important in determin-
ing the outcome of hybridization and introgression can
focus research and monitoring efforts and potentially pro-
vide guidance for appropriate management responses.
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ABSTRACT: Fertility control in wildlife is emerging as a potential management tool. Published research on feral 
horses, deer, rodents, and rabbits suggest an effective agent producing reversible infertility in these species could be 
developed. Furthermore, anecdotal reports suggest that infertility can be induced in a greater array of species. In this 
paper, the authors review methods of fertility control being studied for application in wildlife and focus on their studies 
designed to evaluate the effectiveness of fertility control agents in coyotes (Canis latrans). lmmunocontraception using 
porcine z.ona pellucida (PZP) is currently the most promising method of fertility control in coyotes the authors have 
studied. This is consistent with results from other species. However, the vital question of whether any fertility control 
agent can reduce livestock losses due to coyote predation will require more research. 

KEY WORDS: Canis lalrans, coyotes, fertility control, GnRH, immunocontraception, PZP 

INTRODUCTION 
The search for alternative methods of managing 

nuisance wildlife has intensified in recent years. This is 
largely a result of stricter controls on traditional 
management techniques (i.e., use of chemicals), an 
expanding human population encroaching on wildlife 
habitat, the adaptability of some wildlife species to urban 
and suburban environments, the inability to manage such 
populations by traditional methods (e.g., hunting white
tailed deer [Odocoileus virginianus] and Canada geese 
[Branta canadensis], and trapping coyotes), and changing 
public attitudes toward lethal control. An alternative 
strategy for dealing with nuisance wildlife that has 
received considerable attention is fertility control. The 
authors' objectives are to review the current research on 
fertility control, and discuss some issues that may 
influence the use of fertility control methods in wildlife 
management. They also present preliminary results 
produced by the organizations that contribute to the goal 
of increasing understanding of reproductive physiology 
and behavior in carnivores, and producing a contraceptive 
system, using the coyote as a model. 

METHODS OF FERTILITY CONTROL 
Fertility control research can be broadly categorized 

under three general strategies: 1) surgical/chemical 
sterilization; 2) endocrine perturbation; and 3) 
immunocontraception. Each method has a unique set of 
advantages and disadvantages that influences the 
practicality of use in managing wildlife damage. 
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Surgical Sterilization 
Surgical sterilization has been used successfully in 

domestic companion animals for many years, and with 
captive wildlife in z.oos and research facilities. The 
primary advantage of this technique is that one treatment 
renders the animal permanently incapable of reproducing. 
While this is an advantage in domestic species and in 
captive wildlife, permanent sterility is sometimes 
considered a disadvantage of surgical sterilization for 
populations of wild animals. Concerns over permanent 
sterility in wildlife include a loss of genetic information 
from a population; permanently altered behavior patterns; 
the impractical implementation in wild populations; 
difficulties in capture and handling large numbers of 
animals; anesthesia; post-operative care; and cost of 
implementation. 

While these concerns may be valid, surgical 
sterilization has been used effectively in several cases to 
manage some wild populations (Kennelly and Converse 
1997). Several populations of feral cats were managed 
effectively with surgical sterilization (Neville 1983; 
Neville and Remfry 1984). These examples demonstrated 
that a wild population could effectively be managed with 
surgical sterilization when most healthy adults could be 
captured. Although the initial costs of this control 
method were high, the authors estimated that long-term 
costs would be lower than other control methods because 
only monitoring and periodic castration was necessary. 

Bailey (1992) demonstrated that surgical sterility of 
introduced red fox (Vulpes vulpes) onto Alaskan islands 



occupied by arctic fox (Alopex lagopus) could reduce 
adverse effects on native avifauna. The two fox species 
are not sympatric and, after nine years, the arctic foxes 
were extirpated from the islands and only a few red fox 
remained on one of the islands. 

Brooks et al. (1980) and Kennelly and Lyons (1983) 
demonstrated that surgical sterilization could effectively 
control reproduction in beaver (Castor canadensis). 
Converse and Kennelly (1994) also successfully applied 
the technique to Canada geese. However, surgical 
sterilization was unsuccessful in controlling red-winged 
blackbird (Agelaius phoeniceus) production (Bray et al. 
1975). Kennelly and Converse (1997) implied that 
effective use of surgical sterility is limited to species that 
are monogomous. 

Little research has been conducted on surgical 
sterilization in wild canids. Mech and Fritts (1993) 
vasectomi.zed five wolves (Canis lupis) and released them 
in northern Minnesota. They concluded that vasectomi.zed 
wolves maintained pair bonds and territories, suggesting 
this method may be effective at reducing predation on 
livestock. Till and Knowlton (1983) demonstrated that 
adult coyotes (Canis latrans) reduced predation on 
livestock when the pups were removed from dens. They 
concluded that, in some situations, predation on livestock 
was driven by the presence of pups; when adults need to 
feed pups, they select larger prey items. These studies 
suggested that if reproduction in wild canids could be 
controlled while leaving territorial behavior intact, 
livestock losses could be reduced. This reduction might 
result if wild canids did not use larger prey sizes to 
support offspring, and the adults maintained territories, 
thereby preventing intact canids from immigrating into the 
area. National Wildlife Research Center biologists are 
currently testing this hypothesis. During December 1997 
and January 1998, wild coyotes from about seven packs 
in northeastern Utah were captured. Packs were 
randomly assigned to either a treatment or control group. 
All animals in treatment groups received either a tubal 
ligation or vasectomy. Control group animals received a 
sham surgery, which consisted of the same anesthesia and 
surgical protocols except the oviducts and vas def erens 
were left intact. All animals were released where they 
were captured within 24 hours. Over the next three 
years, territorial, reproductive, and predatory behavior of 
these animals will be monitored to determine if surgical 
sterilization without removal of gonads influences these 
factors. 

Endocrine Regulation 
Steroids. Hormonal control and regulation of fertility 

in vertebrate species has primarily been accomplished 
through the use of steroids (Kirkpatrick and Turner 1991 ; 
Asa 1997). Progestogens and androgens successfully 
surpress normal ovarian cyclicity in domestic canids and 
felids, and in captive wildlife. However, use of 
progestins reportedly increases growth of the uterine 
lining and, consequently, induces hyperplasia, pyometra, 
and neoplasia in canids and felids, in addition to 
mammary development and post-therapy lactation (Asa 
and Porton 1991). Androgens also have undesirable 
effects, the most significant being external masculization. 
These effects, expense, and requirement for regular 
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administration, are reasons steroids are generally 
considered impractical for use in wild populations. 

Melengestrol acetate implants are the most used 
contraceptive in zoos (Porton et al. 1990). This steroid 
has also been used in oral forms with varying success 
(Asa 1997). Experiments to control fertility in coyotes 
have been conducted using steroid compounds such as 
diethylstilbestrol, mibolerone, and prostaglandins (Balser 
1964). Although oral formulations would make these and 
other progestins (e.g., medroxyprogesterone acetate, 
levonorgestrel, megestrol acetate) more suitable for use in 
wild populations, the side effects previously discussed 
would still be expected. Additionally, oral presentation 
of these products could affect non-target species both 
directly via consumption of the compounds in baits, and 
indirectly if predators or scavengers consumed animals 
which had taken steroid-laden baits. 

GnRH and Agonists. Recent efforts in endocrine 
regulation of fertility have focused on gonadotropin
releasing hormone (GnRH). A non-steroidal hormone, 
GnRH would have the advantage of no secondary toxicity 
because it is rapidly metabolized into amino acids. 
Gonadotropin-releasing hormone, a key regulator of 
reproduction in male and female mammals (Figure 1), is 
released by the hypothalamus in the brain and travels 
through a portal blood system to the anterior pituitary at 
the base of the brain. Gonadotropin-releasing hormone 
stimulates the anterior pituitary to release lutenizing 
hormone (LH) and follicle-stimulating hormone (FSH) in 
both females and males. These hormones subsequently 
influence the release of progesterone and estradiol in the 
female, and testosterone and estradiol in the male. 

Female Male 

Tatoetero11e L~ EalradJol 

\~/ 

Figure 1. The mammalian hypothalamic-pituiiary-gonadal axis 
in males and females (adapted from Becker and Katz 1997). 

Gonadotropin-releasing hormone and its agonists have 
been used in male Hawaiian monk seals (Monachus 
schauinsland) (Atkinson et al. 1993) and African 
elephants (Loxodonta africana) (Brown et al. 1993). 
Single injections of GnRH in males of these species 
decreased blood testosterone levels and, subsequently, 



aggressive behavior. However, prolonged administration 
of GnRH in cattle and red deer ( Cervus elaphus) has 
resulted in stimulation of both pituitary and testicular 
function (Melson et al. 1986; Lincoln 1987). 

Continuous administration of GnRH has inhibited 
ovulation in several species due to a negative feedback 
response by the hypothalamus (Vickery et al. 1989; 
Herschler and Vickery 1981; McNeilly and Fraser 1987; 
Montovan et al. 1990). However, Becker and Katz 
(1995) were unsuccessful in inhibiting LH secretion by the 
anterior pituitary with continual infusion of an GnRH 
analog. They suggested more research is needed to 
determine the usefulness of GnRH as a technique for 
regulating reproduction. Becker and Katz (1997) 
suggested that variation in response of the hypothalmic
pituitary-gonadal axis may be due to the choice of agonist, 
dose, treatment regimen, reproductive status, and species. 
Furthermore, they point out that the practicality of using 
GnRH as a contraceptive is dependent on the development 
of long-acting, time-release agonist that can be delivered 
remotely. Such an agonist, though, is currently 
unavailable. 

Antiprogestins. Antiprogestins (also called anti
progestogens) are derivatives of cholesterol molecules and 
have some of the properties of steroid hormones (Dence 
1980; Teutsch et al. 1995). These compounds tend to be 
stable, which allows for oral delivery without degradation 
and loss of function in the digestive tract. It also 
prolongs the duration of stability in bait materials, an 
important consideration for field delivery systems. There 
are few reports regarding the use of antiprogestins in 
canids. When used in domestic canines, termination of 
pregnancy without negative side effects was reported 
(Concannon et al. 1990; Sankai et al. 1991). Baulieu et 
al. (1987) published the first papers dealing with the 
antiprogestin mifepristone (RU-486). This compound has 
since been used in a variety of species as a contragestive 
with up to 80 % effectiveness following a single oral dose 
(Brogden et al. 1993). However, when used in 
conjunction with prostaglandins, the success rate reaches 
100% (Brogden et al. 1993). 

The authors are currently evaluating the effectiveness 
of mifepristone and an analog (RTl3021-003; Research 
Triangle Institute, North Carolina) as contragestive agents 
in coyotes. Initial results suggest that RTI-003 used alone 
is not an effective contragestive agent in coyotes. 
However, the effectiveness of RTI3021-003 in 
combination with misoprostol, a prostaglandin, and 
mifepristone combined with misoprostol is also being 
evaluated. 

lmmunocontraception 
lmmunocontraception uses an individual' s own 

immune system to disrupt reproduction (Figure 2). This 
is accomplished through the administration of a vaccine 
that results in the production of circulating antibodies or 
cellular immune effector cells in the target animal. 
Unlike vaccines developed to protect animals from 
infectious agents, contraceptive vaccines must trigger an 
immune response to self-antigens. Thus, an individual's 
immune system must be trained to target antigens it 
normally would not. 
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Figure 2. Essential features of lhe immune response (adapted 
from Tizard 1996). 

Contraceptive vaccines studied to date can be 
classified as hormone-based vaccines and gamete-based 
vaccines. Hormone-based vaccines attempt to illicit an 
immune response against an individual's reproductive 
hormones. Studies have evaluated vaccines targeting 
GnRH, LH, and FSH (Thau et al. 1987; Mougdal 1990; 
Becker and Katz 1997). 

Active immunization against GnRH has had some 
success in numerous domestic species (Clarke et al. 1978; 
Adams and Adams 1986; Awoniyi et al. 1987; Safir et al. 
1987; Ladd et al. 1988; Baile et al. 1989; Adams et al. 
1993). Circulating GnRH antibodies produced by 
immunization bound GnRH after it was released from the 
hypothalamus and before it reached the pituitary. 
Antibody-bound GnRH was ineffective at stimulating the 
release of LH and FSH, which resulted in impaired 
reproductive function. The effectiveness of these 
immunizations at suppressing reproductive function was 
positively correlated to the GnRH antibody titer (Lincoln 
et al. 1982; Safir et al. 1987; Baile et al. 1989). 

Little research has been conducted on GnRH vaccines 
in wildlife. Studies on red deer (Cervus elaphus) have 
had mixed results (Lincoln et al. 1982; Ataja et al. 1992; 
Freudenberger et al. 1993). Ataja et al. (1992) found 
only a light suppression of LH and no reduction of 
testosterone levels. Alternatively, Lincoln et al. (1982) 
observed a significant decrease in testosterone combined 
with testicular atrophy and premature casting of antlers. 



Becker and Katz (1997) suggested that variable results 
from GnRH immunizations may result from differences in 
carrier proteins used in vaccines, timing of primary 
immunizations relative to the reproductive season, and 
variability of individual animal immune responses to the 
vaccines. 

The authors have conducted preliminary research on 
the use of GnRH vaccines to prevent reproduction in 
coyotes. They vaccinated five male and five female 
coyotes with 300µg of GnRH conjugated with keyhole 
limpet hemocyanin {KLH). The coyotes were boosted 
twice with 200µg injections of the GnRH-KLH vaccine at 
monthly intervals. Two of the females developed high 
antibody titers to GnRH and did not produce high levels 
of progesterone. Thus, it was assumed that these females 
did not ovulate or ovulated but did not maintain corpora 
lutea, which produce the progesterone required to 
maintain pregnancy. The remaining three females did not 
produce high GnRH antibody titers, or the antibodies 
were produced too late to prevent ovulation and a rise in 
progesterone. Of the five males vaccinated with GnRH, 
two developed high antibody titers, which resulted in a 
decrease of testosterone to levels observed prior to the 
breeding season. Three males had low antibody levels 
and either normal or only moderately reduced testosterone 
levels. It appears from this limited study that GnRH 
vaccines have some potential to control reproduction in 
coyotes; however, more research would be needed to 
evaluate the efficacy of such a vaccine. The problem of 
delivering such a vaccine in the absence of an orally 
active form seems particularly daunting. 

The second group of contraceptive vaccines studied to 
date are gamete-based vaccines. These vaccines are 
designed to affect spermatogenesis, oocyte maturation, 
fertilization, and trophoblast development. Of these, 
vaccines directed at oocyte maturation, and specifically 
the :zona pellucida (the glycoprotein matrix surrounding 
the mature mammalian egg), have received the most 
attention in wildlife (see reviews by Warren et al. 1997; 
Turner et al. 1997; Kirkpatrick et al. 1997). However, 
little research has been conducted on the use of such 
vaccines in predators. 

The authors initiated research to evaluate gamete
based vaccines for fertility control in coyotes. In 
December 1995, female coyotes were injected with 300 
µg of PZP, and boosted with 200 µg on PZP in January 
1996. This initial study resulted in a reduction of mean 
litter size from 3.5 pups among control females, to 1.3 
pups for vaccinated females. In December 1996, the 
same female coyotes were boosted again with 45 µg of 
PZP. This single, low dose boost was performed to 
evaluate if an annual boost would effectively keep litter 
sizes reduced. The results of this second year of research 
suggested that annual boosters of PZP were effective in 
maintaining reduced litter size; mean litter size during the 
second year was 3.8 pups/female and 2.6 pups/female for 
the control and PZP animals, respectively. 

Although their earlier research on PZP demonstrated 
it was an effective immunocontraceptive for reducing 
coyote litter size, the authors initiated a second study to 
determine if more frequent boosting with PZP prior to the 
breeding season could eliminate litters entirely. In 
December 1997, they vaccinated five female coyotes with 
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300µg of PZP and boosted with 200µg four and six weeks 
later. In this experiment, females were euthanized and 
necropsied 30 days after the last observed breeding date. 
All control females were pregnant and the mean number 
of fetuses/females was 5.8, compared to zero fetuses in 
PZP vaccinated females. Thus, the PZP vaccine can be 
an effective immunocontraceptive in coyotes. The 
authors are currently conducting research that will 
elucidate the mechanism through which PZP reduces 
fertility, and will conduct research designed to develop an 
orally deliverable form of PZP. 

CONCLUSIONS 
The most effective means of resolving wildlife-human 

conflicts in many situations is to reduce wildlife 
populations by shooting, poisoning, or trapping. 
However, as the human population expands into wildlife 
habitat, lethal control options become limited and 
controversial. Thus, there is an increasing need to 
develop non-lethal control strategies that can be integrated 
into damage management programs. 

Presently, relatively few cost-effective, non-lethal 
control options are available to managers. Fertility 
control could provide an effective addition to control 
programs. However, many hurdles must be overcome 
before fertility control becomes a viable alternative. 
These include, but are not limited to, the development of 
contraceptive agents that are orally deliverable, species 
specific, reversible, have few side-effects, and are cost 
effective (Sanborn et al. 1994). 

Is fertility control a potential management tool for 
coyotes? Current research suggests that it has 
possibilities. Studies conducted to date on immuno
contraception suggest it has the potential for at least 
reducing litter size in coyotes. Further studies on 
antiprogestins will assess the value of these compounds in 
reducing litter size. Will litter size reduction significantly 
alter predatory behavior of coyotes on livestock? If 
productivity in a local population of coyotes is reduced, 
or eliminated, but the loss of livestock in the area is not 
significantly reduced, then a fertility control program 
would not be an effective management tool. The 
authors' research with surgically sterilized coyotes should 
provide an answer to this key question. 
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Abstract: Predation by coyotes (Canis latram) on domestic sheep is a problem for many livestock producers through- 
out the United States Intermountain West. We examined whether surgical sterilization of coyote packs would mod- 
ify their predatory behavior and reduce predation rates on domestic sheep as compared to coyote packs with pups. 
From June 1997 to December 1997, we gathered baseline information on coyote pack size and movements. In win- 
ter 1998, we surgically sterilized and radiocollared members of 5 coyote packs. We also captured and radiocollared 
members of 6 packs that remained intact (i.e., reproductive). During summer 1998, only 1 sterile pack killed a lamb, 
while 3 intact packs killed 11 lambs. When only sheepkilling packs were included, sterile packs killed an average of 
0.35 lambs/week, while intact packs killed 1.53 lambs/week in 1998. Duringwinter 1999, we monitored 4 sterile and 
8 intact packs. In summer 1999,3 sterile packs killed 3 lambs, while 4 intact packs killed 22 lambs. Considering only 
sheepkilling packs, sterile packs killed on average 0.38 lambs/week, while intact packs killed an average of 2.95 
lambs/week in 1999. Coyotes were more likely to kill lambs that were on the edges of coyote territories as com- 
pared to core areas. Lambs of less than average weight were also more likely to be killed by coyotes. The available 
rodent biomass in each territory was not an influence on the differential kill rates exhibited between sterile and 
intact packs, nor did the amount of available alternate prey influence annual coyote predation rates on sheep. We 
conclude that we could use surgical sterilization to modlfy the predatory behavior of coyotes associated with pup pro- 
duction and provisioning of pups. Sterilization successfully reduced, but did not eliminate, coyote predation on 
domestic sheep. The amount of losses averted in the first year exceeded the costs associated with surgically steriliz- 
ing a coyote pack, which indicates that surgical sterilization could prove beneficial on small-scale livestock operations. 

JOURNAL OF WILDLIFE MANAGEMENT 65(3):510-519 
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Coyotes are a major predator of domestic sheep 
and lambs throughout the western United States. 
Pearson ( 1986) reported that 2.5% of adult sheep 
and 9.0% of lambs were lost to predators annual- 
ly; coyotes were the major predator accounting 
for 74% and 78% of adult sheep and lamb losses, 
respectively. In 1994, predators accounted for 
the loss of 520,600 sheep and lambs, and coyotes 
caused 62% of those losses (Simpson 1995). Utah 
ranchers reported the loss of 19,000 sheep and 
lambs to coyotes in 1997 (31.3% of total losses; 
U.S. Department of Agriculture 1998). Sheep 
producers have cited high predation losses, low 
lamb and wool prices, and a shortage of good 
hired labor as reasons for leaving the sheep 
industry (Gee et al. 1977). 

Traditionally, lethal nonspecific methods have 
been used to reduce or stop coyote predation, 
assuming that fewer coyotes means fewer livestock 
losses. Recent research in California suggests that 

breeding pairs of coyotes are responsible for 
most of the killing (Sacks et al. 1999) and that tar- 
geting breeding individuals may be a more effec- 
tive control method. In addition, attitudes to- 
ward lethal control have changed (Andelt 1996, 
Reiter et al. 1999), and a variety of nonlethal con- 
trol methods are now available or in practice. 
Currently, nonlethal control methods include 
various livestock husbandry practices, fencing, 
guard animals (dogs, llamas, and other aggressive 
livestock), and frightening devices (Andelt 1987, 
Know1 ton et al. 1999). Aversive conditioning, 
repellents, and antifertility agents have been 
explored as a means to reduce coyote popula- 
tions and/or livestock losses (Balser 1964, 
Bourne and Dorrance 1982, Lehner 1987). How- 
ever, costs of labor and materials, maintenance, 
and lack of success in open range situations have 
limited the use of many nonlethal control tech- 
niques and made those techniques difficult to 
promote among sheep produce& (Knowlton et 
al. 1999). 
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(Garrott 1995). Most efforts have focused on 
developing and testing various contraceptive sub  
stances (Elder 1964, Stellfug et al. 1978, Millar et 
al. 1989) or methods of drug administration 
(Matschke 1977, Plotka and Seal 1989, Kirk- 
patrick et al. 1990). Computer models that illus- 
trate the potential of canid fertility control have 
been developed (Haight and Mech 1997, Pech et 
al. 1997). Research designed to evaluate the 
potential of canid fertility control has document- 
ed changes in reproduction (Balser 1964) as well 
as behavioral responses to sterilization (Mech et 
al. 1996, Saunders and McIlroy 1996, Bubela 
1999). However, no studies have addressed the 
effect of sterilization on depredation behavior. 

Till and Knowlton (1983) showed that predation 
on domestic lambs by adult coyotes stopped when 
their pups were removed. They theorized that 
sterilizing territorial coyotes could be more effec- 
tive than removing the pups of depredating adults 
because (1) no lamb loss would occur before the 
pups were removed; (2) the sterilized coyotes 
may keep out other reproductive coyotes that 
might cause sheep losses; and (3) sterilization may 
reduce losses for many years because pair bonds 
between coyotes are long-lasting. Implicit in this 
theory are the untested assumptions that (1) steril- 
ized resident (or dominant) coyotes maintain their 
territories to the exclusion of nonsterilized coy- 
otes; (2) sterilization has the same effects as pup 
removal; and (3) compensatory mechanisms with- 
in the population do not counteract the effects of 
sterilization. We did not attempt to control the 
size of the coyote population, but only modify 
predatory behavior. We hypothesized that sterile 
coyotes, without the energetic demands of provi- 
sioning pups, would kill fewer sheep than coyotes 
with pups. Because other factors may also influ- 
ence depredation rates (Knowlton et al. 1999), we 
examined the timing and location of depreda- 
tion events, the weight of lambs killed by coyotes, 
the availability of alternate prey, and food avail- 
ability (as measured by a rodent biomass index) in 
coyote territories exhibiting differential kill rates. 

STUDY AREA 
We conducted the project on a 400-km2 study 

area on the Deseret Land and Livestock ranch, 
northeastern Utah. The study area is primarily 
sagebrush (Artimesia tridentata wyomingensis) 
steppe, with an understory of western wheatgrass 
( Pascopyrum smithii) , needle-and-thread grass 
(Stipa comata) , Indian rice grass (Oryzqsis 
hymenoides), and planted crested wheatgrass 

(Agropyrum desertorum). Average annual rainfall is 
27.6 cm; temperatures range from an average of 
-9.4"C in winter to 15.6OC in summer. 

Coyotes were distributed throughout the study 
area and were relatively unexploited. While sheep 
grazing was a historical use of the area, sheep had 
not grazed the study area recently. Cattle were 
grazed intermittently throughout the area. Win- 
ter carrion in the form of cattle and elk (Ceruus 
elaphus) carcasses was plentiful. Mule deer 
(Odocoileus hemionus) and pronghorn antelope 
(Antilocafwa amem'cana) were common in the area. 
The most abundant small prey were white-tailed 
jackrabbits (Lepus townsendii) , cottontail rabbits 
(Sylvilagus nutallz] , Uinta ground squirrels (S'er- 
mqbhilus armatus), deer mice (Peromyscus manicu- 
latus) , and least chipmunks ( Tamias minimus). 

METHODS 
During summer 1997, coyotes were trapped 

with #3 padded-jaw, leg-hold traps equipped with 
tranquilizer tabs (Balser 1965, Sahr and Knowl- 
ton 2000) containing propriopromazine. Cap 
tured coyotes were immobilized with ketamine 
hydrochloride (10 mg/kg) and acepromozine 
(0.1 mg/kg) . Coyotes were weighed, sexed, blood 
sampled, and aged by tooth wear (Gier 1968). A 
premolar was extracted and sent to a commercial 
lab (Matson's Laboratory, Milltown, Montana, 
USA) for aging by cementum annuli analysis 
(Linhart and Knowlton 1967). Animals were 
radiocollared with a 150-g transmitter (Advanced 
Telemetry Systems, Isanti, Minnesota, USA) and 
released at the point of capture. 

During December 1997, January 1998, and Jan- 
uary 1999, a hand-held net-gun fired from a heli- 
copter was used to capture coyotes (Barrett et al. 
1982, Gese et al. 1987). Previously radiocollared 
animals were recaptured along with as many pack 
members as possible. Additional packs in the 
study area were also captured. Packs were ran- 
domly assigned to sterile and sham treatments. 
Because identification of alpha breeding coyotes 
is difficult without field observation, members of 
the same pack received the same treatment. Cap 
tured coyotes were transported by helicopter to a 
local veterinary clinic for surgical sterilization. 
Females were sterilized by tuba1 ligation and 
males by vasectomy, leaving hormonal systems 
intact (Zemlicka 1995). Animals in the sham 
treatment underwent all procedures except actu- 
al sterilization. All animals were held overnight 
for recovery and observation, then released at the 
point of capture the following morning. 
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During 1997 and 1998, coyotes were relocated 
primarily from fixed stations (null-peak) posi- 
tioned around the perimeter of the study area 
(U'hite and Garrott 1990). In 1999, we used 
hand-held triangulation to acquire bearings <10 
min apart with triangulation angles between 20" 
and 160" (Gese et al. 1990). The software pack- 
age LOCATE (Pacer, Truro, Nova Scotia) was 
used to calculate animal locations. We attempted 
to locate all coyotes twice daily (morning and 
evening) during the time sheep were in the study 
area (May through Sep). During the remainder 
of the year, coyotes were located approximately 
every 2 weeks using aerial telemetry (Mech 1983) 
when snow made roads impassable for ground 
relocations. Home ranges were calculated using 
CALHOME (Kie et al. 1996). The adaptive ker- 
nel estimator (Worton 1989) was used to delin- 
eate territory boundaries (90% isopleth) and 
core areas (60% isopleth) of use. To confirm 
breeding status of the pack, searches were made 
by foot and in the air of all coyote territories to 
find dens and confirm the presence or absence 
of pups. Responses to simulated howling were 
also used to determine the presence of pups dur- 
ing summer (Harrington and Mech 1982). 

To assess coyote predation rates on sheep, small 
bands of ewes and lambs were introduced into 
the study area. Because we herded and moni- 
tored the bands daily, we had the ability to sys- 
tematically move the sheep through all the coy- 
ote territories in the study area. In 1997, we 
released 222 ewes and 195 lambs on the ranch in 
mid-June; 10 ewes were radiocollared to assist in 
flock location. This flock served to expose all the 
coyotes in the area to sheep prior to any treat- 
ment. In 1998, we released 138 ewes and 173 
lambs on the study area in early June; we radio- 
collared 50 lambs (29% of the lambs) to aid in 
finding kills. In 1999,1ie started in mid-May with 
136 ewes and 150 lambs transported to the study 
site. Because finding all the kills in 1998 proved 
difficult, all lambs (n  = 150) in 1999 were radio- 
collared. In both 1998 and 1999, the sheep were 
split into 2 flocks to maximize coyote exposure to 
sheep. All flocks were removed from the ranch 
in mid-September of each year. Most lambs were 
about 3 weeks old at the time of release. 

Because lamb age affects vulnerability to coyote 
predation (Andelt 1987, Knowlton et al. 1999), 
we moved the flocks so that each coyote pack was 
exposed to 1 flock early in the season and the 
other flock later in the season. Approximately 
once a month, the sheep were penned, lambs 

weighed, and the radiocollars adjusted as neces- 
sary. The sheep were relocated each day, and 
whenever possible the bed site area was searched 
for kills. Radiocollared lambs with mortality sig- 
nals were located as soon as possible. Death sites 
were searched for tracks, scat, and other sign of 
predator presence. ~ e a d  lambs were necropsied, 
and hemorrhaging, bite marks, and other evi- 
dence at the kill site was used to determine the 
cause of death (Rowley 1970, Wade and Bowns 
1985). Kills located in a specific coyote pack ter- 
ritory were attributed to that pack unless evi- 
dence from telemetry suggested othenvise. 

Because the number of days sheep were in coy- 
ote territories varied, the kill rate of sheep in each 
coyote territory was standardized to a 1-week 
interval. A Students t-test was used to compare 
weekly kill rates of sterile and intact packs. To 
account for both flock size and length of time 
spent in each territory (i.e., exposure days), a 
weekly survival rate for the sheep grazed within 
each coyote territory was also calculated (Heisey 
and Fuller 1985). Sheep survival rates were only 
calculated for 1999 when all lambs were radiocol- 
lared. A t-test was used to compare the weekly 
sheep survival rates between intact and sterile coy- 
ote packs. Because coyote pack size could influ- 
ence depredation rates, we performed a regres- 
sion analysis of the number of coyotes in a pack 
versus the number of lambs killed by that pack. 

Small mammal-trapping grids and spotlight sur- 
veys were used to determine numbers and types 
of alternative prey available on the study area. 
Spotlighting transects (Smith and Nydegger 
1985) were conducted from a vehicle traveling at 
10-15 km/hr after dark in mid-June and late 
August. White-tailed jackrabbits and cottontail 
rabbits were counted, and the number of lago- 
morphs observed/km was compared to an exist- 
ing data set for the study area (Rick Danvir, 
Deseret Land and Livestock Co., unpublished 
data). Small mammal-trapping grids were locat- 
ed across 4 habitat types (meadow, sparse vegeta- 
tion, moderately dense sagebrush, and dense 
sagebrush). Two 30.5 x 91.4 m grids of 96 Sher- 
man live traps were established in each habitat 
type and run for 3 consecutive nights. Traps were 
checked each morning; animals were identified, 
marked, and released. The average weight of 
each small mammal species was multiplied by the 
number of small mammals captured per 100 
operable trapnights to calculate a rodent bio- 
mass index for each habitat type. After we deter- 
mined the amount of each habitat type in each 
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coyote territory, an index of available rodent bio- 
mass was then calculated for each territory by 
multiplying the amount of each habitat type in 
the territory by the biomass index for that habitat 
type. A t-test was then used to compare the 
indices of available rodent biomass between 
intact and sterile coyote packs. Home range size 
and habitat analyses were preformed for packs 
with 21 radiocollared coyote. 

were observed. If the alpha pair was not sterilized 
and pups were observed, the pack was classified 
as an intact pack. In 4 packs, no members were 
captured or radiocollared, but pack members 
were observed and the home range boundary was 
estimated based on the spatial arrangement of 
adjacent radiocollared packs (Fritts and Mech 
198 1, Messier 1985, Fuller 1989). 

Coyote Kill Rates 

RESULTS In 1998, we monitored 5 sterile and 6 intact 

Capture and Surgical Treatments 
Data were collected from June 1997 to Septem- 

ber 1999, with the most intense data collection 
occurring during the summer when sheep were 
present (May-Sep) . We captured 1 1 coyotes (7 M, 
4 F) in 1997. Two sessions of aerial net-gunning 
during winters 1998 and 1999 resulted in the cap  
ture of an additional 31 (22 M, 9 F) coyotes, plus 
the recapture of 10 of 11 coyotes trapped in 1997. 
Ten males and 9 females were given sham opera- 
tions, while 20 males and 6 females were steril- 
ized. No capture or surgery-related mortalities 

packs (Table 1). Sheep spent an average of 16.5 days 
in each coyote territory. The 5 sterile packs were 
responsible for 1 kill, and the average number of 
kills per week by all sterile packs was 0.07 (f. 0.16 
SD). The 6 intact packs killed 11 lambs, for a 
weekly average of 0.77 f 0.92 ( t  = 1.63, df = 9, P = 

0.068). The observed frequency of kills behveen 
the 2 treatments (sterile vs. intact) was different 
than expected (x2  = 6.656, df = 1, P= 0.0099), with 
intact packs killing more lambs (1 1 kills observed, 
6.55 expected) and sterile packs killing fewer 
lambs (1 kill observed, 5.45 expected) than expect- 
ed. A regression analysis of coyote pack size versus 

Table 1. Predation rates and pack sizes of sterile and intact coyote packs during 1998 and 1999, Deseret Land and Livestock, 
Utah. Pack counts do not include young-of-year and reflect pre-whelping pack size. 

- - -  

Minimum Days sheep Lamb survival 
Year Pack Treatment pack size # of kills present Killslweek rate (weekly) 

1998 Stacy 

South Cabin 
Crane 
Highway 

Alkali 

Red Hill 
Dry Creek 

~ o a d  Hollow 

Shortcut 

North Cabin 

McKay 
1999 Stacy 

Red Hill 

Murphy 

South Cabin 
Table 

Crane 
Dry Creek 

Road Hollow 
Munshaw 

Lake Hollow 

Shortcut 
~ o r t h  Cabin 

Sterile 
Sterile 

Sterile 
Sterile 

Sterile 

lntact 
lntact 

lntact 
lntact 

lntact 

lntact 
Sterile 

Sterile 
Sterile 

Sterile 
lntact 

lntact 
lntact 

lntact 

lntact 
lntact 

lntact 

lntact 
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the weekly kill rate on sheep revealed no signifi- 
cant relationship (? = 0.008, F= 0.078, P= 0.786). 

Of the 11 coyote packs monitored in 1998,4 ster- 
ile and 3 intact packs did not kill sheep. When only 
the sheepkilling coyote packs were considered, 
the sterile pack killed 0.35 lambs/week. The 3 in- 
tact packs killed an average of 1.53 lambs/week. 
Thus, among coyote packs that killed sheep, there 
were 4.4 times more lambs killed/week by intact 
coyote packs than by sterile packs. 

In 1999, we monitored 4 sterile and 8 intact 
packs (Table 1). Sheep spent an average of 16.6 
days in each territory. Sterile packs killed 3 
lambs, for an average of 0.29 kills/week (+ 0.20 
SD), while intact packs killed 22 sheep, for an 
average of 1.48 kills/week (+ 2.09; t = 1.167, df = 

10, P= 0.147). However, intact packs killed more 
lambs and sterile packs killed fewer lambs than 
expected (x2 = 5.1 14, df = 1, P = 0.0237). There 
was no relationship between coyote pack size and 
the weekly kill rate for each pack in 1999 ( r 2  = 
0.08, F = 0.87, P = 0.37). 

Of the 12 coyote packs monitored in 1999, 1 
sterile pack and 4 intact packs did not kill sheep. 
Among sheep-killing packs, the average number 
of sheep killed per week was lower (0.38 + 0.07) 
for sterile packs than for intact packs (2.95 + 2.10 
kills/wk; t = 2.0677, df = 5, P = 0.0468). Among 
coyote packs that killed sheep, intact packs were 
7.8 times more likely to kill sheep than were ster- 
ile packs. Combining both years, intact coyote 
packs (Z = 2.34 + 1.70 kills/wk) killed 6 times 
more sheep than sterile packs (Z = 0.38 + 0.06 
kills/wk; t = 2.23, df = 9, P = 0.0261). 

When sheep survival rates were compared 
between sham and sterile packs, the weekly sur- 
vival rate tended to be higher for sheep in sterile 
coyote territories (Z = 0.998) than in intact coyote 
territories (Z = 0.989). Among sheepkilling packs, 
the weekly sheep survival rate was higher in sterile 
coyote packs (Z = 0.997 + 0.00) than in intact packs 
(2  = 0.985 _+ 0.016; t = 2.01, df = 5, P= 0.05). 

Characteristics of Kills 
During 1999, coyotes killed 25 lambs. Seven 

additional lambs died of causes not related to 
coyote predation: drowning (I) ,  pneumonia (2), 
and unknown causes (4). Coyotes completely 
consumed 13 of the sheep killed, partially con- 
sumed 6 kills, and left 3 kills intact. No con- 
sumption data were available for 3 kills. Coyotes 
tended to kill lambs from the lightest weight 
quartile (x2 = 10.15, P < 0.01) more frequently 
than lambs from the heavier quartiles (Fig. l ) ,  

FIRST SECOND THIRD FOURTH 
QUARTILE 

Fig. 1. Percent of sheep killed by coyotes among the 4 quar- 
tile weight classes, Deseret Land and Livestock, Utah, 1999. 
Quartile ranges are: first (1-25%), second (2650%), third 
(51-75%), and fourth (76100%). 

but they were capable of killing even the heaviest 
lambs. Lambs were classed into weight quartiles 
by comparing their last live weight to the rest of 
the lambs in the herd. Thus, the weight of lambs 
in the lightest quartile increased over the grazing 
season, and coyotes were selecting mostly the 
lightest lambs available. Lambs that strayed or 
had been located apart from the main flock on 
the previous day were more likely to be killed 
than those remaining with the flock. 

Location and Timing of Kills 
In 1998, coyotes killed 3 sheep in the core and 4 

sheep on the edge of their territories. Based on a 
comparison of sheep locations and kill locations, 
the distribution of kills was not different from 
expected (x2 = 0.234, P= 0.62). In 1999, there was 
a slight difference (x2 = 3.01, P = 0.08) between 
the distribution of kills observed in the core (n = 

3), and on the edge (n = 16) of territories, and the 
expected distribution of kills. This is true even 
though the analysis accounted for the amount of 
time sheep spent on the edge and in the core. 
We found no evidence of coyotes following sheep 
outside their territory. However, many kills were 
located in areas of overlap between territories, 
and 1 kill that was just inside the 60% isopleth was 
assigned to the neighboring pack because, based 
on radiotelemetry locations, the residents were 
not in that area on the night of the kill. 

Kill rates of sheep by coyotes increased over the 
summer, particularly among intact coyote packs 
(Fig. 2). Sterile packs that killed sheep did so at 
a relatively constant rate. The increase in kill rate 
among intact coyote packs is likely due to the 
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INTACT PACKS 
STERILE PACKS 

35 1 

Fig. 2. The timing of lambs killed over the 4-month grazing 
season by sterile and intact coyote packs, Deseret Land and 
Livestock, Utah, 1998-1 999. 

increasing energy demand of growing pups. A 
reduction in alternate prey (ground squirrels 
enter hibernation in late Aug) was also consid- 
ered as a possibility for increased killing, but did 
not explain the lack of increased killing among 
the sterile packs. 

Influence of Alternative Prey on Predation 
Rates 

White-tailed jackrabbit numbers were well below 
their 1991 peak (Rick Danvir, Deseret Land and 
Livestock Co., unpublished data), but increased 
during the study. The lagomorph spotlight index 
increased from 0.29 rabbits/km in 1997 to 1.25 
rabbits/km in 1999. Small mammal-trapping 
grids yielded 0 to 0.063 animals/trap night, with 
no significant difference (all paired comparisons 
had P > 0.10) in the number of animals captured 
between any of the years. Increasing lagomorph 
numbers did not appear to influence coyote pre- 
dation rates on sheep. The increase in sheep kills 
from 1998 to 1999 was probably due to our in- 
creased ability to find and recover kills because 
all lambs were radiocollared in 1999. 

Influence of Available Rodent Biomass on 
Predation Rates 

We found no significant difference in the 
indices of available rodent biomass between ster- 
ile coyote packs (8,766 f 1,552) and intact packs 
(7,930 + 1,752; t = -0.75, df = 10, P =  0.48). Thus, 

differences in kill rates between sterile and intact 
packs were not in response to differential prey 
biomass in the territories. Similarly, regression 
analysis indicated no relationship beh+?een the 
weekly kill rate on sheep and the rodent biomass 
index in each territory (r2 = 0.06, F= 4.34, P= 0.53). 

Costs and Benefits of Sterilization 
We estimated the cost to surgically sterilize a 

coyote was $560/animal (helicopter flight time: 
$300, surgery: $75, transport: $60, fixed-~ving fly- 
ing: $60, personnel: $55, supplies: $10). On aver- 
age we captured and sterilized 3 coyotes/pack; 
thus, the cost of sterilizing a coyote pack was 
$1,680. Sterile coyote packs killed an average of 
0.38 lambs/week, while intact packs killed on 
average 2.34 lambs/week. Since sterilization did 
not necessarily stop predation, we used the dif- 
ference between the 2 treatments as the amount 
of loss averted (1.96 lambs killed/wk). We used 
the kill rates of sheep-killing packs only because 
non-killing packs would require no management 
action. Using this difference in averted losses, we 
calculated that over a summer grazing season (16 
wks) approximately 32 lambs would not be killed. 
With a market value of $56/lamb ($0.70 per 
pound x 80 pound lamb), we estimated that 
$1,792 of lambs was the amount of losses averted 
in 1 4-month grazing season. Thus, if a small- 
scale livestock operation was affected by 1 coyote 
pack during the summer, then the cost to surgi- 
cally sterilize them would equal the amount of 
lambs saved in the first year. Considering the life 
span of coyotes and length of pair-bonds, surgi- 
cally sterilizing coyote packs on a small scale 
could be economically feasible if the sterilized 
coyotes are allowed to survive (i.e., if the coyotes 
are killed, then the costs to sterilize begin again). 

DISCUSSION 
Animals producing offspring may maximize 

their hunting efficiency by preying on larger prey 
(Royama 1970, Harrison and Harrison 1984). In 
addition, transport costs of delivering a larger 
prey item to the young may also be more prof- 
itable than small-sized prey (Till and Knowlton 
1983), at the same time providing for increased 
energetic requirements of a growing litter. Our 
data indicate that coyotes change their predatory 
tendencies when pups are present and that steril- 
ization could be an effective method of reducing 
coyote predation on domestic sheep in the Inter- 
mountain West. None of the sterile coyote packs 
killed more than 1 lamb per season, while intact 
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packs had multiple killing events. Among coyote 
packs that killed sheep, the rate of predation on 
sheep was significantly lower for packs that were 
not provisioning pups. 

For this technique to be successful, the breed- 
ing pair must be sterilized. In 1999, 1 of the 
packs that was originally believed to be sterile 
killed 5 lambs. No pups were seen in the area 
during initial searches from the air or on foot. 
However, further investigation showed the breed- 
ing pair had not been captured and sterilized, 
resulting in at least 2 pups being produced. This 
observation underscores the need to sterilize at 
least 1 and preferably both members of the 
breeding pair to prevent pup production. 

This study presents further evidence that not all 
coyotes kill sheep (Sacks et al. 1999). In some 
areas where pups were present, no lambs were 
killed by some coyote packs even after 3 years of 
exposure to sheep. These coyote territories r e p  
resent situations in which no control measures 
should be undertaken. The pressure for the 
adults to provision their pups is only 1 factor driv- 
ing predation on sheep. Characteristics of indi- 
vidual packs and territories may also be critical in 
determining which coyotes kill sheep. Further 
investigation in to the sheepkilling tendencies of 
pups from packs that killed and ate sheep versus 
pups from packs that seemed to ignore sheep 
may be useful. 

Alternate prey availability may influence coyote 
predation rates on native prey (Hoffman 1979, 
Hamlin et al. 1984) and domestic sheep 
(McAdoo 1975, Guthery 1977, Kauffeld 1977, 
Gober 1979). Deer fawn (0. virginianus) avail- 
ability, as regulated by winter severity, affected 
the rate at which wolves killed livestock in Min- 
nesota (Mech et al. 1988). Hamlin et al. (1984) 
suggested that coyote predation on deer fawns 
was lowest during summers when microtine 
rodent numbers were highest. Our study 
occurred during years when the abundance of 
lagomorphs and ground squirrels was fairly typi- 
cal for the region. We found that indices of avail- 
able rodent biomass did not affect the number of 
lambs killed in each territory. Similarly, lago- 
morph abundance did not appear to influence 
annual coyote predation rates on sheep. In addi- 
tion, coyotes had access to antelope and deer 
fawns, but it was unknown whether coyotes pre- 
ferred fawns over sheep, or if sterile coyotes 
killed fewer fawns similarly to killing fewer lambs. 

We documented 1 trespass kill, just inside the 
neighbors' core area (60% isopleth), but trespass 

killing seemed to be a rare occurrence. Unlike 
Shivik et al. (1996), we did not observe an in- 
crease in core area overlap between adjacent 
pack territories when sheep were present, nor 
did we record coyotes following sheep into neigh- 
bors' territory. We did document a higher rate of 
kills on the edges of territories than expected by 
chance, so sheep in an area of territory overlap 
(at the 95% isopleths) could be accessible to 
more than 1 pack. 

Most of the lambs killed were consumed- 
implying that they were being used as a food 
source-though unconsumed kills were located 
in both sterile and intact coyote territories. We 
had insufficient data to determine litter size of 
coyotes, but further research focusing on the 
relationship between the number of pups and 
predation rates on lambs should be considered. 
The timing of kills, with increasing kills by intact 
packs over the summer and into early fall has 
been documented (Klebenow and McAdoo 1976, 
Tigner and Larson 1977, Boggess et al. 1980). 
This increase in predation likely reflects in- 
creased energy demand of growing pups (Ofte- 
dal and Gittleman 1989). Reduced alternate prey 
levels (i.e., ground squirrels going into hiberna- 
tion) were also considered. However, sterile coy- 
ote packs did not increase their predation rate on 
sheep similarly to the intact packs when ground 
squirrels entered hibernation in mid-August. 
Learning and development of hunting behavior 
of pups (Till and Knowlton 1983) could also be a 
possibility, but seemed unlikely at that time of 
year (i.e., the pups would be 9l months old in 
mid-Aug) . 

Among the large social carnivores, hunting is a 
cooperative activity that usually involves several 
group members (e.g., wolves: Mech 1966, 1970; 
Peterson 1977; Carbyn et al. 1993). However, 
Thurber and Peterson (1993) observed single 
wolves capable of killing moose (Akes akes) on Isle 
Royale. We found that the size of the coyote pack 
had no effect on the weekly kill rate on lambs. 
Lambs can be killed by a single coyote (Wade and 
Bowns 1985), and since most kills on sheep are 
usually attributed to the breeding pair (Sacks et al. 
1999), additional pack members do not seem to 
increase the rate of depredation on sheep. For 
native ungulates, cooperative hunting by coyotes 
may facilitate capture of larger prey, but it is not 
always necessary (Gese and Grothe 1995). 

The coyotes followed in this study did not kill 
adult sheep. Two ewes were attacked and bitten 
on the neck, but both survived the attacks. The 
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largest lamb killed by coyotes weighed 44 kg and 
was larger than some of the ewes in the flock. It 
may be that coyotes would have killed ewes if 
exposure was continued, especially if ewes were 
present without lambs. Our research differs from 
studies conducted in north-coastal California 
(Conner et al. 1998, Sacks et al. 1999), because in 
our study area (and in much of the Intermoun- 
tain West) lambs were only available seasonally. 
Adult sheep are available on a year-round basis, 
and lambs are available over 9 months in north- 
coastal California (Conner et al. 1998, Sacks et al. 
1999). In the Intermountain West, the birth of 
lambs occurs later than in northcoastal Califor- 
nia and generally corresponds with the coyote 
puprearing season. Therefore, sterilization may 
not have as great an effect in modifying coyote 
predation behavior in areas where lambs are con- 
sidered a year-round prey item. 

MANAGEMENT IMPLICATIONS 
We designed this experiment to test whether 

surgical sterilization can change the predatory 
tendencies of coyotes and whether the procedure 
will reduce (but not completely stop) predation 
on domestic lambs. A more efficient method of 
fertility control would likely be needed for appli- 
cation as a viable management tool on a larger 
scale. Sterile coyotes maintained territories and 
pair bonds in a manner similar to non-sterile coy- 
otes (Bromley 2000). In areas where long-term 
removal has had a limited effect on reducing pre- 
dation (Conner et al. 1998), a pair of sterile coy- 
otes occupying a territory--that are not killing 
sheep or killing at very low rates-could serve as 
an effective deterrent to other coyotes. Our tech- 
nique of capture and surgical sterilization may be 
cost-effective. Till (1982) estimated that it costs 
$208 to locate and remove 1 den of pups. Wagn- 
er and Conover (1999) estimated that it costs 
about $185 to kill a coyote from a fixed-wing air- 
craft and about $805 to trap a coyote on the 
ground. However, trapping, denning, and aerial 
gunning all require annual reapplication of those 
techniques, while sterilization can be effective for 
as long as the coyotes survive (or continue as 
alpha animals). A comparison of costs versus 
benefits showed that on a small-scale livestock 
operation (i.e., an operation being affected by 
only 1 pack of coyotes), the cost of surgically ster- 
ilizing 1 coyote pack was recovered by the 
amount of losses averted within the same year. As 
alternative methods of delivering sterilants are 
developed (DeLiberto et al. 1998), sterilization 

may prove an efficient solution for changing the 
predatory bLhavior of coyotes on a larger scale. 
Sterilization could also be valuable in areas where 
lethal control is socially unacceptable (hlech et 
al. 1996) and where enhancement of fawn 
recruitment rates of native ungulates is a man- 
agement objective. 
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One of the most endangered species is the redwolf, Canis rufus. Reintroduction of the red wolf began in 1987, but
in 1993 hybridization between coyotes (Canis latrans) and wolves was documented. To reduce genetic introgres-
sion, coyotes and coyote–wolf hybrids were captured, sterilized, and released as “placeholders”. Placeholders held
territories until either displaced or killed by a wolf, or management personnel removed them before releasing a
wolf. We evaluated the placeholder concept by examining the number of animals sterilized and released, likeli-
hood of displacement by a wolf, factors influencing displacements, territory fidelity of placeholders, and survival
rates and causes of mortality of placeholders and wolves. Of the 182 placeholders, 125 were coyotes and 57
were hybrids. From 1999 to 2013, 51 placeholders were displaced or killed by wolves, and 16 were removed by
management personnel. Thus, 37% of the placeholders were displaced leading to occupancy by a wolf. Most dis-
placements occurred in winter (43%) and were always by the same sex. Males were more likely to be displaced
than females. Home range characteristics influencing the probability of displacement included home-range size
(i.e., more placeholders displaced from larger home ranges) and road density (i.e., more placeholders displaced
from home ranges with lower road density). Annual survival of placeholders was higher than wolves in 12 of
14 years, with cause-specific mortality similar among wolves and placeholders. Placeholders provided territories
for wolves to colonize, yet reduced the production of hybrid litters, thereby limiting genetic introgression to b4%
coyote ancestry in the wolf population.

Published by Elsevier Ltd.

1. Introduction

There is increasing concern about the status and distribution of
many carnivore populations throughout the world (Schaller, 1996;
Gittleman et al., 2001; Woodroffe, 2001; Ripple et al., 2014). With in-
creasing human populations, many populations of carnivores are ex-
posed to changes in land-use practices, increased habitat loss and
fragmentation, increased human persecution, declines in natural prey
species, increased disease transmission from domestic and wildlife spe-
cies, illegal poaching, and increased competition with other carnivores
(Gese, 2001; Sillero-Zubiri et al., 2004; Loveridge et al., 2010). As a result
of these varied and diverse influences, many populations of large, medi-
um, and small-bodied carnivores have undergone a general decline
with some species now occupying a fragment of their former range
(IUCN, 1990; Cole and Wilson, 1996; Woodroffe, 2001).

One threat facing a few carnivore species is hybridization resulting in
genetic introgressionwith sympatric species (Wayne et al., 2004).While
hybridization is an important evolutionary process (Allendorf et al.,
2001), it poses a threat to the persistence and conservation of several

wild canid species. Hybridization with domestic dogs poses a threat to
the Ethiopian wolf (Canis simensis; Gottelli et al., 1994) and the
European gray wolf (Canis lupus). Hybridization among several related
canids in Ontario, Canada, could threaten the genetic integrity of a pop-
ulation of eastern wolves (Canis lycaon) in Algonquin Provincial Park
(Patterson and Murray, 2008). In the United States, hybridization
between redwolves (Canis rufus) and coyotes (Canis latrans) was identi-
fied as one of the greatest threats to conservation efforts and recovery of
red wolves in eastern North Carolina (Kelly et al., 1999; Stoskopf et al.,
2005). Reducing genetic introgression of coyote genes into the red wolf
population presents a unique challenge for the U.S. Fish andWildlife Ser-
vice (USFWS), the agency chargedwith reintroducing andmanaging the
current red wolf population (U.S. Fish andWildlife Service, 1989, 2007).

In 1987, four pairs of red wolves were released at the Alligator River
National Wildlife Refuge (ARNWR) in eastern North Carolina (Phillips
and Parker, 1988). By 1993, the wolves had successfully bred and re-
establishment of a free-ranging experimental population was consid-
ered to be a success (Phillips et al., 2003). The experimental population
area primarily encompassed the Albemarle Peninsula, which did not
have coyotes present during the initial reintroduction. However, by
the early 1990s the presence of coyotes was documented and shortly
thereafter hybridization between red wolves and coyotes occurred
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(Adams et al., 2003; Phillips et al., 2003). In 1999, a population and hab-
itat viability assessment recognized several threats to the free-ranging
red wolf population (Kelly et al., 1999), with hybridizationwith coyotes
being the greatest threat to recovery of the species. Subsequently, the
USFWS adopted a Red Wolf Adaptive Management Plan (RWAMP)
with one of the objectives to reduce hybridization between coyotes
and red wolves (Kelly, 2000).

As part of the RWAMP (Kelly, 2000), sterilization of coyotes and hy-
brid animals was proposed to reduce genetic introgression into the red
wolf population. While sterilization has been tested as a management
tool to reduce predation on domestic livestock and wild neonatal ungu-
lates (Bromley and Gese, 2001a; Seidler et al., 2014) and proposed as a
method for population control (Mech et al., 1996; Haight and Mech,
1997), using sterilization to reduce genetic introgression was a novel ap-
plication. In essence, sterilized coyotes and hybrids would be allowed to
remain on the landscape, maintaining social bonds and territories
(Bromley and Gese, 2001b; Seidler and Gese, 2012), and serve as “place-
holders” that would maintain territories, thereby reducing residency of
home ranges in the recovery area by reproductive coyotes or hybrids,
and thus reducing the threat of hybridization with a red wolf
(i.e., producing hybrid offspring if pairing with a red wolf occurred;
Stoskopf, 2012) and facilitating expansion of the red wolf population.
The sterile placeholders could be displaced from their territories by a
red wolf, or the USFWS could remove these sterile animals and release
red wolves at that site when either a captive or wild-born red wolf was
available for release. Sterilization was not used to control or manage the
coyote population in the recovery area, but to create non-reproductive
territories with sterile animals that were incapable of successfully repro-
ducing with intact red wolves.

In late 1999, a plan to sterilize coyotes and hybrids to serve as place-
holders in the Red Wolf Recovery Experimental Population Area
(RWREPA) in eastern North Carolina was initiated. In this paper, we in-
troduce and evaluate the placeholder concept as a management tool,
covering its use in the red wolf recovery area from 1999 to 2013. As
part of this evaluation,we examined (1) the number of animals (coyotes
and hybrids) that were sterilized and released as placeholders, (2) the
likelihood of a placeholder being displaced by a red wolf and the biotic
and abiotic factors influencing these displacements, (3) the degree of
territory fidelity of placeholders (i.e., the likelihood of dispersing after

being sterilized), (4) survival rates and causes ofmortality of both place-
holders and red wolves, and (5) the number of hybrid litters born per
year in the recovery area. Ultimately, themanagement goal is the reduc-
tion and eventual elimination of genetic introgression from coyotes into
the red wolf population, thus allowing for continued persistence of a
free-ranging population of red wolves in the wild.

2. Materials and methods

2.1. Study area

The Red Wolf Recovery Experimental Population Area (RWREPA)
study area was located in northeastern North Carolina on the Albemarle
Peninsula and encompassed approximately 4900 km2 (Fig. 1). The pen-
insula is part of the South Atlantic Coastal Plain and is a combination of
tidal (estuarine) and non-tidal (palustrine)wetlands, andmixed upland
forests. The western region is dominated by mixed pine-hardwood for-
ests of loblolly pine (Pinus taeda), white oak (Quercus alba), hickory
(Carya tomentosa), beech (Fagus grandifolia), tulip tree (Liriodendron
tulipifera), sweetgum (Liquidambar styraciflua), and red maple (Acer
rubrum) (Hartshorn, 1972). Pocosins are palustrine wetlands endemic
to the Atlantic coast and are found throughout the study area. The acidic
and nutrient poor soils of pocosins facilitate dominance by pond pine
(P. serotina) although loblolly and longleaf pine (P. lalustris) are com-
mon. The vegetation of the central region exhibits a gradual west-to-
east change from upland species to palustrine wetlands dominated by
tupelo (Nyssa sylvatica), Atlantic white cedar (Chamaecyparis thyoides),
loblolly pine, and bald cypress (Taxodium distichum) (Lynch and
Peacock, 1982; Moorhead and Brinson, 1995). Estuarine wetlands have
their highest incidence in the eastern region of the study area (mainly
Dare andHyde counties), primarily along the coastline and are dominat-
ed by black rush (Juncus roemerianus) with areas of wetland grasses
(Spartina alterniflora, S. patens, Cladium jamaicense), marsh elder (Iva
frutescens), and false willow (Baccharis angustifolia) (Moorhead, 1992).

Within the RWREPA the principal landowners were private timber
and agricultural corporations with federal and state governments hav-
ing the next highest proportions of land ownership. There were numer-
ous wildlife refuges contained within the study area with the two
largest being the ARNWR and Pocosin Lakes National Wildlife Refuge

Fig. 1. The five county Red Wolf Recovery Experimental Population Area in northeastern North Carolina including the location of the two largest National Wildlife Refuges.
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(PLNWR; Fig. 1). The ARNWR was located in the extreme northeastern
section of the study area andwas designated as the initial red wolf rein-
troduction site in 1987 due to a lack of coyotes and human presence, but
with abundant prey (Phillips and Parker, 1988). Contained within the
ARNWR was a 19,020-ha U.S. Air Force bombing range. The average
annual rainfall for ARNWR was 145 cm without seasonal fluctuations,
although 4.8 cm of snow falls annually during the winter (U.S.
Department of the Interior, 2008). The 44,560-ha PLNWR was located
in the central portion of the study area (Fig. 1). The total human popu-
lation for the study area in 2010 was 105,124 people (U.S. Census
Bureau, 2010).

2.2. Capture, sterilization, and monitoring of study animals

All capture, handling, aerial telemetry, andmonitoring of redwolves,
coyotes, and hybridswas conducted by USFWS personnel. Genetic anal-
ysis of blood samples collected from captured animals was used for spe-
cies identification (Miller et al., 2003; Adams, 2006; Bohling et al.,
2013). Beginning with the reintroduction in 1987, all red wolves re-
leased from captivity were equipped with a very high frequency
(VHF) radio-collar (Telonics, Mesa, Arizona, USA; Phillips and Parker,
1988). Adults (N9 months old) born in the wild were trapped with a
padded, foot-hold trap, immobilized, and fitted with a VHF radio-
collar, body measurements and weight recorded, and a blood sample
drawn. Pups born in the wild were implanted with an integrated tran-
sponder (PIT) tag (Trovan®; Beck et al., 2009). Radio-collared adult
red wolves were located 2–3 times/week from an airplane or ground
based vehicle. Starting in 2007, many red wolves were fitted with a
GPS radio-collar (Lotek Wireless, Newmarket, Ontario, Canada) which
obtained a location every 5 h (Dellinger et al., 2013).

Starting in 1999 and continuing through to 2013, adult (N9 months
old) coyotes andhybridswithin the RWREPAwere sterilized to examine
the feasibility of the placeholder concept. Captured coyotes and hybrids
were either sterilized or removed (euthanatized) from the recovery
area (Kelly, 2000; Gese et al., 2015), and thus there were no intact coy-
otes and hybrids monitored during this study. Upon capture in a pad-
ded, foot-hold trap, coyotes and hybrids were transported to a surgical
facility, sterilized, then fitted with a VHF radio-collar (Telonics, Mesa,
Arizona, USA), body measurements and weight recorded, and blood

drawn. Females were sterilized by tubal ligation or spay, while males
were vasectomized or neutered (Bromley and Gese, 2001b; Seidler
and Gese, 2012). Animals spayed or neutered were classed as “hor-
mones not intact”, while animals undergoing tubal ligation or vasecto-
my were classed as “hormones intact” (Asa, 2005). All surgical
procedures were conducted by a licensed veterinarian after the animals
were anesthetized. Animals were monitored overnight for post-
operative complications and released at their capture site the following
day. Research techniques and animal care procedures were conducted
under permits and standard operating protocols approved by the U.S.
Fish and Wildlife Service.

Sterilized coyotes and hybridswearing VHF radio-collarswere locat-
ed on a regular basis (2–3 times/week) during the same aerial telemetry
flights as the red wolves. Locations of the placeholders provided spatial
information including home range location and boundaries (USFWS,
unpublished data) for the 182 placeholders (Fig. 2). Data were also re-
corded for the date of displacement, the species which displaced or
killed the coyote or hybrid, and if available, the specific individual that
displaced the placeholder. Because aerial telemetry was conducted dur-
ing the day, we were concerned if the home ranges determined from
daytime locations may underestimate space use (Gese et al., 1990).
However, the average home range size of the 182 VHF radio-collared
resident placeholders in the study area was 23.5 ± 12.0 (range
5.5–64.5 km2), similar to the mean home range of 27.2 km2 for coyotes
later equipped with GPS-collars (Hinton, 2014).

2.3. Biotic and abiotic factors influencing displacement

For each placeholder's home range,we determined thepercent com-
position of 10 land cover types within their home range using ArcGIS
10.2.2 (ESRI, Redlands, California, USA). Land cover typeswere obtained
from LANDFIRE 1.3.0 (LANDFIRE 1.3.0., 2012) and included agriculture,
sparse, developed, herbaceous, marsh, riparian, shrubland, swamp, for-
est, and water. Land ownership was compiled from state GIS databases
and included federal, state, private, and non-governmental organiza-
tions (NGO). A digital representation of primary and secondary roads
was obtained from the North Carolina Department of Transportation
(https://connect.ncdot.gov/resources/gis/; accessed July 2014). The
length of primary and secondary roads in each home range was

Fig. 2. Home ranges of placeholders (i.e., sterilized coyotes and hybrids) in the Red Wolf Recovery Experimental Population Area, North Carolina, 1999–2013.
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converted to road density (km/km2). We used generalized linear
models (GLM)with a binomial distribution and logit link function to ex-
amine the influence of abiotic (home range characteristics) and biotic
(placeholder characteristics) factors on the probability of being
displaced (y = 1) or not displaced (y = 0) by a red wolf. Home range
characteristicswere assessed for each placeholder's home range, includ-
ing home range size (km2), road density (km/km2), percent occurrence
of each land cover type, dominant land cover type, percent occurrence
of each land owner type, and dominant land owner type. Placeholder
characteristics included sex of the placeholder, body length, and sterili-
zation procedure (hormones intact or not intact). We developed sepa-
rate GLMs to examine the effects of the home range and placeholder
characteristics. Correlated variables (r N 0.25) were not allowed to
enter the same model as additive or interactive effects.

We ranked all home range and placeholder characteristic GLMs and
the null model using the Bayesian Information Criteria (BIC; Schwarz,
1978). Variables from the highest ranked model of home range charac-
teristics were combined with variables from the highest ranked model
of placeholder characteristics to generate a set of models containing
both combinations of predictor variables, and we again used BIC
(Schwarz, 1978) to compare models (Scheiner, 2004). All model devel-
opment and analysis was conducted in the R statistical software (R Core
Team, 2014).

2.4. Cause-specific mortality and survival rates

Radio-collared adult red wolves, coyotes, and hybrids were moni-
tored 2–3 times/week allowing for the early detection of amortality sig-
nal and facilitating recovery of the carcass to determine the cause of
death. If applicable, a field necropsy was conducted, or if the cause of
death was not apparent, the carcass was examined by a veterinary pa-
thologist. We classified mortalities into one of three classes: anthropo-
genic, natural, or unknown. Anthropogenic mortality included any
human-caused death not due to removal of coyotes or hybrids by agency
personnel tomake that home range available to a redwolf. Thus, anthro-
pogenic mortality included causes of death from gunshot, vehicle colli-
sion, foul play, trapping, and poisoning. Foul play included suspected
gunshot or suspected illegal take. Natural mortalities included health-
related incidences such as disease or parasite load, and interspecific
and intraspecific aggression resulting in death of the animal. A total of
182 placeholders and 410 red wolves were monitored from 1 January
1999 to 31 December 2013. We calculated annual survival rates for
red wolves, sterile coyotes, and sterile hybrids using the program
MICROMORT (Heisey and Fuller, 1985), but limited our survival analysis
to the time period of 2000 to 2013 as there was only one sterile coyote
and four sterile hybrids available for monitoring in 1999.

2.5. Composition of litters

During spring, personnel from the USFWS monitored radio-collared
redwolves and located breeding females at active dens to determine the
composition of the litter (Bohling and Waits, 2015; Gese et al., 2015).
Pups born in the wild were implanted with an integrated transponder
(PIT) tag (Trovan®; Beck et al., 2009) for future identification during
subsequent capture operations in the fall when pupswere large enough
to be radio-collared. If the genetic origin of the litter was questionable,
blood samples were obtained and examined using 18 nuclear DNA mi-
crosatellite loci to determine their ancestry and red wolf pedigree
(Miller et al., 2003; Adams, 2006; Bohling et al., 2013).

3. Results

3.1. Displacement events

From1999 to 2013, theUSFWS captured, sterilized, and released 218
animals to serve as placeholders within the RWREPA. Of these, 15 were

classed as transients (cf Gese et al., 1988), 13 were killed b3 months
after release, and 8 disappeared (i.e., lost contact with the radio-
collar) b3months after release, thereby leaving182 individuals for anal-
ysis. These 182 placeholders included 66 female and 59 male coyotes,
and 26 female and 31male hybrids. Of the 182 placeholders monitored,
51 were displaced by wolves (37 were spatially displaced by wolves
from their territories and 14 were killed by a red wolf). In addition, 16
placeholders were removed by USFWS personnel and a red wolf re-
leased into the territory. Thus, 67 (37%) of the 182 placeholders were
naturally displaced or artificially removed, leading to occupancy of the
territory by a red wolf. During the same time period, 146 (35%) dis-
placements out of 410 red wolves monitored were also documented.
No coyote or hybrid displaced a red wolf; red wolves were displaced
only by another red wolf. All displacements (100%) of placeholders
were by a red wolf of the same sex. Similarly, for red wolves 98% of
red wolf displacements were by a red wolf of the same sex.

Of the 51 naturally occurring displacements of placeholders, the fre-
quency of displacements varied seasonally (χ2 = 9.37, df = 3, P =
0.025) with the most displacements occurring in winter (43%; 1 Decem-
ber–28 February), followed by spring (25%; 1 March–31 May), fall (18%;
1 September–30November), and summer (14%; 1 June–31August). Sim-
ilarly, the 146 displacements of red wolves by red wolves varied season-
ally (χ2= 31.64, df= 3, P b 0.001)withmost displacements occurring in
winter (41%), followed by spring (26%), fall (25%), and summer (8%).

Although there were similar numbers of female (n = 92) and male
(n=90) placeholders, sterilizedmalesweremore likely to be displaced
than sterilized females (males: 34.4% displaced, females: 21.7%
displaced; χ2 = 3.64, df = 1, P = 0.056), regardless if the male was a
sterile coyote (32.2%) or a sterile hybrid (38.7%; Fig. 3). Female place-
holders that underwent tubal ligation and were hormonally intact
were no more likely to be displaced than females that underwent a
spay and were not hormonally intact (tubal ligation: 19.4% displaced;
spay: 30.0% displaced; χ2 = 1.025, df = 1, P = 0.31; Fig. 4). Similarly,
males that underwent vasectomy and were hormonally intact were
also nomore likely to be displaced thanmales that underwent a neuter
surgery and were not hormonally intact (vasectomy: 32.9% displaced,
neuter: 42.3% displaced; χ2 = 0.519, df = 1, P = 0.47; Fig. 4). The
weight at capture of displaced female placeholders (13.21 ± 2.57 kg,
standard deviation [SD]) was no different than female placeholders
that were not displaced (13.50 ± 2.58 kg; t = 0.450, df = 30.499, P =
0.65). Similarly, the weight at capture of male placeholders that were
displaced (15.84 ± 3.48 kg) was not different than the male place-
holders that were not displaced (14.94 ± 2.58 kg; t = −1.265, df =
47.725, P = 0.2119).

Fig. 3. The percent of male and female coyotes and hybrids serving as placeholders that
were displaced and not displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.

14 E.M. Gese, P.A. Terletzky / Biological Conservation 192 (2015) 11–19



3.2. Biotic and abiotic factors influencing displacement

We examined the abiotic (home range characteristics) and biotic
(placeholder characteristics) factors influencing the likelihood of a
placeholder being displaced. Of the 63models of home range character-
istics examined plus the null model, the highest ranked was the null
model followed by models containing home-range size or road density
(Table 1). We found that the percent of placeholders displaced by a red
wolf increased as home-range size increased (Fig. 5A). At home ranges
b20 km2, 17 of 85 (20%) placeholders were displaced by red wolves,
while in contrast, 10 of 26 (38%) of the placeholders with home ranges
N35 km2 in sizewere displaced. In contrast,we found that the percent of
placeholders displaced by a red wolf decreased with increasing road
density, with displacements being highest at low road densities
(Fig. 5B). All other models of home range characteristics had ΔBIC
values N10 and model weights b0.01, thus home-range size and road
density were carried forward to the combined models (Burnham and
Anderson, 2002). Interestingly, neither the composition of land owner-
ship or the dominant land ownership, nor the composition of land cover
type or dominant land cover type influencedwhether a placeholderwas
displaced by a red wolf.

Of the seven models of placeholder characteristics and the null
model, the highest ranked was the null model followed by the univari-
ate model of placeholder sex (Table 2). As described previously, we
found male placeholders were more likely to be displaced than female
placeholders (males: 34.4%, females: 21.7%). All other models of place-
holder characteristics had ΔBIC values N4 and model weights b0.08,
thus placeholder sex was the single variable carried over to generate
the combined models. Of the eight combined models examined and
the null model, the highest ranked model was the null model followed
by the univariate model containing placeholder sex, then the univariate
models containing home-range size and road density (Table 3).

3.3. Territory fidelity

Dispersal of juvenile animals from their natal home range is a com-
mon occurrence among most canid species. However, we emphasize
that because only adult coyotes and hybrids N9 months of age were
sterilized and used as placeholders, we only examined territory fidelity
for adult canids in the study area (i.e., we did not include juvenile dis-
persal from their natal home ranges). Territory fidelity of adult canids
was high during the study. During the 14 years of monitoring
(2000–2013), of the 125 adult coyotes serving as placeholders, only 2
(1.6%) adult sterile coyotes dispersed from their resident territory. Of
the 57 adult hybrid animals serving as placeholders, 4 (7.0%) adult hy-
brids dispersed from their territory. Similarly, of the 410 adult red
wolves monitored during the same time period, 11 (2.7%) adult red
wolves dispersed from their resident territory. In contrast to and for

Fig. 4. The percent of 182 placeholders, sterilized by four methods, which were displaced
and not displaced by red wolves in the RedWolf Recovery Experimental Population Area,
North Carolina, 1999–2013.

Table 1
The ΔBIC and model weights for the generalized linear models and the null model exam-
ining the influence of home range characteristics within a placeholder's home range and
the likelihood of being displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.68
Home-range size (km2) 2.6 2 0.19
Road density (km/km2) 3.8 2 0.10
Home-range size (km2) + Road density (km/km2) 7.0 3 0.02

Fig. 5. The percent of placeholders displaced by a redwolf across (A) five classes of home-
range size (km2) of theplaceholder, and (B)five classes of road density (km/km2)within a
placeholder's home range, RedWolf Recovery Experimental Population Area, North Caro-
lina, 1999–2013.

Table 2
The ΔBIC andmodel weights for the generalized linear models and the null model exam-
ining the influence of placeholder characteristics on the likelihood of being displaced by
red wolves in the Red Wolf Recovery Experimental Population Area, North Carolina,
1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.56
Sex 1.5 2 0.26
Hormones intact 4.1 2 0.07
Body length (cm) 5.2 2 0.04
Sex + Hormones intact 5.3 3 0.04
Sex + Body length (cm) 6.6 3 0.02
Hormones intact + Body length (cm) 9.3 3 0.01
Sex + Hormones intact + Body length (cm) 10.4 4 0.00
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comparative purposes, we found that 103 (25.1%) of the juvenile red
wolves dispersed at some time from their natal home range.

3.4. Survival rates and cause-specific mortality

We estimated annual survival rates for the 182 adult placeholders
that were monitored for 137,784 radio-days (sterile coyotes: 84,093
radio-days; sterile hybrids: 53,691 radio-days) during 1999 to 2013.
For comparison, we examined survival rates of 410 adult red wolves
monitored for 388,587 radio-days during the same time period. In gen-
eral, the sterilized adult placeholders (coyotes and hybrids combined)
had higher survival rates than adult red wolves (Fig. 6). Mean annual
survival was highest for sterilized hybrids (0.876± 0.11, standard devi-
ation, SD), lowest for red wolves (0.80 ± 0.04) and intermediate for
coyotes (0.843 ± 0.12). Red wolves exhibited higher annual survival
than the placeholders in only two (14%) of the 14 years of the study,
while placeholders had the highest survival in 12 (86%) of the
14 years monitored. Interestingly, sterilized coyotes had the highest
survival in 6 (43%) of the 14 years and hybrids also had the highest sur-
vival in 6 (43%) of the 14 years.

Some sources of mortality among adult red wolves and adult
placeholders were similar, while some specific causes were more
species related (Table 4). Anthropogenic causes of mortality was
similarly high for both adult red wolves and adult placeholders
(red wolves vs. placeholders: χ2 = 0.47, 1 df, P = 0.49), and the
number of deaths due to natural and unknown causes was similar

(Table 4). A similar high percentage of red wolves and placeholders
were killed by gunshot and foul play (red wolves vs. placeholders:
χ2 = 0.07, 1 df, P = 0.788). Six red wolves were killed by poisoning
and no placeholders were killed by poisoning (red wolves vs. place-
holders: χ2 = 1.65, 1 df, P = 0.199). No red wolves were killed by
placeholders (sterile coyotes or sterile hybrids), but 19% of the sterile
coyote mortalities and 21% of the sterile hybrids mortalities were
caused by interspecific aggression from red wolves (red wolves vs.
placeholders: χ2 = 50.36, 1 df, P = 0.0001). Red wolves were rarely
killed (~6% of mortality) by conspecifics (i.e., intraspecific aggres-
sion) and no placeholders were recorded as killed by conspecifics
(red wolves vs. placeholders: χ2 = 3.95, 1 df, P = 0.0469).

3.5. Composition of litters

In general there was little variation in the number of hybrid litters
from 2000 to 2013 with a mean of 2 hybrid litters/year (±1, standard
deviation) with a maximum of 5 litters in 2006 and no hybrid litters
in 2004 (Fig. 7). During the same time period, the number of red wolf
litters has varied with a mean of 9 litters (±2) and ranged from 6 to
12 litters each year.

Table 3
TheΔBIC andmodel weights for eight generalized linearmodels and the null model com-
bining biologically meaningful characteristics of the placeholder and the placeholder's
home range on the likelihood of being displaced by red wolves in the Red Wolf Recovery
Experimental Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.48
Sex 1.5 2 0.22
Home-range size (km2) 2.6 2 0.13
Road density (km/km2) 3.8 2 0.07
Home-range size (km2) + Sex 5.0 3 0.04
Road density (km/km2) + Sex 5.0 3 0.04
Home-range size (km2) + Road density (km/km2) 7.0 3 0.01
Home-range size (km2) + Road density (km/km2) + Sex 9.1 4 0.00
Home-range size (km2) * Road density (km/km2) + Sex 10.4 5 0.00

Fig. 6. Annual survival rates of adult red wolves (n= 410), sterilized adult coyotes (n= 125), and sterilized adult hybrids (n = 57), in the RedWolf Recovery Experimental Population
Area, North Carolina, 2000–2013.

Table 4
Anthropogenic, natural, and unknown causes of mortality for adult red wolves and sterile
placeholders (coyotes, hybrids) in the Red Wolf Recovery Experimental Population Area,
northeastern North Carolina, 1999–2013.

Red Wolves % (n) Sterile Coyotes % (n) Sterile Hybrids % (n)

Anthropogenic
Gunshot 37.1 (91) 23.8 (10) 33.3 (8)
Vehicle 17.6 (43) 19.0 (8) 8.3 (2)
Foul Play 4.1 (10) 14.3 (6) 8.3 (2)
Trapping 2.4 (6) 4.8 (2) 4.2 (1)
Poisoning 2.4 (6) 0 (0) 0 (0)
Total 63.7 (156) 61.9 (26) 54.2 (13)

Natural
Health-related 11.8 (29) 0 (0) 4.3 (1)
Interspecific 0 (0) 19.0 (8) 20.8 (5)
Intraspecific 5.7 (14) 0 (0) 0 (0)
Total 17.6 (43) 19.0 (8) 25.0 (6)

Unknown 18.8 (46) 19.0 (8) 20.8 (5)
Total deaths 245 42 24
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4. Discussion

Many factors threaten the persistence of canid populations through-
out the world (Gittleman et al., 2001; Woodroffe, 2001; Ripple et al.,
2014). Hybridization with coyotes followed by genetic introgression
was identified as one of the greatest threats to recovery of red wolves in
North Carolina (Kelly et al., 1999). Sterilization of coyotes and hybrid in-
dividuals was proposed to serve as placeholders to reduce hybridization
and genetic introgression of the red wolf population (Kelly, 2000). This
is the first documented case of using sterilization and the placeholder
concept tomediate hybridization and genetic introgression between sim-
ilar taxonomic canids. The primary objective of the placeholder concept
was to limit opportunities for intact red wolves to produce viable off-
spring during mating events with coyotes or hybrid animals, as well as
keeping space available for red wolves without the threat of producing
hybrid offspring if pairing with a red wolf occurred (Stoskopf, 2012).
These sterile placeholders could then be displaced from these territories
by a red wolf, or these sterile animals could be removed and red wolves
released into the now empty territory. Sterilization was not used to con-
trol or manage the coyote population in the recovery area, but to create
non-reproductive territories with sterile animals that were incapable of
successful reproduction (i.e., hybridization).

Natural displacements and strategic management removals of place-
holders resulted in 37% of those sterile placeholders being replaced by
red wolves in that territory. Displacements were unidirectional with
red wolves displacing and replacing placeholders, but no placeholder
displaced red wolves during the 14 years of monitoring. Interestingly,
animals not having hormonal systems intact (i.e., animals spayed or
neutered) were not displaced at a higher frequency than sterile animals
with intact hormones (i.e., animals tubal ligated or vasectomized). Intact
hormonal systems are generally believed to be necessary for pair bond-
ing and territorial maintenance (Asa, 1995). The higher frequency of
displacements in winter is not surprising given that the breeding season
would compel animals to seek mating opportunities. The finding that
male red wolves displaced male placeholders, and female red wolves
displaced female placeholders reinforces the mating opportunity
hypothesis.

We found that home range size and road density influenced the per-
centage of placeholders displaced by red wolves. At home ranges
b20 km2, 20% of the placeholders were displaced by red wolves, while
38% of the placeholders with home ranges N35 km2 were displaced.
Red wolves have larger home ranges (Chadwick et al., 2010) than coy-
otes, and may thus prefer to acquire larger areas in which to establish

residency. Similarly, home ranges of placeholders that contained low
road densities were preferred by redwolves, leading to higher displace-
ment rates. Dellinger et al. (2013) reported red wolves avoided areas
with high human density, and suggested red wolves will use human-
associated landscapes, but modify their habitat selection patterns with
increased human presence. Thus large home ranges with low road den-
sity appear to be preferred by red wolves and placeholders occupying
said home ranges have a higher likelihood of being displaced. Interest-
ingly, of the 26 placeholders with home ranges N35 km2, the 10 place-
holders displaced had a median home range size of 47 km2 and a
median road density of 0.48 km/km2, while the 16 placeholders not
displaced had a median home range size of 41 km2 and a median road
density of 0.63 km/km2. Past studies on gray wolves have suggested
wolves tended to survive where human density was low and road den-
sity was b0.58 km/km2 (Thiel, 1985;Mech et al., 1988). Red wolves and
coyotes used similar habitats and space (Hinton, 2014), thus the lack of
habitat variables influencing displacements was likely due to similar
habitat selection and requirements.

Annual survival rates of placeholderswere higher than redwolves in
12 of the 14 years of monitoring. Coyotes and hybrids each had the
highest survival rates in 6 of the 14 years. Even first generation hybrids
had survival values more similar to coyotes than red wolves, indicating
that hybridization conferred some level of increased survival abilities
more reminiscent of coyotes. Perhaps the smaller body size, dietary
breadth (Hinton, 2014), and behavioral plasticity of hybrids, which are
more similar to coyotes than red wolves, also allowed for increased sur-
vival rates. Coyotes are adaptable to human-modified environments
(Bekoff and Gese, 2003; Gehrt, 2004; Gese et al., 2012), and hybridiza-
tion appeared to confer similar “coyote-like” survival traits to hybrid
individuals.

While causes of mortality were similar among red wolves, coyotes,
and hybrid animals, red wolves did experience a higher frequency of
gunshot and health-related mortality. The high red wolf mortality due
to gunshot is cause for concern as many of these mortalities occurred
in the breeding season during the past 2–3 years (Hinton et al., in
review) and not only limited potential litter production of red wolf
pairs in the last 2 years (Fig. 7), but also opened opportunities for hy-
bridization between redwolves and coyotes by reducingmating oppor-
tunities with red wolves (Bohling and Waits, 2015; Gese et al., 2015).
While sterilization of placeholders does limit successful reproduction
between red wolves and coyotes, it is impractical to capture and steril-
ize all coyotes in the recovery area.

While only 37% of the placeholders were naturally or artificially
displaced leading to red wolf occupancy of the territory, the remain-
ing 63% did protect space in which no hybrid litters could be pro-
duced. Ultimately, limiting genetic introgression into the red wolf
population is the overall goal of the use of the placeholder concept.
In 2014, the genetic composition of the wild red wolf population
was estimated to include b4% coyote ancestry from recent introgres-
sion since reintroduction (Gese et al., 2015). Use of placeholders,
combined with removal of coyotes and hybrids, release of captive
adult red wolves, and cross-fostering of captive pups into wild red
wolf litters, appeared to be effectively limiting genetic introgression
into the red wolf population (Gese et al., 2015). Continued intensive
managementwill likely be necessary in the future to limit hybridization
and genetic introgression. Using the placeholder concept to limit
hybridization in other canid species has potential. Hybridization with
domestic dogs poses a threat to the Ethiopian wolf (Gottelli et al.,
1994) and the European gray wolf, but sterilization to generate place-
holders may not be an effective strategy in these situations because
domestic dogs are the introgressing species and sterilizing all free-
ranging domestic dogswould be impossible. Using the placeholder con-
cept to reduce or limit hybridization among several related canids in
Ontario and reduce the threat of genetic introgression into a population
of eastern wolves in Algonquin Provincial Park (Patterson and Murray,
2008) may be more practical.

Fig. 7. The number of red wolf and hybrid litters in the Red Wolf Recovery Experimental
Population Area, North Carolina, 2000–2013.
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5. Conclusions

Sterilization has been used in the recent past to reduce predation
rates by coyotes on domestic and native ungulates (Bromley and Gese,
2001a; Seidler et al., 2014), but using sterilization to limit genetic intro-
gression into the red wolf population is the first use of sterile animals
within the context of the “placeholder” concept. We emphasize that
sterilization was not used to limit the distribution or size of the coyote
population, but to reduce the incidence of hybridization between coy-
otes and redwolves and genetic introgression into the red wolf popula-
tion. Results from this experiment demonstrate the utility of the
placeholder concept to limit genetic introgression of coyotes into the re-
covering redwolf population in northeasternNorth Carolina. Territories
were held by sterilized placeholders and then being successfully
displaced by redwolves resulting in redwolf occupancy. Equally impor-
tant was production of hybrid litters was limited to a few each year in
the recovery area, and the genetic composition of the red wolf popula-
tion in 2014 contained b4% coyote introgression. The utility and appli-
cation of the placeholder concept may be practical for limiting genetic
introgression in similar situations where an introgressing species
threatens the genetic integrity of a sympatric carnivore.
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Managing canid predation on livestock is the leading challenge facing canid conservation

worldwide. However, removing canids, and coyotes in particular, to reduce livestock pre-

dation is environmentally and socially controversial. In addition, it can be expensive and

logistically difficult to field evaluate the myriad of potential selective, spatial, and temporal

canid management strategies. Here, we develop a spatially explicit, individual-based simula-

tion model to evaluate commonly used or promoted coyote control strategies. We began with

an already constructed non-spatial, individual-based stochastic coyote population model

that incorporated behavioral features, such as dominance and territoriality. We added a

spatial component and enhanced the social rule set to more realistically model coyote move-

ment and territory replacement. This model merges coyote spatial, social, and population

ecology into a management framework. The development, structure, and parameterization

of this model are described in detail. For lethal methods, model results suggest that spa-

tially intensive removals are more efficient and long lasting compared to random removal

methods. However, sterilization appears to be the management strategy offering the largest

and most lasting impact on coyote population dynamics. We recommend adding spatial

prey/livestock density and environmental components to this model to further enhance its

ecological reality and management usefulness. Although this model is applied to coyotes in

particular, it is applicable to many canid species of conservation concern. This model pro-

vides a tool to assist in the development of more effective and socially acceptable livestock

predation management strategies.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Managing canid predation on livestock is the leading chal-
lenge facing canid conservation worldwide. Coyote predation
on livestock in general, and on domestic sheep in particu-

∗ Corresponding author. Tel.: +1 435 797 1481; fax: +1 435 797 3796.
E-mail address: mary.conner@usu.edu (M.M. Conner).

lar, has been a fundamental problem of livestock producers
in North America over the past 60 years (Conover, 2002). It has
been estimated that coyotes are responsible for over $40 mil-
lion in damages to livestock producers in just the United States
each year, with the proportionally highest losses to sheep pro-

0304-3800/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolmodel.2008.09.008
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ducers (Mitchell et al., 2004). However, removing canids, and
coyotes in particular, to reduce livestock predation is environ-
mentally and socially controversial.

A variety of lethal and non-lethal methods are employed
to reduce coyote depredation rates. Commonly used lethal
methods include large-scale aerial gunning of coyotes, local-
ized removal of all coyotes in the vicinity of an area or
ranch experiencing coyote depredation, and removal of coy-
otes just prior to the birth pulse. A less commonly used lethal
approach is selective removal of breeding adult (alpha) coy-
otes. Nonselective removal (e.g., aerial gunning) is based on
the assumption that fewer coyotes means fewer livestock
losses. Selective removal, which targets alpha coyotes, is based
on the assumption that provisioning offsping is energetically
costly, and one way to offset this cost is for alpha coyotes to
prey on domestic livestock (Till and Knowlton, 1983). Accord-
ingly, selective removal attempts to only remove the problem
animals (alphas) in an effort to more efficiently reduce losses
to livestock producers while simultaneously minimizing the
impact to non-problem coyotes. Non-lethal control methods
include guard animals, fencing, frightening devices, and hus-
bandry practices (see Knowlton et al., 1999 for a thorough
review). These approaches are preventative and usually focus
on changing the behavior of potential problem animals rather
than the manipulation of population numbers. Because we
evaluate management strategies aimed at coyote populations
in this paper, we restrict our analyses of non-lethal manage-
ment types to the approach of sterilization (e.g., vasectomy
and tubal ligation). Coyote sterilization is based on the same
underlying premise as removal of alpha coyotes just prior
to the birth pulse; coyotes are less likely to kill livestock if
they do not need to provision for pups (Bromley and Gese,
2001). While coyote sterilization shows promise at reduc-
ing livestock depredation, it has not yet proven effective for
long-term or large-scale use (Mitchell et al., 2004). Thus, for
methods aimed at the coyote population, most livestock pro-
ducers rely on lethal methods to reduce coyote depredation on
sheep.

Coyote depredation management is controversial. Those
involved in animal welfare question how well coyote removal
works and whether landscape level measures, such as aerial
gunning of coyotes, can be justified environmentally, econom-
ically or socially (Andelt, 1996). Mitchell et al. (2004) noted that
lethal strategies may fail because alpha coyotes, which are the
most likely social class to kill livestock, are the most resistant
to nonselective removal techniques. Recently, there has been
increased interest about selective removal, which focuses on
small spatial areas, specific classes of animals (i.e., alphas),
and limited timing of removal. The goal of this approach is
minimize the number of coyotes removed while maximizing
the reduction in depredation rates and length of the effect
(Conover, 2002).

Coyote social structure and demographics have been well
studied over a wide range of habitats throughout the United
States and Canada. Coyote population vital rates, dynamics,
and social structure vary with prey type and availability. Below
we briefly discuss coyote biological and social relationships
that are relevant to the construction of our model; for a thor-
ough review of coyote biology, ecology, and management, see
Knowlton et al. (1999).

Coyotes live in packs, are territorial, and have a strong
social hierarchical structure in which typically only the alpha
pair breeds for each pack (Camenzind, 1978; Gese et al., 1996b).
Packs and territories have an exclusive relationship with one
pack occupying and defending one territory (Camenzind, 1978;
Bekoff and Wells, 1986; Windberg and Knowlton, 1988). Terri-
tories are typically contiguous (Windberg and Knowlton, 1988;
Gese et al., 1989, 1996a,b), with each territory maintained by an
alpha pair (Gese and Ruff, 1997, 1998). Packs usually also con-
tain beta coyotes, which are typically related to the alpha pair,
and pups. The larger population also contains transient coy-
otes (Camenzind, 1978; Bekoff and Wells, 1986) that occupy the
interstitial area between several territories (Gese et al., 1988)
and generally do not produce offspring (Knowlton et al., 1999).
One of the biological mechanisms regulating coyote popula-
tion growth rates is litter size, which decreases as population
density increases (Todd et al., 1981; Todd and Keith, 1983). Two
other social factors implicated in mediating population regu-
lation are beta dispersal rates and transient mortality, which
are interrelated. As population density increases, pack sizes
reach a point where they no longer provide adequate resources
for the entire pack. Consequently, the proportion of betas
leaving territories to become transients increases (Gese et al.,
1996b), which increases transient density. Increased transient
density is thought to lead to increased transient mortality
rates (Mills and Knowlton, 1991), which in turn decreases, and
hence potentially regulates, population growth rates.

Virtually all decisions about predator management occur
in the face of incomplete data, a complex, often spatially and
socially structured environment, and in systems subject to
temporal variation. It can be costly and difficult to evaluate
the myriad of potential social, spatial, and temporal coyote
removal strategies. When it comes to coyote depredation and
sheep, the ultimate question is “Was the depredation rate
reduced by the control strategy?” The penultimate question,
which we address in this paper, is “Which strategy reduced
the number of potential livestock killers for the longest time?”
Modeling is a valuable heuristic tool to compare different
removal strategies. For these reasons, we created a realis-
tic, spatially explicit, individual-based, socially structured,
stochastic coyote population model.

This model is a direct descendant of an individual-based
stochastic coyote population model that incorporated social
structure that was constructed by Pitt et al. (2003). We used
parameter estimates and functional forms presented by Pitt et
al. (2003) in their individual-based coyote population model,
which were based mainly on estimates of coyote vital rates
from the Rocky Mountain region of the United States. We
consider this a ‘generic population’. Pitt et al. (2003) used
Swarm as their simulation environment (SDG, 2001) and mod-
eled individuals within packs hierarchically. With relatively
simple social and demographic rules, they realistically mod-
eled the dynamics of a 100-pack coyote population. Pitt et al.
(2003) adjusted model rules and calibrated parameter values
so that their output matched field studies of coyote population
dynamics and social structure, rather than doing a field vali-
dation. Pitt et al. (2003) model was non-spatial. However, the
application of control is spatial; that is coyotes can be removed
from spatially clustered locations (intensive removal over
small areas) versus random removals (less intensive removal
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over larger areas). Here, we began where Pitt et al. (2003) left
off; we used the basic structure, rules, and model parameter
values from their model, but made it spatially explicit and
added additional movement rules. Then, we used this model
to evaluate commonly used or promoted coyote control strate-
gies on coyote population dynamics and social structure.

2. The model

In this paper, we follow a standard protocol for describing
individual-based models (Grimm et al., 2006) because we agree
that “readers are better able to absorb information if it is pro-
vided in a familiar, meaningful structure” (Gopen and Swan,
1990). The purpose of this protocol is to facilitate understand-
ing and repeatability of individual-based simulation models
written across a variety of disciplines (Grimm et al., 2006).
We used the computer package IDL (Version 6.4, ITT Visual
Information Solutions, Boulder Co.) to develop a stochas-
tic, spatially explicit, socially structured (i.e., stage based),
individual-based model.

2.1. Purpose

The overall goal of this model is to heuristically evaluate differ-
ent spatially applied management actions, such as removing
coyotes from spatially clustered locations versus random
removals, on coyote population and social dynamics. From
the wildlife-damage perspective, we hope this model will
allow managers to find strategies that provide the results they
require with the minimum number of coyotes removed.

2.2. State variables and scales

We used four hierarchical levels in the model: individual,
territory (or pack), population, and management scenario.
Individual coyotes were classified by the state variables: iden-
tity number, age, sex, identity of the territory where the
individual lives, reproductive potential (sterile or fertile), and
social status. We defined alphas as coyotes >6 months old
who held a territory and reproduced. Betas were coyotes of >6
months old who were associated with a territory but did not
reproduce. Transients were coyotes >6 months old who did not
hold a territory and did not reproduce, and who moved among
several territories. Pups were coyotes ≤6 months old and were
associated with a territory. Herein, we consider pack and ter-
ritory to be synonymous in this model. That is, one pack was
exclusively associated with one territory, and all members of a
particular pack were also members of the associated territory.

Each territory was initialized to contain one pair (male and
female) of alpha coyotes and possibly betas and transients.
The simulated population consisted of all packs/territories
in the model. The spatial component was simulated using
square grid cells, in which each cell represented a coyote ter-
ritory. Because we did not use nearest neighbor statistics,
movement paths per se, or connectivity, we used the more
tractable square grids instead of hexagonal grids (Birch et
al., 2007). Spatial structure was accounted for by associating
each coyote with a territory, with their probability of moving
to another territory dependent on the coyote’s social status,

age, pack density, and the conditions of neighboring territo-
ries (e.g., whether neighboring territories were missing one or
both alphas).

2.3. Process overview and scheduling

We constructed the model to match the coyote biological
year using discrete time intervals of 1 month; each simu-
lation began in January. Within each month, modules are
processed so that intra-territory changes are handled prior
to inter-territory changes. Within each territory aging, birth
(if April), mortality, change in social status (i.e., beta → alpha,
beta → transient, and transient → alpha) were tracked. These
actions were followed by movement actions between terri-
tories, which included betas and transients moving to new
territories to become alphas, and transient simply moving
between territories (Fig. 1).

2.4. Design concepts

2.4.1. Emergence
Spatial population dynamics emerge from the combined
behavior of model agents (coyotes) as well as from differ-
ent management perturbations. All management strategies
are applied spatially (either spatially random or spatially
clumped) in the form of either coyote removal or sterilization.

2.4.2. Sensing
Each coyote is assumed to know, without error, their age, sex,
social rank, and associated territory. Furthermore, coyotes are
assumed to be able to sample, without error, their neighboring
territories for information such as the number of animals, and
each animal’s sex and social status.

2.4.3. Functional relationships
Within a pack, the number of offspring and probability of
becoming a transient (eviction) increased with pack size. For
the population, transient mortality increased with total tran-
sient density.

2.4.4. Stochasticity
All demographic parameters (i.e., vital rates) and social and
movement rules were based on probability distributions.
Stochasticity in model parameters represents demographic
variation. That is, the parameters were fixed and the stochas-
ticity is variation about the fixed parameters.

2.4.5. Observation
For model testing, the spatial distribution of individuals was
observed process-by-process, and then summarized and out-
put monthly. For model testing and evaluation of coyote
removal strategies, population level and spatial (local) pop-
ulation variables were recorded during a 5-year pre-control,
control, and post-control periods (for a total of 15 years).

2.5. Initialization and input

Because the model begins in January and coyotes are born in
April, all individuals enter the population at 8, 20, 32, 44, etc.
months. Alpha coyotes were required to be a minimum age of
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Fig. 1 – Flow diagram illustrating model processes and general scheduling of coyote population model. Initial spatial arrays
are based on user inputs including number of territories, average pack size, age, sex, social status parameters, and
management scenarios. Individual agents are coyotes. Packs and territories are synonymous. The box titled “agent “action”
loop by territory” occurs within each shaded box in the model flowchart.

32 months to prevent an unrealistically young breeding pop-
ulation and a realistic age structure within packs (i.e., alphas
older than betas). For this study, we used a 10 × 10 square grid
to represent 100 coyote territories. Each grid cell is assumed to
be the size of an average coyote home range. To mitigate edge
effects on model output (i.e., animals can leave the study area
but not come in), we buffered the number of territories in the
simulated study area by 1 additional “ring” of territories. Thus,
we tracked 144 territories (12 × 12 grid), but only summarized
data on the inner 100. No control was done in the buffer.

The initial seeding parameters for the population of coy-
otes were the same for all model runs. Each territory was
initially seeded with a pair of adult alphas, and possibly
beta and transient coyotes. The maximum number of resi-
dents in initial packs was 5, and the mean number was 4.
All coyote demographic and social parameters were common
across all management scenarios (Table 1), but stochastic-
ity was included to represent demographic variation. Using
transient mortality as an example, an equation represents
probability of transient mortality, which that is depen-
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Table 1 – Overview of model input variables, parameters, functions, and stochastic processes

Parameter/variable description Value/equation Stochastic processesa

User input at simulation initialization
Number of territories core output 100 (10 × 10)
Number of territories including buffer 144 (12 × 12)
Average resident pack size 4 (2 of which are always alphas) Uniform[3,5]
Percent of population that is resident 0.75
Sex ratio of betas 0.5
Sex ratio of transients 0.5
Min-max latency to fill alpha slot (months) 1–3 Uniform[1,3]

Vital rates
Mortality probability for adults 0.0100–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for transients [0.008 + 0.089(Ntrans/P)]–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for pups 0.1 Uniform[0,1]–if < 0.1, animal dies
Birth rate 6.93–0.72Npack Normal[equation mean, 1]

Transition within territory
Pup to beta 6 months
Beta to transient 0.005Npack

2 Uniform[0,1]–if < equation, animal dies
Beta to open alpha position Betas get first chance before transients, depending

on age and sex; see Section 2.6
Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position Transients get chance if position not filled by beta,
depending on age and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transition and movement between territories
Beta to open alpha position in different
territory

Betas get first chance before transients, depending
on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position in
different territory

Transients get chance if position not filled by beta,
depending on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient movement between territories Randomly chosen transient can move within local
neighborhood to territory with least transients; see
Section 2.6

Uniform[0,1]–if < 0.5, transient moves

a The stochastic process adds demographic variation to the model. For example, the term ‘Uniform[0,1]–if < equation animal dies’ represents
a Bernoulli trial; if the random number selected from the uniform distribution is less than the number produced by the equation, then the
animal dies, otherwise it lives. If there is no distribution then the variable is not stochastic.

dent on number of transients per pack (transient density):
ptm = [0.008 + 0.089(Ntrans/P)] − 0.0003A + 0.00025A2, where ptm

is the probability of transient mortality. If a randomly
selected number from a uniform distribution is less than
ptm, then the transient dies, which is represented as
‘Uniform[0,1]–if < equation, animal dies’ in Table 1. For all
model parameters except birth, which is describe below, we
used the Bernoulli random variables (i.e., Uniform[0,1]) as
indicator variables to determine whether a coyote transitions
during a particular time step, which is a month in the model
(Table 1).

2.6. Submodels

2.6.1. Mortality
We do not describe the logic behind the functions used for
demographic and social probabilities and rates in this paper
because they were described in detail by Pitt et al. (2003).
Stochasticity in mortality probabilities was added as demo-
graphic variation via Bernoulli trials (Table 1). The probability
of alpha and beta mortality per month was a quadratic func-
tion of a coyote’s age:

mad = 0.01 − 0.0003A + 0.00025A2

where A is age in years.

To prevent the immediate replacement of an alpha after
its death, we included a latency period in the replacement
matrix for both alpha males and females. This latency period
reflects the time needed to either find a replacement mate
when a single alpha dies or the competition between indi-
viduals when a territory breakdown occurs (i.e., both alphas
die and betas fail to take over territory). Thus, a latency
period was randomly selected between 1 and 3 months based
on a field study of alpha replacement (Blejwas et al., 2002).
Each month the latency period was counted down until it
equaled 0 and the open alpha position could be filled. In addi-
tion to being more biologically realistic, including a latency
period also more realistically allows control that takes place
during the mating season, a common depredation man-
agement strategy, to have an effect during the whelping
period.

The probability of transient mortality followed the same
function as resident adults, but was additively higher, depend-
ing on the average transient density per pack over the
simulated population:

mtrans =
[

0.008 + 0.089
(

Ntrans

P

)]
− 0.0003A + 0.00025A2

where Ntrans is total number of transients in the population,
P is the total number of packs in the population, and A is the
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age in years. The probability of pup mortality was constant:

mpup = 0.10

2.6.2. Birth
The number of offspring produced by a given pack was a linear
function of pack size:

b = 6.93 − 0.72Npack

where Npack was number of adults in the pack. Stochasticity
in the number of offspring produced was added differently
than for other vital rates. We used a normal distribution in
which the final number of offspring produced was drawn from
a normal distribution, with a mean (b) from the equation above
and a standard deviation of 1.0, that is, ∼N(b,1). We rounded
the number of offspring so that only whole numbers were used
in the model, and truncated so that any negative values were
set equal to zero.

2.6.3. Dispersal
We did not include long-distance dispersal explicitly. Rather,
we allowed betas to transition to transients (ejection) and
transients to move among a neighborhood of territories at
each time step as described below. This way, a transient could
make its way around all territories in a population, which is
a form of quasi-dispersal restricted to staying within the sim-
ulated area. The absence of long-distance dispersal is meant
to emulate the observed dynamics of coyote social structure
in which alpha individuals do not leave their territories once
they become “owners” and by which open territories are taken
by coyotes in neighboring territories.

2.6.4. Stage (social status) changes
There were four stage transition probabilities in the model.
Alphas could not change stage, but could be replaced by a
beta or transient of the same sex when they died. Thus, the 4
transition probabilities were pup to beta, beta to alpha, tran-
sient to alpha, and beta to transient. There were 2 levels of
stage changes; within and between territories. Within territory
changes occurred before changes that involved movement
(i.e., before between territory changes).

2.6.5. Alpha replacement from within territory
When there was an open alpha position, animals of the appro-
priate sex associated with the territory filled it in the order
of oldest to youngest beta, followed by oldest to youngest
transient associated with the territory at that time step. Each
individual at its turn had a probability of 0.5 of filling the open
alpha position.

2.6.6. Alpha replacement from outside its territory and
canonical movement
These transitions included a probability of movement
between territories. We used a random order to move through
all territories for each time step in the simulation to prevent
particular territories from always having first access to open
positions. We chose to model movement as movements “out”
of a territory, which we refer to as the focal territory, and into
an adjacent territory. We used a Moore neighborhood (i.e., 8

neighbors), which we refer to as the focal neighborhood, for
all local movement rules.

For each randomly chosen focal territory, the focal neigh-
borhood was checked for any open alpha positions that were
not filled by coyotes associated with the focal territory. If there
was no open alpha position, or if open alpha positions had an
associated latency value > 0, then there was no social status
change or movement. However, if there was an open alpha
position and a latency value of zero in the focal neighbor-
hood, then the opportunity to fill this position by animals in
the focal neighborhood was in the order of oldest to youngest
beta, followed by oldest to youngest transient. Each individ-
ual at its turn had a probability of 0.5 of filling the open alpha
position.

2.6.7. Transition of beta to transient (eviction)
The probability of betas being forced out of their territory, and
thus transitioning to transient status, was dependent on adult
(alphas and betas) pack density in the focal territory (N2

pack):

tevict = 0.005N2
pack

Although betas transition to transient status, movement from
their natal territory was handled in a separate step (see tran-
sient movement below).

2.6.8. Transient movement without social change
For each focal territory we randomly ordered the associated
transients to determine the order for movement processing.
Once ordered, for each transient animal, we queried the focal
neighborhood for the number of transients. The first randomly
chosen transient moved to the territory (cell) with the least
number of transients. If there were >1 territories tied for low-
est numbers of transients, then the transient was randomly
assigned to one of the tied territories. Each transient made ≤1
move per time step. We repeated this process for transients in
the neighborhood according to their randomly assigned order.
Transient movement occurred regardless of whether there
was an open alpha position in the neighborhood. Transient
coyotes had a probability of 0.5 of moving from one territory
to a neighboring territory during a given time step.

3. Simulation experiments

This study evaluated the response of spatial coyote population
dynamics to 6 different coyote control strategies. We ran the
model for 5 years pre-control, 5 years of control, and 5 years
post-control. We used a 5-year window because wildlife man-
agement plans and agency management plans often operate
on a 5-year time frame. In addition, 5 years was long enough
for model properties to emerge. We ran 100 simulations of each
strategy.

3.1. Management control strategies (input scenarios)

All management control strategies except no control and ster-
ilization were removals, which emulate lethal methods.

1. No control.
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2. Spatially random (nonselective): We removed 50% of the
pre-control population randomly across space over a 5-
month period (February–June). The total number of animals
removed was divided evenly across the 5 months. This
represents an area wide nonselective control technique
such as aerial gunning, trapping/snaring, or randomly dis-
tributed M-44 cyanide devices.

3. Selective spatially random: We removed 50% of the pre-
control alpha coyotes randomly across space over a
5-month period. The total number of alphas removed was
divided evenly across the 5 months. This represents area
wide selective lethal control such as livestock protection
collars, calling and shooting, and “denning” (i.e., a control
method whereby coyotes are called and shot during the
period when they have pups) strategies.

4. Sterilization spatially random: We sterilized 50% of the
pre-control population randomly across space over a 5-
month period. The total number of animals sterilized was
divided evenly across the 5 months. Because operational
examples of sterilization do not exist, we followed the
experimental protocol of sterilizing all animals regardless
of sex and social status (Bromley and Gese, 2001). Steriliza-
tion is assumed to only directly impact reproduction (i.e.,
not territoriality, mortality, dispersal, etc.).

5. Spatially clumped (nonselective): We removed 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. The total number of animals removed was
divided evenly across the 5 months. Stochastic behavior of
the model may result in the “control cluster” containing
slightly less than 50% of the population. In cases where
this occurred, 50% of the pre-control population could not
be removed and all animals in the “control area” were erad-
icated. This represents more intense nonselective control
methods intended to eradicate all coyotes from a particular
area.

6. Selective spatially clumped: We removed 50% of the pre-
control alpha coyotes from a spatially clustered area. We
divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the popula-
tion. That is, all removals were from a cluster comprised
of 50% of the territories. The total number of alpha coyotes
removed was divided evenly across the 5 months. This rep-
resents intense selective control methods such as calling
and shooting and denning that are intended to eradicate
all alpha coyotes from an area.

7. Sterilization spatially clumped: We sterilized 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a

contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. Because operational examples of steril-
ization do not exist, we followed the experimental protocol
of sterilizing all animals regardless of sex and social status
(Bromley and Gese, 2001). Sterilization is assumed to only
directly impact reproduction (i.e., not territoriality, mor-
tality, dispersal, etc.). Similar to the spatial lethal control,
stochastic behavior of the model may result in the “control
cluster” containing slightly less than 50% of the popula-
tion. In cases where this occurred, complete sterilization
occurred inside the control cluster area.

3.2. Outputs

We wanted to provide a useful “fingerprint” (Grimm and
Railsback, 2005) of coyote population dynamics that sum-
marized data by territory and for the whole population. For
territory statistics, we reported the mean of pack size, number
of alphas per territory, and number of transients per territory
summarized by month and year. We primarily reported results
output from December following Pitt et al. (2003). December
was chosen as a month that represented the population with-
out the fluctuation caused by pups because pups were already
graduated to adults (i.e., recruited into the population).

For the whole population (i.e., all territories summed), we
reported total population size and percent alphas and tran-
sients. We also reported population recovery time, which we
defined as the point when the coyote population size rose
to ≥90% of the maximum population size in the pre-control
period, based on December population sizes. To evaluate man-
agement effectiveness, we calculated the average outputs
across the 5 years of pre-control, control, and post-control
time periods, which were then averaged across the realiza-
tions of the 100 simulations.

It is redundant to calculate mean pack size, which could
be estimated from total population size and number of packs,
which was always 100. However, were interested in the spa-
tial variation in pack size for the random versus clumped
control strategies. We did not present litter size because it is
somewhat misleading during control. That is, average litter
size appears to increase partly due to a reduction in density,
but partly as an artifact of reducing the denominator dur-
ing control in the equation (average litter size = number of
pups/number of coyotes).

3.3. Simulation results

Because our spatial model was based on Pitt et al. (2003)
model, we compared our outputs, for the no control scenario,
to ensure our spatial base model was equivalent with their
field-result matched non-spatial model. Our model outputs
matched those of Pitt et al. (2003); specifically, we had simi-
lar mean pack size (4.0), proportion transients (0.27), litter size
(4.4), and proportion of females breeding (0.43).

For the no control scenario, and during pre-control for
all scenarios, the monthly mean pack size fluctuated widely
within a year due to the birth of pups in April and their sub-
sequent high mortality rate (Fig. 2). However, when any single
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Fig. 2 – Comparison of mean monthly outputs to mean
yearly outputs from December for the non-control scenario.
Means were calculated for 100 core territories in a
10 × 10 grid, and averaged across 100 simulations.

month is compared from year-to-year, mean pack size (and
hence total population size), as well as the mean number of
each social class per territory, was stable (Figs. 2 and 3).

All control strategies resulted in a reduction in coyote den-
sity during the control period (Fig. 3). For lethal removals (not
sterilization), spatially clumped strategies resulted in greater
reductions in coyote density relative to randomly applied
strategies, but selective removals performed similarly to their
nonselective counterparts (Fig. 3). For all lethal strategies,
reductions in coyote density were temporary with coyote
population responding to pre-control levels during the post-
control period (Fig. 3). In contrast, sterilization resulted in
the lasting reductions that lasted throughout the post-control
period; that is the coyote population did not rebound during
the 5-year post-control period (Fig. 3). In contrast to lethal
removal, random sterilization preformed better than spatially
clumped sterilization. Random sterilization resulted in the
largest reduction in coyote numbers and the longest effect
(Fig. 3).

We used averages across the 5-year windows and recov-
ery times to quantify differences between control strategies.
During the control period, spatially clumped lethal con-
trol was more efficient than its random counterpart, as the
mean number of coyotes removed was 21–33% less (Table 2),
while delivering somewhat better results. That is, spatially
clumped lethal strategies had recovery times that were 1.5–2.6
years longer and reduced the total population size 5–16%
lower during the control period than their random counter-
parts (Tables 2 and 3). In addition, spatially clumped lethal
strategies reduced the number of alphas (calculated as total
population size × percent alphas) by 28–39% more during the
control period, compared to their analogous random strategies
(Table 2).

There was little difference in coyote population
results between the nonselective and selective strategies

(Tables 2 and 3). During the control period, the total pop-
ulation size was larger for selective lethal control, but the
number of alphas was lower compared to its random coun-
terpart (Tables 2 and 3). However, removal of alphas was more
efficient; for similar effects on coyote population outputs,
the number of coyotes removed was 10–25% less for selective
strategies compared to their random counterparts.

Sterilization strategies had comparable results to lethal
strategies during the control period, but had the largest impact
on coyote population numbers post-control (Table 2). The
recovery time for random sterilization was >5 years (end of
simulation time frame), which was >4 years longer than its
random lethal counterpart (Table 3), and total population size
was 79% less in the post-control period (Table 2). Most impor-
tantly, only sterilization strategies had a lasting effect to year
15 (Table 3). For the random sterilization scenario, both total
population size and percent (and hence number) of alphas
were still dramatically reduced (84 and 63%, respectively) 5
years after the end of the control period (Table 3). This was in
contrast to all other lethal scenarios that showed no effect
(≤3% reduction) by year 15 (Table 3). In contrast to lethal
removals, spatially clumped sterilization did not perform as
well as spatially random sterilization. The total population
size was reduced by 18%, which was greater than any lethal
strategy, but substantially less than the reduction for random
sterilization (Table 3). Moreover, similar to lethal strategies,
there was no decrease in the percentage of alphas in the 5
years after the end of the control period (Table 3).

4. Discussion

Recent coyote depredation models have become more com-
plex as the understanding of the coyote biological, ecological,
and social systems has matured and computing speed has
increased. Originally, simple analytic and stochastic popula-
tion models were used to illuminate coyote dynamics and
evaluate management strategies (Connolly and Longhurst,
1975; Windberg and Knowlton, 1988; Stoddart et al., 2001).
More recently (Pitt et al., 2003), constructed an individual-
based stochastic coyote population model that incorporated
social structure via pack rules. Although not externally vali-
dated, the good match of that model with field results indicate
that the model is viable for addressing management actions
(Grimm and Railsback, 2005). Because our model outputs
matched those of Pitt et al. (2003), we conclude that it too is
useful for addressing management actions.

4.1. Simulation results: management scenarios

There are three main coyote control comparisons illuminated
by the simulation output: random versus spatially clumped
strategies, nonselective versus selective strategies, and lethal
versus contraceptive strategies. We begin by comparing ran-
dom to spatially clumped strategies.

Model results suggest that the spatial strategy of inten-
sively removing coyotes from a reduced area is more efficient
than random removal and produces better results, especially
considering that it resulted in a greater reduction in the
number of alphas, the putative primary livestock killers. In
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Fig. 3 – Territory means from December of each year for coyote management scenarios. Means were calculated for 100 core
territories in a 10 × 10 grid, and averaged across 100 simulations.

addition, the reduction in coyote numbers lasted longer, which
is important to reducing control cost. These results were
somewhat unexpected; consequently, we took a closer look
at our results to understand why spatially clumped lethal
control had more dramatic effects. The relatively more inten-
sive, spatially clumped removal resulted in more pack sizes
near 0 during the control period (Fig. 4 top, points B and C)
compared to random removal (Fig. 4 bottom, points B and C).

More packs with sizes near 0 resulted in more packs with-
out alphas, which explained the effect on alphas. Because of
the movement rules, the territories, especially those near the
control corner, took longer to fill for spatially clumped removal
(Fig. 4 top, between points C and D on graph) than for random
removal (Fig. 4 bottom, between points C and D on graph). This
temporal effect is likely due to our movement rules which do
not allow instantaneous movement into non-neighborhood
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Fig. 4 – Spatial and temporal depiction of coyote management effects for lethal spatially clumped and lethal random control.
Output at (A) is for December just prior to the start of control, (B) is for the second year of control in the month before births
(i.e., 14 months after start of first control event), (C) is for December in the last year of control, and (D) is for the last
December of the simulation. Black squares represent 0 coyotes/territory and white represent 8 coyotes/territory, with >0 and
<8 coyotes/territory classified into 6 bins and shown as graduations of gray. Buffer territories are shown with a dot, along
the periphery of the 100 core territories.

territories; that is, it takes a couple time steps or more before
a transient coyote can move to an open territory that is not in
its direct neighborhood.

These results are generally concordant with Windberg
and Knowlton’s (1988) simulation model. Based on their
model results, Windberg and Knowlton (1988) concluded
that removal from a specific area would influence coyote
abundance over a much larger area. However, they still pro-
moted applying removal efforts over a broader area based
on the assumption that transient animals almost immedi-
ately occupy vacant territories, which results in small scale
removals being effective for only short time periods (Windberg

and Knowlton, 1988). Future simulations could evaluate the
length of time to recovery for various sizes of spatially
clumped removal strategies to more thoroughly evaluate the
relative effectiveness of spatially clumped strategies and tim-
ing of the filling of distant open territories.

In contrast to lethal methods, spatially clumped ster-
ilization was not as effective as random sterilization. For
sterilization to work, only 1 of the alpha pair needs to be steril-
ized. Because spatially clumped sterilization concentrated the
number sterilized into a focused area, both alphas were ster-
ilized most of the time. Consequently, random sterilization,
which spread the impact of control over the entire area, left
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Table 2 – Average number of coyotes treated (i.e., removed or sterilized) and annual coyote population values

Control scenario Total treated Pre-control period Control period Post-control period

Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%)

No control 0 553 35 27 546 36 28 549 36 28
Spatially random (nonselective) 869 553 35 27 307 63 13 539 36 27
Selective spatially random 772 554 35 27 384 51 20 547 36 28
Sterilization spatially random 889/473 555 35 27 298 69 14 111 93 2
Spatially clumped (nonselective) 691 553 35 27 291 48 25 494 38 27
Selective spatially clumped 514 553 35 27 321 37 26 452 39 27
Sterilization spatially clumped 1044/395 552 35 27 386 50 24 389 49 25

Pre-treatment period was years 1–5, control period was years 6–10, and post-control period was years 11–15. Total treated was the sum of coyotes treated for all 5-control years. All values are means
across the 5-year periods for December of each year, calculated from totals across 100 core territories, which were then averaged across 100 simulations. The two numbers for sterilization scenarios
show first the number of attempts and second the number actually sterilized. Because choice of coyote for treatment was random, some coyotes captured were already sterilized.

Table 3 – Long-term effects of control strategies (control was enacted for 5 years; year 6–10) on coyote population numbers

Control scenario Recovery time Year 5 Year 15 Difference (Years 15 to 5)

Mean
(month)

Std Total
pop.

Total
alpha

Total
transient

Total
pop.

Total
alpha

Total
transient

Total pop.
% change

Total alpha
% change

Total trans.
% change

No control 0 0 548 194 148 542 195 148 −1.1 0.5 0.0
Spatially random (nonselective) 9 6 547 194 147 552 195 154 0.9 0.5 4.8
Selective spatially random 3 5 549 195 148 551 195 153 0.4 0.0 3.4
Sterilization spatially random >60 0 550 194 148 87 72 6 −84.2 −62.9 −95.9
Spatially clumped (nonselective) 27 8 549 194 148 549 195 151 0.0 0.5 2.0
Selective spatially clumped 34 16 549 194 149 532 193 146 −3.1 −0.5 −2.0
Sterilization spatially clumped >60 0 546 194 147 447 194 116 −18.1 0.0 −21.1

Recovery time is defined as the return to 90% of the maximum of pre-treatment total population size. Totals were across 100 core territories, which were averaged across 100 simulations.
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more “non-breeding” territories because at least 1 of the alpha
pair was sterilized. Clumped sterilization had less impact sim-
ply because fewer territories were “non-breeding”.

In general, there was little difference on coyote population
dynamics between the effects of nonselectively removing coy-
otes or selectively removing alpha coyotes. The theory behind
selective removal is based on coyote social behavior. First,
research has confirmed that not all coyotes with access to live-
stock kill livestock (Conner, 1995); most depredations can be
attributed to territorial, dominant coyotes (Till and Knowlton,
1983; Sacks et al., 1999). Second, selective removal of suspected
livestock killers has been found to be more efficient at reduc-
ing lamb predation rates than nonselective removals (Blejwas
et al., 2002). Thus, although there may be minimal differences
between nonselective and selective removals on coyote pop-
ulation outputs, targeting alphas may be more effective at
reducing livestock depredations, an output not included in our
model. Finally, because selective removal of alphas was more
efficient, in that it required fewer animals killed compared to
their random counterparts, it may have less ecological impacts
and be more socially acceptable. We caution that, at present,
the logistical difficulty and expense of identifying alpha coy-
otes to target for removal may outweigh ecological and social
factors.

Our simulation model highlighted the large impact fertil-
ity control could have on population dynamics. In all metrics,
sterilization had the greatest impact of any management
scenario we evaluated, especially in the post-control period.
However, coyote sterilization has not been widely used to
reduce livestock depredation, due to cost and difficulty of
application (Bromley and Gese, 2001), although several studies
have indicated it may be a highly effective strategy. For exam-
ple, Till and Knowlton (1983) found removal of pups stopped
depredation on lambs, the main component of livestock loss.
Based on this finding, they hypothesized that sterilizing alpha
coyotes in the vicinity of depredation areas would be highly
effective because, in addition to abstaining from lamb killing,
sterilized coyotes may exclude other coyotes from killing in
their territories and could have a multi-year effect. Another
computer model on canids has also illustrated dramatic pop-
ulation declines with periodic (every 5 years), but not intensive
(20% population treated) fertility control for wolves (Haight
and Mech, 1997). In one of the few field studies on fertility con-
trol, Bromley and Gese (2001) found a dramatic 91% reduction
in the lamb kill rate between packs that had been sterilized
and control packs of intact coyotes, and this effect lasted
through the following year (80% reduction). Bromley and Gese
(2001) concluded that coyotes changed their predatory behav-
ior when pups were present, by increasing predation on lambs,
a non-native prey. From a management standpoint, our simu-
lations suggest sterilization can have a lasting effect on coyote
population and social dynamics. When considered in light of
the Bromley and Gese (2001) and if we assume that steril-
ization only impacts reproduction (i.e., territoriality does not
breakdown), which has not been shown over the time scale of
our modeling exercise, we conclude sterilization could be an
effective method for reducing livestock depredation.

Based on our simulations, sterilization appears the man-
agement strategy offering the largest and most lasting impact
on coyote population dynamics. If it is true that more coy-

otes lead to more depredations, sterilization is most effective
coyote management strategy. However, the cost issues associ-
ated with coyote sterilization, given, at present, coyotes need
to be captured and surgically sterilized, may be prohibitive. In
general, fertility control will not be an option until inexpen-
sive and coyote-specific delivery methods become available.
And, contraception or sterilization, delivered inexpensively
through baits or vectors is in its infancy as a technology
(Barlow, 2000). Thus, for the present, lethal control will pre-
dominate. Within the realm of lethal removal, simulation
results suggest a spatial strategy of intensively removing
coyotes from a reduced area requires fewer removals and pro-
duces a larger impact than random removal over a larger area.
Most importantly, the spatial strategy reduced a greater num-
ber of alphas, the putative primary livestock killers compared
to the random strategy. Therefore we conclude that steril-
ization, when it becomes practical, will be the most efficient
coyote management strategy for reducing coyote population
numbers. But, until sterilization becomes practical, we recom-
mend the strategy of spatially clustered removal of coyotes
in small areas, particularly in the areas where depredation
occurs.

4.2. Model behavior

There were a couple unexpected results associated with hav-
ing a buffer in the model. For example, new transients from
the buffer territories occasionally moved into the 100-territory
core study population via the movement rules. Also, some
coyotes were “lost” from the core study area and then later
“reappeared” from the buffer area. This is unlike most models
in which animals are lost through dispersal, or are reflected
back into the simulation area at the boundary. The buffer
was logistically easy to incorporate and seems a realistic fea-
ture of spatial models that should be included. However, the
downside is that it takes geometrically more time to run a
simulation for each ring of territories added. For relative com-
parison, the lethal random scenario on our system took 13 min
to run 1 simulation (180 time steps) for 100 (core) territories
and 43 min (3.3× longer) for 144 (core plus buffer) territories.
The jump in time mostly reflects the number of spatial queries
(e.g., assessing the focal neighborhood) and array updates
required for each individual and/or territory.

5. Conclusions

Because modeling is constrained by complexity limitations,
“the essence of successful modeling is valid simplification” or
reducing the complexity of the system while still ensuring the
model is valid within its objectives (Aumann, 2007). Adding
a spatial component to an already constructed socially struc-
tured population model added a layer that allowed realistic
evaluation of typical coyote management strategies. Namely,
we could compare, given similar numbers of coyotes removed,
the spatial strategy of intensive removal over a small area with
random removal over a large area. Similar simulation studies
have found space a necessary component of their models. For
example, spatially explicit models have been used to describe
the spread of scabies through a coyote population (Leung and
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Grenfell, 2003) and to evaluate different aphid control strate-
gies (Parry et al., 2006). In addition, the spatial component will
facilitate additions of future spatial components such as land-
scape factors or livestock and prey density. In particular, a
spatial component paves the way for comparison of differ-
ent livestock management techniques (e.g., rotated grazing
regimes versus stationary grazing regimes, different densi-
ties, etc.) on coyote predation rates. The addition of space, in
general, greatly increases the ability to evaluate typically used
coyote and livestock management strategies.

On the down side, the improvement in model realism
added many layers of rules, some of which would be diffi-
cult to test empirically. Much of the complexity in our model
came from movement rules. In particular, the rules describing
alpha replacement, especially in distant neighborhoods, are a
good example of the model’s additional complexity beyond its
non-spatial progenitor (Pitt et al., 2003). Moreover, because we
have worked on field studies of coyotes that included trap-
ping and radio- or GPS-collaring, we understand the expense
and difficulty acquiring empirical data for validation of move-
ment rules. That is, it would take years of daily observations
on perhaps 40–60 animals, coupled with frequently recorded
location data (e.g., from GPS collars), to determine the age and
status of every coyote in a neighborhood of territories, as well
as determining who, how, and when open alpha positions are
filled.

We view this model as a starting point, like Pitt et al.
(2003) model was for this model, to which prey and/or live-
stock, environmental, and economic components could be
added as one step in the continuing evaluation and develop-
ment of useful coyote strategies. In addition, there are many
other coyote management strategies that could be evaluated
using this model to identify further efficiencies. For example,
future work could evaluate effects of reducing the length of
the removal period, shifting the removal period, and reduc-
ing the area of spatially clumped control strategies. We hope
this model will assist in the development of management
strategies that minimize the number of coyotes removed while
maximizing the reduction in depredation rates and length of
the effect.
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Coyotes (Canis latrans) are vilified throughout
the western United States as insatiable livestock
killers. This impression is based on the fact that
coyotes are the most important predator of sheep,
goats, and cattle. Sheep producers attributed
39,800 sheep and 126,000 lamb deaths (valued at
$9.6 million) to coyotes in 1999; this was 61% of
losses they ascribed to predators and 22% of their
total losses (National Agricultural Statistics Service
[NASS] 2000c). Coyotes therefore ate their way
through 2.3% of the country’s 1999 sheep popula-

tion, which was estimated at 7.2 million individuals
(NASS 2000b). Coyotes were blamed for the deaths
of 21,700 goats in Arizona, New Mexico, and Texas
in 1999, out of a total population of 1.3 million.
This accounted for 35.6% of the total loss to preda-
tors, at an economic cost of $1.6 million (NASS
2000b, c). Predation was a minor cause of loss to
the cattle industry; coyotes killed less than 0.1% of
the United States’ total cattle population in 2000
(NASS 2000a, 2001). In 1995 only 2.7% of total cat-
tle losses were due to predation (and 1.6% of total
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Coyote depredation management:
current methods and research needs

Brian R. Mitchell, Michael M. Jaeger, and Reginald H. Barrett

Abstract This paper examines the severity of livestock depredation by coyotes (Canis latrans),
reviews evidence implicating breeding (or “alpha”) coyotes in the majority of inci-
dents, evaluates currently used depredation control techniques, and suggests direc-
tions for future research.  Nonlethal control ranges from varied animal husbandry
practices to coyote behavioral modification or sterilization.  These methods show sig-
nificant promise but have not been proven effective in controlled experiments.
Therefore, many livestock producers rely on lethal control, and most employ nonse-
lective strategies aimed at local population reduction.  Sometimes this approach is
effective; other times it is not.  This strategy can fail because the alpha coyotes, most
likely to kill livestock, are the most resistant to nonselective removal techniques.  An
alternative is selective lethal control.  Livestock Protection Collars (LPCs) and coyote
calling are the primary selective lethal approaches.  However, LPCs do not have sup-
port from the general public due to the toxicant used, and the factors affecting the
selectivity of coyote calling have not been studied.  The greatest impediments to effec-
tive coyote depredation management currently are a scarcity of selective control
methods, our lack of understanding of the details of coyote behavioral ecology rela-
tive to livestock depredation and wild prey abundance, the absence of solid research
examining the effectiveness of different control techniques in a variety of habitats and
at multiple predation intensities, and the dearth of rigorous controlled experiments
analyzing the operational efficacy of selective removal versus population reduction.

Key words Canis latrans, coyote, depredation, livestock, nonlethal control, population reduction,
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cattle losses were due to coyotes). Respiratory
problems, digestive problems, calving problems,
and weather each killed 6 to 17 times more cattle
than did coyotes (NASS 1996). Nevertheless, coy-
otes were the dominant cattle predator; they were
implicated in 65% of cattle losses due to predation
in 2000, or 8,000 cattle and 87,000 calves worth a
total of $31.8 million (NASS 2001).

Based on these statistics, coyotes are responsible
for over $40 million in damages to livestock pro-
ducers every year, with proportionally more dam-
age to sheep and goats than to cattle. While this
may seem negligible in the face of the $638 million
value of the United States sheep industry in 1999
and the $67 billion value of the United States cattle
industry in 2000 (NASS 2003), the livestock indus-
try traditionally operates on slim profit margins.
For example, a survey with 76 respondents (repre-
senting approximately 5% of United States lamb
meat production) revealed that net profits per ewe
were $3.70 in 1997, –$3.95 in 1998, and –$4.06 in
1999. During this period the annual proportion of
ranchers who lost money ranged from 36–64%
(United States International Trade Commission
2002). Losses of livestock due to coyote predation
can easily transform a narrowly profitable opera-
tion into an unprofitable one. The problem is com-
pounded by the fact that coyote damage is not
spread equally among producers. High losses at a
Montana ranch were documented by O’Gara et al.
(1983). These researchers reported 24% and 27% of
lambs lost to coyotes during a consecutive 2-year
period with minimal coyote control and a 13% loss
in the third year despite intensive control. In gen-
eral, large sheep operations tend to be harder hit by
depredation, with 10% of all sheep producers typi-
cally losing more than 20% of their lambs to coy-
otes (Wagner 1988). Producers generally choose to
protect their economic interests by controlling
their losses, including those related to predation.
Because coyote control is so prevalent in ranching
areas, it is worth examining the available data con-
cerning coyotes that kill livestock and then evaluat-
ing depredation management strategies in light of
this information.

Not all coyotes kill sheep
Many people believe that every coyote will kill

sheep if given the chance. For example,Timm and
Connolly (2001) blamed elevated levels of depre-
dation on increased predator abundance at the

University of California’s Hopland Research and
Extension Center (HREC). There is some evidence
that supports a relationship between coyote popu-
lation size and depredation levels, particularly
when wild prey is unavailable. Pearson and
Caroline (1981) observed that livestock predation
rates were highest during periods of low rainfall,
when prey populations presumably were at low
levels, and O’Gara et al. (1983) noted that predation
was highest when sheep arrived on their summer
range, which coincided with low rodent popula-
tions and coyote pup weaning. A nonsignificant
trend between coyote abundance indices and
sheep losses was found by Robel et al. (1981).

Stoddart et al. (2001) analyzed 6 years of data
during a black-tailed jackrabbit (Lepus californ-
icus) irruption and decline at an Idaho site. They
concluded that predation rates on ewes and lambs
were proportional to coyote density and that coy-
ote population reduction would therefore alleviate
sheep losses. However, this relationship was not
convincingly demonstrated. For example, total loss-
es were used as a proxy for losses due to coyotes,
under the assumption that nonpredation mortality
factors were constant during the study. Meanwhile,
other lines of evidence strongly indicate that only
certain coyotes kill sheep. Connolly et al. (1976)
studied the sheep-killing behavior of captive coy-
otes at HREC and reported that older males and the
females with which they were paired were highly
likely to attack and kill sheep, while younger males
rarely attacked sheep and unpaired females never
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killed sheep. When mated pairs attacked sheep, the
male almost always took the lead. A subsequent
series of field studies at HREC (Conner et al. 1998,
Sacks et al. 1999b, Blejwas et al. 2002) found that
breeding (or “alpha”) coyotes whose territories
overlapped sheep were the primary livestock
depredators and that nonbreeders rarely were asso-
ciated with sheep kills.

Till and Knowlton (1983) found that killing pups
of depredating alpha coyotes (denning) reduced
sheep kills by 88% in the week following removal
and that killing pups and the breeding pair reduced
sheep kills by 98%. These researchers suggested
that the need to provision pups caused breeding
coyotes to maximize foraging efficiency by focus-
ing on large and easily killed prey. They raised the
possibility that sterilized coyotes might abstain
from killing while maintaining exclusive territories
that prevent intrusion by other coyotes. One study
has shown a reduction in sheep depredation by
sterilized coyotes (Bromley and Gese 2001b). This
research was conducted in an area where sheep
had not been recently grazed, and each pack was
exposed to sheep for only 5–23 days per year.
While it was promising that the surgically sterilized
packs maintained their social structure for the 3-
year study (Bromley and Gese 2001a), it remains to
be seen whether sterilized coyotes will avoid
killing sheep that are available for longer periods.

The evidence from HREC suggests that domi-
nant, pair-bonded coyotes eventually will kill sheep
if they are available within the coyotes’ territory
year-round (Blejwas et al. 2002). At HREC, lambing
occurred in the winter, before pups were present,
yet the dominant coyotes still killed lambs (Sacks et
al. 1999b). The authors of this study suggested that
paired coyotes work cooperatively to attack larger
ungulate prey that they would not be able to han-
dle alone. These coyotes may start off with smaller
lambs in the winter and then work their way up to
adults as they gain experience. Alternatively, the
pressures of provisioning pups in the spring may
cause alpha coyotes to initially attack older lambs
and then adult sheep. Experience with older sheep
may then lead to a higher likelihood of coyotes
attacking young lambs when they become available
the following winter. Observations of coyote
attacks on wild ungulates (Gese and Grothe 1995)
support the notion that the breeding pair (and par-
ticularly the male) takes the lead in successful
ungulate attacks and that coyotes do cooperate
when making kills. It is reasonable to assume that

attacks on other ungulates,such as sheep,goats,and
calves, would be conducted in a similar manner.

The available evidence implicates breeders in the
vast majority of coyote-caused livestock losses. This
evidence does not preclude the possibility of an
effect of coyote density on depredation levels
because the number of breeders or their behavior
relative to sheep may vary with coyote population
density and wild prey abundance. For example,
regions with high coyote density typically are bet-
ter coyote habitat, with smaller territory sizes and
more breeders per unit area. Increases in depreda-
tion levels as wild prey populations decline could
be due primarily to an increase in livestock kills by
breeders (as opposed to the coyote population as a
whole).

Eradicating all coyotes in an area would certainly
stop coyote depredations, but this approach may
not be cost-effective and has potential ecosystem-
level repercussions, such as mesopredator release
(Crooks and Soulé 1999) and increased rodent pop-
ulations (Henke and Bryant 1999). Control meth-
ods will be most effective and ecologically sound
when they remove the threat posed by breeding
coyotes that live where livestock are pastured. The
best depredation management techniques would
be selective toward specific problem animals, effec-
tive at reducing livestock losses for an extended
period, have minimal environmental impact, be
socially acceptable to the general public, and cost
less than the losses they prevent.

Nonlethal depredation management
A number of animal husbandry techniques show

promise for meeting these criteria. Fences can be
built that, when properly maintained, are nearly
100% effective at preventing coyotes from access-
ing livestock (deCalesta and Cropsey 1978,
Conover 2002). Birthing in sheds, keeping herders
with livestock during the day, bedding animals near
people for the night, removing or burying carcass-
es, and lighting corrals where stock are kept at
night all have been suggested to reduce depreda-
tion (Davenport et al. 1973, Nass 1977,Tigner and
Larson 1977, Conover 2002). Guard animals may
effectively protect livestock, though not in all cir-
cumstances. Guard dogs commonly are used by
Europeans and native Americans, and the majority
of people who employ dogs to protect sheep and
goats report that they reduce predation (Black and
Green 1984, Green et al. 1984). Donkeys and lla-
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mas, which have a natural dislike for canids, also
have been successfully used as guard animals
(Conover 2002).

These husbandry techniques are selective, in that
they aim to prevent coyotes intent on killing live-
stock from contacting their prey, and they seem to
be effective in certain situations. The public gener-
ally approves of these methods because they are
nonlethal, selective, and do not cause serious eco-
logical damage. However, some do have ecological
impacts; for example, fencing may inhibit wildlife
movements (Knowlton et al. 1999), range quality
decreases in and around confined bedding grounds
(Davenport et al. 1973, Wagner 1988), and guard
dogs occasionally will harass wildlife (Black and
Green 1984). These husbandry practices also have
significant up-front and maintenance costs that
must be borne by the producer, ranging from mate-
rial costs for fencing and sheds to labor costs for
herding livestock and training dogs. Guard dogs
carry an additional risk, since up to 10% of them
eventually harass or kill livestock (Green et al.
1984).

An alternative class of nonlethal depredation
management techniques, behavioral modification,
has received considerable attention. The aversive-
conditioning (or “Clockwork Orange”) approach
involves using negative reinforcement to train indi-
vidual coyotes to avoid killing livestock. One
experiment with captive coyotes successfully
trained 3 of 4 individuals to avoid domestic rabbits
(Olsen and Lehner 1978). Another experiment
found that coyotes fitted with electronic shock col-
lars could be trained to avoid sheep (Andelt et al.
1999). Both of these studies documented behav-
ioral changes that lasted for over 4 months.
However, expenses involved in capturing and con-
ditioning all coyotes in an area that potentially
could depredate livestock undoubtedly exceeds the
benefits in the majority of situations. Recent
research at the National Wildlife Research Center
(Shivik and Martin 2000) could make aversive con-
ditioning more cost-effective by using sound-acti-
vated shock collars attached to coyotes when they
pass through snares; the collar would be activated
by special bells attached to livestock. Coyotes that
chased animals wearing the bells would be shocked
until they left the vicinity.

Another aversive-conditioning approach involves
using an emetic (such as lithium chloride) in sheep
carcasses and baits to train coyotes to avoid live
sheep. There is, however, no evidence that coyotes

actually generalize from the baits to live sheep, and
producers who tried this technique invariably
stopped using it because they felt it was not worth-
while (Conover and Kessler 1994).

Other behavioral modification strategies try to
frighten or repel coyotes away from their prey
without relying on a conditioning or training phase.
Lehner et al. (1976) tested over 45 potential olfac-
tory repellents and did not find any that produced
an avoidance reaction. They concluded that olfac-
tory repellents were likely to work only in combi-
nation with actual aversive conditioning. Other
researchers have used light or sound to scare coy-
otes. Linhart spent several years developing an
“electronic guard” incorporating a strobe light and
alarm (Linhart et al. 1984, 1992). He felt these
devices were effective for extended periods when
multiple guards were used. However, the first
experiment was uncontrolled and had several trials
(4 of 15) in which predation ceased for less than 4
weeks,and the second experiment was biased in its
presentation of loss reductions. Linhart (1992)
compared total losses during the entire summer
(10–12 weeks) for the year before experimental tri-
als with losses during the latter portion of the sum-
mer (<8–10 weeks) that guards were used. This
bias would be enhanced if losses decreased
through the summer as lambs got larger and breed-
ing coyotes stopped provisioning pups (O’Gara et
al. 1983).

Fright tactics like the electronic guard are vul-
nerable to habituation of coyotes to the stimuli
used. The devices may not be effective for more
than a few days, and they are usually not recom-
mended for reducing livestock depredation
(Koehler et al. 1990, Conover 2002). These tech-
niques might work better if guard device activation
was contingent on predator behavior instead of ran-
dom. When a device fires randomly, coyotes may
learn that activation has nothing to do with them.
If the device activates only when the coyote
approaches a particular pasture or engages in a cer-
tain behavior, the coyote is more likely to associate
activation of the device with its own actions (Shivik
and Martin 2000). Field tests of a Radio Activated
Guard (RAG) that was triggered by wolf (Canis
lupus) radiotransmitters had promising results
(Breck et al. 2002), and controlled trials with coy-
otes showed less habituation to behavior-contin-
gent alarms than to randomly fired alarms (Shivik
and Martin 2000). Behavior-contingent frightening
stimuli may become an attractive control option,
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particularly if the prohibitively priced ($3,800 US)
RAG could be made affordable by using inexpen-
sive motion or infrared sensors that would detect
uncollared predators.

Another nonlethal technique is sterilization of
alpha coyotes whose territories overlap sheep. This
may reduce depredation when sheep are only sea-
sonally grazed within coyote territories (Bromley
and Gese 2001b). However, reproductive inhibition
will not eliminate killing if ungulate predation
results from pair-bonding and cooperative foraging
rather than the need to provision pups (Sacks et al.
1999b). There currently are no chemical sterilants
proven safe and effective for coyotes that will not
interfere with territorial behavior, and there is no
reliable way to distinguish alphas from betas and
transients at the time of capture. Therefore, any
reproductive inhibition program would require the
capture and physical sterilization of all adult coy-
otes in an area.

Lethal coyote control: population
reduction

Because all of the aforementioned nonlethal coy-
ote control techniques require significant time and
initial expense on the part of livestock producers,
lethal control is more common. This is particularly
true when large numbers of sheep are grazed over
an extended area with rough terrain and cover that
favors coyotes;nonlethal methods often are imprac-
tical under these conditions. Lethal control also is
less expensive and less labor-intensive for many
producers, since they can supplement their own
efforts by calling in predator control specialists
who are paid through government sources.
However, lethal techniques can vary in their effica-
cy against problem coyotes and in their tendency
to affect nontarget species. Leghold traps, snares,
and cyanide ejectors (M-44s) can be used in ways
that are highly species-selective, by taking care to
use appropriate baits, equipment, and techniques.
These methods are not always effective at remov-
ing problem coyotes, though. Research at HREC in
north-coastal California (Sacks et al. 1999a) found
that young coyotes were particularly vulnerable to
M-44s and that older and alpha coyotes rarely were
trapped or snared during the winter lambing sea-
son when depredation losses peaked.

Aerial gunning of coyotes is highly species-selec-
tive, since shooters verify the target’s identity

before pulling the trigger. Aerial gunning often is
practiced in a population reduction or “preventa-
tive” mode, in which coyotes are shot in an area up
to 6 months prior to the arrival of sheep. Because
preventative aerial gunning is widely touted as an
effective management tool, it makes sense to criti-
cally evaluate the science upon which this claim is
based. The best available research on the efficacy of
this method (Wagner and Conover 1999) conclud-
ed that gunning significantly reduced lamb losses
the following summer. Unfortunately, this study
had several problems. Site selection was
pseudoreplicated; 6 of the 33 grazing allotments
were used 2 or 3 times, which violated the statisti-
cal assumption of independent replicates. In addi-
tion, the selection of treatment and control plots
appeared biased. Wagner and Conover (1999) pre-
sented data for 22 of the allotments that tested for
differences between treatment and control sites.
High variability in losses ensured there were no sig-
nificant differences in mean losses, yet sites that
were later gunned had lower confirmed yearly
lamb losses (2.9 versus 5.4), fewer lambs lost to all
causes (70 versus 100), and a smaller number of
ewes lost to all causes (28 versus 38). The statisti-
cal results also were artificially enhanced by a lack
of correction for multiple comparisons. Confirmed
lamb kills, estimated lamb kills, and lambs lost to all
causes were estimated from the same data set, and
the alpha level for significance should have been
reduced to 0.017. Using the revised alpha level, the
only significant result was the finding that gunned
allotments had fewer confirmed lamb kills than
control allotments. It is unclear whether this result
would have been statistically significant if site-selec-
tion bias and pseudoreplication were correctly
incorporated.

A concurrent study found “no consistent rela-
tionship between extent and intensity of aerial
hunting and lamb losses or the need for SPM”
(Wagner 1997:56), where SPM refers to summer
predation management with traps and shooting.
Wagner (1997) indicated that the lack of correla-
tion could be explained if gunning effort was
biased toward sheep units with more predation,yet
there was no correlation between lamb losses for
the previous year and the amount or extent of gun-
ning.

Traps, snares, M-44s, and preventative aerial gun-
ning are essentially aimed at reducing coyote pop-
ulation levels; they are nonselective methods used
to remove as many coyotes as possible. A study at
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HREC found no relationship between subsequent
lamb losses and the number of coyotes killed using
traps, snares, and M-44s (Conner et al. 1998).
Wagner (1988:113) said that the population reduc-
tion approach is “something of a sledge-hammer
one: If enough coyotes are shot, trapped, and
exposed to M-44s… their numbers can be reduced
and the chances are that the offending animal(s)
will be among those taken and the losses reduced.”
While this approach likely works to decrease live-
stock losses in many cases (e.g., Dorrance and Roy
[1976] discuss increased losses in the United States
after the 1972 toxicant ban), the general public dis-
approves of techniques that kill large numbers of
innocent animals,and this sentiment contributed to
California’s ban on leghold traps and M-44s in 1998
(California Fish and Game Code 1998). In addition,
overuse can decrease the efficacy of these tech-
niques (Sacks et al.1999a), and intensive lethal con-
trol affects coyote demographics. Exploited coyote
populations have a younger age structure, lower
survival, increased juvenile reproduction, larger lit-
ters, and smaller packs (Knowlton et al. 1999). If
populations are severely reduced, there also is the
potential of mesopredator release (Crooks and
Soulé 1999), in which small-carnivore populations
increase and negatively affect birds and small verte-
brates. Henke and Bryant (1999) found that when
coyote density was reduced by 50%, rodent and
black-tailed jackrabbit density increased, the abun-
dance of badgers (Taxidea taxus), bobcats (Lynx
rufus), and gray foxes (Urocyon cinereoargenteus)
increased, and rodent species diversity declined.

Lethal selective control
A few lethal control techniques seem to be selec-

tive toward depredating coyotes: livestock protec-
tion collars (LPCs) and techniques based on coyote
calling. Livestock protection collars are the most
specific; in one study the devices killed coyotes that
attacked sheep in 10 of 14 attacks (Burns et al.
1996). Livestock protection collars are rubber col-
lars that can be placed around the necks of sheep
or goats; each collar has 2 pouches filled with poi-
son. When a coyote attacks the throat of an animal
wearing a collar, one or both of the pouches usual-
ly are punctured and the attacker ingests the toxi-
cant (Conover 2002). Although any poison could
conceivably be used in an LPC, the only chemical
currently approved by the United States
Environmental Protection Agency is Compound

1080, or sodium monofluoroacetate. Compound
1080 is highly toxic to canids; 5 mg will kill a coy-
ote (Burns et al. 1986).

Livestock protection collars filled with
Compound 1080 have several drawbacks. The col-
lars are expensive (around $20 US each),the EPA lim-
its the number of collars that can be used in a given
area, collars must be closely monitored, and carcass-
es and spills must be treated as hazardous waste.
States are required to have registration, training, and
documentation programs before LPCs can be used,
and in 1999 only 7 states had these programs in
place (Timm and Connolly 2001, Conover 2002). In
addition, there are risks of accidental poisoning and
secondary toxicity from Compound 1080.

Accidental poisoning occurs when nontarget ani-
mals ingest poison that spills out of a ruptured collar.
One milliliter of fluid from an LPC exceeds the LD50
(the amount of poison that will kill 50% of individu-
als) of small scavenging birds, golden eagles (Aquila
chrysaetos), all canids,most mustelids,domestic cats,
and bobcats (Wagner 1988). A study examining the
potential for nontarget poisoning found that domes-
tic dogs were somewhat susceptible to poisoning,
and that scavenging magpies (Pica hudsonia) tend-
ed not to feed on contaminated material (Burns and
Connolly 1995). Because coyotes normally feed on
the flank, hindquarters, and viscera rather than the
neck (Wade and Bowns 1982), coyotes that scavenge
another animal’s kill also are unlikely to be poisoned.
Innocent coyotes are susceptible to poisoning if they
eat regurgitant from a poisoned coyote; in one study
the researchers believed that a coyote died in this
manner (Burns et al. 1986). Secondary toxicity
occurs when Compound 1080 levels are high
enough in a poisoned animal to affect other animals
that scavenge the carcass. When striped skunks
(Mephitis mephitis) and golden eagles were fed a
diet simulating toxin levels found in coyotes killed by
LPCs, all study animals reduced their food intake, and
half of the eagles showed sublethal signs of 1080 poi-
soning (Burns et al. 1991).

The other lethal techniques that show promise
for selecting depredating coyotes, denning and call-
ing and shooting, are both based on coyote calling.
Calling has been in use for decades (e.g., Alcorn
1946), and involves producing sounds that interest
coyotes enough for them to vocally respond or
approach. Calling techniques include imitating
coyote howls and prey by mouth, making sounds
with the help of small reed-based callers, or using
sophisticated electronic speakers that store a vari-
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ety of calls and can be operated by remote control.
Denning typically depends on vocal responses to
calling; these responses are used by trappers to pin-
point den sites. Once located, the den site is visit-
ed and pups or adults are killed; killing only the
pups has been shown to temporarily reduce coyote
depredations almost as much as killing the entire
pack (Till and Knowlton 1983). The combination of
calling and shooting is used by itself or in conjunc-
tion with denning; coyotes are shot when they
approach the site where a call was broadcast.
Calling is often used in conjunction with trained
dogs that enhance responsiveness to calls and help
damage-control specialists find active coyote dens
(Coolahan 1990). The selectivity of coyote calling
toward breeding males seems to vary depending on
the type of call used. Windberg and Knowlton
(1990), when they used rabbit distress calls to
attract coyotes, found that calling and shooting was
biased toward younger animals, but not sex-biased.
In contrast, Wagner (1997) found that calling and
shooting was strongly sex-biased when pup distress
calls,adult coyote calls,and trained dogs were used:
80 percent of coyotes shot were adult males
despite an apparently equal population sex-ratio.

Coyote calling has potential as a selective, effec-
tive, and inexpensive way of dealing with problem
animals. If used sparingly, denning and calling and
shooting have minimal population-level or environ-
mental effects; also, the public is more approving of
selective control measures than of poisons and indis-
criminate trapping and shooting (Reiter et al. 1999).
The selectivity of these methods needs to be evalu-
ated experimentally, and their use will remain limit-
ed without a more thorough understanding of how
coyotes respond to a variety of calls played in differ-
ent environmental conditions throughout the year.

A variety of common control methods can be used
selectively in certain situations. Traps, snares, and M-
44s can be set in locations that are more likely to be
visited by problem animals (e.g., around sheep bed-
ding grounds or coyote den sites); shooting can be
used to kill coyotes as they approach bedded flocks;
and aerial gunning can be used in conjunction with
coyote calling to remove coyote dens. It is likely
these techniques will work well for selective control,
but their efficacy remains to be demonstrated.

The future of coyote depredation
management research

Past and current research has improved our

understanding of coyote ecology and assisted in the
development of new and improved control meth-
ods, but this is not enough. New studies are need-
ed that will examine coyote behavior and the effi-
cacy of depredation management while following
strict experimental protocols under operational
conditions. These studies must be well designed,
with appropriate controls and randomization. This
level of rigor is rare in coyote depredation research,
primarily because it is difficult to convince produc-
ers to accept a random treatment assignment that
could require them to follow a strategy they feel is
inappropriate. Much of their resistance probably
could be overcome with the establishment of a
compensation fund for documented losses that
occur when producers participate in research.

We believe that research needs to continue and
expand along 4 fronts: studies aimed at developing
and improving depredation management tech-
niques; investigations of coyote ecology relative to
livestock and natural prey; comparative studies of
the efficacy of specific control methods; and exam-
ination of the relative costs and benefits of different
control strategies in different situations. Specific
ideas for research in each of these areas are out-
lined below. These experiments are not cheap or
easy, but they would go a long way toward improv-
ing the success and cost-effectiveness of coyote
depredation management.

Improved depredation management
techniques

This category includes separate phases for tech-
nique development and testing. Development
should begin with observations of coyote behavior
toward control devices and procedures. For exam-
ple, how do coyotes behave toward guard animals?
What do they do after a behavior-contingent guard
fires?  What are the conditions that increase the
responsiveness of dominant individuals to coyote
calling?  Which coyotes investigate traps set near
bedding grounds?  Observations and behavioral
experiments investigating how marked, free-rang-
ing coyotes behave toward various control meth-
ods are crucial for ensuring that techniques are as
effective as possible before expensive operational
tests are conducted.

Operational testing should incorporate 2 or 3
pairs of sites that are identical with respect to
important parameters (e.g., flock size, topography,
herding procedures, depredation levels, and previ-
ous and ongoing control efforts). One site in each
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pair should be randomly selected to receive the new
control method, and the treatment site should be
switched in the following year. Additional sets of
sites that differ for some of the important parame-
ters can be included in the experiment or pursued
as a separate experiment to determine how the con-
trol technique performs across a variety of depreda-
tion management conditions. A standardized proce-
dure for using the management technique and
measuring its success would be needed to allow for
comparisons of efficacy in different situations.

Investigations of coyote ecology
A long-term (>5 years) experiment is needed that

investigates the relationship between coyote popu-
lation density and depredation levels, examines
potential buffering by wild prey, and determines
whether depredation results from the actions of a
subgroup of the coyote population. This study
should be conducted at >2 sites, and planned to
coincide with natural variation in wild prey abun-
dance (e.g., a black-tailed jackrabbit population
irruption and crash, as in Stoddart et al. [2001]).
Accurate counts of livestock losses from coyotes
would be needed and could be facilitated by using
subcutaneous radiotransmitters on a subset of the
livestock so that causes of death of missing animals
can be estimated. Prey densities can be measured
using adequately calibrated line transects (for larg-
er prey like rabbits) and trapping grids for rodents.
Coyotes would not need to be captured for this
experiment; mark–recapture population estimates
can be obtained by analyzing DNA in coyote scats
collected along a grid of scat transects. The DNA
analysis also would allow for a determination of the
social structure, especially if the data were supple-
mented with DNA from pup scats at den sites. Scat
transects also would yield diet information and
approximate territory boundaries for coyotes in
the population; in addition, the scat DNA can be
compared with saliva DNA taken from wounds of
dead livestock (Williams et al. 2003) to identify
problem coyotes in the population.

Comparative efficacy of control methods
There currently is no solid data on the compara-

tive efficacy of various corrective (i.e., post-depre-
dation) lethal control methods,but this information
could be collected with the cooperation of depre-
dation management specialists. Participants would
collect predator DNA from saliva samples on dead
livestock, then carry out corrective control using

methods of their choosing. These methods could
include calling and shooting, denning, trapping
with snares or leghold traps, use of M-44s, or cor-
rective aerial gunning. As specialists kill coyotes in
the area, they would collect a DNA sample from
each carcass, note the control method, and record
their location. DNA from saliva swabs would be
matched to DNA from coyotes removed from the
same area to determine whether the livestock killer
was taken. This information would be supplement-
ed with geographic habitat and topography data,
plus information from livestock producers docu-
menting important covariates (e.g., whether live-
stock are present year-round, plus their numbers
and distribution). Finally, a cost-benefit analysis of
the various control techniques could be conducted
using additional information concerning the time
and physical resources used for control efforts.

Costs and benefits of different control
strategies

Several cost-benefit analyses suggest that lethal
coyote control is a cost-effective way of solving
depredation problems (Nass 1980, Pearson and
Caroline 1981, Bodenchuk et al. 2000). These analy-
ses were based on the same group of studies from
the 1970s that documented livestock losses in situa-
tions with and without lethal control. The studies
occurred in a variety of different habitats with mul-
tiple types of husbandry practices and differing base-
line predation levels. As Pearson and Caroline
(1981) noted, comparing these studies was not
strictly valid, but it did provide a reasonable starting
point for estimating the benefits of predator control.

The accuracy of these and other cost-benefit
analyses will be questioned until rigorous con-
trolled experiments produce reliable data about dif-
ferent control strategies. One potential experiment
would involve identifying 6 sites that are matched
for animal husbandry practices, ecological charac-
teristics, existing coyote control efforts, and live-
stock losses. At the start of the 3-year study, one-
third of the sites would receive no lethal control,
another third would receive selective control tar-
geted toward specific problem animals, and the
remaining sites would receive coyote population
reduction. Control methods would then be rotated
for the next year (e.g., of the 2 sites initially receiv-
ing no lethal control, 1 would receive population
reduction and the other would receive selective
control), and the remaining treatment for each site
would be applied in the final year. This counterbal-
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anced repeated-measures design should reduce any
potential carryover effect, in which the treatment
applied in one year affects the results for the fol-
lowing year (Zar 1999). Data collected would
include livestock losses and the costs and efficacy
of the different control strategies, and the analysis
would produce the first accurate assessment of the
benefits of lethal control for reducing livestock
losses. Replicating this experiment at other groups
of sites with different initial conditions would lead
to an accumulation of reliable data that livestock
producers and control agencies could use to deter-
mine the best depredation management strategy
for a given situation.
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ABSTRACT Evaluating anthropogenic mortality is important to develop conservation strategies for red wolf
(Canis lupus) recovery. We used 26 years of population data in a generalized linear mixed model to examine
trends in cause-specific mortality and a known-fate model in Program MARK to estimate survival rates for
the reintroduced red wolf population in North Carolina, USA. We found the proportion of mortality
attributable to anthropogenic causes, specifically mortality caused by gunshot during fall and winter hunting
seasons (Oct–Dec), increased significantly since 2000 and became the leading cause of red wolf death.
Mortality rates were greatest for red wolves <4 years of age, and we suspect inexperience with human
activities (e.g., hunting) likely caused younger wolves to be more susceptible to opportunistic killing by
hunters. Since 1987, the red wolf population steadily grew and peaked at an estimated 151 individuals during
2005 but declined to 45–60 by 2016. To reduce the negative effects of anthropogenic mortality and ensure
long-term persistence of red wolves, the United States Fish and Wildlife Service (USFWS) will need to
re-implement previous long-standing and proven management practices (e.g., Red Wolf Adaptive
Management Plan) on public and private lands and cease issuing take permits. The USFWS will also need to
establish an effective management response to mitigate gunshot mortality through stronger regulation of
coyote (Canis latrans) hunting and provide adequate ecologically and biologically supported regulatory
mechanisms to protect red wolves. Finally, the USFWS should enhance recovery by providing information
and education about red wolves to hunters and the general public. � 2016 The Wildlife Society.

KEY WORDS Canis rufus, conservation, hunting, mortality, population, red wolf, survival.

Fundamental to management strategies in conservation
biology is the connection between sources of mortality and
population size (Woodroffe et al. 2007, van de Kerk et al.
2013). Globally, large carnivore species have been subjected
to significant anthropogenic mortality, resulting in severe
population declines and range contractions (Treves and
Karanth 2003, Cardillo et al. 2004, Ripple et al. 2014). As a
result, many large carnivores exist as remnant populations
requiring legal protections and ongoing conservation to
persist in human-dominated landscapes (Linnell et al. 2001,
Musiani and Paquet 2004). In particular, intensive predator
control programs and excessive hunting reduced red wolves
(Canis rufus) to a single remnant population along the coastal
border of Louisiana and Texas by the mid-twentieth century
(Russell and Shaw 1971, Shaw 1975, U.S. Fish and Wildlife
Service [USFWS] 1990). This red wolf population was
intentionally extirpated from the wild during the 1970s by
the USFWS when recovery in situ was deemed unlikely

because of persecution, disease, poor habitat, and hybridiza-
tion with coyotes (Canis latrans; USFWS 1990, Hinton et al.
2013). Following the development of a captive red wolf
breeding program, the USFWS reintroduced wolves into
eastern North Carolina, USA during 1987 (USFWS 1990).
By 2007, the USFWS reported an increasing proportion of
red wolf deaths by anthropogenic sources and suggested that
wolf fatalities resulting from gunshots were most problem-
atic to recovery (USFWS 2007, Bartel and Rabon 2013).
Following the reintroduction of red wolves into eastern

North Carolina, a population and habitat viability assess-
ment (PHVA) conducted in 1999 predicted annual
population growth rate (l) increases of 20% from 2000 to
2010 with a carrying capacity of 150 individuals in the
designated Red Wolf Recovery Area (Kelly et al. 1999).
Annual tallies of red wolves fitted with radio-collars and pups
counted at dens conducted by the USFWS Red Wolf
Recovery Program (Recovery Program) peaked at 131 known
individuals in 2001 and then fluctuated between 90 and 125
until 2014 (USFWS 2007, 2014). Because the PHVA
reported red wolf hybridization with coyotes to be the
primary threat to recovery, the Red Wolf Adaptive
Management Plan (RWAMP) was initiated in 2000 to
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prevent coyote introgression into the wild red wolf
population (Stoskopf et al. 2005, Rabon et al. 2013,
Gese and Terletsky 2015, Gese et al. 2015). However, since
2004, the number of red wolves killed by gunshot increased
approximately 2.75 times when compared to years prior to
2004 (Bartel and Rabon 2013). As a result, recent concerns
regarding the wild population of red wolves have focused on
understanding sources of mortality affecting red wolf
population dynamics and their effects on long-term recovery,
and potential management strategies to reduce anthropo-
genic mortality (Sparkman et al. 2011; Hinton et al. 2015a,b;
Way 2014; Murray et al. 2015).
Two previous studies assessed effects of anthropogenic

mortality on the reintroduced red wolf population (Sparkman
et al. 2011, Murray et al. 2015). Sparkman et al. (2011)
suggested that anthropogenic mortality could have
additive effects on red wolf populations at low densities, but
non-breeding adults in the population could provide density-
dependent compensation by replacing breeders that were
killed. After reanalyzing the same dataset, Murray et al.
(2015) reported that red wolf demographics from 1999 to
2007were similar to those observed in stationary or increasing
wolf populations elsewhere. However, neither study
adequately addressed current trends in red wolf survival
because they lacked data collected since 2007 when the
RecoveryProgramreported that the average annual numberof
gunshot-related mortalities had increased significantly
(USFWS 2007, Bartel and Rabon 2013). Murray et al.
(2015) contended that current conditions were inadequate to
establish a viable self-sustaining red wolf population but
disagreedwith the suggestion ofHinton et al. (2013) formore
research to help improve recovery in eastern North Carolina.
We suggest that amore comprehensive assessment of redwolf
survival is required for several reasons.
First, most anthropogenic mortality was reported to occur

during fall and winter, which coincide with the red wolf
breeding season (USFWS 2007, Bartel and Rabon 2013).
Despite this, Murray et al. (2015) did not assess seasonal
variation in red wolf survival. Indeed, Hinton et al. (2015a)
reported that shooting deaths of red wolves during fall and
winter hunting seasons disrupted wolf breeding pairs,
allowed coyote encroachment into formerly held wolf
territories, and facilitated congeneric pair-bonding between
surviving wolves and transient coyotes, which resulted in
increased hybridization. Second,Murray et al. (2015) did not
account for survival of non-telemetered wolves (e.g., pups).
The Recovery Program has cross-fostered captive-born pups
into wild litters to augment genetic diversity and growth
rates of the wild red wolf population (Bartel and Rabon 2013,
Gese et al. 2015) and it is unknown whether captive-born
pups had survival rates similar with those born in the wild.
Finally, accurate estimates of annual population sizes for red
wolves require incorporating recapture rates of pups and age-
specific survival rates. To date, these data have not been
included in a comprehensive estimate of red wolf population
size over time. Therefore, a contemporary assessment of
survival, changes in causes of mortality of red wolves over
time, and abundance of red wolves in eastern North Carolina

is needed to better understand how variation in survival and
sources of mortality influence red wolf population size.
TheUSFWS is responsible for developing recovery plans to

address key threats to the survival of endangered species, such
as the red wolf (Hoekstra et al. 2002, Treves et al. 2015).
Indeed, the Endangered Species Act of 1973 (ESA) requires
the USFWS to document factors that imperil species
populations, conduct research to determine strategies to
eliminate those threats, and then implement those strategies
(Scott et al. 2010, Finkelstein et al. 2012). Anthropogenic
mortality and hybridization were identified as the 2 primary
threats to red wolves (Kelly et al. 1999, USFWS 2007,
Rabon and Bartel 2013). Despite measures taken to address
hybridization via the RWAMP (Stoskopf et al. 2005, Gese
and Terletzky 2015, Gese et al. 2015), the USFWS has not
addressed threats of anthropogenic mortality for red wolves.
Ultimately, understanding how causes of red wolf mortalities
change over time will allow the USFWS to respond with
effective management to reduce excessive mortality and
achieve population sizes essential to recovery. Our objective
was to assess population-level impacts of anthropogenic
mortality on the only wild population of red wolves.
Specifically, a primary purpose of our analysis was to predict
the probability of a given outcome (shooting deaths of red
wolves) at a given time (white-tailed deer [Odocoileus
virginianus] hunting season) for individual wolves. To
accomplish this, we assessed monthly and age-class specific
survival rates and identified factors influencing the timing
and occurrence of mortality.

STUDY AREA

The Red Wolf Recovery Area consisted of a 5-county area
(Beaufort, Dare, Hyde, Tyrrell, and Washington) in North
Carolina, including 4 national wildlife refuges (Alligator
River, Mattamuskeet, Pocosin Lakes, and Swanquarter), a
Department of Defense bombing range, and state-owned
lands that encompassed about 6,000 km2 (Fig. 1). Approxi-
mately 60–70% of the Recovery Area was privately owned
lands comprising agricultural croplands (i.e., corn, cotton,
soybean, winter wheat) andmanaged pine (Pinus spp.) forests.
Federal and state lands comprised mostly of coastal bottom-
land forests, pocosin, and fresh and saltwaterwetlands (Hinton
et al. 2015c). Further details of the study area can be found in
Hinton and Chamberlain (2010) and Hinton et al. (2015c).

METHODS

Field Data Collection
From 1987 to 2013, the Recovery Program annually trapped
wild red wolves to fit individuals with mortality-sensitive
radio-collars (Teleonics, Mesa, AZ, USA) and regularly
monitored radio-marked wolves until individuals died or
radio-collars stopped working. Red wolves were captured
using padded foot-hold traps (Victor no. 3 Softcatch,
Woodstream, Lititz, PA, USA). Detailed life-history data
permitted us to assign accurate ages to wolves. Red wolves
�8 months were not typically radio-collared if they were
below the minimum physical size to safely wear radio-collars
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and had the potential to increase in body mass (Hinton and
Chamberlain 2010, 2014). Although we used trapping data
to accomplish multiple objectives and trapping could not be
standardized temporally or spatially, we believe trapping
efforts that were part of the large-scale, long-term
monitoring efforts conducted across the 5-county Recovery
Area provided an adequate proxy for abundance of red wolves
in eastern North Carolina (Lovett et al. 2007, Stephens et al.
2015). Furthermore, standardized practices of monitoring
the reintroduced red wolf population (RWAMP; Rabon
et al. 2013) facilitated data collection in a relatively consistent
way to provide the context for interpreting observed changes
(Lovett et al. 2007, Gitzen et al. 2012). All methods used to
capture andprocess redwolveswere approvedby theLouisiana
State University Agricultural Institutional Animal Care
and Use Committee (Protocol Number AE2009-19) and
met guidelines recommended by the American Society of
Mammalogists (Sikes et al. 2011).
Recovery Program biologists conducted weekly radio-

telemetry flights as their primary means of monitoring
radio-collaredwolves.This allowed them to identify territories
and, during spring, locate dens and daybeds of radio-collared
females to count and process pups (Beck et al. 2009, Rabon
et al. 2013). From 2000 to 2013, after implementation of the
RWAMP, biologists took blood samples of red wolf pups
discovered during den checks to verify parentage andmaintain
a pedigree of the wild population (Miller et al. 2003, Brzeski

et al. 2014, Gese et al. 2015) and implanted passive integrated
transponder (PIT) tags in each pup subcutaneously to identify
non-collared red wolves captured during annual trapping
(Beck et al. 2009, Hinton and Chamberlain 2014). Collec-
tively, annual trapping and den work allowed the Recovery
Program to estimate population size, survival, and reproduc-
tion through a known count approach (USFWS 2007, Rabon
et al. 2013).
For radio-collared red wolves, the Recovery Program

identified mortality events through detection of a mortality
signalduringaerial telemetry surveys and recoveredcarcasses to
determine causes of mortality. Recovery Program biologists
recordedestimated timeofdeath, suspectedor confirmedcause
of death, location, and land ownership. If circumstances
surrounding the death appeared suspicious and biologists
suspected foul play, they contacted USFWS law enforcement
officers to collect additional evidence. For law enforcement
investigations, wolf carcasses were sent to the USFWS
National Forensics Laboratory (Ashland, OR, USA) for
necropsy and analysis. For other cases where initial cause of
death could not be determined, carcasses were transported
to the United States Geological Survey National Wildlife
Health Center (Madison, WI, USA) for necropsy. However,
citizens occasionally reported road-killed red wolves and
wolves mistakenly harvested as coyotes.
We examined capture and processing information, medical

history, and mortality reports for each red wolf mortality

Figure 1. North Carolina, USA, showing the location of the Red Wolf Recovery Area (hatched area) in the eastern portion of the state.
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event from October 1987 to September 2013. We classified
mortalities into 3 generalized categories: natural causes (i.e.,
disease or health-related, intraspecific strife), anthropogenic
(i.e., private trapping, vehicle collision, poison, suspected
or confirmed gunshot, other suspected illegal killing), or
unknown. We classified mortalities as unknown causes of
death if there was not enough biomaterial present to
determine cause of death (e.g., skeletal remains, hair mat
only), necropsy analyses were inconclusive, or multiple causes
of death were suspected and not confirmed by necropsy.
Mortalities caused by gunshot included suspected cases
where there was evidence of foul play (e.g., a cut or removed
radio-telemetry collar or bullet wounds), and confirmed cases
where there was evidence of bullet fragments through
radiographs or necropsy examinations. We confirmed
instances of poisoning by necropsy and toxicological analysis.
We excluded population monitoring activities (i.e., trapping
and den checks) as an anthropogenic source of mortality for 2
reasons. First, deaths caused by population monitoring
activities were intermittent, infrequent (4.7% of known
deaths), and mostly resulted from faulty genetic testing and
euthanizing of hybrids. Second, by not pooling all sources of
anthropogenic mortality, we avoided obscuring the relative
importance of other anthropogenic sources of mortality (e.g.,
gunshot, vehicle collisions) with mortalities caused during
monitoring efforts. We considered this approach important
for interpreting changes in causes of mortality for red wolves
because recommendations for reducing anthropogenic
sources of mortality caused by gunshots and vehicle collisions
are fundamentally different than those reducing mortalities
caused by population monitoring. Hereafter, we report
percentage of total mortality comprising each of the causes
described above.

Cause of Death Analysis
We evaluated changes in causes of mortalities of red wolf
carcasses recovered and summarized causes by year. For
consistency, we reported mortalities and causes of deaths
usingOctober 1 through September 30 as our biological year,
similar to the population estimates provided by the USFWS
(USFWS 2007). We calculated changes in the number of
mortalities of radio-marked red wolves recovered with
known causes of death for the entire data series (1987–2013)
with logistic regression models using PROC NLMIXED
(SAS 9.3, SAS Institute, Cary, NC, USA) in which fixed and
random effects were permitted to have a nonlinear
relationship to the proportion of red wolf deaths. We
considered models with constant, linear, and quadratic time
trends, plus we added a mean zero normally distributed
random effect of year on the logit scale to explain extra-
binomial variation around the trend line to the models. We
expected extra-binomial variation (over-dispersion) to occur
because logistic regression models are based on an underlying
binomial variation. Extra-binomial variation resulted from
heterogeneity and the lack of a perfect fit by our model.
Therefore, we modeled over-dispersion in our logistic
regression models and estimated the proportion of the 3
categories of mortality (i.e., natural, anthropogenic, and

unknown) through time. We selected models based on
Akaike’s Information Criterion for small samples (AICc),
Akaike weights (wi), and model deviance (Burnham and
Anderson 2002). We compared models including individual
covariates to the intercept-only model to determine if the
covariates improved fitted models. We considered the model
with the lowest AICc and the highest model weight as the
best model (Burnham and Anderson 2002).

Survival Analyses
We conducted 2 separate survival analyses because the
Recovery Program uses 2 types of population surveys to
monitor red wolves. Each spring, the Recovery Program
monitored radio-collared red wolves associated with breed-
ing territories (USFWS 2007, Gese et al. 2015, Hinton et al.
2015a). During spring den checks, Recovery Program
biologists located and PIT-tagged red wolf pups in breeding
territories by locating daybeds and dens of radio-collared
female breeders (Beck et al. 2009, Gese et al. 2015). As a
result, the USFWS estimated red wolf population during fall
seasons comprised a count of known radio-collared red
wolves and known PIT-tagged pups. Therefore, implanting
red wolf pups with PIT tags during annual den checks during
whelping seasons (Mar–May) allowed Recovery Program
biologists to later identify non-collared red wolves during
annual trapping efforts throughout the Recovery Area. These
mark-recapture encounters served as re-sighting data to
estimate annual survival of red wolf pups using a joint live-
dead analysis. When PIT-tagged red wolves were radio-
collared during annual trapping efforts, individuals were then
shifted to the known-fate analysis because routine monitor-
ing provided more frequent radio-telemetry data with higher
probabilities of encounters. Telemetry data made it possible
to estimate monthly variation in survival of juvenile and adult
red wolves.
Known-fate models are commonly used in telemetry

studies to estimate survival probability between sampling
occasions (White and Burnham 1999, Schwartz et al. 2006,
Gusset et al. 2008, Ackerman et al. 2014, Chitwood et al.
2015). For radio-collared red wolves, we calculated survival
rate estimates in Program MARK using a parameter
estimation analogous to the non-parametric Kaplan–Meier
product limit estimator (Kaplan and Meier 1958) through a
known-fate approach that employs binomial likelihood
functions over a specified interval and allows consideration of
individual and external covariates (White and Burnham
1999). Our known-fate model assumed that the process of
radio-collaring red wolves did not affect individual fates, that
fates among individuals were independent, that the
encounter probability was equal to 1, and that censoring
was unrelated to mortality (White and Burnham 1999). The
basic model used in our survival analysis was a logistic model
with a logit link. We defined October 1987 as the time of
origin of the study to obtain survival estimates.
Radio-telemetry flights were scheduled to occur twice a

week to monitor radio-collared red wolves. However,
inclement weather and other logistical constraints prevented
monitoring wolves for extended periods each year. Indeed,
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many red wolves were not found for greater than 2 weeks at a
time, and this introduced biases into our analysis as described
in Heisey et al. (2007). When time of death is not estimated
exactly, many tied death times result in the data, and
estimates are no longer valid. Therefore, we followed the
suggestion of Heisey and Patterson (2006) and used methods
for interval-censored data. The use of monthly intervals
accommodated the lack of information on exact time of
death and provided unbiased estimates of monthly and
annual survival.
We summarized capture data for all red wolves during

1987–2013 into monthly encounter histories based onWhite
and Burnham’s (1999) live-dead encounter format for entry
into Program MARK. This allowed for staggered data entry
of new red wolves and right-censoring of individuals to a
month when they were lost because of radio failure or other
reasons (Pollock et al. 1989, White and Garrott 1990). We
used data from censored individuals in the model up until the
time of censoring. Although cause of death for an individual
red wolf was not always known, knowing the interval in
which the animal died allowed us to use a known-fate model
(White and Burnham 1999). In cases where individuals were
not encountered during a subsequent interval, we estimated
time of morality as the midpoint between encounters. We
recorded red wolves as alive, dead, or censored for each
monthly interval.
We investigated the influence of individual and temporal

covariates on survival of radio-collared red wolves with all
possible models developed from combinations of year,
month, age, and sex. Structure for all models was additive,
with no interaction terms. We treated each year as an
attribute group in Program MARK, and estimated annual
survival as the product of the 12 monthly survival estimates.
We included age and sex as individual covariates to
investigate the potential influence of these factors on
survival. Temporal covariates included year and month.
We included month as a categorical effect and used
December as the reference category. We evaluated model
sets using AICc. We considered the model with the smallest
AICc and the largest Akaike weights (wi) to be the most
parsimonious. We did not conduct goodness-of-fit tests
because known-fate data types can be fit as a completely
saturated model leaving no degrees of freedom. The global
model considered in our survival analysis was also the
saturated model and no goodness-of-fit test was possible
because the saturated model left no degrees of freedom
(Schwartz et al. 2006). We calculated the relative deviance as
the difference in�2log (likelihood) of the current model and
�2log of the saturated model, in which the deviance is a
measure of the relative goodness of fit of each model (White
and Burnham 1999).
For non-collared red wolves marked with PIT tags, we used

the Burnham joint live-dead model in Program MARK to
estimate survival rates until recapture from their first year
through their fourth year of age (Burnham 1993, White and
Burnham 1999). Individuals entered our analysis via 1 of 3
origins: wild born, cross-fostered, and released. Most wild
born red wolves were encountered as pups in dens and then

marked with PIT tags. During annual trapping, wild born
red wolves were encountered a second time when fitted with
radio-collars. First encounters for wild born red wolves not
discovered as pups in dens occurred during annual trapping
when non-PIT tagged juveniles and adults were captured,
marked with PIT tags, and fitted with radio-collars. During
the initial phase of reintroduction, captive-born adult red
wolves and their pups (<6 months) were released from island
propagation sites into the wild (Phillips et al. 2003).
However, after the RWAMP was implemented in 2000,
captive-born red wolf pups were cross-fostered into wild
litters (Gese et al. 2015). In both situations, first encounters
occurred when pups were PIT tagged and introduced into
the wild. Like wild-born pups, second encounters for
released and cross-fostered pups occurred during annual
trapping efforts when they were recaptured and fitted with
radio-collars. When red wolf pups were recaptured and
radio-collared, they were entered into the known-fate model
described above.
With the Burnham joint live-dead model, both live

encounters and dead recoveries are used to estimate survival.
We set the site fidelity parameter (F) to 1 for allmodels (i.e., no
emigration from the study area). From the minimum AICc

model,weobtainedage-specific survival estimates (0–1and>1
years of age) for the combined origins. Using these survival
estimates, we constructed the probability of a redwolf living 1,
2, 3, and 4 years after being born, fostered, or released into the
wild population. The probability of surviving to 1 year of age
was the first-year survival estimate (Ŝ1). The probability of
survival to year 2 was the product of the first- and second-year
survival (Ŝ1Ŝ2). The probability of survival to year 3 was the
product of the first-year survival and the second-year survival

squared to provide a 3-year estimate (Ŝ1�ðŜ
2

2Þ), and similarly

for the fourth-year probability (Ŝ1�ðŜ
3

2Þ). We computed the

variances of these survival estimates with the delta method
using the formula below (age k¼ 0, 1, 2, 3), and used the
covariances of these estimates because themodel providing the
estimates had a sampling covariance between the estimates.

VarðŜ1Ŝ
k

2Þ ¼ Ŝ
2ðk�1Þ
2 2kŜ1Ŝ2CovðŜ1; Ŝ2Þ þ k2Ŝ

2

1VarðŜ2Þ þ Ŝ
2

2VarðŜ1Þ
� �

SEðS1Sk2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VarðS1Sk2Þ

q

We estimated the population of pups that remained after
4 years by first determining the number of pups released in a
particular year minus the number with known fate that were
removed each year, either through capture and marking with
radio-collars, or else recovered dead. To estimate fate of pups
with unknown status, we applied the probability of survival to
estimate number of these unknown pups remaining alive at
each year:

L1 ¼ n4Ŝ1;L2 ¼ n3Ŝ1Ŝ2;L3 ¼ n2Ŝ1Ŝ
2

2; and L4 ¼ n1Ŝ1Ŝ
3

2

where La were the number of pups of age a¼ 1, . . ., 4, from
years 4, . . ., 1, with number of unknowns n4, n3, n2, and n1,
respectively. We computed the standard error of the

Hinton et al. � Red Wolf Survival and Population Estimates 421



estimated population of pups with unknown fates for each
year as

SEðL1 þ L2 þ L3 þ L4Þ ¼ ½2Ŝ1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ

ðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4ÞCovðŜ1; Ŝ2Þ

þðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4Þ2VarðŜ1Þ

þŜ2

1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ2VarðŜ2Þ�1=2

We investigated the influence of individual and temporal
covariates on survival of non-collared red wolves with a set of
candidate models developed from all combinations of
survival (S), age (a), origin (g), probability of carcass recovery
(r), recapture probability (p), time-specific survival (t), and
constant survival (.). We evaluated model sets using AICc.
We considered the model with the smallest AICc and the
largest Akaike weights (wi) to be the most parsimonious.
Because the global model considered in our survival analysis
was also the saturated model, no goodness-of-fit test was
possible (Schwartz et al. 2006).

Annual Population Sizes and Growth Rates
The USFWS used combined counts of PIT-tagged pups
and radio-collared individuals to estimate annual sizes of
the wild population. Obviously, not all red wolves were
accounted for because not all pups were found or
recaptured. These individuals were usually radio-collared
as juveniles and adults during subsequent annual trapping
efforts, but some were never captured. Therefore, we used
Burnham live-dead models to provide a more accurate
estimate of population size by calculating the survival rates
of PIT-tagged pups. Specifically, we first determined the
number of pups PIT tagged in a particular year and then
used probabilities of pups being alive 1, 2, 3, and 4 years
after release to apportion them out across the 4-year period.
We then subtracted the number of PIT-tagged wolves
radio-collared or recovered dead for each year. This left the
red wolves that were of an unknown status. We then applied
the probability of survival estimates from the Burnham live-
dead models to determine the number of unknowns
remaining alive each year. We added the number of
unknowns estimated to be alive for a given year into the
radio-collared population to obtain the population estimate.
The standard error of the population estimate for each year
was the product of the standard error for unknown red
wolves and the probability of surviving to that year.
Therefore, the standard error of the population estimate for
each year was the same as the standard error of unknowns
remaining because the number of living radio-collared
wolves was known without error (i.e., it had no variance).
We reported standard errors only for 2000–2013 because
more thorough attempts to find and investigate dens to
construct a red wolf pedigree began in 2000 (Miller et al.
2003, Brzeski et al. 2014, Gese et al. 2015). In other words,
accurate estimates of recapture rates for non-collared red
wolves occurred after the implementation of the RWAMP
when finding and marking red wolves and monitoring
breeding pairs became essential to limiting hybridization.

We compiled annual estimates of population size by year
(1 Oct–30 Sep) from 1987 through 2013 by summing the
number of known radio-collared wolves with the number of
estimated non-collared wolves remaining alive each year.We
then used our estimates of population size to calculate annual
population growth rate (l) for year n by dividing the
estimated population size in the year nþ1 by the population
size in year n.

RESULTS

From 1987 and 2013, we recorded 372 red wolf deaths and
identified cause of death for 300 (80.6%) of these wolves.
Anthropogenic causes of death accounted for 73% of red wolf
mortality, whereas natural causes comprised 27%. Of 219
human-caused deaths, 51% involved foul play (n¼ 112),
including gunshot (n¼ 88), poison (n¼ 11), and other
suspected illegal killings (n¼ 13). The proportion of
mortality attributable to anthropogenic causes increased
over time (Wald x2

1¼ 20.47, P< 0.001; Table 1 and Fig. 2).
We also observed an increasing trend of red wolf mortalities
attributed to gunshot over time (Waldx2

1¼ 13.96, P< 0.001;
Table 2 and Fig. 3). Vehicle collisions, capture by private

Table 1. Model selection results from the cause-specific mortality analysis
for evaluating anthropogenic mortality as a proportion of total mortalities
with known cause of death in red wolves in eastern North Carolina, USA,
1987–2013. For each model, we provide Akaike’s Information Criterion
(AICc), Akaike weights (wi), number of estimable parameters (K), and
deviance.

Model AICc DAICc K wi Deviance

Trend 104.91 0.00 2 0.46 100.39
Trendþ random effect 105.61 0.70 3 0.33 98.52
Trend2 107.46 2.55 3 0.13 100.38
Trend2þ random effect 108.38 3.47 4 0.08 98.48
Constantþ random effect 113.44 8.53 2 0.01 108.92
Constant 124.34 19.43 1 0.00 122.17
Year 1,510.02 1,405.11 26 0.00 54.02

Figure 2. Proportion of red wolf mortalities caused by humans relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.
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trappers, and management-related activities accounted for
34%, 8%, and 7% of red wolf mortalities attributed to
anthropogenic causes, respectively. Health-related cases
accounted for 70.4% of natural causes of death, whereas
intraspecific strife accounted for 29.6%.
From 19 to 2013, 537 red wolves were radio-collared.

Demographic data were available for 365 of 372 observed red
wolf mortalities and included 72 pups, 95 juveniles, and 198
adults. Our analysis indicated that month and age were the 2
most important factors influencing red wolf survival, whereas
year and sex were not important (Tables 3 and 4). The
estimated average age at time of death was 3.2 years; only 9
wolves survived past age 10. Mean monthly survival rates
were lowest from October through December (Fig. 4). Age-
specific annual survival rates ranged between 0.14 and 0.81
(Fig. 5). Maximum annual survival occurred at age 5 (0.81),
and 68% of red wolves died before age 4.
From 1987 to 2013, the annual probability of recapturing

and radio-collaring previously PIT-tagged red wolf pups
was 62% (n¼ 826). Only 18 carcasses of non-collared red
wolves (18 wild born) were recovered; there were never any
carcasses recovered for fostered pups. Three carcasses of
released pups were recovered. Of the candidate models,

survival estimated as a function of 2 age classes (pups and
ages 2–4 combined) was our top model (Tables 5 and 6). We
considered this the most plausible model because few red
wolves survived to 4 years of age without being recaptured
and fitted with radio-collars, so there were little data to
estimate separate survival rates for 3- and 4-year-old wolves
without radio-collars. Further, assuming constant survival
after the first year is biologically reasonable and simplifies the
computation of the number of non-collared red wolves
remaining alive in the wild population. Mean estimates for
first-year pup survival (Ŝ) calculated by year ranged 0.505–
0.721 and mean survival was 0.619� 0.056 for the entire
study period. For red wolves that survived their first year
(ages 2–4), mean survival by year ranged between 0.218 and
0.531 and mean survival was 0.360� 0.083. Within the top
model, recapture probability (p) was constant across origin
(i.e., wild born, fostered, released) and ages, whereas the
probability of recovering dead (r) differed by origin. The
main reason that survival estimates required a group effect
was because there were never any dead recoveries for the
fostered group. Although sample sizes for fostered and
released individuals were smaller than those born in the wild,
we detected no differences in survival among wild born,
fostered, and released wolves.
Red wolf population estimates generally increased through

time, peaking in 2005–2006 and then decreasing from 2007

Table 2. Model selection results from the cause-specific mortality analysis
for evaluating gunshot mortality as a proportion of anthropogenic mortalities
over time for red wolves in eastern North Carolina, USA, 1987–2013. For
each model, we provide Akaike’s Information Criterion (AICc), Akaike
weights (wi), number of estimable parameters (K), and deviance.

Model AICc DAICc K wi Deviance

Trend 70.56 0.00 2 0.74 66.04
Trend2 72.64 2.08 3 0.26 65.55
Trend2þ random effect 83.53 12.97 4 0.00 73.63
Trendþ random effect 88.04 17.48 3 0.00 80.95
Constant 88.78 18.22 1 0.00 86.62
Constantþ random effect 91.07 20.51 2 0.00 86.54
Year 1,509.04 1,438.48 26 0.00 53.04

Figure 3. Proportion of red wolf mortalities caused by gunshot relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.

Table 3. The top 5 candidate models and null model {S(.)} from the
known-fate analysis used to model survival (S) of radio-collared red wolves
in eastern North Carolina, USA, 1987–2013. For each model, we provide
the change in Akaike’s Information Criterion (DAICc), Akaike weights
(wi), number of estimable parameters (K), and the deviance.

Model K AICc DAICc wi Deviance

S(monthþ age2) 14 2,975.32 0.00 0.99 2,947.27
S(month) 12 2,992.29 16.97 0.01 2,968.25
S(monthþ sex) 13 2,993.35 18.02 0.00 2,967.30
S(age2) 3 2,993.83 18.51 0.00 2,987.83
S(monthþ age) 13 2,994.22 18.90 0.00 2,968.17
S(.) 1 3,015.64 40.32 0.00 3,013.64

Table 4. Summary of results from the best model in the known-fate
analysis of survival for radio-collared red wolves, North Carolina, USA,
1987–2013. Month was a categorical variable and December was the
reference category. Shown are b coefficients, standard error (SE), 95%
upper confidence interval (UCI), and 95% lower confidence interval (LCI).

Parameter b SE UCI LCI

Intercept 2.82 0.17 3.16 2.48
Jan 0.66 0.26 1.17 0.15
Feb 0.59 0.25 1.08 0.09
Mar 1.04 0.29 1.62 0.47
Apr 0.67 0.26 1.18 0.16
May 0.40 0.24 0.86 �0.07
Jun 0.85 0.28 1.39 0.31
Jul 1.01 0.29 1.58 0.43
Aug 1.02 0.29 1.59 0.44
Sep 0.79 0.27 1.32 0.26
Oct 0.19 0.23 0.64 �0.25
Nov 0.06 0.21 0.48 �0.36
Age 0.28 0.06 0.40 0.16
Age2 �0.03 0.01 �0.02 �0.04
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to 2013 (Fig. 6). Overall, annual growth rates (l) ranged
between 0.78 and 2.07 (Fig. 7). From 1998 to 2005, the red
wolf population increased from an estimated 90 to 151
wolves with an average annual l of 1.12. However, from
2005 to 2013, the red wolf population decreased from an
estimated 151 to 103 wolves with an average annual l of
0.96.

DISCUSSION

Recently, Murray et al. (2015) reported that gunshots were
consistently responsible for approximately 25% of red wolf
deaths from 1999 to 2014, and detected no effect of age on
red wolf survival from 1999 to 2007. However, our findings
indicate that the proportion of red wolf deaths caused by
gunshot increased significantly after 1999, survival rates were
lowest during fall and winter hunting seasons, and younger
red wolves were more susceptible to gunshot mortalities.
From 2000 to 2013, gunshots comprised 42% of identified
causes of red wolf deaths and the annual proportion of wolf
deaths caused by gunshot increased from approximately 25%
to 60% (Fig. 3). Our findings differ from those of Murray
et al. (2015) because their analysis compared mortalities

evaluated through examination of data from 1999 to 2007 to
summaries reported in USFWS quarterly and annual
progress reports during 2008–2014 (USFWS 2016), whereas
our study was a consistent analysis of actual field data from
1987 to 2013. We suggest that our estimates of population
size, survival, and patterns of mortality are more robust and
detailed than previous assessments because of the inclusion of
data collected since 2007.
Corresponding with the North Carolina fall and winter

hunting seasons, monthly survival rates for red wolves were
lowest during October–December (Fig. 4). Although
mortality rates were greatest for younger red wolves, we
observed no difference in survival between captive-born and
wild-born wolves; 68% of monitored wolves died before age 4
regardless of their origin. During the past 2 decades, the
coyote population has increased in eastern North Carolina
and they are subject to intensive control efforts via shooting
and trapping (Way 2014; Hinton et al. 2015a,b). Despite

Figure 4. Mean monthly survival rates of red wolves in eastern North
Carolina, USA, 1987–2013, indicating survival declines precipitously from
October through December. The 95% confidence limits are represented by
the error bars.

Figure 5. Annual age-specific survival rates of red wolves in eastern North
Carolina, USA, 1987–2013. The 95% confidence limits are represented by
the shaded area.

Table 5. Models considered for the survival analysis of non-collared red
wolves in North Carolina, USA, 1987–2013, using the Burnham joint live-
dead model in Program MARK. For each model, we provide Akaike’s
Information Criterion (AICc), the change in Akaike’s Information
Criterion (DAICc), Akaike weights (wi), number of estimable parameters
(K), and deviance. Model selection notation follows White and Burnham
(1999). S¼ probability of survival; a¼ number of age classes; g¼ origin
(wild born, fostered, and released); r¼ probability of recovering dead;
p¼ recapture probability, and F¼ probability of remaining in the sampling
area fixed to 1.

Model AICc DAICc wi K Deviance

{S(a2þ g) p(.) r(g) F¼ 1} 1,225.08 0.00 0.19 8 822.86
{S(a2) p(.) r(g) F¼ 1} 1,225.33 0.25 0.17 6 827.22
{S(a3þ g) p(.) r(g) F¼ 1} 1,225.45 0.37 0.16 9 821.17
{S(a3) p(.) r(g) F¼ 1} 1,225.58 0.50 0.15 7 825.42
{S(.) p(.) r(g) F¼ 1} 1,225.60 0.52 0.14 5 829.52
{S(g) p(.) r(g) F¼ 1} 1,226.18 1.10 0.11 7 826.02
{S(a4) p(.) r(g) F¼ 1} 1,227.55 2.48 0.06 8 825.34
{S(g) p(g) r(g) F¼ 1} 1,229.26 4.18 0.02 9 824.98
{S(.) p(.) r(.) F¼ 1} 1,229.62 4.54 0.02 3 837.62
{S(g) p(.) r(.) F¼ 1} 1,230.17 5.09 0.02 5 834.10
{S(g) p(g) r(.) F¼ 1} 1,233.22 8.14 0.00 7 833.05

Table 6. Parameter estimates obtained from the best model in the
Burnham joint live-dead analysis of survival (S) for non-collared red wolves,
North Carolina, USA, 1987–2013. Shown are b coefficients, standard error
(SE), 95% upper confidence interval (UCI), and 95% lower confidence
interval (LCI).

Parametera b SE UCI LCI

Sage 1 �0.75 0.71 0.64 �2.13
Sage 2 �1.81 0.86 �0.13 �3.49
Swild 1.24 0.72 2.65 �0.18
Sfostered 1.66 0.84 3.30 0.01
p 0.78 0.29 1.35 0.22
rwild �2.71 0.24 �2.23 �3.19
rfostered �17.11 1,684.74 3,284.99 �3,319.21
rreleased �0.51 0.73 0.92 �1.94

a Sage 1¼ survival for pups; Sage 2¼ survival for ages 2–4; Swild¼ survival for
wild born pups; Sfostered¼ survival for fostered pups; p¼ recapture
probability; rwild¼ probability of recovering dead wild born pups;
rfostered¼ probability of recovering dead fostered pups; rreleased¼ proba-
bility of recovering dead released pups.
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being the larger of the 2 species, shooting deaths of red
wolves typically occurred when hunters confused wolves for
coyotes (Hinton et al. 2013, 2015a,b; Newsome et al. 2015).
In particular, red wolf pups during fall are not fitted with
radio-collars, are similar to coyotes in body size (Hinton and
Chamberlain 2014), and are more likely to be misidentified
by hunters as coyotes. Consequently, we likely under-
estimated pup mortality caused by shootings because pups
were not radio-monitored and their mortalities may have
gone undetected.
Decreased survival rates in October–December are not

surprising considering other studies that observed significant
declines in eastern coyote survival during fall and winter
hunting seasons (Chamberlain and Leopold 2001, Van
Deelen and Gosselink 2006). Van Deelen and Gosselink
(2006) reported coyote survival declined precipitously during
fall when harvest of agricultural crops coincided with
hunting seasons, when inexperienced juvenile coyotes were
more susceptible to opportunistic killing by hunters.
Similarly, approximately 30% of the Recovery Area
comprised agricultural fields where agricultural activities
influenced availability of vegetative cover for red wolves

(Chadwick et al. 2010, Hinton and Chamberlain 2010,
Dellinger et al. 2013). Harvest of agricultural crops occurred
just prior to fall and winter hunting seasons, and extensive
loss of vegetative cover reduced refugia for red wolves during
a period of elevated human activity. Younger red wolves
likely suffered greater mortality than adults during this time
for 2 reasons. First, juveniles typically disperse from their
natal areas between September and March (Karlin and
Chadwick 2012) and are at greater risk of encountering
hunters in areas unfamiliar to them. Second, red wolf pups
encounter significant decreases in availability of vegetative
cover and increases in human activity for the first time.
During 1999, when the red wolf population was estimated

by the Recovery Program to comprise approximately 80
individuals, the PHVA predicted the wild population would
increase 20% each year from 2000 to 2010 and reach a
carrying capacity of approximately 150 individuals (Kelly
et al. 1999). Our population estimates tracked the PHVA
projections until 2005, when the red wolf population peaked
at an estimated 151 individuals. Since 2005, the population
has steadily declined to about 103 individuals in 2013.
Although numbers of mortalities were generally consistent
across years, causes of death have changed. Previously,
Phillips et al. (2003) noted that most mortalities of red
wolves resulted from accidental (i.e., vehicle strike) or natural
(i.e., intraspecific strife) causes. Since 2002, the proportion of
mortalities resulting from vehicle collisions has declined and
gunshots are now the leading cause of death.
The 2007 USFWS 5-year review noted that the red wolf

population was increasing with stable recruitment and adult
survival, but documented the initial 2006 decline corre-
sponding with an increase in shooting deaths. Notably, since
2004, the number of red wolves killed by gunshot has
increased approximately 2.75 times when compared to years
prior to 2004 (Bartel and Rabon 2013). Additionally, the
wild population experienced a gradual decline in annual
growth rates since 2004 (Fig. 7). Our survival models
indicated no change in survival rate of red wolves over time
(i.e., no year effect), indicating that the population declined
despite no change in yearly survival rates. Some compensa-
tory mechanisms are likely operating within the red wolf
population because the increase in anthropogenic mortality
coincided with a similar decrease in the occurrence of natural
mortality, and compensatory processes are routinely docu-
mented (Sinclair and Pech 1996, P�eron 2012). However,
because red wolves and coyotes are capable of hybridizing, we
suggest that reproductive interference by coyotes may explain
how the wolf population could decline despite no change in
yearly survival rates (Mallet 2005, Gr€oning and Hochkirch
2008). Hinton et al. (2015a) reported increased occurrence of
coyote encroachment and replacement of resident red wolves
after resident wolf breeders were killed by humans.
Consequently, when no red wolf mates were available,
surviving resident wolves paired with coyotes creating
congeneric breeding pairs responsible for hybridization.
Indeed, hybridization was considered a primary threat to the
persistence of the wild population and, in response, the
RWAMPwas developed and implemented to prevent coyote

Figure 6. Estimated annual population sizes of red wolves in eastern North
Carolina, USA, 1987–2013. Error bars indicate standard errors. Standard
errors were reported only for 2000–2013 because after 1999 dens were
investigated more thoroughly to sample blood from pups each spring to
verify and construct a red wolf pedigree (Miller et al. 2003). Standard errors
represent unknown red wolves in the wild population.

Figure 7. Estimated annual growth rates of red wolves in eastern North
Carolina, USA, 1987–2013.
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introgression via sterilization of coyotes paired with red
wolves (Stoskopf et al. 2005, Hinton et al. 2013, Gese and
Terletzky 2015, Gese et al. 2015). Regardless of whether
coyote mates are fertile or sterile, congeneric pairings with
coyotes represents lost reproductive effort by the red wolf
population (Brzeski et al. 2014, Hinton et al. 2015a).
Despite no change in annual survival rates, pairings between
surviving red wolf mates with encroaching coyotes prevented
wolf compensation of losses to anthropogenic mortalities via
reproduction. The Recovery Program likely softened the
decline in population size and annual growth rates of the wild
red wolf population via intensive management (i.e., replacing
sterilized non-wolf placeholders with wolves; Gese and
Terletzky 2015) and annual augmentation with captive-born
wolves (Bartel and Rabon 2013, Gese et al. 2015).
Regardless, human activities, either intentional (i.e., gun-
shot) or not (i.e., vehicle collision), have become the leading
cause of mortality for wild red wolves and are affecting size
and annual growth of the wild population.
Anthropogenic mortality was ultimately responsible for the

extirpation of red wolves and continues to limit growth of the
reintroduced population. Hinton et al. (2013) suggested that
increased research was necessary to tally general threats to red
wolves and ultimately understand mechanisms that could
facilitate a stable red wolf population in eastern North
Carolina. Murray et al. (2015) disagreed with this suggestion
by asserting that the RWAMP provided red wolves with
conditions allowing them to survive and produce young. They
believed conditions in easternNorthCarolinawere inadequate
to establish a sustainable redwolf population, and asserted that
research suggested by Hinton et al. (2013) could only prove
valuable in the broader context of wolf colonization in eastern
North America and endangered species recovery. Although
the RWAMP was successful in limiting coyote introgression
(Gese and Terletzky 2015, Gese et al. 2015), it was not
successful in providing conditions favorable for red wolf
survival.This is evidentwhen considering that shootingdeaths
of red wolves were correlated with a significant increase in
breeding pair disbandment (Sparkman et al. 2011, Hinton
et al. 2015a), disruption of wolf packs (Bohling and Waits
2015, Hinton et al. 2015a), and facilitation of coyote
encroachment and hybridization (Bohling and Waits 2015;
Hinton et al. 2015a,c) simultaneous with the decline in
annual red wolf population size and growth rates reported
herein. TheRWAMPwas implemented in 2000 to establish a
framework to limit hybridization between red wolves and
coyotes (Stoskopf et al. 2005, Gese et al. 2015), not to address
factors affecting red wolf survival such as excessive anthropo-
genicmortality (Way 2014;Hinton et al. 2015a,b). Therefore,
we suggest site-specific research focused on evaluating ways
to minimize threats is fundamental to understand how
survival and population sizes are expected to change as red
wolves experience deteriorating conditions. Specifically, we
suggest further studies are needed to better understand how
anthropogenic factors disruptmechanisms that facilitate stable
and reproductively isolated red wolf populations (Fredrickson
and Hedrick 2006; Hinton et al. 2013, 2015a; Fredrickson
2016). This is crucial for the USFWS to respond to threats

with effective management and promote recovery of the
eastern North Carolina population as mandated by the ESA
(Scott et al. 2010, Finkelstein et al. 2012).

MANAGEMENT IMPLICATIONS

Mortalities of red wolves via gunshot that occur during
hunting seasons will have to involve regulation of coyote
hunting to prevent intentional and accidental killing of red
wolves. A court-approved settlement agreement between the
North Carolina Wildlife Resources Commission (NCWRC)
and environmental groups appears to be the first step in
developing an effectivemanagement policy designed to reduce
anthropogenic mortality (Red Wolf Coalition; Defenders of
Wildlife; and Animal Welfare Institute vs. North Carolina
Wildlife Resources Commission; Gordon Myers, Executive
Director, North Carolina Wildlife Resources Commission
2014). For example, 10 fewer red wolves were killed via
gunshot during the 2 years following the settlement than the
preceding2years (7vs. 17shootingdeaths).Toreducenegative
effects of anthropogenic mortality and ensure long-term
persistence of red wolves, the USFWS will need to
re-implement previous long-standing and proven manage-
ment practices on public and private lands (e.g., Red Wolf
Adaptive Management Plan), define conditions for when
wolves will be removed from recovery areas, implement more
effectivemanagement strategies toaddresswolves causing such
conditions, and cease issuing take permits as a first line
response to dealing with said wolves (USFWS 2016). Equally
as important, the USFWS should establish an effective
management response to mitigate gunshot mortality through
stronger regulation of coyote hunting, develop or revise
regulatory mechanisms that are ecologically and biologically
supported to protect red wolves. Finally, the USFWS can
improve public perception of red wolves and mitigate
anthropogenic factors negatively affecting recovery through
tailored education and outreach programs for hunters and the
general public.
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a b s t r a c t

Interspecific competition can have a substantial impact on sympatric carnivore populations

and may threaten reintroduction attempts of threatened or endangered species. Coyotes

(Canis latrans) are the primary threat to recovery of red wolves (C. rufus) in the wild, through

hybridization and loss of the red wolf genotype and habitat occupancy that reduces space

available for wolf occupation. We built a stochastic simulation model (using data collected

from a recovering red wolf population in northeastern North Carolina as well as from the

literature) to examine spatial dynamics of sympatric red wolves and coyotes (independent

of habitat influences) and to elucidate the potential role of coyotes on wolf recovery and

reintroduction success. Survival of juvenile and adult wolves had the greatest impact on

wolf population size and likelihood of extinction. Introducing coyotes to the model had a

substantial negative impact on wolf numbers, and the model was highly sensitive to the

estimates of the competitive impact of coyotes on red wolves, through declines in wolf pro-

ductivity. We simulated coyote management from either removal (lower coyote survival) or

surgical sterilization (lower coyote reproductive rates) and found that both management

strategies increased viability of red wolf populations, especially during initial colonization.

Our results suggest that coyotes can inhibit red wolf reintroduction success through compet-

itive interactions, but that management of coyote populations can improve the probability

of successful wolf recovery. Additional information on spatial dynamics and dietary overlap

between coyotes and wolves in the recovery area is needed to further elucidate the current

and potential competitive impact of coyotes on red wolf populations.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Interspecific competition is a powerful force shaping species
assemblages and community structure. Potential competi-
tors may interact indirectly through exploitation of common
resources or directly through intraguild predation or spatial
displacement, thereby altering the habitat use of the competi-
tor (Polis et al., 1989; Palomares and Caro, 1999; Fedriani et al.,
2000; Kamler et al., 2003). Such interactions can threaten the

∗ Corresponding author. Tel.: +1 407 823 4334; fax: +1 407 823 5769.
E-mail address: jroth@mail.ucf.edu (J.D. Roth).

success of reintroduction of endangered species to their native
range (Moruzzi et al., 2003).

Reviews of sympatry in canids have examined how
resources and space are partitioned among competing species
(Johnson et al., 1996; Crabtree and Sheldon, 1999). Dynamic
changes in distribution and abundance of canids, combined
with reintroductions and removal efforts, have provided
opportunities to assess how changes in canid assemblages
affect the use of space and other resources among coexist-
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ing carnivores (Carbyn, 1982; Dekker, 1983, 1989; Harrison et
al., 1989; Arjo and Pletscher, 1999). In general, these stud-
ies reveal that species with larger body size are dominant
over smaller species, although a numerical advantage in the
smaller species can override benefits of larger body size.
Smaller canids tend to avoid larger ones by spatial and tem-
poral habitat partitioning, which may not decrease dietary
overlap but may reduce agonistic (and potentially lethal) inter-
actions with the dominant competitor (Dekker, 1989; Arjo and
Pletscher, 1999; Tannerfeldt et al., 2002). These competitive
effects can be most easily detected between species that are
closest in size (Peterson, 1995).

The red wolf (Canis rufus) is an endangered species that
currently is found in the wild in a single carefully managed
population in eastern North Carolina (Phillips et al., 2003). Red
wolves were extirpated from the wild in the 1960s, when the
last remaining individuals were translocated to a captive facil-
ity and propagated through a captive breeding program that
continues to this day (Phillips et al., 2003). Red wolves were
reintroduced to North Carolina starting in 1987, and the wild
population has continued to expand during the last 20 years
(Stoskopf et al., 2005). Historically, red wolves ranged through-
out the southeastern United States and had little contact with
coyotes (C. latrans), which evolved in the central plains (Parker,
1995; Nowak, 2002). However, following eradication of both
red wolves and gray wolves (C. lupus) throughout much of
their range, coyotes expanded their distribution to encompass
most of the North American continent (Parker, 1995), includ-
ing much of the former range of red wolves. Coyotes currently
occupy portions of the red wolf recovery area, and hybridiza-
tion with coyotes is considered a serious threat to the recovery
effort (Miller et al., 2003; Phillips et al., 2003; Fredrickson and
Hedrick, 2006). However, coyotes also are potential competi-
tors with red wolves, being of comparable body size, feeding
on similar prey, and having comparable habitat and space
requirements as red wolves. Indeed, because aggressive inter-
actions have been observed between red wolves and coyotes
in areas where wolves have been reintroduced (Henry, 1995,
1998), interference competition likely plays an important role
in the dynamics of these species where they co-occur. There-
fore, an understanding of the potential effects of interspecific
competition on red wolf space use and population trends is
important from the perspective of successful reintroduction
of the species.

We investigated the competitive interactions between
sympatric red wolves and coyotes using a spatially explicit
stochastic simulation model. Stochastic simulation models
can be valuable for addressing conservation problems when
available data are scant and our understanding of the prob-
lem is incomplete (Starfield and Bleloch, 1991). Such models
can help clarify fundamental interactions and identify which
data are most critical to collect, and can serve to evaluate ben-
efits of various management scenarios even in the absence of
apparently crucial data (Starfield et al., 1995).

2. Background biology

Model structure and parameters were derived from infor-
mation gathered by the red wolf restoration program in

northeastern North Carolina (Phillips et al., 2003; U.S. Fish and
Wildlife Service, unpublished data) and from other published
information on coyotes, red wolves, gray wolves, and inter-
actions among these species. In this section we review the
relevant background biology upon which the model was based.

Wolf and coyote groups usually consist of an adult breeding
pair, their pups, and non-breeding subadults that are offspring
from the previous year (Mech, 1970; Nowak, 1999). These fam-
ily groups typically share a home range and defend an area
within that home range (Crabtree and Sheldon, 1999; Phillips
et al., 2003). Territory sizes of wolves and coyotes vary greatly
across large geographical areas and are most influenced by
local prey abundance and wolf or coyote density (Fuller and
Murray, 1998; Crabtree and Sheldon, 1999). In gray wolves,
home range size increases with pack size (Ballard et al., 1987;
Peterson et al., 1984). Regression analyses of data from gray
wolves in south-central Alaska found that each additional
pack member required a 17% increase in space over that
required by the breeding pair (Ballard et al., 1987).

Home ranges of 30 red wolf packs in northeastern North
Carolina averaged 111 km2 (range: 27–255 km2) in the early
2000s, compared to 99 km2 (range: 22–360 km2) in the early
1990s (T. Steury, unpublished data; home ranges were based
on the 95% isopleth of the pack utilization distributions esti-
mated using the kernel density method with a fixed kernel
size and a root-n bandwidth estimator; Worton, 1989; Wu and
Tsai, 2004; Hemson et al., 2005). Coyote home ranges typi-
cally range between 2 and 20 km2 (Crabtree and Sheldon, 1999)
and often exhibit overlap at the outer edges, but territorial
core areas generally do not show any overlap (Crabtree and
Sheldon, 1999; Chamberlain et al., 2000). Likewise, sympatric
coyotes and gray wolves, or red foxes and coyotes, may have
partial home range overlap even though core areas generally
are exclusive (Carbyn, 1982; Harrison et al., 1989; Arjo and
Pletscher, 1999; but see Paquet, 1991).

Coyotes and red wolves are monestrous, with a single lit-
ter usually being produced per social group (Crabtree and
Sheldon, 1999; Phillips et al., 2003). The reproductive rate
(probability of a given pack producing a litter) of red wolf
packs in northeastern North Carolina averaged 53% from
1988 to 2004, and litter sizes averaged 3.92 (n = 105), rang-
ing from 1 to 10 (U.S. Fish and Wildlife Service, unpublished
data). Coyote reproductive rates are slightly higher, given
that up to 80% of adult female eastern coyotes may breed
and bear young each year (Parker, 1995). Coyote litter size
at birth averages about 6 pups/year, with an even sex ratio
(Beckoff, 1977; Sacks, 2005) and appears to be relatively insen-
sitive to changes in prey abundance (Crabtree and Sheldon,
1999).

Because only one pair breeds within a wolf or coyote pack,
the incentive for other group members to disperse and estab-
lish their own territory is high. In coyotes, delayed dispersal
(until the second year) is more common in saturated popula-
tions where available territories may be few (Parker, 1995), and
therefore in low-density populations most individuals may
disperse during their first year. In gray wolves where the pop-
ulation is expanding, young wolves rarely remain with their
parental pack past breeding age (22 mo; Fritts and Mech, 1981).
Extra-territorial excursions beyond the established pack home
range prior to dispersal are common in gray wolves (Messier,
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1985; Fuller, 1989), and dispersing gray wolves may occasion-
ally join a neighboring pack (Stahler et al., 2002).

Annual survival rates calculated from 408 radio-collared
red wolves in northeastern North Carolina (1987–2001) were
0.678, 0.793, and 0.806 for pups, yearlings, and adults, respec-
tively (D. Murray, unpublished data). Since pups were born in
spring and not collared until fall, early pup mortalities were
not included in this calculation, resulting in an overestimate of
pup survival. Survival of non-resident wolves is less than half
that of residents (D. Murray, unpublished data). For coyotes, pup
survival varies with human exploitation and may be 20–60% in
populations with low human-related mortality (Crabtree and
Sheldon, 1999). Adult mortality in unexploited coyote popula-
tions can range from 9 to 10% (Crabtree and Sheldon, 1999) to
40% (Knowlton, 1972).

Intraspecific strife is the most common natural cause
of death for red wolves (U.S. Fish and Wildlife Service,
2005). Interspecific aggression between similar-sized sym-
patric canids also is common, and larger-bodied canids can
be an important source of mortality for smaller canid species
in the same area (Carbyn, 1982; Dekker, 1983, 1989; Arjo and
Pletscher, 1999). Such dynamics can affect space use patterns,
social structure, and population size. Aggressive interactions
observed between red wolves and coyotes (Henry, 1995, 1998)
indicate that interference competition may influence dynam-
ics of these species where they co-occur.

Coyotes are about 2/3 the size of red wolves; body mass
ranges from 9 to 20 kg for coyotes and 20 to 36 kg for red wolves
(Beckoff, 1977; Nowak, 1999). Little is known about the diet
of either species in the area of sympatry in North Carolina,
although coyotes are known to have very diverse food habits
(Beckoff, 1977; Phillips et al., 2003).

3. Model description and assumptions

3.1. Purpose

The purpose of our model was to investigate factors that
could potentially affect red wolf space use patterns and
success of the recovery program, including presence of
coyotes and potential management activities designed to
control coyote populations. We also evaluated which model
parameters and assumptions had the largest effect on rein-
troduction success to help guide future field data collection
efforts.

3.2. State variables, scales, and scheduling

The model assumed a landscape of continuous space and
homogeneous habitat (initially 50 km × 50 km). Territories
were modeled as a circle because in such a homogeneous
landscape, a circular territory would be the most economi-
cally defensible (smallest perimeter/area ratio). The basic unit
of analysis in the model was the pack; pack members shared
a home range and defended a core area within it (Fig. 1). For
each pack, the model tracked group size and numbers in each
age class, but not individual animals. Thus, the state variables
(per group) included the species (wolf or coyote), number of
individuals in each age class (pups 0–1 years, yearlings 1–2

Fig. 1 – Simulated landscape of red wolf (open circles) and
coyote (shaded circles) territories in a homogeneous
habitat. Inner core areas (dotted lines) are defended.

years, adults >2 years), the territory center (x, y coordinate)
and radius.

We assumed an even sex ratio and explicitly included only
females in the model (as is customary for models of animal
populations, since only females produce offspring). The time
step of the model was one year, and the annual sequence of
events was reproduction, mortality, inter-pack conflict, disper-
sal, and maturation (Fig. 2), based on the annual timing of
these events in wild populations (U.S. Fish and Wildlife Ser-
vice, unpublished data). Each of these processes is described
more fully below. Exploitative (resource) competition was
implemented as a density-dependent effect on reproduction.
Interference competition between adjacent groups occurred
through expansion of territory size with an increase in group
size. Most simulations ran for 50 years.

3.3. Initialization, home range and territory size

At the beginning of each simulation a home range size and
location was determined for each member of the initial pop-
ulation (first red wolves, then coyotes). The radius of each
new wolf territory was randomly chosen between a minimum
and maximum corresponding to territory size of 25–255 km2.
Coyote territory sizes were determined similarly between 2
and 20 km2. Initial territory locations were determined ran-
domly, with the caveat that no territory could be partly or
fully off the available landscape. Territory locations were fur-
ther constrained such that no core area could overlap with
any part of any other territory. Core area was defined as a
smaller concentric circle within the territory, initially set at
22% of the area of the territory (the 50% kernel) for red wolves
and 18% for coyotes (Chamberlain et al., 2000; Steury et al.,
unpublished data). Thus, some territorial overlap could occur,
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Fig. 2 – Annual sequence of events in model.

but core areas were held exclusively by the resident group
(Fig. 1). Core overlap occurred if the centers of two territories
were closer than the minimum of two distances, d1 and d2,
where d1 = r1 + c2, d2 = r2 + c1, ri is the radius of territory i, and
ci is the radius of the core area of territory i. If core overlap
occurred between the new territory and any previously estab-
lished territory, a new size and location were randomly chosen
and tested for core overlap with all other groups. Founding
individuals were considered adults. After 40 failed attempts
to establish a territory without any overlap of core areas
(twice the dispersal endurance, defined below), the individ-
ual joined a previously established group of same species as a
yearling.

3.4. Reproduction and survival

We used a model derived from reproduction data collected
from free-ranging red wolves in northeastern North Car-
olina to calculate the probability of a given pack producing
a litter each year. Pack reproduction was not a function
of pack size (logistic regression, effect of pack size: �2

1 =
0.99, P = 0.32), but was affected by population size. Pack
reproduction decreased with increasing wolf population size
according to the following model (T. Steury, unpublished data):
ln(p/(1 − p)) = 1.107 − 0.017 × N, where p is the probability a
pack will successfully produce a litter that year and N is
the population size (logistic regression; effect of population
size: �2

1 = 4.24, P = 0.039; n = 198 pack-years; Fig. 3a). With this
model, the maximum pack reproductive rate is 75.2%. We
modeled coyote reproduction using the same function used
for red wolves but with a maximum reproductive rate of 80%
and a more slowly decreasing response to increasing popu-
lation size (ln(p/(1 − p)) = 1.386 − 0.013 × N; Fig. 3a), since their

Fig. 3 – Probability of (a) pack reproduction and (b) wolf
dispersal.

smaller body size and correspondingly lower resource require-
ments suggest that each additional coyote should have a lesser
density-dependent impact on reproduction.

If red wolves and coyotes overlap in resource use, the popu-
lation size used in this equation should actually be a function
of both species. We assumed that the competitive impact of
coyotes on red wolves was determined by a competition coef-
ficient (˛ < 1; Gotelli, 2001) such that N = 2(Nw + ˛Nc), where N
is the population size used in the pack reproduction equa-
tion, Nw is the number of female red wolves in the model,
and Nc is the number of female coyotes. To parameterize
the competition coefficient we considered only the impact of
resource exploitation, as overt conflict (interference compe-
tition) was included elsewhere in the model. If diet overlap
between species were 100% and energy requirements per unit
biomass were similar for both species, then ˛ should be ∼0.66
based on relative body size. Since dietary overlap is unknown,
the model initially assumed ˛ = 0.3. Although red wolves may
compete with coyotes for food or space, wolves also may
supplement coyote populations by providing carrion (Paquet,
1992; Wilmers et al., 2003). Therefore, we assumed that the net
competitive effect of red wolves on coyotes through resource
exploitation was 0.

For packs in the model that successfully reproduced, litter
size (of females) at birth was randomly chosen between 1 and
5 for wolves and 1 and 6 for coyotes. Following reproduction,
all individuals were subjected to a survival probability. The
model assumed wolf survival rates of 0.5 for pups and 0.8 for
yearlings and adults. Coyote pup survival was similar to that
of red wolves (0.5), and each yearling and adult coyote in the
model was initially given a 0.7 survival probability (Windberg,
1995).
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3.5. Inter-group aggression

We modeled intraspecific and interspecific aggression through
expansion and contraction of territory size with changes in
group size. Our model assumed that each individual (female)
added to a group would increase territory size by up to 17%
of the area required by a single female (the actual increase
for each individual was chosen randomly between 0 and 17%).
Likewise, losses due to dispersal or mortality decreased terri-
tory size by a similar amount.

If increases in territory size caused core overlap (as defined
above) between adjacent groups, the model assumed aggres-
sion between those groups and resulted in the death of at
least one individual. Aggression occurred prior to dispersal,
when group sizes were at a maximum and offspring would
have neared adult size. We simulated intraspecific as well as
interspecific conflict. The larger body size of red wolves should
give them an advantage in conflicts with coyotes, so the rela-
tive biomass of overlapping groups was used to determine the
outcome of the conflict in the model. Body mass ranges from
9 to 20 kg for coyotes and 20 to 36 kg for red wolves (Beckoff,
1977; Nowak, 1999), so the model randomly assigned a mass
between those ranges for each adult or yearling member of
interacting groups, and the sum total biomass of each group
(ignoring pups) determined the winner of the conflict (if the
biomass was equal, the group that recently expanded lost).
This same mechanism was used for adjacent groups of the
same species as well as different species. Losing groups suf-
fered the loss of one individual, and the territory size of that
group decreased by 9–17% of the territory size. If core areas of
the neighboring groups still overlapped, relative biomass was
again calculated, another mortality occurred, and territory
size of the losing group decreased correspondingly. This inter-
action continued until the core areas no longer overlapped or
all members of one group were killed.

3.6. Dispersal

We assumed that all members of a group, except one adult
female, potentially could disperse. We calculated red wolf dis-
persal probability using a model derived from data collected
in northeastern North Carolina (U.S. Fish and Wildlife Service,
unpublished data). The best logistic model, as determined using
AIC, was a function of age class, sex, pack size, and pack size2

(AIC = 740.03, n = 1041 wolves per year across 17 years; �AIC
for all other models >9.69). This best model (Fig. 3b) describ-
ing the probability that female of age class a dispersed (pa) was
ln(pa/(1 − pa)) = Ca + 0.25768G − 0.01369G2, where G is the group
size and Ca is a constant for that age class (pups = −2.936,
yearlings = −1.379, adults = −3.051). Therefore, to determine
potential dispersers in each simulation this probability was
calculated for every wolf except one adult female per group.

For coyote dispersal, we used a function derived by Pitt et
al. (2003) based on several observations that group size affects
the probability a coyote will disperse: pd = 0.05 × G2, where G is
total group size (males + females) and pd is the probability that
an individual disperses. Thus, assuming an even sex ratio, for
packs with >2 females the dispersal probability was 100% for
all but one resident. For packs with exactly two females, one
female had an 80% chance of dispersal and the other remained

in the current territory. In a group with one female there was
no dispersal.

We imposed an additional mortality rate on dispersers.
Disperser survival was 0.5 for red wolves and 0.6 for coyotes
(F. Knowlton, U.S. Department of Agriculture, personal com-
munication). We randomly determined the order of dispersal
among all surviving dispersers of each species in all groups,
to prevent bias in the amount of space available to a potential
disperser of either species or any group.

A dispersal attempt occurred as follows: direction of disper-
sal was chosen randomly; size of the disperser’s new territory
was determined randomly between the minimum and max-
imum for that species; initial dispersal distance was chosen
randomly between the minimum possible distance (old ter-
ritory radius plus the radius of the new core area) and an
additional distance past that minimum equal to the diame-
ter of the new territory. If no core overlap occurred between
the new territory and any existing territory of either species,
the territory became established at that location. If overlap of
core areas did occur, the disperser could not settle there and
had to seek a new unoccupied area. The only exception was
if the core area overlap occurred between a dispersing wolf
and a single coyote. Then, the coyote was usurped by the wolf
and the coyote became nomadic. Otherwise, a new random
direction and distance were chosen from the current location
(or from the natal territory if the location was off the edge of
the available habitat) and the new location was again com-
pared with occupied territories. This process continued until
the disperser either colonized a new territory or exhausted its
endurance (i.e., the number of new locations tested exceeded
some maximum, initially set at 20). Thus, the disperser could
travel a long distance from the natal territory. This dispersal
strategy created a neighborhood effect such that areas near-
est the natal territory would be colonized first, if possible. This
method also effectively allowed dispersal, dispersal distance,
and group size to become density-dependent. A disperser that
was unable to find an unoccupied area before exhausting its
endurance was added to a pre-existing group (of same species)
at random.

After dispersal, any coyotes forced to become nomadic by
dispersing red wolves were subjected to an additional mor-
tality factor equivalent to dispersal mortality. For simulations
including immigration by coyotes, a predetermined number of
immigrants were added to the nomads. The model attempted
to find a new territory for these nomads using the same pro-
cedure as for dispersers. If an unoccupied area was not found
after a predetermined number of attempts (twice dispersal
endurance), the nomad joined another coyote group at ran-
dom.

3.7. Model simulations

Each simulation (a particular combination of parameter val-
ues) was replicated 1000 times. The aggregated variables
calculated for each species at the end of each replicate
included population size, number of groups, mean group
size, mean territory size, year the population reached 50
females (if it did), and year of extinction (if extinct). Since
the model included females only, actual population size and
group size would be approximately double what is reported
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below. Additional aggregated variables calculated each year
of each replicate included average dispersal rate (number of
dispersers per pack), dispersal distance, and deaths due to
agonistic interactions.

We initially explored the model with only red wolves
present to ensure that it conformed with known dynamics
and space use patterns of red wolves. We explored the effect of
several parameters in the model to determine which assump-
tions had the greatest impact on model outcomes. Simulating
all possible combinations of values for each parameter would
involve a parameter space much too large for a systematic
investigation, so we chose several values of each parameter of
interest to represent plausible scenarios based on our under-
standing of canid biology.

We then investigated the impact of coyotes on red wolf
populations under two scenarios; in the first case we started
with a small founding wolf population of five females and
tracked its likelihood of becoming established in the pres-
ence of coyotes; in the second we assumed 50 female wolves
became established in the absence of coyotes and we inves-
tigated the impact of coyotes immigration and settlement
into the area. Since adding a second species to the model
has a multiplicative effect on the parameters that could be
investigated, we restricted our analysis to a select number
of parameters to explore plausible scenarios under which
canids may interact. These decisions about plausible param-
eter values and scenarios to investigate were based on the
literature, our own experience, and discussions with and
feedback from the red wolf recovery team (Stoskopf et al.,
2005).

4. Results

4.1. Single-species simulations

We ran the model using the default parameter set (Table 1)
for 5, 10, 20, 30, 50, and 100 years to illustrate the relation-
ships among the output variables (Fig. 4). As wolf numbers
increased, habitat became saturated and thereby decreased
mean home range size, as dispersers seeking large territories
became less likely to find sufficient space than those seek-

Fig. 4 – Simulation output using default parameter values
in Table 1. Each point is the mean of 1000 replicates; error
bars are 1 SE (rarely visible). Home range is in km2 and
dispersal distance in km. The number of wolves killed per
pack by agonstic interactions (killed), the proportion of
packs that reproduced (reproduced), and the number of
dispersers per pack (dispersed) are averaged over all years
for all 1000 replicates.

Table 1 – Initial (default) parameter set used in simulations; 2500 km2 habitat available, 50 years

Parameter Typea Wolf value Coyote value

Range of territory sizes (km2) Random 25–255 2–20
Core area (% of territory) Fixed 22 18
Per capita change in home range size (%) Random 0–17 0–17
Initial population size (females) Fixed 5 5
Maximum probability of producing a successful litter Fixed 0.71 0.8
Range of litter sizes (female pups only) Random 1–5 1–6
Pup survival Probability 0.5 0.5
Adult/yearling survival Probability 0.8 0.7
Disperser survival Probability 0.5 0.6
Maximum dispersal attempts before joining another group Fixed 20 20
Body mass (kg) Random 9–20 20–36

a Random = the value was determined randomly between a minimum and maximum; fixed = value remained constant throughout a given
simulation; probability = parameter interpreted as a probability.
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Table 2 – Sensitivity of model output (red wolves only) to several parameter estimates

Parametera Value Populationb Home
rangeb

Packsb Pack
sizeb

Dispersersc Distancec Killedc Extinctions

Initial size of population 5 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
10 48.5 49.4 22.4 2.2 0.21 18.3 0.55 0
20 48.6 49.1 22.5 2.2 0.20 19.1 0.63 0
50 49.0 48.2 22.8 2.2 0.20 19.7 0.66 0

100 49.0 47.9 22.9 2.2 0.20 19.7 0.56 0

Area (km2) 900 31.3 37.2 10.8 2.9 0.25 9.5 0.30 0
1600 41.2 43.3 16.8 2.5 0.23 13.9 0.41 0
2500 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
3600 52.0 58.7 26.0 2.0 0.20 19.3 0.49 0
6400 56.4 75.6 30.4 1.9 0.20 20.0 0.43 0

10000 58.1 88.1 32.1 1.8 0.20 19.1 0.34 0

Home range minimum 15 52.0 40.0 25.6 2.0 0.21 16.5 0.48 0
25 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
50 40.4 74.8 16.1 2.5 0.22 17.6 0.43 1

Per capita change in home range 0% 49.6 56.8 22.4 2.2 0.21 17.7 0.00 1
8% 48.3 54.9 21.9 2.2 0.21 17.6 0.26 1

17% 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
25% 47.7 47.1 22.2 2.2 0.21 17.1 0.65 0
34% 46.8 45.0 21.9 2.1 0.21 16.8 0.79 0
50% 45.9 42.4 21.5 2.1 0.21 16.3 1.01 1

Pup survival 0.2 6.5 62.8 3.9 1.2 0.09 4.9 0.04 295
0.3 26.1 65.5 13.9 1.9 0.12 11.4 0.17 23
0.4 39.5 55.5 19.4 2.1 0.20 15.4 0.34 2
0.5 47.9 50.5 22.0 2.2 0.21 10.4 0.48 0
0.6 53.9 47.9 23.6 2.3 0.22 19.5 0.59 1
0.7 59.0 46.0 24.8 2.4 0.24 54.1 0.71 0

Adult/yearling survival 0.5 6.6 54.6 3.3 1.3 0.19 6.6 0.08 363
0.6 19.5 70.9 9.4 2.0 0.21 10.9 0.18 61
0.7 33.7 59.9 16.1 2.1 0.21 14.6 0.34 5
0.8 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
0.9 66.1 44.1 28.4 2.3 0.21 19.3 0.55 0

Disperser survival 0.25 35.3 64.0 14.9 2.4 0.12 10.8 0.29 1
0.50 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
0.75 55.8 44.8 26.5 2.1 0.30 19.5 0.57 0

Dispersal attempts (max) 1 30.4 57.5 10.1 3.1 0.25 12.9 0.11 2
5 40.7 54.7 16.2 2.5 0.23 15.4 0.26 1

10 44.8 52.3 19.2 2.4 0.22 16.4 0.36 1
20 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
40 50.8 49.1 24.8 2.1 0.21 18.0 0.60 0

100 53.3 47.4 27.7 1.9 0.20 18.6 0.74 1

a Values of other parameters listed in Table 1. Default values in bold.
b Mean of 1000 replicates at the end of 50 years. Home range is km2.
c The number of dispersers per pack, dispersal distance (km), and number of wolves killed by intraspecific aggression are averaged over each

year in all replicates. Extinctions are the number of replicates in which the population went extinct.

ing smaller territories. Pack reproductive rates also decreased
as the population grew, and dispersal distance and intraspe-
cific agonistic interactions increased. Extinctions were highly
unlikely, occurring in <0.1% of the simulations using the
default parameter set.

We examined the relationship between output variables by
correlating 50-year simulations using our default parameter
set. All outputs were correlated (p < 0.0001). At the end of 50
years, population size was positively correlated with number
of groups (Pearson r = 0.602) and group size (r = 0.526), but num-
ber of groups and group size were negatively correlated with
each other (r = −0.352). Home range size was negatively corre-

lated with population size (r = −0.211) and number of groups
(r = −0.571), as a smaller mean territory size allowed more
groups to fit the landscape, but home range size was posi-
tively correlated with group size (r = 0.365). Thus, we concluded
that basic model dynamics followed general patterns observed
among free-ranging canid populations.

We next explored model sensitivity to changes in several
parameter values (Table 2). Increasing founding population
size from 5 up to 100 (over twice what could be supported
in the habitat) had little effect on output after 50 years other
than increasing mean dispersal distance by up to 1.4 km,
increasing number of wolves killed by intraspecific aggression
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by up to 37% (but still <1 per year), and slightly increasing
population size (Table 2). Increasing habitat availability and
decreasing space requirements (minimum home range size)
had similar qualitative effects on the wolf population; number
of wolves, packs, and wolves killed annually by intraspecific
aggression all increased, while pack size decreased (Table 2).
However, a >10-fold increase in available habitat (from 900 to
10,000 km2) less than doubled wolf numbers, with the increase
in wolf numbers after 50 years leveling off for the largest areas.
Home range and dispersal distance increased with amount of
habitat available, but decreased with lessened space require-
ments. Larger amounts of additional space required for each
individual added to the pack (per capita change in home
range) had the greatest effect on number of wolves killed by
intraspecific aggression (Table 2), with the increased aggres-
sion between adjacent packs resulting in smaller populations
(up to 4 fewer wolves) with smaller mean home ranges
(>14 km2 smaller).

Final population sizes were most strongly affected by
changes in survival. Increased survival of pups, adults, and
dispersers all increased the number of wolves and packs, up
to a nearly 10-fold increase across the range of survival rates
examined, thereby decreasing home range size (Table 2). Pack
size increased with survival of pups and adults (doubling over
the range of pup survival rates examined), but decreased with
increasing disperser survival (Table 2). Extinctions were much
more common with low pup and adult survival, with a 36%
extinction rate at the lowest adult survival examined (50%).
No changes in other demographic parameters had a substan-
tive effect on the extinction probability of the wolf population
(Table 2).

Dispersal persistence (maximum number of new loca-
tions each disperser tested for overlap with existing core
territories) was the parameter for which the least empirical
evidence exists in the single-species simulations. As disper-
sal persistence increased, dispersers moved farther from the
natal range (up to 6 km) and wolf numbers increased by
up to 75%. Thus, habitat became increasingly saturated as
dispersers were more likely to find vacant habitat to colo-
nize. The increased colonization success reduced the mean
pack size from >3 females to <2 females across the range
of values examined and reduced territory size by ∼10 km2

(Table 2).

4.2. Two-species simulations

We investigated the impact of coyotes on red wolf popula-
tions under two scenarios; in the first case we started with
a small founding wolf population of 5 females and tracked
its likelihood of becoming established in the presence of coy-
otes; in the second we assumed 50 female wolves became
established in the absence of coyotes and we investigated
the impact of coyotes immigration and settlement into the
area. Since adding a second species to the model has a multi-
plicative effect on the parameters that could be investigated,
we restricted our analysis to a select number of parame-
ters to explore plausible scenarios under which canids may
interact.

Coyotes had a marked effect on red wolves in both a
small founding population and a large established population.

Adding coyotes lowered the number of wolves and wolf packs
by >40% and increased mean wolf home range size by 9–12%
(Table 3). The effect of coyotes on small and large wolf popu-
lations differed very little, although red wolf extinction rates
were slightly higher with a small founding wolf population,
especially with high coyote numbers (up to 0.8%). However,
further increases in the number of coyotes had little effect
on model output for either species (Table 3). Increasing the
amount of available habitat increased the number and home
range size of wolves, with wolf numbers nearly doubling as
available habitat increased from 900 to 3600 km2 and then lev-
eling off with additional increases in area (Table 3). Coyote
numbers and home range also increased with available habi-
tat, but to a lesser degree. With only small areas of habitat
available, extinction rate of wolves increased in the presence
of coyotes (up to 1.4%).

The simulation results were quite sensitive to assumptions
of the competitive impact of coyotes on red wolves (Table 3).
As coyotes competed more strongly with wolves (˛ increased
up to 0.6), wolf numbers declined to 18% of the population size
assuming no competition (˛ = 0) and probability of extinction
increased to nearly 15%. Coyote immigration also affected wolf
populations (Table 3). As the annual number of coyote immi-
grants increased from 0 to 20, numbers of wolves decreased
linearly (by 4–5 wolves with every 10 additional coyotes) and
the wolf extinction rate increased to 3.4% in small found-
ing populations. Wolf populations that were already large
prior to the influx of coyotes were less susceptible to extinc-
tion due to coyote immigration, although their numbers still
declined. Coyote numbers increased with additional immi-
grants at the same rate regardless of initial number of wolves
(Table 3).

4.3. Coyote management

We investigated how coyote populations could be manipu-
lated to enhance red wolf reintroduction by evaluating the
efficacy of management options. To enhance the need for
management, we included immigration of 5 coyotes per year
and increased the competitive impact of coyotes on red wolves
to 0.4.

One management option is to remove coyotes from the
reintroduction area. Although the success of coyote removal
attempts in North America has been limited (Parker, 1995),
increased coyote mortality through human intervention could
limit numbers and thereby allow a red wolf population
increase. We simulated human-related coyote mortality by
decreasing survival of adult and yearling coyotes, starting
with a population of either 5 or 50 females of each species.
Decreasing coyote survival to 10% decreased coyote num-
bers to 40% of the pre-management population size, which
more than doubled wolf numbers (Table 4). The impact
on red wolves was even greater when a small founding
population was simulated, with a 2.3-fold increase in num-
bers and a drop in the extinction probability from 3.2%
to nearly zero (Table 4). Coyote extinctions were prevented
in these simulations by the annual influx of new immi-
grants.

Surgical sterilization of coyotes has also been used as a
management tool for coyote populations (Bromley and Gese,
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Table 3 – Model outputa with coyotes included

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Initial coyote population
size (5 wolves)

0 48.1 50.4 22.1 1 0.0

5 27.1 55.7 13.5 2 80.4 6.8 66.0 0
10 27.2 56.0 13.4 0 80.0 6.9 65.7 0
20 26.5 56.2 13.3 6 80.2 6.9 65.8 0
50 26.6 56.0 13.3 8 80.6 6.9 66.0 0

Initial coyote population
size (50 wolves)

0 48.9 48.3 22.8 0 0.0

5 28.8 53.0 14.4 0 79.6 6.8 65.1 6
10 28.3 52.7 14.3 0 79.7 6.9 65.4 0
20 28.6 52.7 14.4 0 80.5 6.9 66.0 0
50 28.3 53.2 14.2 0 80.1 6.8 65.8 0

Area available (km2) 900 15.5 38.0 6.0 14 73.8 5.0 56.3 3
1600 22.9 46.2 10.3 5 77.5 6.1 62.0 2
2500 27.3 55.5 13.6 1 79.9 6.9 65.5 0
3600 29.7 65.3 15.7 0 81.5 7.3 67.8 0
6400 31.8 82.7 17.6 1 84.1 7.8 70.2 0

10000 31.6 92.7 17.6 3 85.4 8.0 71.8 0

Competition coefficient 0 46.4 46.8 20.7 1 77.2 6.5 62.2 3
0.1 39.8 48.9 18.4 2 77.9 6.6 63.1 1
0.2 33.6 51.8 16.1 1 78.9 6.8 64.3 3
0.3 27.1 55.7 13.5 2 80.4 6.8 66.0 0
0.4 20.9 59.8 10.8 10 81.0 7.0 66.8 2
0.5 14.1 62.7 7.6 32 82.5 7.2 68.5 1
0.6 8.1 57.5 4.5 149 83.8 7.2 70.2 2

Coyote immigrants/year
(5 wolves)

0 27.1 55.7 13.5 2 80.4 6.8 66.0 0

1 26.7 55.7 13.3 1 83.2 6.9 68.8 0
5 24.1 57.2 12.2 6 92.3 7.0 78.7 0

10 21.7 58.7 11.2 11 102.5 7.0 89.9 0
20 16.4 63.2 8.7 34 121.8 6.9 111.5 0

Coyote immigrants/year
(50 wolves)

0 28.5 52.3 14.3 0 80.0 6.9 65.6 4

1 27.7 53.0 14.0 0 82.6 6.9 68.2 0
5 25.5 55.0 13.0 0 92.2 7.0 78.5 0

10 23.1 56.4 12.0 1 102.2 6.9 89.4 0
20 18.8 61.8 10.0 2 121.5 6.8 110.9 0

a Population size, home range, and number of packs are the mean of 1000 replicates of the model run for 50 years. Extinctions are the number
of replicates in which the population went extinct.

b Default values in bold.

2001a,b), and has been used opportunistically in the context of
reducing introgression of coyote genes in the North Carolina
red wolf population (U.S. Fish and Wildlife Service, unpub-
lished data; Stoskopf et al., 2005). We simulated sterilization
by reducing maximum reproductive rate of coyotes from our
default value of 0.8. Starting with populations of either 5 or
50 of each species, we decreased maximum coyote reproduc-
tive rate (probability of producing a litter) every year for 50
years. The impact of coyote sterilization was similar to that
of coyote removal (Table 4). Dropping the maximum coyote
reproductive rate to 20% decreased coyote numbers to 27% of
their pre-management levels in both small and large initial
populations, which increased wolf numbers 2.5- and 2.3-fold
in small and large initial populations, respectively (Table 4).
Red wolf extinction risk was again highest (3.1%) in small pop-
ulations with high coyote reproductive maxima, but decreased
to zero with sufficient decrease in coyote reproduction
(Table 4).

5. Discussion

Under the assumptions of these models, the mere presence of
coyotes on the landscape reduced red wolf population viabil-
ity. However, the strength of the coyote impact on red wolves
was particularly sensitive to assumptions of the degree of
resource exploitation (i.e., competition coefficient) between
the two species. In our model, the degree to which coy-
otes usurp resources used by red wolves determined their
effect on red wolf reproduction, and therefore population
growth. We assumed that resource competition was the mech-
anism by which coyotes would have the greatest impact on
wolf reproduction, and simulated this impact using a simple
competition coefficient similar to that used in several other
competition models (e.g., Gotelli, 2001).

The competition coefficient represents per capita effect of
one species on another’s population growth rate (Gotelli, 2001).
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Table 4 – Effect of managementa, simulated by adjusting coyote survival and reproductive rates

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Adult survival (5 wolves, 5
coyotes)

0.1 35.8 53.5 17.3 1 37.0 8.0 29.5 0

0.3 31.1 55.0 15.3 0 49.2 7.8 39.4 0
0.5 25.0 57.4 12.6 7 67.0 7.6 54.8 0
0.7 15.5 60.8 8.2 32 94.2 7.2 81.0 0

Adult survival (50 wolves,
50 coyotes)

0.1 36.2 51.4 17.6 0 37.2 8.0 29.7 0

0.3 32.0 52.4 15.8 0 49.7 7.8 39.7 0
0.5 26.2 55.0 13.3 0 67.2 7.5 55.0 0
0.7 17.9 60.3 9.5 3 93.6 7.2 80.1 0

Max reproductive rate (5
wolves, 5 coyotes)

0.2 40.0 53.8 19.1 0 24.9 8.0 23.2 0

0.4 34.8 55.6 17.0 2 40.3 7.7 36.0 0
0.6 27.4 58.9 13.7 3 61.5 7.4 53.5 0
0.8 15.9 62.2 8.5 31 93.9 7.2 80.7 0

Max reproductive rate (50
wolves, 50 coyotes)

0.2 40.9 51.6 19.8 0 25.1 8.0 23.4 0

0.4 35.7 53.2 17.7 0 40.6 7.7 36.2 0
0.6 28.0 55.9 14.2 0 61.5 7.5 53.5 0
0.8 17.8 60.0 9.5 5 93.2 7.2 79.9 0

a Each output is the mean of 1000 replicates of the model run for 50 years, with ˛ = 0.4 and 5 coyote immigrants per year. Extinctions are the
number of replicates in which the population went extinct (initial population sizes in parentheses).

b Default values in bold.

Competition coefficients have been estimated in the field
based on dietary overlap alone (MacArthur and Levins, 1967) or
including feeding rates and relative availability of food types in
the environment (Schoener, 1983; Spiller, 1986). These meth-
ods of estimating competition coefficients reflect consumptive
competition, which occurs when food is limited and individu-
als reduce another’s intake of food via exploitation (Schoener,
1983). Interaction coefficients between species have also been
estimated using regression models based on either census of
population sizes at one point in time over many sites (static
models) or population changes over time (dynamic models)
to examine whether per capita changes in one species are
associated with the abundance of other species (Pfister, 1995;
Shenbrot and Krasnov, 2002). The dynamic approach may indi-
cate exploitative competition, whereas the static approach
could reflect negative interspecific spatial association (inter-
ference; Shenbrot and Krasnov, 2002). Coyotes could affect
red wolf populations through both mechanisms of compe-
tition, either through consuming limited food sources or by
occupying space and thwarting the establishment of ter-
ritories by dispersing red wolves. However, very few field
data are available for determining the strength of either
mechanism and the resulting impact of coyotes on red wolf
populations.

Understanding the impact of coyotes on red wolves
through resource exploitation, and therefore effectively
parameterizing the competition coefficient in our models,
requires information on the diet of each species in the recov-
ery area. Studies of the diets of sympatric carnivores often
detect appreciable dietary overlap, with varying degrees of

dietary partitioning (Dibello et al., 1990; Kitchen et al., 1999;
Neale and Sacks, 2001; Thornton et al., 2004; Azevedo et al.,
2006; but see Thurber et al., 1992). Available data on red wolf
diets in the recovery area indicate that deer, raccoons, and
rabbits are consumed primarily, although food habits vary
with wolf age and habitat (Phillips et al., 2003). Information
on coyote diets in the area is lacking, but coyotes are con-
sidered to be opportunistic, generalist predators that typically
consume a wide variety of food sources, including small mam-
mals (rodents and lagomorphs), ungulates, and fruits (Beckoff,
1977). Their use of these various food sources varies season-
ally and spatially with changes in food abundance (Andelt
et al., 1987; Neale and Sacks, 2001) and may also change
with age or group size (Gese et al., 1988, 1996). As such,
coyotes may exploit a wider range of resources than other
sympatric carnivores (Fedriani et al., 2000). Although canid
biologists usually concentrate on determining levels of inter-
ference between sympatric canids, exploitation competition
underlies the evolution of interference behavior (Peterson,
1995) and likely continues to be important for coexisting
species. Thus, diet estimation of red wolves and coyotes
in areas of sympatry, as well as allopatric populations in
similar habitats, deserves close attention. Such estimates
could be derived through a combination of fecal analysis
and measurements of stable isotope ratios of hair from cap-
tured wolves, coyotes, and their prey (Urton and Hobson,
2005).

Our model assumed that dispersing wolves could always
usurp a territory held by a single (female) coyote. However, coy-
ote group sizes averaged around 1.2 females, indicating that
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wolves were prevented from occupying space held by some
coyote groups. The model also assumed that an expanding
coyote group could usurp a neighboring red wolf pack of a
single female if coyote numerical advantage outweighed wolf
size advantage. Lowering coyote dispersal likely would have
increased coyote group sizes in the model and exacerbated
their impact on wolf populations through both of these mech-
anisms. Information on the dominance interactions between
coyotes and red wolves and how often individuals of one
species are displaced by the other is imperative for better
understanding the importance of interference competition
by coyotes on red wolves. Specific field data that are needed
include home range overlap between the two species, patterns
of colonization of vacant areas, and the impact of territorial
coyotes on dispersing wolves.

Although our model assumed a homogeneous habitat,
habitat heterogeneity can affect territory size, space use, and
density of wolves and coyotes (Gese et al., 1988; Fuller and
Murray, 1998; Phillips et al., 2003). Habitat heterogeneity can
also induce density-dependent reproduction because poorer-
quality territories are occupied as population size increases
(Dhondt et al., 1992). The impact of coyotes on red wolf pop-
ulations may be lower if the larger red wolves can exclude
coyotes from the highest quality habitats, at least prior to the
habitat becoming saturated. Indeed, the ability of a larger-
bodied species to exclude a smaller competitor, which is
usually assumed to exploit resources more efficiently, from
resource patches is thought to enable coexistence of com-
petitors that differ in body size (Basset and DeAngelis, 2007).
However, in a landscape already fully colonized by coyotes,
newly reintroduced red wolves may have greater difficulty
securing the highest quality habitats, and habitat heterogene-
ity could exacerbate the effects of coyotes on reintroduction
success.

The relationship between territory size and population size
detected in the model is consistent with field observations
of gray wolves. To accommodate future reproduction, a wolf
pair must either establish a territory much larger than they
require to sustain themselves or else later expand their terri-
tory to accommodate increased energy demands (Peterson et
al., 1984; Mech and Boitani, 2003). Wolf pairs colonizing unoc-
cupied habitat could establish a large territory and maintain it
as the pack grew, whereas those trying to establish territories
in a saturated landscape must start with a smaller area and
expand as needed (Mech and Boitani, 2003). Several examples
exist of large, new wolf territories being established in areas
of low density and thereafter remaining at a constant size as
the pack grew or later declined (see Mech and Boitani, 2003).
However, as space is filled and habitat becomes saturated,
individual pack territories can shrink by 17–68% (Fritts and
Mech, 1981). Although we did not find a relationship between
pack size and territory size in the field data from the red wolf
recovery area (U.S. Fish and Wildlife Service, unpublished data),
most of those data were obtained from an expanding popula-
tion. Thus, the production of smaller home ranges with high
populations and many packs observed in the model seems
consistent with patterns detected among free-ranging wolves
described in the literature.

Despite uncertainties in some of our parameter estimates,
red wolves always responded negatively to the presence of

coyotes in our simulations. We assumed no hybridization
occurred between red wolves and coyotes, but given that
body size of hybrids is closer to that of wolves, the impact
of non-wolf competition may be aggravated in an environ-
ment where hybridization is possible. Our results suggest
that management of coyotes by removal (lower survival) or
sterilization (lower fecundity) could aid in red wolf recovery,
but further elucidating the competitive interactions between
wolves and coyotes in the removal area will help refine
management activities to improve their effectiveness. Since
competitive impacts could include resource exploitation or
territorial exclusion, information on diet and behavioral inter-
actions between the two species appears most critical.
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Abstract Sterilization of wild canids is being used

experimentally in many management applications. Few

studies have clearly demonstrated vasectomized and tubal-

ligated canids will retain pair-bonding and territorial

behaviors. We tested whether territory fidelity, space use,

and survival rates of surgically sterilized coyote (Canis

latrans) packs were different from sham-operated coyote

packs. We captured and radio-collared 30 coyotes in

December 2006. Sixteen of these animals were sterilized

via vasectomy or tubal ligation, and 14 were given sham-

surgeries (i.e., remained intact). We monitored these

animals using telemetry and visual observations through 2

breeding seasons and 1 pup-rearing season from December

2006 to March 2008. Mean pack size was not significantly

different between sterile and intact coyote packs. We found

no difference in home range size between sterile and intact

coyotes. We found differences in home range and core area

overlap between sterile and intact coyote packs in some

seasons; however, this difference may have existed prior to

sterilization. Home range fidelity was not significantly

different between sterile and intact coyotes. All coyotes

had higher residency rates during the breeding season, with

no differences between sterile and intact coyotes. Survival

rates were correlated with biological season, but there were

no differences in survival rates between sterile and intact

coyotes. We concluded that surgical sterilization of coyotes

did not affect territory fidelity, survival rates, or home

range maintenance.

Keywords Carnivore � Coyotes � Home range �
Sterilization � Survival � Territory fidelity

Introduction

Sterilization of canids is being tested for various manage-

ment purposes including population control of native and

non-native species, predation control, and to reduce genetic

introgression with other canids (Haight and Mech 1997;

Kelly et al. 1999; Spence et al. 1999; Bromley and Gese

2001a; Saunders et al. 2002). Surgical sterilization in par-

ticular is a promising management approach for these

objectives because hormonal systems remain intact with

vasectomy and tubal ligation. Canid reproductive strategies

(e.g., monogamy and pseudopregnancy in subordinate pack

members) and physiology (e.g., monestrum and prolonged

proestrus and estrus) favor pair and pack cohesion (Asa

1997). Without hormonal signals, these characteristics may

not be preserved (Asa 1995). For most management pur-

poses, retaining social structure of the pack is critical

(Bromley and Gese 2001a, b). If the social structure of a

sterilized pack fails, then a vacant territory becomes open

to colonization by intact animals (Asa 1995; Mech et al.

1996; DeLiberto et al. 1998; Gese 1998).

Mech et al. (1996) vasectomized 5 wolves (Canis lupus)

to determine if sterilization was a viable method for con-

trolling population size. They determined the vasectomized

wolves’ social behaviors were not altered (i.e., the males

maintained pair bonds and territories). Due to the success

(i.e., pack size remained the same or decreased) of this

study, sterilization is one of several proposed methods to
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control wolf populations (Haight and Mech 1997). In

Canada, wolves had been implicated in the decline of

caribou (Rangifer tarandus) and moose (Alces alces) calf

survival (Spence et al. 1999). Due to public concern of the

use of lethal control, fertility control was tested as an

alternative to manage wolves (Spence et al. 1999). To

determine the applicability of such a tool, territorial

behaviors were examined. They found sterilized wolves

maintained pair bonds and remained in their territories

(Spence et al. 1999).

The sheep industry in the United States has a long his-

tory of conflict with coyotes (Canis latrans) preying on

domestic livestock (Wagner 1988). Ranchers and wildlife

management agencies utilize various lethal methods to

reduce coyote predation on livestock and wildlife species

(Knowlton et al. 1999). The public repeatedly is concerned

over the use of lethal management (Arthur 1981; Kellert

1985; Andelt 1987; Messmer et al. 2001). One alternative

to reduce predation on sheep is surgical sterilization of

coyotes (Knowlton et al. 1999). Bromley and Gese (2001a)

sterilized coyotes and found an eight-fold reduction in

coyote predation on domestic sheep. This technique is

effective because it reduces the energetic needs of the pack

during pup rearing (Bromley and Gese 2001a). Bromley

and Gese (2001b) further demonstrated the sterile coyotes’

territorial and pack affiliative behaviors were not modified.

Coyotes are considered a social canid (Bekoff and Gese

2003; Gese 2004). The basic social unit is the adult,

heterosexual pair, referred to as the alpha pair. Coyotes

form heterosexual pair bonds that may persist for several

years, but not necessarily for life. Courtship behavior begins

2–3 months before copulation. Coyotes may maintain pair

bonds and whelp or sire pups up to 10–12 years of age

(Gese 1990). Associate animals may remain in the pack and

possibly inherit or displace members of the breeding pair

and become alphas themselves. Associates participate in

territorial maintenance and pup rearing, but not to the extent

of the alpha pair (Gese 2004). Other coyotes exist outside

the resident packs as transient or nomadic individuals.

Transients travel alone over larger areas and do not breed,

but will move into territories when vacancies occur. One

factor that may affect coyote sociality is prey size or prey

biomass. In populations where rodents are the major prey,

coyotes tend to be in pairs or trios (Bekoff and Gese 2003).

In populations where ungulates are available, large packs of

up to 10 individuals may form (Gese et al. 1996a, b, c).

Coyotes are territorial with a dominance hierarchy within

each resident pack (Gese et al. 1996a, c; Gese 2004). Ter-

ritoriality mediates the regulation of coyote numbers as

packs space themselves across the landscape in relation to

available food and habitat. The dominance hierarchy

influences access to food resources within the pack (Gese

et al. 1996a, b, c). Resident coyotes actively defend

territories with direct confrontation, and indirectly with

scent marking and howling (Gese 2001, 2004). Only packs

maintain and defend territories (Gese 2001, 2004; Bekoff

and Gese 2003). Fidelity to the home range area is high and

may persist for many years (Kitchen et al. 2000). Shifts in

territorial boundaries may occur in response to loss of one

or both of the alpha pair (Gese 1998). Dispersal of coyotes

from the natal site may be into a vacant or occupied territory

in an adjacent area, or they may disperse long distances.

Generally, pups, yearlings, and non-breeding adults of

lower social rank disperse (Gese et al. 1996a). Dispersal

seems to be voluntary as social and nutritional pressures

intensify during winter when food becomes limited (Gese

et al. 1996a). Dispersal by juveniles usually occurs during

autumn and early winter.

Although sterilization has been used in a few canids, only

Bromley and Gese’s (2001b) study has demonstrated that

free-ranging coyotes maintained territorial and breeding-

pair behaviors. If coyote sterilization continues to be used as

a management tool, it is important to validate that territorial

maintenance and pair-bonding behaviors are retained across

various circumstances (Asa 1995) and environments. With-

out this assurance, intact animals could displace sterile packs

and threaten the success of the management action (Till and

Knowlton 1983; Asa 1995; Mech et al. 1996; DeLiberto et al.

1998). As part of a study to test whether coyote sterilization

could increase pronghorn (Antilocapra americana) fawn

survival (Seidler 2009), we also tested the hypothesis that

sterilization would not affect territory fidelity, survival rates,

and home range maintenance of coyotes. Using similar

methodologies, we examined the same parameters as

Bromley and Gese (2001b), including home range size,

home range and core area overlap, home range fidelity, pack

size, and survival rates of sterile versus intact coyotes. Sci-

entific theory is advanced through repeated studies (Ford

2000; Gauch 2003). Since Bromley and Gese (2001b) was

the only study examining the effects of sterilization on

coyote behavior and survival rates, additional studies in

different environments are needed to increase our under-

standing of the effects of reproductive control on coyote

behavior and broaden our scope of inference. Our study was

conducted in a shortgrass prairie and native prey ecosystem,

while the study by Bromley and Gese (2001b) was conducted

in the sage-brush steppe with a mixture of domestic livestock

and native prey species.

Materials and methods

Study area

We conducted this study on the 1,040-km2 Piñon Canyon

Maneuver Site (PCMS) in Las Animas County, Colorado.
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The study area within the PCMS was defined by the home

range boundaries of the radio-collared coyotes. Mean ele-

vation on the PCMS was 1,520 m, mean temperature ran-

ged from 1 �C in January to 24 �C in July (Shaw and

Diersing 1990), and mean annual precipitation was

305 mm (Milchunas et al. 1999). Harvest of coyotes was

not permitted during the study. Nearly 60 % of the PCMS

was shortgrass prairie dominated by blue grama (Bouteloua

gracilis), galleta (Hilaria jamesii), and western wheatgrass

(Agropyron smithii) (Shaw et al. 1989). Many shrub com-

munities occurred within the grassland communities along

alluvial fans, waterways, and slopes, and included black

greasewood (Sarcobatus vermiculatus), fourwing saltbush

(Atriplex canescens), Bigelow sagebrush (Artemisia bigel-

ovii), winterfat (Krascheninnikovia lanata), small soap-

weed (Yucca glauca), and tree cholla (Opuntia imbricata).

Woodland communities dominated the canyons and breaks,

and were composed of one-seeded juniper (Juniperus

monsperma) and pinyon pine (Pinus edulis).

Capture and monitoring of coyotes

We captured coyotes using aerial net-gunning (Barrett et al.

1982; Gese et al. 1987). Animals captured in the southern

portion of the study area were sterilized, while animals

captured in the northern portion of the study area were sham-

sterilized (i.e., animals were sham-operated but remained

intact). The boundaries of the two areas were 4 km apart and

both areas were similar in climate, topography, vegetation,

and prey availability. We used this clustered experimental

design in an effort to swamp a single area with the treatment

simulating actual management practices. Due to the uncer-

tainty of capturing the breeding individuals, we sterilized

both males and females from each pack.

Captured animals were blind-folded and muzzled, then

transported to a licensed veterinarian. Animals were sexed

and weighed with a spring scale to the nearest 0.1 kg to

determine the initial drug dosage and then sedated with a

combination of tiletamine and zolazepam (dosage 10 mg/kg).

Continued anesthesia to maintain the anesthesia plane

during surgery and processing were with a combination of

tiletamine and zolazepam plus xylazine (dosage 2 mg/kg).

Temperature, pulse, and respiration were monitored every

10 min. The surgical procedure for the tubal ligation

(Howe 2006) involved a 2- to 3-cm incision along the mid-

line of the abdomen, exposing the horns of the uterus, and

locating the ovary and oviduct. The oviduct was clamped

and then tied off 1 cm either side of the clamp. A 1-cm

section of the oviduct was then cut and removed. The ovary

and uterus were then returned to the normal positions in the

body cavity. The incision was then closed via three sepa-

rate suturing procedures involving the peritoneum, subcu-

taneous tissues, and skin.

Surgical vasectomy involved bilateral removal or

occlusion of the portion of the ductus deferens (Howe

2006). The vasectomy was performed through a 1- to 2-cm

incision located in the inguinal area. Following skin and

subcutaneous incision, the spermatic cords were identified,

separated, and exteriorized. Manipulation of the testicle

identified the spermatic cord and ductus deferens.

Following isolation of the ductus deferens, a segment of the

ductus was then removed and both of the severed ends of

the ductus ligated. The incision was then closed via three

separate suturing procedures involving the peritoneum,

subcutaneous tissues, and skin.

Following the surgical procedure, each coyote was aged

by visual inspection of tooth wear (Gier 1968), ear-tagged,

and radio-collared. We reversed the effects of the xylazine

with the antagonist yohimbine (dosage 0.15 mg/kg) after

the surgery was completed. An analgesic (butorphanol;

dosage 0.4 mg/kg) was administered immediately follow-

ing surgery for post-operative pain management. We

applied ophthalmic ointment to prevent corneal desicca-

tion. Animals held overnight were monitored for any post-

operative complications. The following morning, animals

were inspected and then returned to their respective sites of

capture. Control animals (intact coyotes) underwent a sham

surgery following the exact same procedures without the

final tying of the tubes (thereby remaining reproductively

intact), so that all else (including the surgery) was con-

trolled. This method (sterile vs. control) has previously

been documented to show no impact to subsequent sur-

vival, dispersal, and behaviors of surgically sterilized

coyotes (Bromley and Gese 2001b). Close monitoring of

all animals released into the wild following surgery showed

no complications or deaths due to the surgical procedures.

Research protocols were approved by the Institutional

Animal Care and Use Committees at the USDA/National

Wildlife Research Center (QA-1350) and Utah State Uni-

versity (IACUC #1269).

To determine with greater certainty that treated coyote

packs were sterile (i.e., we captured and sterilized one or

both of the breeding pair), we conducted howling surveys

(Harrington and Mech 1982; Fuller and Sampson 1988)

and searched for dens and pups of radio-collared individ-

uals. Howling surveys were conducted during June to mid-

August, with personnel going to high points, howling, and

recording whether the response included pups. In addition,

visual observations of radio-collared individuals allowed us

to gain information on pup presence. Any pack found to

have pups was considered intact.

Determination of pack size

We compared pack sizes between sterile and intact packs

using the observed minimum pack size. We made multiple
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visual observations of radio-collared individuals to count

associated pack members. Field personnel would home-in

on a radio-collared animal, attempting to approach animals

from downwind in a stealthy manner to reduce disturbance

of additional pack members that may be present. Group

size, location, and pup presence were noted. We did not

include pups in pack size estimations, but estimated pre-

whelping pack size (Gese et al. 1989).

Home range size and overlap

We acquired telemetry locations primarily at dawn and

dusk to obtain point locations during the highest activity

periods (Andelt and Gipson 1979). We attempted to locate

animals every 2 days. We calculated locations using C3

compass bearings in Program LOCATE (Pacer, Truro,

Nova Scotia, Canada). All home ranges were computed

using only locations with an error polygon\0.10 km2. We

calculated home range size using the 95 % fixed kernel

(FK) density estimator and core area with the 50 % FK

density estimator in ArcGIS 9.2 (Environmental Systems

Research Institute, Redlands, CA, USA) with the Hawth’s

Tools extension (Hawth’s Analysis Tools); bandwidth was

set to h = 1,000. We calculated home range estimates

(home range size and overlap) for two breeding seasons

(breeding season 1: December 2006–March 2007; breeding

season 2: October 2007–March 2008), and one pup-rearing

season (April–September 2007).

We compared percent overlap among adjacent packs for

the 95 and 50 % FK contours using analysis of variance

(ANOVA). We used only adjacent packs to calculate per-

cent overlap, including adjacent packs with zero overlap.

Packs were considered adjacent if their home range

boundaries were \2 km apart; this figure represents the

radius of the smallest home range and was the minimum

area we used to exclude the potential presence of a home

range in which the pack members were not radio-collared.

We made comparisons of home range overlap among

adjacent sterile–sterile packs, intact–intact packs, and

sterile–intact packs. Tests for differences between each pair

were performed with a Tukey’s Honestly Significant

Difference (HSD) test. All statistical tests were performed

using SPSS 10.0.5 (SPSS, Chicago, IL, USA).

Home range fidelity

Familiarity of the home range, and therefore territory

fidelity, is important in reducing the vulnerability of coy-

otes to human persecution (Knowlton et al. 1999). We

tested home range fidelity of resident coyotes using known

fate models in Program MARK (White and Burnham

1999); animals were censored after dispersal. We defined

dispersal as the movement of an animal from its point of

origin to where it reproduces or would have reproduced if it

had survived and found a mate (Howard 1960). We com-

pared models of residency rates between sterile and intact

coyotes with Akaike’s Information Criterion (AIC; Akaike

1973) corrected for small sample size bias (DAICc;

Burnham and Anderson 2002). We grouped coyotes by

treatment (sterile or intact) and encounter occasions were

expressed as 15 1-month intervals. Because treatment was

of primary interest, all models included this variable.

Hypotheses tested included residency varying by treatment

alone, treatment and 4-month season, or treatment and

1-month time interval (Table 1: models 1, 2, 3). For

examining home range fidelity, we used 4-month seasons

based on biological changes in coyote behavior, including

the breeding season (December–March), pup-rearing sea-

son (April–July), and dispersal season (August–November;

adapted from Gese and Ruff 1998). We also tested a model

which examined the interactive effect between treatment

and time (the most parameterized model, Table 1: model

4). We censored transient animals from the analysis unless

and until they became established as residents later in the

study.

Survival rates

We examined survival rates of intact and sterile coyotes

because, if sterilization changed coyote behavior and they

dispersed, these animals would become more vulnerable to

human persecution (Windberg and Knowlton 1990;

Table 1 Model selection for residency rates of sterile (n = 15) and intact (n = 12) coyotes, Piñon Canyon Maneuver Site, Colorado, December

2006–March 2008

Model no. Model structure AICc DAICc AICc weights Model likelihood Ka Deviance Evidence ratio (w1/wi)

2 {R(treatment ? season)} 62.583 0.000 0.686 1.000 5 14.630 1.00

1 {R(treatment)} 64.151 1.568 0.313 0.457 2 22.344 2.19

3 {R(treatment ? time)} 76.242 13.659 0.001 0.001 16 4.761 927.04

4 {global R(treatment 9 time)} 103.889 41.306 0.000 0.000 30 0.000 NAb

a Number of parameters
b Evidence ratios could not be calculated because model weight was = 0
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Windberg 1996; Harris and Knowlton 2001). We compared

estimates of survival rates between sterile and intact coy-

otes in Program MARK using known fate analysis (White

and Burnham 1999). We compared models of survival rates

using DAICc (Akaike 1973; Burnham and Anderson 2002).

Coyotes were grouped by treatment and models included

three covariates: gender, age class, and weight. We ana-

lyzed survival over 15 1-month occasions. We created

models based on gender, age class, weight, coyote season,

or monthly time interval and always included the variable

treatment since this was our variable of interest (Table 2:

models 1–6). Except a global model (Table 2: model 7), all

hypothesized models were restricted to additive models

due to limited sample size.

Results

Pack size

We captured and radio-collared 30 coyotes. We sterilized

16 (mean age 3.3 years, range 1–8 years old) animals from

the southern portion of the study area and sham-operated

14 (mean age 2.5 years, range 1–8 years old) coyotes from

the northern portion; ages were not different between the

two areas (P = 0.12). Defined home ranges contained 1–2

radio-collared individuals. During the first breeding season,

we documented 8 sterile and 10 intact home ranges. During

the subsequent pup-rearing season, we defined 8 sterile and

9 intact home ranges. We documented 6 sterile and 8 intact

home ranges during the second breeding season. Mean

pack size of sterile packs (2.3 ± 0.3; 95 % CI) was not

significantly different than intact coyote packs (2.10 ± 0.3;

t9 = 0.607, P = 0.554).

Home range size and overlap

Home range sizes were not different between sterile and

intact coyote packs during any of the three seasons. During

the first breeding season, mean home range sizes of intact

(n = 10) and sterile (n = 8) coyote packs were 24.0 ± 3.8

(95 % CI) and 22.3 ± 3.9 km2, respectively (t16 = 0.601,

P = 0.556; Fig. 1a). During the pup-rearing season, home

range sizes of intact (n = 9) and sterile (n = 8) coyote

packs were 26.4 ± 6.8 km2 and 24.7 ± 4.4 km2, respec-

tively (t15 = 0.405, P = 0.692; Fig. 1b). During the sec-

ond breeding season, home range sizes of intact (n = 7)

and sterile (n = 6) coyote packs were 20.6 ± 4.9 and

22.0 ± 4.0 km2, respectively (t11 = -0.421, P = 0.682;

Fig. 1c).

Home range overlap was expressed as a proportion of

total home range area. During the first breeding season,

mean overlap between adjacent sterile home ranges was

0.251 ± 0.081 (95 % CI) and mean overlap between

adjacent intact home ranges was 0.139 ± 0.076. Mean

overlap between adjacent sterile and intact home ranges

was 0.060 ± 0.069. During the first breeding season, core

areas of adjacent sterile home ranges had a mean overlap of

0.033 ± 0.032 (SD). Core areas of adjacent intact home

ranges overlapped by 0.001 ± 0.001 and core areas of

adjacent sterile–intact home ranges had no overlap. We

found differences in overlap of adjacent sterile core areas

compared to adjacent intact core areas (P = 0.020). This

relationship appeared to be mainly due to the overlap of

core areas between only 2 sets of sterile home range pairs

(Fig. 1a). We did not find any other differences in overlap

during the first breeding season (Table 3a).

Mean home range overlap during the pup-rearing season

among adjacent sterile home ranges (0.266 ± 0.073 95 %

CI) was different from the mean overlap among adjacent

intact home ranges (0.113 ± 0.061; P = 0.006). Differ-

ences in overlap among adjacent sterile home ranges and

adjacent sterile–intact home ranges were also significant

(0.057 ± 0.074, P = 0.007). However, there was no evi-

dence of difference in the overlap among adjacent intact

home ranges and adjacent sterile–intact home ranges

(P = 0.639). Core area overlap during the pup-rearing

season was also different among adjacent sterile home

Table 2 Model selection for survival rates of sterile and intact coyote (n = 30), Piñon Canyon Maneuver Site, Colorado, December 2006–

March 2008

Model no. Model AICc Delta AICc AICc weights Model likelihood Ka Deviance Evidence ratio

1 {S(treatment)} 47.907 0.000 0.336 1.000 2 43.876 1.00

5 {S(treatment ? season)} 48.377 0.471 0.266 0.790 5 38.224 1.27

3 {S(treatment ? age)} 49.536 1.629 0.149 0.443 3 43.474 2.26

4 {S(treatment ? kg)} 49.871 1.965 0.126 0.374 3 43.810 2.67

2 {S(treatment ? sex)} 49.923 2.016 0.123 0.365 3 43.861 2.74

6 {S(treatment ? time)} 65.058 17.151 0.000 0.000 15 33.795 5,606.83

7 {global S(treatment 9 time)} 94.335 46.429 0.000 0.000 30 29.239 NA

a Number of parameters
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ranges (0.028 ± 0.030) and adjacent intact home ranges

(no overlap, P = 0.043). No other differences in core area

overlap were found (Table 3b).

Mean overlap of adjacent sterile home ranges

(0.208 ± 0.074 95 % CI) during the second breeding sea-

son was different from adjacent intact home ranges

(0.012 ± 0.017, P \ 0.001). We also found a difference

among mean overlap of adjacent sterile home ranges and

adjacent sterile–intact home ranges (no overlap). We found

no differences in overlap during the second breeding sea-

son (Table 3c).

Because age could affect overlap, we tested for differ-

ences in ages between sterile and intact coyotes. We found no

difference in mean age between sterile and intact coyotes

(t28 = -0.976, P = 0.337). We found no differences

between sample sizes used to define home ranges for sterile

and intact coyotes (first breeding season: t16 = -0.429,

P = 0.674; pup-rearing season: t15 = -0.249, P = 0.807;

second breeding season: t13 = -0.147, P = 0.885) which

may also influence home range overlap. We also found no

correlation between location sample sizes used to determine

home range and percent overlap of home ranges (first

breeding season: R2 = 0.013, F53 = 0.676, P = 0.415;

pup-rearing season: R2 = 0.013, F45 = 0.601, P = 0.442;

second breeding season: R2 = 0.017, F29 = 0.480,

P = 0.494).

Fig. 1 Plots of 95 and 50 %

fixed kernel estimates of

individual coyote home ranges

during a breeding season

2006–2007, b pup-rearing

season 2007, and c breeding

season 2007–2008, Piñon

Canyon Maneuver Site,

Colorado. Sterile home ranges

are represented by

cross-hatching

Table 3 Tukey’s Honestly Significant Difference comparison of

home range and core area overlap between sterile and intact coyote

home ranges during the first breeding season, pup-rearing season, and

second breeding season, Piñon Canyon Maneuver Site, Colorado,

December 2006–March 2008

Season Area Group

comparison

P

1st breeding 95% home range Sterile–intact 0.118

Sterile–sterile 0.181

Intact–intact 0.734

50 % core Sterile–intact 0.020

Sterile–sterile 0.343

Intact–intact 0.999

Pup-rearing 95 % home range Sterile–intact 0.006

Sterile–sterile 0.007

Intact–intact 0.639

50 % core Sterile–intact 0.043

Sterile–sterile 0.200

Intact–intact 0.999

2nd breeding 95 % home range Sterile–intact \0.001

Sterile–sterile 0.011

Intact–intact 0.982

50 % core area Sterile–intact 0.312

Sterile–sterile 0.733

Intact–intact 0.999
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Home range fidelity

Six radio-collared coyotes (20 %) dispersed during the

study. Three of these dispersals occurred during the pup-

rearing season and 3 during the dispersal season. No radio-

collared coyotes dispersed during the breeding seasons.

The best model for coyote residency was {R(treat-

ment ? season)} (Table 1: model 2). This model was 2.2

times as plausible as the second-best model {R(treatment)}

(Table 1: model 1). Models 3 {R(treatment ? time)} and 4

{R(treatment 9 time)} were not well supported by the data

(evidence ratios 927.04 and NA, respectively; Table 1).

Residency was highest during the breeding seasons and

dropped during the pup-rearing and dispersal season

(Fig. 2). Model averaging showed that derived residency

rates (the probability of remaining a resident through the

duration of the study) were not different between sterile

(r̂ ¼ 0:779, 95 % CI 0.496–0.927) and intact (r̂ ¼ 0:738,

95 % CI 0.432–0.913) coyotes (z = 0.239, P = 0.406).

Survival rates

We analyzed survival rates of 17 male and 13 female coy-

otes; 8 males and 8 females were sterilized. Four coyotes

perished during the study: 3 due to gunshot wounds, 1 due to

unknown causes. Many of the models used to analyze coyote

survival rates were competitive. The first 5 models were

within\2.016 DAICc values from each other, indicating that

all 5 were plausible (Burnham and Anderson 2002). The

best-fit model, {S(treatment)} (Table 2: model 1), suggested

sterile coyotes had lower survival rates than intact coyotes

(sterile: ŝ = 0.805, 95 % CI 0.540–0.936; intact: ŝ = 0.923,

95 % CI 0.608–0.989). The second-ranked model,

{S(treatment ? season)} (Table 2: model 5), showed an

increasing trend in survival over the seasons and higher

survival in intact coyotes, but the confidence intervals

between the groups overlapped (Fig. 3). Model averaged

derived estimates of survival rates (i.e., probability of sur-

viving the duration of the study) of sterile and intact coyotes

were not different (sterile: ŝ = 0.809, 95 % CI 0.544–0.938;

intact: ŝ = 0.924, 95 % CI 0.611–0.990). When we calcu-

lated statistics for the third-, fourth-, and fifth-ranked mod-

els, {S(treatment ? age)}, {S(treatment ? weight)}, and

{S(treatment ? sex)}, we found the covariates were not

significant (P [ 0.280). Other models had DAICc values

[2.016. In a post hoc analysis, {S(�)} (coyote survival rate is

not influenced by any variables) was ranked as the top model

and {S(season)} was ranked second.

Discussion

As sterilization becomes more widely used in canid

research and management practices, we must confirm ter-

ritorial maintenance and pair-bonding behaviors are being

retained. Without these behaviors, the social structure of the

pack will dissolve leading to an unguarded, open territory,

and management efforts could fail. We found no evidence

to suggest territorial behaviors among coyotes were altered

by sterilization. Pack size, home range size, home range

fidelity, and coyote survival rates were not significantly

different between sterilized and sham-operated coyotes. We

did find sterile packs exhibited greater home range overlap

than intact packs, but it is unknown whether this was due to

the effects of sterilization.

Similar to our results, sterile red fox vixens had increased

home range overlap compared to non-sterile vixens (Saun-

ders et al. 2002). In contrast, coyotes in Utah did not display

differences in home range overlap between sterile and intact

packs (Bromley and Gese 2001b). Average overlap between

coyote territories in Utah was 21 %, greater than the overall

average overlap in our study (14 %). Possibly, sterile coyote

0.80

0.85

0.90

0.95

1.00

Breeding
06-07

Pup-rearing
07

Dispersal
07

Breeding
07-08

Season

R
es

id
en

cy

Sterile

Intact

Fig. 2 Coyote residency rates (±95 % CI) from the top model,

{R(treatment ? season)}, in 4-month seasonal increments for sterile

and intact coyotes, Piñon Canyon Maneuver Site, Colorado, Decem-

ber 2006–March 2008
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packs on the PCMS were more tolerant of overlap than intact

coyote packs. We also tested for age and location sample

size differences between the sterile and intact packs

to account for the differences in overlap. Younger, low-

ranking pack members disperse when resources are not

abundant (Gese et al. 1996a). If coyotes in the sterile group

were younger than coyotes in the intact group, and location

sample sizes were not large enough to accurately detect pre-

dispersal forays, then we might mistake these forays for

home range overlap. However, we did not find differences in

age classes, dispersal rates, or location sample sizes between

the groups suggesting that pre-dispersal forays were not

occurring differentially between sterile and intact coyotes.

Varying location sample sizes were also not correlated to the

degree of overlap.

Additionally, 2 dispersers in the second breeding season

of previously resident coyotes in the intact area may

account for differences observed between home range

overlap in this season. One of the dispersers was an adult

male coyote located in the center of the intact part of the

study area. His initial home range had contributed to

overlap in previous seasons. His dispersal coincided with

the expansion of adjacent coyote pack home ranges into his

previous home range area and may have been the result of

displacement (Carbyn 1981). However, the expansion of

the neighboring pack’s home range was not enough to

compensate for the lost overlap. Given consistently high

overlap in the sterile home ranges and dispersal events

which reduced overlap in the intact home ranges, we

believe the disparity in home range overlap was not

prompted by sterilization, but most likely had high pre-

existing overlap among home ranges in that area.

Home range fidelity of coyotes varied by season and

declined during the pup-rearing and dispersal seasons. Pack

sizes gradually decline after whelping due to dispersals of

non-breeding associated pack members (Bekoff and Gese

2003). We found no evidence that dispersal rates were

influenced by sterilization. This corroborates with Bromley

and Gese’s (2001b) results; they found no difference between

residency rates of sterile and sham-operated animals.

Although our results suggested many variables were

important to coyote survival rates, sterilization had no

significant influence. In addition, a post hoc analysis

incorporating the model {S(�)} (coyote survival rate was

not influenced by any of the variables), ranked this model

at the top when run with the previously described models,

further suggesting none of the other variables explained the

true effects. Indeed, a Wald’s test confirmed them as not

significant. Season, as modeled as a coyote biological

interval, may have been influential on coyote survival rates.

An additional post hoc analysis ranked the model {S(sea-

son)} as second only to {S(�)}. However, we must also

consider confounding variables such as human persecution.

Three of 4 coyote mortalities were caused by gunshot and

the fourth mortality suggested human involvement (i.e., the

carcass was found \4 m from a gravel road). Although

shooting of coyotes was not permitted during the study, 3

of these mortalities were detected during or shortly after

military maneuvers involving armed personnel.

Results from this study add to the small body of

knowledge we have regarding the effects of sterilization on

wild canids. We did not find any results that were in con-

tradiction to other studies on coyotes or wolves. One

component lacking in all peer-reviewed studies of coyote

sterilization is an assessment of the long-term stability of

territorial and social behaviors following sterilization.

Mech et al. (1996) monitored vasectomized wolves for

7 years, but the sample size was small and females were

not sterilized. Zemlicka (1995) monitored sterilized captive

coyotes for 1 year, while Bromley and Gese (2001b) fol-

lowed the sterile coyotes for 3 years. Despite functioning

endocrine systems, after multiple years of no reproductive

success sterile coyotes could sever their pair-bond and

search for a more successful mate. Hence, we recommend a

study of sterile free-ranging coyotes following treated and

untreated animals into senescent years. With a long-term

study, dispersal by ‘‘breeding’’ individuals (dominant ani-

mals which had been sterilized) due to a lack of repro-

ductive success may be detected. Also, by following sterile

and intact coyotes to senescence, changes in survival rates

may be detected. Because home range overlap of red fox

vixens was reported (Saunders et al. 2002) and this study

found possible pre-existing home range overlap in sterile

coyotes, disruption of territory boundaries may warrant

further exploration. Tolerance of trespassers into territories

may complicate interpretation of experimental results and

could result in failed measures for canid management.
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Army Piñon Canyon Maneuver Site, Colorado. Colorado State

University, Department of Range Science, Science Series No.

37, Fort Collins, Colorado

Spence CE, Kenyon JE, Smith DR, Hayes RD, Baer AM (1999)

Surgical sterilization of free-ranging wolves. Can Vet J

40:118–121

Till JA, Knowlton FF (1983) Efficacy of denning in alleviating coyote

depredations upon domestic sheep. J Wildl Manag

47:1018–1025

Wagner FH (1988) Predator control and the sheep industry, the role of

science in policy formation. Regina, Claremont

White GC, Burnham KP (1999) Program MARK: survival estimation

from populations of marked animals. Bird Study Suppl

46:120–138

J Ethol

123



Windberg LA (1996) Coyote responses to visual and olfactory stimuli

related to familiarity with an area. Can J Zool 74:2248–2254

Windberg LA, Knowlton FF (1990) Relative vulnerability of coyotes

to some capture procedures. Wildl Soc Bull 18:282–290

Zemlicka DE (1995) Seasonal variation in the behavior of sterile

and nonsterile coyotes. MS thesis, Utah State University,

Logan

J Ethol

123



Intense harvesting of eastern wolves facilitated
hybridization with coyotes
Linda Y. Rutledge1, Bradley N. White1, Jeffrey R. Row1 & Brent R. Patterson2

1Biology Department, Trent University, 2140 East Bank Drive, Peterborough, Ontario, K9J 7B8, Canada
2Wildlife Research & Development Section, Ontario Ministry of Natural Resources, Trent University, 2140 East Bank Drive, Peterborough, Ontario,

K9J 7B8, Canada

Keywords
Conservation, culling, demographic history,
historic DNA, hybridization, lethal methods.

Correspondence
Linda Y. Rutledge, Natural Resources DNA
Profiling & Forensic Centre, DNA Building,
Trent University, 2140 East Bank Drive,
Peterborough, Ontario, K9J 7B8, Canada.
Tel: (705) 755-2258; Fax: (705) 755-1559;
E-mail: lrutledge@nrdpfc.ca

Funded by the Friends of Algonquin Park and
the Ontario Ministry of Natural Resources.

Received: 07 September 2011; Revised: 29
September 2011; Accepted: 03 October 2011.

doi: 10.1002/ece3.61

Abstract

Despite ethical arguments against lethal control of wildlife populations, culling
is routinely used for the management of predators, invasive or pest species, and
infectious diseases. Here, we demonstrate that culling of wildlife can have unforeseen
impacts that can be detrimental to future conservation efforts. Specifically, we
analyzed genetic data from eastern wolves (Canis lycaon) sampled in Algonquin
Provincial Park (APP), Ontario, Canada from 1964 to 2007. Research culls in 1964
and 1965 killed the majority of wolves within a study region of APP, accounting
for approximately 36% of the park’s wolf population at a time when coyotes were
colonizing the region. The culls were followed by a significant decrease in an eastern
wolf mitochondrial DNA (mtDNA) haplotype (C1) in the Park’s wolf population,
as well as an increase in coyote mitochondrial and nuclear DNA. The introgression
of nuclear DNA from coyotes, however, appears to have been curtailed by legislation
that extended wolf protection outside park boundaries in 2001, although eastern
wolf mtDNA haplotype C1 continued to decline and is now rare within the park
population. We conclude that the wolf culls transformed the genetic composition
of this unique eastern wolf population by facilitating coyote introgression. These
results demonstrate that intense localized harvest of a seemingly abundant species
can lead to unexpected hybridization events that encumber future conservation
efforts. Ultimately, researchers need to contemplate not only the ethics of research
methods, but also that future implications may be obscured by gaps in our current
scientific understanding.

Introduction

Although lethal sampling of wildlife for ecological experi-
mentation was common up until the second half of the 20th
century, the emergence of a stronger environmental ethic in
recent decades has rendered the practice generally indefen-
sible (Farnsworth and Rosovsky 1993; Minteer and Collins
2005; Vucetich and Nelson 2007). Culling of wildlife as a
management tool, however, is routinely used to (1) increase
the population size of desirable game species (Thirgood et al.
2001; Boertje et al. 2010; Schneider et al. 2010); (2) pro-
tect vulnerable endemic or domestic species from predators
(Conner et al. 2008; Smith et al. 2010) or invasive exotics
(Genovesi 2005); (3) impede disease transmission (Wasser-
berg et al. 2009; Lachish et al. 2010), or (4) acquire basic eco-
logical knowledge for establishing sustainable harvest quotas

(Morishita 2006) or effective conservation (Sillett et al. 2004).
These methods are usually controversial, sprouting passion-
ate counter arguments based on scientific and ethical consid-
erations (e.g., Minteer and Collins 2005; Clapham et al. 2007;
Vucetich and Nelson 2007).

The influence of human activities on the evolutionary tra-
jectory of wildlife is widespread (see the January 2008 Spe-
cial Issue of Molecular Ecology). Altered landscapes, climate
change, invasive species, and direct harvest are shaping the
genetic potential of species worldwide (Smith and Bernatchez
2008). In recent years, the impact of human-caused mortal-
ity on the genetic composition of populations has received
much attention because exploitation fosters evolutionary al-
terations that may increase the risk of extinction (Stockwell
et al. 2003; Burney and Flannery 2005), induce rapid evo-
lution of life-history traits (Coltman et al. 2003; Allendorf

c© 2011 The Authors. Published by Blackwell Publishing Ltd. This is an open access article under the terms of the Creative
Commons Attribution Non Commercial License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited and is not used for commercial purposes.
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and Hard 2009; Darimont et al. 2009), increase hybridiza-
tion (Rhymer and Simberloff 1996), and impact behavioral
dynamics in kin-based social groups (Gobush et al. 2008; Rut-
ledge et al. 2010a). There is little doubt that intense harvest,
especially over long time periods, results in genetic alterations
that can be detrimental to populations and ecosystems (Al-
lendorf et al. 2008). For example, when barriers to gene flow
break down, genetic changes can result from hybridization
between rare endemic and closely related invasive species,
thereby impeding implementation of effective conservation
policy (Allendorf et al. 2001), and increasing risk of extinc-
tion (Rhymer and Simberloff 1996). Although genetic effects
of harvesting on wildlife are becoming well documented, the
long-term impact that culling of seemingly abundant species
has on genetic structure and conservation of populations is
rarely considered.

Molecular genetic monitoring of populations over time
is a powerful approach to facilitate an understanding of ge-
netic changes in populations impacted by harvesting, par-
ticularly for small populations of threatened species (Allen-
dorf et al. 2008; Coltman 2008). Interpreting genetic data
within the context of demographic history is also critical to
accurately explain genetic change (e.g., Jackson et al. 2008).
Wolves across North America have been subjected to intense
eradication efforts that have limited their genetic variabil-
ity and evolutionary potential (Leonard et al. 2005), pro-
moted coyote (C. latrans) expansion eastward (see Rutledge
et al. 2010b), and increased coyote hybridization with eastern
wolves (C. lycaon) (Kays et al. 2010; Way et al. 2010) and red
wolves (C. rufus) (Fredrickson and Hedrick 2006; note that
C. lycaon and C. rufus are suggested as the same species by
Wilson et al. 2000).

Seemingly limited to regions in and around Algonquin
Provincial Park (APP; Rutledge et al. 2010c), eastern wolves
(Fig. 1) are particularly susceptible to hybridization because
of their shared evolutionary history with coyotes in North
America (Wilson et al. 2000; Rutledge et al. 2010b) and their
ability to bridge gene flow between gray wolves and coyotes
(Rutledge et al. 2010c). In addition, eradication efforts over
the past 400 years have substantially reduced the population
size of eastern wolves (Boitani 2003), making them partic-
ularly susceptible to introgression from expanding coyotes
due to an absence of suitable mates and the tendency for
genes to flow asymmetrically from the more abundant into
the more rare species (Grant et al. 2005). Patterns of intro-
gression associated with human-caused reduction in popula-
tion size have been noted in red wolves that hybridize exten-
sively with coyotes (Fredrickson and Hedrick 2006) and Van-
couver Island gray wolves that have introgressed dog genes
(Muñoz–Fuentes et al. 2010).

Unlike gray wolves in the west, eastern wolves readily hy-
bridize with coyotes (Rutledge et al. 2010c), and it has been
suggested that high mortality of APP wolves could lead to
gene swamping by coyotes (Theberge and Theberge 2004)
that are ill-suited to occupy the niche of an apex predator
and exert substantial top–down limitation of large ungu-
late prey species (i.e., deer and moose) due to their small
size (e.g., Carbone et al. 1999). If intense harvesting of east-
ern wolves in APP results in increased hybridization with
neighboring coyote populations, trophic interactions may be
decoupled or otherwise altered. There has also been some
suggestion that disruption to pack social structure asso-
ciated with harvest pressure (Rutledge et al. 2010a) and
breeder loss (Brainerd et al. 2008) could increase eastern wolf

Figure 1. Eastern wolf (Canis Lycaon)
photographed at Brule Lake in Algonquin
Provincial Park. Photograph by Michael Runtz
used with permission.
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Figure 2. Map of Ontario, Canada. Dark gray area is Algonquin Provincial Park (APP) where samples were collected for this study over a 43-year
period. Other samples used in this study include gray wolf–eastern wolf hybrid animals from northeastern Ontario (NEON; checkered oval) and
coyote–eastern wolf hybrid animals from south of APP Park along the Frontenac Axis (FRAX; gray oval). Coyote population size indices for Figure 3
were taken from Wildlife Management Unit (WMU) 64B (black star).

hybridization with coyotes when harvest occurs during
breeding season.

Although wolves in APP, Ontario Canada (Fig. 2) are a
morphologically and genetically differentiated group of ap-
proximately 200–300 eastern wolves that share a common
evolutionary lineage with coyotes and red wolves (Wilson
et al. 2000; Kyle et al. 2006, 2008; Rutledge et al. 2010b, d),
prior to the year 2000, they were thought to be a gray wolf
subspecies (C. lupus lycaon) that at the time was abundant
across Ontario. Within the park, wolves have survived a long
history of control efforts dating back to the park’s establish-
ment in 1893. Prior to the mid-1960s, wolves were actively
poisoned, snared, and shot by park rangers in an effort to bol-
ster game populations. Between 1909 and 1958, an average of
49 wolves per year (range 11–128) were killed in APP (Pim-
lott et al. 1969). In 1959, harvesting ceased within the park
so that researchers could study an unexploited population of
wolves. To conclude that study, researchers culled 80 wolves
in 1964 and another 26 in 1965 in an effort to understand the
reproduction and age structure of the population (Pimlott
et al. 1969). The harvested wolves constituted the majority of
wolves within the study area (population size estimate for the
2849 km2 study area was 90–110; Pimlott et al. 1969) and ac-

counted for approximately 36% of the park’s wolf population
at the time (population size estimate for the total park [7725
km2] = 1 wolf/26 km2 = 297 wolves [Pimlott et al. 1969]).
Since the end of the research project in 1965, wolves have been
protected within the park, although human-caused mortal-
ity of migratory park animals still accounted for ∼60% of
all wolf mortality in the eastern half of the park (Forbes and
Theberge 1996; Theberge and Theberge 2004) until Decem-
ber 2001 when wolf protection was extended to all townships
surrounding the park (Rutledge et al. 2010a).

Although wolf harvest in the first half of the 20th cen-
tury presumably impacted the population size and altered
the original genetic makeup of wolves within the park, the
timing of the research culls in the mid-1960s is important
because it occurred at a time when coyotes were becoming
well established in the area. Prior to the 1960s, introgres-
sion from coyotes may have occurred, but was likely lim-
ited because the first coyote confirmed in southern Ontario
was recorded in Thedford, Lambton County in 1919 (Nowak
1979) and densities near APP would have been relatively low
until the beginning of the 1960s when coyote populations
expanded rapidly north, east, and south (Moore and Parker
1992) in response to new habitat made available through land
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Figure 3. Trend in coyote observations in the Ottawa Valley region over the past 70 years. Value for 1939 is based on no coyotes reported in the
Ottawa Valley prior to 1940 (Pimlott 1961). Data from 1999 to 2009 is calculated from coyote observations in Wildlife Management Unit (WMU) 64B
of the Ottawa Valley reported by deer hunters on posthunt report cards. Dashed line and double slash indicate period of missing data.

clearing and wolf extirpation (Kyle et al. 2006; Kays et al.
2010). Estimates of coyote abundance in Wildlife Manage-
ment Unit 64B (Fig. 2) southeast of APP suggest a trend of
increased density (Fig. 3). Therefore, there was presumably
limited potential for coyote introgression into APP wolves
during the first half of the 20th century, although immi-
gration of wolf-like animals, either gray wolf–eastern wolf
hybrids from northeastern Ontario or other Algonquin-type
animals living in the park periphery, was likely common at
the time. To explore the long-term impacts that wildlife culls
can have on conservation, we analyzed genetic data acquired
from eastern wolf samples collected in APP over a 43-year
period (1964–2007), and interpreted genetic changes within
the context of wolf and coyote demographic history in and
around APP. Ultimately, this research demonstrates that al-
though intense localized killing of an apparently abundant
species may seem innocuous under the accepted scientific
framework of the time, it may have lasting, and unforeseen,
conservation implications.

Methods

Sample collection and DNA extraction

APP wolf samples used in this study were collected
over 43 years in the different time periods: 1964–1965
(hereafter referred to as Historic Harvested [HH64–65]),
1987–1999 (hereafter referred to as Contemporary Harvested

[CH87–99]), and 2002–2007 (hereafter referred to as Con-
temporary Protected [CP02–07]). Details regarding sample
collection and DNA extractions for the CH87–99 samples
can be found in Grewal et al. (2004) and for CP02–07 details
are provided in Rutledge et al. (2010c). For HH64–65 sam-
ples, DNA was extracted from teeth samples removed from
40 skulls of adult and yearling wolves trapped and killed in
APP during 1964 and 1965 (Pimlott et al. 1969). Given that
boiling water maceration was used to clean these skulls, we
attempted to extract DNA from the dried blood found in-
side intact canines and molars to improve the probability
of obtaining larger fragments of DNA. Sample processing
and DNA extractions were carried out in a laboratory area
dedicated to the extraction of low-template DNA from his-
toric and ancient samples at Trent University. The ancient
DNA laboratory enforces strict protocols to minimize risk
of contamination from contemporary sources. Filter tips or
disposable transfer pipettes were used throughout the ex-
traction process, and multiple negative controls were used to
track reagent contamination.

Exterior surfaces of the teeth were decontaminated with
a 1:9 DECON solution (Fisher Scientific, Ottawa, ON) to
remove any foreign DNA and then rinsed with DNAase-
free water (Gibco, Invitrogen, Burlington, ON). Teeth were
crushed with a hammer to expose the inner vasculature and
the dried blood from inside each tooth was placed in 400-
μl 1× lysis buffer (4 M urea, 0.2 M NaCl, 0.5% n-lauroyl
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sarcosine, 10 mM CDTA [1, 2-cyclohexanediamine], 0.1 M
Tris-HCl, pH 8.0) and incubated at 37◦C overnight (12–
18 h). Then 50 μl of Proteinase K (600 mAU/mL) was added
to each sample followed by incubation at 55◦C overnight
with rotation. Samples were then stored at 37◦C up to 2
days to ensure complete digestion. Samples were extracted
by standard phenol–chloroform methods adjusted for small
volumes (Sambrook and Russell 2001). Extracts were then
concentrated over Amicon Ultra 0.5 mL Centrifugal Filters
(Millipore, Billerica, MA) and stored at –20◦C until amplified
with polymerase chain reaction (PCR).

DNA quantification, amplification,
sequencing, and genotyping

Details regarding samples from CH87–99 and CP02–07 can
be found in Grewal et al. (2004) and Rutledge et al. (2010c),
respectively. HH64–65 samples were quantified by amplifi-
cation of microsatellite primer cxx172 with PCR conditions
described in Rutledge et al. (2010c) and 2 μl of DNA ex-
tract. To minimize effects of PCR inhibitors, 0.2 μg of bovine
serum albumin (BSA) was added to all reactions. In addition,
1.5 Units of Taq DNA polymerase (Invitrogen) were added to
each reaction to account for 35 PCR cycles. Amplified prod-
uct was visualized on an ethidium bromide stained agarose
gel, and fluorescence was compared to a positive control with
500 pg of DNA in the reaction with the software Quantity
One (Bio-Rad, Mississauga, ON) to ensure that samples used
in subsequent microsatellite reactions had at least 500 pg of
DNA in each reaction and alleviate scoring errors due to al-
lelic dropout (Rutledge et al. 2009 and references therein).
The control sample was prepared outside the ancient DNA
laboratory and added to the PCR machine immediately prior
to the start of the reaction process. We followed this protocol
for positive controls for all reactions so that amplification
could be tracked, but risk of contamination was minimized.
At all times during amplification and analysis, the positive
control was handled after all other samples had been pro-
cessed. For those samples where at least 500 pg of DNA could
be put into a PCR, a multiplex reaction of 35 cycles with mi-
crosatellite primers cxx253, cxx147, cxx410, cxx442 and sim-
plex reactions with microsatellite primers cxx225 and cxx172
were run to acquire individual genotypes. Reaction condi-
tions and primer references are described in Rutledge et al.
(2010c). For direct comparison, DNA from the CH87–99
wolf samples were amplified at these same six microsatellite
loci and similarly scored.

For HH64–65 males (as identified in field notes) with suffi-
cient target DNA, four Y chromosome microsatellite regions
were amplified with primers MS34A, MS34B, MS41A, and
MS41B (Sundqvist et al. 2001) with 40 cycles under condi-
tions described in Rutledge et al. (2010c). DNA from the PCR
product was precipitated with a standard ethanol precipita-

tion and labeled fragments were separated on an AB3730
(Applied Biosystems, Carlsbad, CA). All autosomal and Y
chromosome alleles were scored in GeneMarker 7.1 (SoftGe-
netics, State College, PA) and checked manually according to
strict internal standards of peak height and morphology.

A 343- to 347-bp fragment of the mitochondrial DNA
(mtDNA) control region was amplified from 2 ul of stock
DNA with primers AB13279 and AB13280 (Wilson et al.
2000) under the following conditions: initial denaturation
at 94◦C for 5 min followed by 40 cycles of 94◦C for 30 sec,
60◦C for 30 sec, 72◦C for 30 sec. Final extension was at 72◦C
for 2 min followed by storage at 4◦C. Amplified product was
visualized on an ethidium bromide stained agarose gel and
samples with sufficient DNA were prepared with Exonucle-
ase 1 (M0293S) and Anarctic Phosphatase (M0289S) (New
England BioLabs Inc., Ipswich, MA) followed by sequenc-
ing with a Big Dye Terminator Kit (Applied Biosystems) in
both forward and reverse directions on an AB3730. Con-
sensus sequences of 343 bp were generated from contigs as-
sembled from forward and reverse sequences in Sequencher
4.9 (GeneCodes Corporation, Ann Arbor, MI). All sequences
were checked manually to ensure accurate base calling by the
software.

Analyses

Mitochondrial DNA and Y microsatellite haplotypes were as-
signed based on previously published nomenclature (Wilson
et al. 2000; Rutledge et al. 2010c) and compared to previ-
ously published data for the CH87–99 (Grewal et al. 2004),
and CP02–07 (Rutledge et al. 2010c). Due to widespread
hybridization between eastern wolves and coyotes, it is diffi-
cult to make species designations to some haplotypes. Where
there is discrepancy in the literature, both potential species
origins are listed (for further discussion see Wheeldon et al.
2010; Rutledge et al. 2010c). To determine if the proportion
of eastern wolf haplotype C1 had decreased in APP since the
mid-1960s, we performed randomization tests of 1000 iter-
ations with replacement in the statistical software package R
2.9.0 based on 23 sampling events of C1 from the CH87–99
and CP02–07 datasets.

Only those samples from the mid-1960s that had suffi-
cient target DNA and amplified at four or more loci (n =
17) were used in subsequent microsatellite analyses. Data
included in microsatellite analyses include those generated
here (HH64–65 and CH87–99) as well as previously pub-
lished data from CP02–07, gray wolf–eastern wolf hybrids
from northeastern Ontario (NEON), and eastern coyotes
from southern Ontario along the Frontenac Axis (FRAX)
(see Rutledge et al. 2010c). In the HH64–65 dataset, 23%
of samples had missing allele scores at cxx442 and 35% had
missing allele scores at cxx147. Combined, 23% of samples
had missing scores at both loci. To identify the impact of
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including loci with missing data in estimates of differenti-
ation, we graphed Fst and Jost’s Dest measures of genetic
differentiation of the three APP time periods (HH64–65,
CH87–99, and CP02–07) and NEON to FRAX at all six loci,
then excluding cxx147 (five loci), and finally excluding locus
cxx147 and cxx442 (four loci; Appendix A1). Trends were
similar for all comparisons although including all six loci in
some cases gave slightly more conservative estimates of dif-
ferentiation. Therefore, we included all loci in subsequent
analyses.

Measures of observed and expected heterozygosity, num-
ber of alleles, and private alleles were calculated in GenAlEx
6.3 (Peakall and Smouse 2006), as were standard measures
of genetic distance (Fst) and tests of significant differences
between populations based on 999 permutations. Jost’s Dest

(Jost 2008) was also calculated in SMOGD (Crawford 2010;
accessed June 22, 2010) because Fst values do not always re-
flect true differentiation based on shared alleles (Jost 2008).
To assess changes in nuclear gene flow over time between
APP animals and those of NEON and FRAX, we (1) assessed
Fst and Jost’s Dest comparisons, (2) conducted Bayesian clus-
tering analysis in Structure 2.2 (Falush et al. 2007), (3) used
principal components analysis (PCA) in R 2.9.0, and (4) im-
plemented a logistic regression analysis in R 2.9.0. Details
regarding determination of the number of clusters and the
parameter settings for the Structure analysis, as well as PCA
analysis of the microsatellite dataset are described in Rut-
ledge et al. (2010c). In general, the number of clusters (K)
in Structure was determined by assessing a plot of the log
probability of the data (Mean LnP(K)) and a plot of the
second-order rate of change of the likelihood function (�K)
(Evanno et al. 2005) such that they were congruent with bi-
ological meaning. For the Structure analysis, we estimated
the number of clusters with no a priori assignment under
the F model for correlated allele frequencies with 5,000,000
MCMC steps and a burn-in of 250,000 for five runs each of
K = 1–8. Subsequent to optimal K determination, we con-
ducted 10 runs for K = 3 and averaged assignment scores
(Q) (which represent the posterior probability of member-
ship to each cluster) over the 10 runs. PCA was conducted in
the adegenet package (Jombart 2008) of R (R Development
Core Team 2008). For the logistic regression analysis, coyote-
influenced animals (as described below) were coded as “1”
and eastern wolf animals were coded as “0” to determine
changes in coyote influence in APP during the three time pe-
riods. Similarly, in a separate logistic regression to determine
changes in gray wolf influence, gray wolf animals were coded
as “1” and eastern wolves were coded as “0” to determine
changes in gray wolf influence in APP (comparing influence
in mid-1960s to that of 2000s since there was no gray wolf
influence noted in the 1980/90s). We identified an animal as
a coyote-influenced animal if QFRAX ≥ 0.2 and a gray wolf in-
fluenced animal if QNEON ≥ 0.2 (based on the understanding

that a first-generation hybrid backcrossed to a “pure” strain
would result in an assignment score of 0.75, and on a hybrid
simulation based power analyses for our ability to detect hy-
brids implemented in the adegenet package [Jombart 2008]
in R 2.9.0 [unpublished data]). Hybrid influence scores were
assigned as the dependent variable and the time period was
assigned as the independent variable with HH64–65 as the
reference dataset. Q-values distributed across all three groups
were only found in CP02–07 (n = 12) and these samples were
excluded from the logistic regression analysis because assign-
ment scores split across all populations can be an indication
that the source population has not been sampled rather than
representing influence from all populations.

Simulations

Coalescent simulations generate the genomes of individuals,
moving backwards in time, under a defined demographic
scenario with the assumption that the coalescent process
(Kingman 1982) for neutral markers will be determined by
the population and demographic history. Using coalescent
simulations, one can determine the distribution of genetic
summary statistics under a given demographic scenario and
determine if the observed data fall within or outside of the ex-
pected distribution (e.g., Gray et al. 2008; Banks et al. 2010).
In our analysis, an alternate explanation for the unexpected
change in differentiation between eastern wolves in APP and
coyotes in FRAX is genetic drift acting between sampling pe-
riods, rather than the impacts of harvesting. We therefore
used coalescent simulations to establish a distribution of ex-
pected change in differentiation between APP wolves and
FRAX coyotes through time under a demographic model,
which does not include any impacts of the harvest. If the ob-
served patterns were outside of this distribution, it is proba-
ble that genetic drift alone is not responsible for the observed
patterns.

Under our demographic model (Table 1; Fig. 4), eastern
wolves and coyotes split between 150,000 and 300,000
years ago (T.split) (Wilson et al. 2000) and were separated
until 100 years ago when the first coyotes were reported in
southern Ontario (Nowak 1979). Separately, eastern wolves
remained at a constant population size (N.wolf.anscest) of
64,500–90,200 individuals (estimated by multiplying the
historic range throughout the eastern temperate forests
(2,578,425 km2; CEC 1997) by an estimated density of
eastern wolves (0.025–0.035/km2; Rutledge et al. 2010a)
until 250–500 years in the past (T.decline) when European
settlers came to North America and eastern wolf populations
started to decline toward their current estimated population
size (N.wolf.current) in and around APP of 500–1000
individuals (this value includes the Park population esti-
mate of 300 [Rutledge et al. 2010a] plus individuals that
occur outside of the park boundaries). The ancestral
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Table 1. Coalescent simulation parameters.

Parameters Min Max

N. wolf.current 200 400
N.coyote.current 22,800 34,600
N.coyote.bot 25 50
N.wolf.ancest 25,800 36,080
N.coyote.ancest 478,000 726,000
T.stable 50 100
T.decline 250 500
T.bot 100 100
T.split 150,000 300,000
∗Gene flow 0.001 0.05
Mutation 1.1 × 10–3 3.9 × 10–3

∗Proportion of wolf population coming from coyote population. Popula-
tion range estimates used in coalescent simulations aimed at modeling
the demographic history of eastern wolves and coyotes. Population size
values (N) are effective population sizes, and time values (T ) are in years
(number of generations × 5-year generation time). All parameter es-
timates varied within a uniform distribution. See text and Figure 1 for
details of the demographic model.

coyote population size (N.coyote.ancest) of
956,800–1,453,000 (estimated by multiplying the size of
their historic range in the Great Plains [3,543,875 km2; CEC
1997] by an estimated density of coyotes [0.27–0.41/km2;
Berger and Conner 2008]) was also modeled to remain
stable until 100 years ago (T.bot) when a small number of
individuals (Kays et al. 2010) (N.coyote.bot; estimated at
50–100) founded the population in southern Ontario and
expanded to their current estimated size (N.coyote.current)
of 45,600–69,300 (estimated by multiplying estimated
coyote density by the size of the Mixed Woods Plains
ecoregion in Ontario and Quebec [168,913 km2; Wiersma
2007]). After this founding population arrived, we allowed
constant asymmetric gene flow (0.1–5%) from coyotes in
FRAX into wolves in APP. For the model parameters, we
estimated effective population sizes by dividing the estimated

population size by average pack size (wolves = 5 [Loveless
2010]; coyotes = 4 [Way 2003]) and multiplying by two
breeders per pack (Table 1). We assumed a strict stepwise
mutation model with a mutation rate varying between 1.1 ×
10–2 and 3.9 × 10–3 based on Canis microsatellite mutation
rate estimates (Parra et al. 2010).

The coalescent simulations were generated with Serial Sim-
Coal (Anderson et al. 2005) within ABCtoolbox (Wegmann
et al. 2010), which was used to vary the demographic pa-
rameters. Because Serial SimCoal allows for populations to
be sampled at various time periods, we sampled the simu-
lated wolf population (based on the midpoint of the sampling
period) at 40 years in the past (HH64–65), 10 years in the
past (CH87–99), and the current generation (CP02–07), and
calculated Dest (Jost, 2008) between each of these samples
and a sample from the simulated coyote population (Dest 1,
Dest 2, and Dest 3, respectively). Sample sizes were consistent
with observed data and Dest was calculated with a modified
python script of SMOGD version 1.2.5 (Crawford, 2010).
We wanted to determine if the change in differentiation was
different than expected under the assumed demographic sce-
nario, so we calculated the relative change in difference from
HH64–65 to CH87–99 (�Da) as

�Da = Dest1 − Dest2
(

Dest1+Dest2
2

)

and the relative change in differentiation from CH87–99 to
CP02–07 (�Db) as

�Db = Dest2 − Dest3
(

Dest2+Dest3
2

) .

A value of 0 represents no change in differentiation;
values > 0 suggests a decrease through time and values < 0
suggest an increase through time. Subsequently, we compared
the observed relative change to the distribution produced
from the 10,000 simulations to determine if the observed
change was likely in the absence of harvest pressure.

Figure 4. Assumed model of population and
demographic history for eastern wolves and
coyotes in eastern North America. See Table 1
for parameter estimates and text for description
of the model.
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Results

The frequencies of mtDNA haplotypes changed over time
(Table 2). Comparison of mtDNA haplotype names to those
found in other studies is provided in Appendix A2. Random-
ization tests indicate that there was a significant decrease in
the proportion of C1 eastern wolf haplotypes since the mid-
1960s (HH64–65 mean = 0.478; CH87–99 mean = 0.119,
SD = 0.065; CP02–07 mean = 0.0238, SD = 0.032). We were
only able to obtain complete Y microsatellite profiles for two
animals sampled from the mid-1960s, and both had eastern
wolf haplotype AA (Table 2). Partial profiles were determined

Table 2. Mitochondrial DNA (mtDNA) and Y microsatellite haplotypes
from Algonquin Provincial Park (APP) during the three different sampling
periods.

mtDNA haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

C1 Eastern Wolf 11 12 3
C3 Eastern Wolf 0 0 1
C13 Eastern Wolf 1 5 1
C17 Eastern Wolf 1 9 8
C22 Gray Wolf 0 4 9
C14 Coyote 9 35 65
C19 Coyote 0 18 33
C16 Coyote 0 1 0
C9 Coyote/Eastern Wolf∗ 1 18 7

Total (n) 23 102 127

Y microsatellite haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

AA Eastern Wolf 2 30 26
BB Eastern Wolf 0 13 14
CC Gray Wolf 0 2 0
CD Coyote/Eastern Wolf∗ 0 4 2
CE Gray Wolf 0 1 2
DC Gray Wolf 0 1 0
EF Gray Wolf 0 1 3
CR Coyote/Eastern Wolf∗ 0 0 1
GP Coyote/Eastern Wolf∗ 0 0 1

Total (n) 2 52 49

Data for Contemporary Harvested 1937–1999 (CH37–99) are from Gre-
wal et al. (2004) and data for Contemporary Protected 2002–2007
(CP02–07) are from Rutledge et al. (2010b). Randomization tests (see
text) indicate values of the eastern wolf mtDNA haplotype C1 are signif-
icantly lower in the 1980/90s (CH87–99) and 2000s (CP02–07) than in
the mid-1960s (HH64–65). Sample size is small for the HH64–65 Y mi-
crosatellites due to difficulty in amplifying the regions on these histonic
samples. Additional partial Y microsatellite profiles for the HH64–65
time period are available In Appendix A3. ∗Widespread hybridization be-
tween western coyotes and eastern wolves has resulted in uncertainty
regarding the species affiliation of these haplotypes. For a discussion see
Wheeldon et al. (2010) and Rutledge et al. (2010b).

for nine other animals from the mid-1960s: seven had hap-
lotype A for locus MS34, one had haplotype A for MS41,
and one only amplified at one locus that was consistent with
a probable A haplotype for MS34 (Appendix A3). Based on
known Y chromosome haplotypes (Wilson et al. In Review),
there are only three possible haplotypes for these partial pro-
files: AA, AQ, or EA (see Appendix A3). Since neither AQ,
which occurs in Nebraska coyotes, nor EA, which occurs in
Texas coyotes, are known to occur in Ontario (Wilson et al.
In Review), it is likely that at least 10 of the 11 animals
profiled have an eastern wolf haplotype AA. Given the high
proportion of missing genotypes, however, we did not pur-
sue further analysis or interpretation of the Y microsatellite
data.

Heterozygosity in APP was high across all three time pe-
riods and was similar to surrounding regions; the number
of effective alleles was also similar across time periods and
populations (Table 3). Both Fst and Jost’s Dest values showed
the closest relationship between coyotes in FRAX and eastern
wolves in APP occurred during the 1980/90s, whereas in the
mid-1960s these two populations were more differentiated;
differentiation increased from the 1980/90s to the 2000s but
did not reach mid-1960s values (Table 4).

Analysis of the autosomal microsatellite data with Struc-
ture and PCA identified three main clusters in the dataset,
with the three APP clusters having overlapping profiles
(Figs. 5 and 6), although the HH64–65 data were more tightly
clustered in the PCA (Fig. 6). As in other analyses of simi-
lar datasets (e.g., Rutledge et al. 2010c), the �K peak at K
= 2 represents the major division between Eurasian-evolved
(Old World) gray wolves and North American-evolved (New
World) species. The high �K values at K = 3 and K = 4
provide more subtle clustering information of more recently
diverged groups. As shown in Figure 5, K = 4 is not bio-
logically informative, thus K = 3 is suggested as the optimal
number of clusters for this dataset.

Differences among the three Algonquin datasets were not
readily obvious from these analyses. Results of the logistic
regression, however, indicate a significant increase in the pro-
portion of coyote-like animals in APP from the mid-1960s
to the 1980/90s (parameter estimate = 2.223; SE = 1.081;
df = 2, 171; P = 0.0397) but not from the mid-1960s to
the 2000s (parameter estimate = 1.674; SE = 1.053; df =
2, 171; P = 0.112) (Fig. 7). Odds of finding a coyote-like
animal were 9.1 times higher in the CH87–99 dataset than
HH64–65, but only 5.3 times higher in the CP02–07 data.
In contrast, there was a significant decrease in the number
of gray wolf influenced animals in the park over time. In
the CH87–99 dataset, there were no animals sampled with
genetic influence from NEON and logistic regression of the
HH64–65 compared to the CP02–07 suggest a significant de-
crease (parameter estimate = –1.567; SE = 0.692; df = 1;
P = 0.0236). Odds of sampling a gray wolf influenced animal
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Table 3. Comparison of genetic diversity among populations.

Population Sample size (n) Ho (SE) He (SE) Na (SE) Ne (SE)

NEON 51 0.686 (0.054) 0.628 (0.045) 5.667 (0.558) 3.021 (0.566)
HH64–65 17 0.693 (0.078) 0.678 (0.027) 4.833 (0.401) 3.214 (0.251)
CH87–99 41 0.748 (0.024) 0.727 (0.012) 7.000 (0.683) 3.695 (0.154)
CP02–07 128 0.672 (0.026) 0.722 (0.026) 7.000 (0.730) 3.753 (0.331)
FRAX 38 0.763 (0.048) 0.755 (0.030) 6.167 (0.543) 4.385 (0.525)

Ho = observed heterozygosity, He = expected heterozygosity, Na = number of alleles, Ne = number of effective alleles, SE = standard error,
NEON = northeastern Ontario, HH64–65 = Historic Harvested samples collected in Algonquin Provincial Park (APP) between 1964 and 1965,
CH87–99 = Contemporary Harvested samples collected in APP between 1987 and 1999, CP = Contemporary Protected samples collected in APP
between 2002 and 2007, FRAX = Frontenac Axis. Values are based on six microsatellite loci.

Table 4. Genetic distance between populations.

Population NEON HH64–65 CH87–99 CP02–07 FRAX

Four loci
NEON n/a 0.403 0.264 0.298 0.354
HH64–65 0.166 (0.001) n/a 0.010 0.002 0.160
CH87–99 0.130 (0.001) 0.012 (0.073) n/a 0.006 0.078
CP02–07 0.125 (0.001) 0.007 (0.130) 0.003 (0.170) n/a 0.159
FRAX 0.154 (0.001) 0.066 (0.001) 0.041 (0.001) 0.058 (0.001) n/a

Five loci
NEON n/a 0.232 0.229 0.269 0.330
HH64–65 0.145 (0.001) n/a 0.022 0.012 0.165
CH87–99 0.119 (0.001) 0.024 (0.007) n/a 0.001 0.057
CP02–07 0.117 (0.001) 0.022 (0.002) 0.002 (0.241) n/a 0.130
FRAX 0.145 (0.001) 0.071 (0.001) 0.035 (0.001) 0.051 (0.001) n/a

Six loci
NEON n/a 0.246 0.239 0.269 0.274
HH64–65 0.161 (0.001) n/a 0.028 0.020 0.149
CH87–99 0.124 (0.001) 0.039 (0.001) n/a 0.000 0.047
CP02–07 0.118 (0.001) 0.035 (0.001) 0.001 (0.308) n/a 0.112
FRAX 0.138 (0.001) 0.080 (0.001) 0.032 (0.001) 0.047 (0.001) n/a

Values are based on 4, 5, or 6 autosomal micosatellite loci. Fst is below horizontal and Jost’s Dest is above horizontal. P-values for Fst comparisons (in
parentheses) are based on 999 permutations in the AMOVA option of GenAlEx. NEON = northeastern Ontario, HH64–65 = Historic Harvested samples
collected in Algonquin Provincial Park (APP) between 1964 and 1965, CH87–99 = Contemporary Harvested samples collected in APP between 1987
and 1999, CP = Contemporary Protected samples collected n APP between 2002 and 2007, FRAX = Frontenac Axis.

were reduced by a factor of 0.21 in CP02–07 compared to
HH64–65.

Simulations

The observed relative change in population differentiation
between HH64–65 and CH87–99 (�Da) was 1.04, which
was within the range, but greater than 93% (P = 0.06) of
the coalescent simulations (Fig. 8), suggesting that differ-
entiation between coyotes and wolves decreased more than
expected under the defined demographic model. Conversely,
the observed relative change between CH87–99 and CP02–07
(�Db) was –0.80 and lower than 95% (P = 0.05) of the simu-
lations, suggesting the observed magnitude of gene flow from
FRAX to APP was smaller than expected under constant mi-
gration across time periods.

Discussion

Killing of wolves during the mid-1960s in APP appears to
have influenced the genetic composition of the Park’s wolf
population. Although researchers at the time could not have
predicted these outcomes, it seems likely that extensive culling
of wolves prompted the few remaining wolves in the Park
to mate with individuals from the expanding coyote popu-
lation. The subsequent decline of an eastern wolf mtDNA
haplotype and introgression of coyote mitochondrial and
nuclear DNA correlates well with the demographic history
of the two species, and coalescent simulations suggest these
outcomes were unlikely in the absence of harvest pressure.
The genetic consequences of this hybridization have com-
plicated eastern wolf conservation and may continue to do
so in regions where APP wolves disperse into unprotected
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Figure 5. Number of Canis clusters inferred
from six autosomal microsatellites. Top figure
shows mean log probability of the data
(dashed line) and the second-order change of
the likelihood function (�K) (solid line) as a
means of inferring the number of clusters in
the data. Arrows indicate “population”
divisions, APP = Algonquin Provincial Park. At
K = 2, the major division between Old World
evolved animals (gray wolves) and New World
evolved animals (eastern wolves and coyotes)
occurs. At K = 3, eastern coyotes separate
and APP animals from all three time periods
cluster together. K = 4 hints at a division
within Algonquin animals, but this division is
difficult to interpret biologically and should be
treated with caution. Overall, K = 3 is the
most likely number of clusters.

areas where coyotes flourish (e.g., Quebec and southern
Ontario).

The exact impacts and biological mechanisms of the
mtDNA exchange are unclear, but a similar turnover of
mtDNA haplotypes associated human-caused gray wolf ex-
tirpation followed by recolonization and subsequent dog in-
trogression has been noted in Vancouver Island gray wolves
(Muñoz–Fuentes et al. 2010). Similar to the situation on Van-
couver Island, hybridization between eastern wolves and coy-
otes in APP may have occurred due to an Allee effect (Allee
1931) resulting from a lack of conspecific mates for eastern
wolves associated with small population size when wolf har-
vest was high. Like the situation on Vancouver Island, main-
taining large population sizes and minimizing human-caused
mortality will be important for minimizing potentially dele-
terious effects of hybridization. For eastern wolves in APP,
affording protection for wolves in connected, suitable east-
ern wolf habitat between the Park and surrounding regions
will be important for promoting gene flow among eastern
wolves that will maximize genetic variability on which nat-

ural selection can act. Although nuclear genetic diversity of
APP wolves was maintained over time, their nuclear genetic
signature is now closer to the mid-1960s state than it was
in the 1980/90s when park animals were genetically more
similar to eastern coyotes. We attribute this genetic restora-
tion to the implementation of a ban in 2001 on wolf hunting
and trapping in the townships surrounding the park where
high human-caused wolf mortality occurred for wolves mi-
grating outside park boundaries (Forbes and Theberge 1996;
Theberge and Theberge 2004). Thus, expanded protection
may have promoted the natural recovery of a historic genetic
state. This rebound is important because genetic influence
from the smaller coyote may be detrimental to the viability
of the wolf population in the current park ecosystem where
moose are the most common ungulate prey (Quinn 2004;
Loveless 2010), and larger body size is positively related to
predatory efficiency when hunting large ungulates (Carbone
et al. 1999; MacNulty et al. 2009).

We have shown that intensive eastern wolf culls may ex-
acerbate hybridization with coyotes. These results may have
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Figure 6. Centered, scaled PCA analysis of six autosomal microsatellite
loci from the five different groups. Population 1 in blue = northeastern
Ontario (NEON), 2 in black = Algonquin Provincial Park (APP) from mid-
1960s (Historic Harvested 1964–1965 [HH64–65]), 3 in green = APP
from the 1980/90s (Contemporary Harvested 1987–1999 [CH87–99]),
4 in red = APP from the 2000s (Contemporary Protected 2002–2007
[CP02–07]), and 5 in orange = Frontenac Axis (FRAX).

implications for other closely related species that have been
brought together by landscape changes and expansion of
nonendemics. Wolves have been extirpated across most of
their original range in North America with dramatic conse-
quences for wolf viability and ecosystem health. For exam-
ple, extirpation has led to widespread loss of genetic diversity
within wolf populations thus reducing their adaptive evolu-
tionary potential (Leonard et al. 2005), and ecosystems have
suffered considerably in the absence of top predators that
effectively regulate ungulate populations (Beschta and Rip-
ple 2009; Licht et al. 2010). The impacts of overharvesting
are widespread across species. It is a global problem that has
left small, remnant populations of amphibians, birds, mam-
mals, and fish susceptible to extinction through hybridiza-
tion with closely related, more abundant, invasive species
(Rhymer and Simberloff 1996). In the face of increasing habi-
tat alteration, invasion of nonendemic species, and climate
change, the mapping of evolutionary processes over time is
of utmost importance for wildlife conservation (Smith and
Bernatchez 2008). As demonstrated here, utilizing historic
samples for long-term genetic monitoring of populations is
essential for tracking changes in the evolutionary trajectory
of a population and implementing effective conservation and
management strategies, especially for exploited populations
(Allendorf et al. 2008; Coltman 2008; Darimont et al. 2009).

Figure 7. Proportional representation of wolves in APP in the three dif-
ferent time periods assigned in Structure as (A) Algonquin Provincial
Park (APP; Q ≥ 0.8 to APP); (B) influenced by hybridization with east-
ern coyotes from Frontenac Axis (APP-FRAX; 0.8 ≥ Q ≥ 0.2 to FRAX);
(C) strongly assigned to FRAX (FRAX; Q ≥ 0.8 to FRAX); (D) influenced
by hybridization with gray wolf–eastern wolf hybrids from northeast-
ern Ontario (APP-NEON; 0.8 ≥ Q ≥ 0.2 to NEON); (E) assigned with
Q ≥ 0.2 to all three populations (APP-NEON-FRAX). HH64–65 = Historic
Harvested samples collected between 1964 and 1965; CH87–99 = Con-
temporary Harvested samples collected between 1987 and 1999; CP =
Contemporary Protected sampled collected between 2002 and 2007.

Above all, our results demonstrate that intense localized
harvesting of species thought to be numerous and widespread
can have unexpected outcomes that threaten conservation of
species and naturally functioning ecosystems. The advanced
molecular genetic techniques now used for studying wildlife
populations were unheard of in the 1960s and no one could
have predicted the impacts that such an experimental design
could have on a population. Although the research methods
used in the 1960s would fail to meet current ethical guide-
lines, targeted culling is still common practice for managing
wildlife under various scenarios (Genovesi 2005; Karki et al.
2007; Wasserberg et al. 2009; Lachish et al. 2010; Smith et al.
2010). For example, lethal control of gray wolves (C. lupus)
is currently used to increase the size of ungulate popula-
tions in Alaska, USA (Boertje et al. 2010), and in Alberta,
Canada (Schneider et al. 2010) where both total wolf harvest
and areas of intense harvest (>45 wolves/1000 km2) have in-
creased over the past 22 years (Robichaud and Boyce 2010).
Similarly, lethal methods are routinely used for coyote con-
trol, with intense “spatially clumped” harvest suggested as
more effective than random removal across a broad spatial
scale (Conner et al. 2008). Coyotes are generally regarded as
vermin, and wolves are often perceived as a major threat to
ungulate populations; both of these viewpoints were similarly
applied toward wolves in APP prior to 1965.
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Figure 8. Kernel density plots of the relative change in Jost Dest be-
tween coyotes in the Frontenac Axis (FRAX) and wolves in APP from, (A)
Historic Harvested 1964–1965 (HH64–65) to Contemporary Harvested
1987–1999 (CH87–99) and (B) CH87–99 to Contemporary Protected
2002–2007 (CP02–07), for 10,000 coalescent simulations (see text for
details of simulations). Values of 0 represent no change in differentiation,
values > 0 represent a decrease, and values < 0 represent an increase.
Dotted vertical line shows the observed change.

Our results suggest the potential for ecological assump-
tions to be incomplete and that culling and other seemingly
harmless, invasive methods, even when applied to abundant
“pest” species, may have unexpected, lasting conservation
implications. Whether for the purpose of game species man-
agement, protection of endemics, population size estimates,
or collecting basic ecological knowledge, exploring nonlethal
alternatives could minimize unanticipated impacts to an-
imal populations and thus reduce the burden on wildlife
managers. By following guidelines and principles of eco-
logical ethics as outlined by a growing number of scientists
(Farnsworth and Rosovsky 1993; Minteer and Collins 2005;
Vucetich and Nelson 2007; Paquet and Darimont 2010), sam-
pling methods are less likely to result in unanticipated neg-
ative impacts. In this way, we can avoid leaving behind a
legacy of complications for future conservation biologists
and wildlife managers.
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Appendix A1. Comparison of genetic distance values (Fst

and Dest) based on 4. 5. and 6 microsatellite loci. All
populations are compared to eastern coyotes from the
Frontenac Axis (FRAX). Data were complete for 4 loci of all
populations, but for 5 loci, HH64–65 was missing 23% of
data at locus cxx442 and for 6 loci it was also missing
35% at locus cxx147. NEON = gray-eastem wolf hyorids
from northeastern Ontario; HH64–65 = Historic Harvested
sampled in Algonquin Provincial Park (APP) between
1964–55: CHB7–99 = Conternporary Harvested sampled
in APP between 1987–99: CP02–07 = Contemporary
Protected sampled between 2002–07. Data for FRAX,
NEON and CP02–07 are from Rutledge et al. (2010c).

Appendix A2. Comparison of haplotypes with the published litrature.
(a) Leonard & Wayne 2008; (b) Koblmüller et al. (2009); (c) Wilson et al.
(2000); (d) Hailer & Leonard (2008); (e) Rutledge et al. (2010d).

Sample ID Sequence length (bp) mtDNA Haplotypes

6345/64 343 GL10, GL17, GL18a; C13c; Ccr10e

6242/65 343 GL12a; C17e; Ccr11e

6347/64 343 GL13a; Ia33d; C14c; Ccr09e

6342/64 343 GL13a; Ia33d; C14c; Ccr09e

6244/65 343 GL13a; Ia33d; C14c; Ccr09e

6257/65 343 GL13a; la33d; C14c; Ccr09e

6288/65 343 GL13a; Ia33d; C14c; Ccr09e

6252/65 343 GL13a; Ia33d; C14c; Ccr09e

6254/65 343 GL13a; Ia33d; C14c; Ccr09e

6250/65 343 GL13a; Ia33d; C14c; Ccr09e

6290/64 343 GL13a; Ia33d; C14c; Ccr09e

6246/65 342 GL16a; Ia18?; C9c; Ccr29e

6352/64 343 GL1a; Ia19b; C1c; Ccr12e

6315/64 343 GL1a; Ia19b; C1c; Ccr12e

6240/65 343 GL1a; Ia19b; C1c; Ccr12e

6307/64 343 GL1a; Ia19b; C1c; Ccr12e

6311/64 343 GL1a; Ia19b; C1c; Ccr12e

6256/65 343 GL1a; Ia19b; C1c; Ccr12e

6253/65 343 GL1a; Ia19b; C1c; Ccr12e

6241/65 343 GL1a; Ia19b; C1c; Ccr12e

6283/65 343 GL1a; Ia19b; C1c; Ccr12e

6346/64 343 GL1a; Ia19b; C1c; Ccr12e

6269/64 299 GL1a; Ia19b; C1c; Ccr12e

Appendix A3. Y-microsatellite scores for Historic Harvested samples
collected between 1964–65 (HH64–65), Haplotypes are assigned based
on previously published literature (see Rutledge et al. 2010b). Several
values are missing due to the difficulty in amplifying MS41 in these his-
toric samples. However, the only known haplotype combinations where
values are missing are indicated. It is probable that MS41 haplotypes with
missing alleles (marked ∗) are A haplotypes because the other possibility
is AQ (Wilson et al. In Review) that occurs in Nebraska coyotes and is
not known to occur in Ontario. Similarly, it is probably that the one ∗∗

is A because the only other known alternative is E which occurs in Texas
coyotes and red wolves (Wilson et al. In Review) and is not known to
occur in Ontario.

Sample MS34 MS41 Y
ID MS34A MS34B Haplotype MS41A MS41B Hapotype Haplotype

6240/65 172 180 A 212 212 A AA
6285/65 172 180 A 212 A, Q∗ A?
6244/65 172 180 A 212 − A, Q∗ A?
6307/64 172 − − − − − ?
6311/64 172 180 A − − − A?
6309/64 172 180 A − − − A?
6253/65 172 180 A − − − A?
6241/65 − − A, E∗∗ 212 212 A ?A
6252/65 172 180 A 212 − A, Q∗ A?
6242/65 172 180 A − − − A?
6283/65 172 180 A 212 212 A AA

c© 2011 The Authors. Published by Blackwell Publishing Ltd. 33
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ABSTRACT 

Surgical Sterilization of Coyotes to Reduce 

Predation on Pronghorn Fawns 

by 

Renee Seidler, Master of Science 

Utah State University, 2009 

Major Professor: Eric M. Gese 
Department: Wildland Resources 

 Coyote (Canis latrans) predation accounts for the majority of neonatal pronghorn 

(Antilocapra americana) mortality in many areas and may influence local population 

declines. Current techniques used to manage coyote predation on wildlife species 

generally focus on lethal control methods. However, these methods may be controversial 

to the general public. Coyote sterilization is an alternative predation control method 

which is more acceptable to the public and has been shown to be effective in reducing 

sheep predation. We hypothesized that surgical sterilization of coyotes may increase 

pronghorn fawn survival; in the same way it reduces coyote predation on domestic sheep. 

Sterilization reduces the energetic need to provision coyote pups, which may decrease the 

predation rate on fawns by sterile coyotes.  We employed tubal ligation and vasectomy of 

captured coyotes to maintain pair bonds and territoriality.  We monitored pronghorn 

fawns by radio telemetry for one year pre-treatment and coyotes and pronghorn fawns 

one year post-treatment. We also examined the effects of sterilization on coyote territorial 



 

 

iv
maintenance and survival. Survival of fawns captured in sterile coyote home ranges was 

higher than survival of fawns captured in intact home ranges (P = 0.078). We also found 

that fawn survival was consistently higher in the northern part of the study site (P = 

0.081). A severe winter followed by a wet spring in 2007 did not reduce fawn survival 

and may have increased fawn survival (P = 0.364); however, our sample sizes did not 

allow us to detect significance in this relationship. Our results also supported the 

hypothesis that sterilization, while keeping hormonal systems intact, did not change 

coyote territorial behaviors. Sterile coyote packs were the same size as intact packs (P = 

0.554). Sterile and intact coyote packs maintained similar home range sizes in all seasons 

tested (P ≥ 0.556). We found differences between home range and core area overlap of 

sterile and intact packs in some seasons, but this trend appeared to exist before the 

coyotes were treated. Residency rates were similar for sterile and intact coyotes (P = 

0.406). We recommend coyote sterilization as a tool to boost pronghorn fawn survival in 

areas where fawn survival is a critical factor in pronghorn population persistence. 

Because these techniques have been tested under few circumstances, we recommend 

careful monitoring in future coyote sterilization programs. 

(101 pages) 
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PREFACE 

 Chapter 2, The effects of coyote sterilization on pronghorn fawn survival, will be 

submitted to the Journal of Wildlife Management. Coauthors will be Eric Gese and Mary 

Conner. Chapter 3, The effects of tubal ligation and vasectomy on coyote home range 

maintenance, will also be submitted to the Journal of Wildlife Management. The sole 

coauthor will be Eric Gese.
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CHAPTER 1 

INTRODUCTION 

 Pronghorn (Antilocapra americana) are a species endemic to North America and 

are the sole surviving member of the family Antilocapridae (Byers 1997a). Pronghorn 

evolved to escape the fastest predators of the Pleistocene period and remain the fastest 

land mammal in North America. In addition to swiftness, pronghorn evolved complex 

behavioral adaptations to avoid predation (Byers 1997a). Neonates not yet fast enough to 

escape predators, rely on the ability to hide from predators between nursing bouts. This 

hiding strategy, coupled with the doe’s behavior, may fool predators regarding the 

location or presence of fawns; however, high mortality of fawns due to predation still 

occurs (Byers 1997a, Gregg et al. 2001, Dunbar and Giordano 2003). 

Coyotes (Canis latrans) are well-adapted for searching for hidden pronghorn 

fawns because they are designed for tireless trotting and exhibit cooperative social 

behavior during hunting (Byers 1997a). Typically, pups need to be provisioned in May 

and June, when pronghorn fawns are born. A pronghorn fawn represents approximately 

1.5-2.25 days worth of the energy requirements for a coyote (Byers 1997a). When 

coyotes are provisioning pups, caloric demands increase and larger prey items can 

provide a greater source of energy than smaller alternative prey (i.e., rodents; Bekoff and 

Gese 2003). Fawns can be an order of 16-120 times larger in mass than a rodent (mass 

estimates are based on Neotoma and Peromyscus species) and 1.3 times larger than a 

black-tailed jackrabbit (Lepus californicus). According to Byers (1997a: 54), “the annual 

production of pronghorn fawns represents an energy bonanza available to coyotes during 

a short season when additional food is essential.” 
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Pronghorn fawn mortality generally ranges from 40-80% in North America 

(Byers 1997a) with Von Gunten (1978) reporting fawn mortality as high as 90% in 

Montana. In Alberta over a two-year period, 67% of fawn mortality was due to predation 

and 78% of this predation was due to coyotes (Barrett 1984). Average yearly fawn 

mortality on the National Bison Range in Montana was 87% and decreases in fawn 

mortality were correlated with the number of coyotes removed (Byers 1997a). On the 

Hart Mountain National Antelope Refuge, Oregon, 60-85% of pronghorn fawn 

mortalities were attributed to coyote predation (Dunbar and Giordano 2003). Coyotes 

were responsible for at least half of the predation events in Wind Cave National Park, 

South Dakota (Jacques et al. 2007). In southeastern Colorado on the Piñon Canyon 

Maneuver Site, coyote predation accounted for 79% of fawn mortality over 4 years 

(Gerlach and Vaughan 1990). After coyote control in 1987 and 1988, fawn mortality was 

significantly reduced (Gerlach and Vaughan 1990). 

High coyote-caused fawn mortality has the potential to lower recruitment of 

fawns into the adult population, thereby contributing to local population declines. 

Predator management directed at boosting fawn survival can be difficult to implement. 

Non-lethal coyote control techniques, i.e., husbandry practices, fencing, frightening 

devices, guard animals, and repellents (Knowlton et al. 1999), often used to discourage 

livestock depredation, are generally costly in money, time, and effort (Gese et al. 2005). 

Coyotes often habituate to these deterrents and their tolerance may increase with limited 

alternative prey or the presence of pups. In addition, because game species are usually not 

confined to fenced pastures, implementing non-lethal techniques in wildlife management 

situations can be impractical due to animal movement and dispersion. 
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Lethal control of coyotes has been employed as a management tool to boost 

native ungulate populations where the coyote is the cause of low fawn survival and 

potentially low fawn recruitment (Kie et al. 1979, Neff et al. 1985, Smith et al. 1986, 

Byers 1997b). Although short-term benefits have been documented, lethal control may 

not be biologically or economically effective over the long term. For instance, control 

efforts on Anderson Mesa, Arizona, effectively reduced the coyote population over a 3-

year period from 1981-1983 (Smith et al. 1986) and resulted in a concomitant increase in 

the pronghorn population size by >400%. This increase was the result of greater fawn 

survival and recruitment and evidence suggested that the higher survival was correlated 

with coyote control. In addition, the year after coyote removal ceased, fawn:doe ratios 

declined from 0.67 in 1983 to 0.47 in 1984 and 0.26 in 1985, which suggests that 

continued application of lethal coyote control would be necessary to maintain this 

pronghorn population at management level goals. However, yearly application of lethal 

control could be financially costly. Wagner and Conover (1999) estimated that aerial 

gunning of coyotes would cost $185/coyote and trapping and killing from the ground 

would cost $805/coyote. 

 Management agencies choosing to employ lethal coyote control to boost 

ungulate numbers also run into political and social resistance. The general public 

contends that lethal control of coyotes is an unacceptable strategy for predation 

management (Knowlton et al. 1999). In 1996 and 1998, the Predator Defense and the 

Oregon Natural Desert Association legally prevented Hart Mountain National Antelope 

Refuge from using lethal control of coyotes to boost pronghorn fawn survival (Belsky 

1999). The U.S. Fish and Wildlife Service was attempting to solve the 29% decline in 
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pronghorn numbers coupled with a <1:100 fawn:doe ratio in July, 1995 (Dunbar et al. 

1999). Similarly, Friends of Animals and Predator Defense halted lethal control of 

coyotes on the Julia Butler Hansen Refuge, Washington, in 1998 (U.S. Fish and Wildlife 

Service 1998). The goal on this refuge was to boost Columbian white-tailed deer 

(Odocoileus virginianus leucurus) fawn survival, which is a federally-listed endangered 

species. In 2002, after being denied the ability to remove coyotes, fawn survival was 

considered too low to contribute to overall increases in the population (Ricca et al. 2002). 

As an alternative to lethal control of coyotes, Bromley and Gese (2001a) focused 

on biological mechanisms to alter predatory behaviors of coyotes. They followed the vein 

of Till and Knowlton (1983) who explored the possibility of reducing domestic sheep 

depredations by removing coyote pups from the dens of sheep-killing coyotes. In the 

week following treatment (pup removal), they found the total number of predation 

incidents decreased by >87% when pups were removed from dens of sheep-killing adult 

pairs. No changes in predation incidents were seen in the control group where sheep-

killing coyotes did not have their pups removed from the den. Although data were 

collected for only a short period following treatment, the results suggest that adult 

coyotes killed fewer sheep when they did not have pups to feed. 

Consequently, Bromley and Gese (2001a) sterilized coyotes to prevent 

reproduction. They hypothesized that without pups, the energetic demands of the alpha 

pair would decrease and, hence, so would depredations on domestic sheep. They used 

tubal ligation and vasectomy to sterilize coyotes, leaving hormonal systems intact. Over 

the 3-year study, non-sterile coyote packs with pups killed 6 times more sheep than 

sterile packs without pups. In addition, the surgically sterilized coyotes had higher 



 

 

5
survival rates, remained pair-bonded and territorial, and sterile dyads had a significantly 

higher association score than sham-operated dyads in the second year (Bromley and Gese 

2001b). Given sterile coyotes retained their territorial behavior, it is likely they will 

exclude non-sterile, reproductive coyotes through territory defense. In a comparison of 

costs versus benefits, this study suggested that surgical sterilization of coyotes is a cost 

effective means of reducing domestic lamb loss due to coyote depredation, even after one 

year of application (Bromley and Gese 2001a, b). 

We hypothesized this same sterilization technique could increase pronghorn fawn 

survival where coyote predation is a significant contributor to fawn mortality. Because 

surveys have shown fertility control is more acceptable among the general public than 

traditional lethal techniques (Arthur 1981, Kellert 1985, Andelt 1987, Messmer et al. 

2001), we believed this to be an important non-lethal alternative to explore. We 

conducted our study on the Piñon Canyon Maneuver Site in southeastern Colorado, 

where coyote predation on fawns was historically high in the absence of coyote control 

(Firchow 1986, Gerlach and Vaughan 1990). Our questions were twofold: 1) Do tubal 

ligation and vasectomy of coyotes increase pronghorn fawn survival? and 2) Do 

surgically sterilized coyotes exhibit normal social behaviors and biology; specifically, do 

sterilized pairs associate the same as intact pairs and do sterilized coyotes remain 

members of a pack at the same rate as intact coyotes? If evidence confirms increases in 

fawn survival and no change in coyote behaviors when coyotes are sterilized, then 

surgical sterilization could be an effective option for wildlife managers. Sterilization 

offers the advantages of biological and economical effectiveness as well as public 

acceptance. 
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CHAPTER 2 

THE EFFECTS OF COYOTE STERILIZATION ON PRONGHORN FAWN 

SURVIVAL1 

 
 Abstract. Sterilization of coyotes (Canis latrans) has been shown to reduce 

predation of domestic sheep. We investigated whether sterilizing coyotes would similarly 

reduce predation on pronghorn (Antilocapra americana) neonates in southeastern 

Colorado. In a study from May 2006 to March 2008, we radio-collared 71 pronghorn 

fawns to determine survival rates and causes of death. During the first year of the study, 

all coyotes were intact. During the second year, we captured and sterilized coyotes in the 

southern half of the study area, while coyotes in the northern half were given sham 

sterilizations. In addition, we surveyed the availability of alternative prey and examined 

the influence of snowfall and precipitation on fawn survival and small mammal detection. 

Using the known fate model in Program Mark, we constructed models that included a 

treatment effect, plus year, area, alternative prey, and individual covariates to estimate 

fawn survival. Fawn survival was higher for fawns captured in sterile coyote home ranges 

than for fawns captured in intact coyote home ranges (P = 0.078). Subtle differences in 

locale affected fawn survival; fawn survival was higher in the north than in the south in 

both years (P = 0.081). Lagomorph abundance was not influential on fawn survival (P = 

0.293) nor was rodent abundance (P = 0.264), but increased vegetation may have 

impaired prey detection probabilities. We did not detect any relationship between fawn 

survival and fawn gender, fawn birth weight, fawn birth date, fawn age, or coyote density 

                                                 
 
1 Co-authored by Eric Gese and Mary Conner. 
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(P > 0.110). Although in the second year of the study we experienced record winter 

conditions, this did not reduce fawn survival and may have contributed to increased fawn 

survival (P = 0.364). Our results indicate that sterilization of coyotes may be a useful tool 

for wildlife managers to reduce coyote predation on pronghorn fawns. 

 
INTRODUCTION 

 Coyotes (Canis latrans) are considered an abundant and expanding native species 

in much of North America (Garrott et al. 1993, Goodrich and Buskirk 1995). Their 

population expansion has been enhanced by altered landscapes and the loss of top 

carnivores (Gompper 2002, Berger and Gese 2007). Coyotes can have considerable 

effects on prey populations and in particular, the effects of coyote predation on ungulate 

neonate survival can be significant (Linnell et al. 1995). Where ungulate populations are 

declining or critically low, limited fawn recruitment can affect the persistence of local 

populations (Bright and Hervert 2005, Berger et al. 2008). Under these circumstances, 

coyote management may be required to sustain ungulate populations. For instance, in 

Grand Teton National Park, Wyoming, a tenuous balance exists between a declining 

pronghorn (Antilocapra americana) population and development along their migration 

corridor (Berger 2003). Mitigation in the form of immediate coyote control may help to 

preserve this population while conservation efforts address long-term stability. However, 

traditional control methods cannot be used in a national park. As another example, 

Sonoran pronghorn (A. a. sonoriensis) in Arizona face an estimated 23% probability of 

extinction in <100 years (Bright and Hervert 2005). In 2002, only 21 animals were 



 

 

12
estimated to occur. Coyote control in areas of fawn birthing could increase chances of 

fawn recruitment into the population (Smith et al. 1986, Bright and Hervert 2005).   

 Predation of North American ungulate neonates can be the primary cause of 

mortality in many ungulate populations, on average accounting for 67% of total mortality 

(Linnell et al. 1995). Coyotes are especially adapted for pronghorn fawn predation (Byers 

1997). Studies have shown coyote-caused mortality of pronghorn neonates to exceed 

75% of total mortality (Gerlach and Vaughan 1990, Dunbar and Giordano 2003). The 

latter population had fawn:doe ratios in mid-July of <1:100 (Dunbar and Giordano 2003). 

Losses such as these may not sustain declining pronghorn populations, despite efforts in 

habitat preservation or ecosystem restoration (Goodrich and Buskirk 1995). 

 Management of coyote predation is complex and generally involves employment 

of several techniques (Knowlton et al. 1999). In the wild where protection of game 

species or species of concern is the goal, management becomes a greater challenge due to 

unrestricted animal movements, extent of the landscape, cost of the effort, and lack of 

public support. Management techniques that gain more public acceptance (such as animal 

husbandry, guard animals, repellents, or aversive conditioning; Mitchell et al. 2004) are 

impractical and often impossible in these settings. Lethal control of coyotes is frequently 

the only method available for managers to cope with predation. However, lethal control is 

a source of controversy to the public (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001) and in some cases may not be biologically effective (Ballard et al. 2001).

 Till and Knowlton (1983) showed removing coyote pups from a den reduced 

predation on domestic sheep over a short-time interval. They hypothesized that the lack 

of pups reduced the energetic needs of the pack, thus reducing predation on larger food 
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items. Corroborating evidence from Sacks et al. (1999) showed the offending coyotes 

responsible for sheep predation were breeding, territorial animals and recommended 

control efforts be focused on these individuals. After Zemlicka (1995) demonstrated 

sterilization of captive coyotes did not affect social or territorial behaviors, Bromley and 

Gese (2001a) introduced coyote sterilization as an alternative method to coyote removal 

for protection of domestic sheep. They found surgical sterilization of coyotes reduced 

predation on domestic lambs by up to eightfold. In addition, Conner et al. (2008) 

simulated several management scenarios for lethal and non-lethal control of coyote-

livestock predation. They determined that coyote sterilization was the most effective 

strategy to reduce coyote numbers and so may be the most practical method to reduce 

predation. 

 Surgical sterilization is less objectionable to the public and has the potential to be 

more successful biologically because it can persist for several years. Lethal control has to 

be applied annually. The surgical technique used in previous studies kept the endocrine 

systems intact (ovaries and testes remained in the animals) and preserved social 

behaviors. Sterilized wild coyote pairs continued to defend their territory against 

neighboring coyotes (Bromley and Gese 2001b). In addition, they showed this 

management technique to be economically feasible (Bromley and Gese 2001a). 

 If predation can be reduced on domestic lambs with this technique, then it may 

have the potential to work in a wildlife application as well. We tested the hypothesis that 

surgical sterilization of coyotes would reduce predation on pronghorn fawns in 

southeastern Colorado. We evaluated baseline pronghorn fawn survival and cause-

specific mortality during the first year, and then sterilized coyotes during the second year 
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on approximately half the study site. Subsequently, we compared fawn survival and 

cause-specific mortality in the treatment area and the control area where coyotes were 

given sham surgeries. Survival estimates of fawns were also compared between the first 

(pre-treatment) and second (post-treatment) years. We examined levels of alternative 

prey availability and relative coyote density in addition to other individual fawn 

covariates in the survival analysis. 

 
METHODS 

Study site 

 We conducted this research on the 1,040-km2 Piñon Canyon Maneuver Site 

(PCMS) in Las Animas County, Colorado. The study area encompassed the home-range 

boundaries of radio-collared coyotes and the locations of radio-collared fawns involved 

in the study (approximately 350 km2). Average elevation on the PCMS was 1520 m, 

average temperatures ranged from 1ºC in January to 24ºC in July (Shaw and Diersing 

1990), and mean annual precipitation was 305 mm at the nearest long-term weather 

station in Delhi, Colorado (Milchunas et al. 1999). Harvest of coyotes was not permitted 

for the duration of the study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 

sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 
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(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. Areas that had been burned were defined as natural or prescribed 

fires occurring either during or after 2004. 

 
Capture and monitoring of fawns 

 We observed solitary pronghorn does during the fawning season with spotting 

scopes in order to locate hidden fawns (Autenrieth and Fichter 1975). Newborn fawns 

were permitted to bond with their mother for >4 hours before capture. We captured fawns 

by hand or with a long-handled salmon net, then blindfolded and handled them with latex 

gloves. We outfitted fawns with ≤75 g expandable radio-collars with a 6-hour mortality 

mode and precise event transmitter (Advanced Telemetry Systems, Isanti, Minnesota). 

The transmitter was programmed to convey the amount of time elapsed post-mortality 

mode. We measured fawn mass with a spring scale and sling, and noted the presence and 

state of the umbilicus (Byers and Moodie 1990), sex, and health of fawns. Research 

protocols were approved by the Institutional Animal Care and Use Committees at the 

USDA/National Wildlife Research Center (QA-1350) and Utah State University (IACUC 

#1269). 

 We monitored fawns daily from the ground with telemetry through July, weekly 

through August, and monthly through March of the following year. We located 

mortalities immediately and the body, if present, and surrounding area was carefully 

examined. We classified predation events as coyote, eagle, or unknown, based upon 
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tracks, scat, hair, hemorrhage patterns, and caching characteristics (O’Gara 1978, Wade 

and Bowns 1984, Acorn and Dorrance 1998). We collected DNA evidence from fatal 

puncture wounds on carcasses that had evidence of hemorrhaging (Blejwas et al. 2006). 

When doubt remained about the species of predator responsible for the mortality, we 

attempted to identify the species through genotyping (Wildlife Genetics International, 

Nelson, BC, Canada). Unless otherwise noted, all statistics were calculated in SPSS 

10.0.5 (SPSS Inc., Chicago, IL). 

 
Capture and monitoring of coyotes 

 Coyotes were sterilized in December 2006 in half the study site in a Before-After, 

Control-Impact (BACI) study design (Stewart-Oaten et al. 1986, Gotelli and Ellison 

2004). We attempted to capture all coyotes present in the study area with a net-gun fired 

from a helicopter (Barrett et al. 1982, Gese et al. 1987). We sterilized animals captured in 

the southern portion of the study area, while animals captured in the northern portion of 

the study area were sham-operated. We transported captured animals by vehicle or 

helicopter to a central processing location. A veterinarian sterilized females by tubal 

ligation and males by vasectomy. All animals otherwise received the same treatment: 

they were given a combination of a sedative and dissociative, incised and sutured, radio-

collared, allowed to recover, and released at the capture site within 24 hours. 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from the pack were 

detected with telemetry. Packs with pups were considered intact. 

 Visual observations of radio-collared individuals allowed us to gain information 

on pup presence as well as minimum group sizes. We conducted these surveys 8 June 

2007 to 5 December 2007. One to two people would home in on a radio-collared coyote 

on foot. We attempted to approach animals from downwind in a stealthy manner to 

reduce disturbance of potential additional pack members that may have been present. We 

noted coyote group size, location, and the presence of pups. We estimated pre-whelping 

coyote density by dividing the minimum pack size observed by the pack’s home-range 

size (Gese 2001). 

 
Home range analysis 

 We monitored coyotes with telemetry from December 2006 to March 2008, 

primarily at dawn and dusk to obtain locations during the highest activity periods (Andelt 

and Gipson 1979). Telemetry was performed using a hand-held antenna and receiving 

unit from a vehicle. Locations were attempted every two days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). To reduce estimation 

errors when assigning fawn capture locations to specific coyote home ranges, we only 

used locations with 95% error areas ≤0.10 km2 and we did not include extra-territorial 

forays as part of the home range. The mean telemetry error was 328 ± 97.133 (95%CI) m 

based on 14 blind tests on randomly placed radio-collars. The average 95% error area 

estimated for reference collars was 26,419 m2. We used data locations gathered from 

April 2007 to September 2007 to define seasonal pack home ranges used in assigning 
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pronghorn fawns to sterile or intact coyote packs. We chose this time period to include 

the coyote pup-rearing season when energetic needs for the pack were highest and 

pronghorn fawns were vulnerable to predation. 

  We used observation-area curves (Odum and Kuenzler 1955) to determine 

whether we had enough locations to adequately estimate seasonal home ranges for radio-

collared coyotes. The curves reached an asymptote at an average of 22 locations (for 

curves which reached an asymptote). Since some curves (7/17) had not reached an 

asymptote with all locations gathered that season, some home range boundaries may have 

been underestimated. 

 We plotted home ranges of coyote packs with the ArcMap (ArcGIS 9.2- 

Environmental Systems Research Institute, Inc., Redlands, CA) extension, Hawth’s Tools 

3.27. We used the fixed kernel density estimator (Worton 1989) with point locations to 

describe resident pack home ranges because it is less biased to small sample sizes and 

outliers (Millspaugh and Marzluff 2001). We used a 95% contour to describe a pack’s 

home range (Shivik and Gese 2000). To determine bandwidths, we adapted an ad hoc 

method which prevents undersmoothing, is relatively unaffected by sample size, and 

reduces Type I errors (J. G. Kie, unpublished data). Initially, we plotted home ranges 

using h = 1000 and then incrementally reduced the bandwidth by 10% until we had the 

smallest bandwidth that did not create disjoint polygons and did not contain lacuna. 

Additionally, because we wanted home ranges to not only be contiguous but also reflect 

ground-truthed observations, we up-smoothed the bandwidth if long, narrow channels 

persisted in the home range that were not justified by topographic or anthropogenic 

features. We also up-smoothed the bandwidth if an unjustified gap was amid two 
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contiguous home ranges. In this case, we used the same methods as before, but 

increased each home range bandwidth involved in the gap by 10% until the gap was 

closed with minimal overlap. 

 We calculated the amount of each habitat type present in each coyote pack home 

range to compute indices for alternative prey available to each coyote pack. Vegetation 

layers were provided by the Directorate of Environmental Compliance and Management 

(DECAM), Fort Carson, Colorado, as geospatial data. These layers were merged into four 

habitat types: grassland, shrubland, woodland, or burn. Coyote pack home ranges were 

clipped over the habitat layers in ArcGIS to estimate the amount of each habitat type 

present within each pack’s home range. 

 
Estimation of available alternative prey 

 We conducted surveys to determine the relative abundance of rodents and 

lagomorphs available within each coyote pack home range. We used small mammal 

trapping grids and spotlight surveys in June and July of both years. We used 7.6 x 7.6 x 

25.4 cm Sherman live traps baited with chicken-scratch-grain mix and peanut butter to 

catch small mammals. Traps were set in a 5 x 7 grid design with 10 m spacing across all 

four different habitat types in a nested design of three replicates per habitat in the north 

half and south half of the study area. Traps were run for three consecutive nights. We 

checked the traps each morning and captured animals were marked, recorded, and 

released. To calculate the rodent index, all catchable species were grouped by genus and 

the median mass for each species (Fitzgerald et al. 1994) was then averaged across all 

species captured in that genus. The average mass was then multiplied by the total number 
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of unique individuals of that genus captured on each grid. A rodent index value was 

assigned to each habitat type as rodent kg/km2. We then extrapolated the rodent index to 

each coyote home range based upon the amount of each habitat type in the home range 

(Bromley and Gese 2001a). 

 Lagomorph spotlight surveys (Smith and Nydegger 1985) were conducted in 

replicates of three per habitat type over three consecutive nights. Cottontail (Sylvilagus 

audubonii) and black-tailed jackrabbit (Lepus californicus) numbers were counted per 

kilometer for each habitat type and replicates were averaged together. The mean number 

of lagomorphs/km was multiplied by the average mass of the species and used to assign a 

lagomorph index value to each habitat type. These index values were then extrapolated 

into each coyote home range. 

 
Fawn survival analysis 

 We estimated semi-monthly fawn survival rates over five time intervals (14 May 

to 31 July) using known fate models in Program MARK (White and Burnham 1999). 

This program estimates model parameters using the numerical maximum likelihood 

techniques of Akaike’s Information Criterium (AIC, Akaike 1973). We compared 

differences between models using the change in AIC corrected for small sample size bias 

(∆AICc, Burnham and Anderson 2002). We used the logistic (logit-link) function when 

running our models in order to express the probability of survival as a linear function of 

the explanatory variables. 

 Due to small sample sizes, a priori models were carefully designed to avoid 

detection of spurious correlations (Burnham and Anderson 2002). Survival rates for 
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unequal time intervals (18, 15, 15, 15, 16 days, sequentially) were standardized to semi-

monthly rates for comparison (White and Burnham 1999) and encounter histories were 

censored for the year the fawn was not monitored (i.e., fawns captured in 2006 had 

encounter history formats of LDLDLDLDLD0000000000 and fawns captured in 2007 

had encounter history formats of 0000000000LDLDLDLDLD). We then grouped the 

data by area (north or south). Our models included eight covariates: fawn sex, birth 

weight (kg), estimated age at capture (days), birth date, treatment (intact or sterile), 

relative coyote density, lagomorph relative abundance index, and rodent relative 

abundance index. We assigned values for the last four covariates based upon the coyote 

home range in which the fawn was captured. If a fawn was captured outside of any 

known coyote home range, then it was assigned an average coyote, rodent, and 

lagomorph index value. 

 Because the primary goal of our study was to evaluate the effect of coyote 

sterilization on pronghorn fawn survival, we included the sterilization treatment effect in 

every model. This allowed us to determine a parameter estimate for treatment using 

model averaging (White et al. 1999). The sterilization treatment effect was modeled by 

the covariate called treatment which separated fawns captured in the south into sterile and 

intact treatments. To minimize the number of models, we constructed models of fawn 

survival in a 3-phase process. First we constructed models with just temporal effects.  

Survival of fawns over a 79-day period should show variance between semi-monthly 

intervals as the fawns’ vulnerability to predation changes (Barrett 1978, Von Gunten 

1978). To model hypothesized temporal differences in survival, we ran the following 4 

models: a linear time trend model based on the hypothesis that fawn survival increases 
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after birth, a non-linear time trend model (i.e., a threshold model using the natural 

logarithm) based on the hypothesis that fawn survival increases to a maximum value then 

plateaus, a model which held the first three and the last two time intervals equal based on 

the hypothesis that survival increases in stages as fawns age, and a model which allowed 

the first 3 time intervals to vary but held the last two intervals constant based on the 

hypothesis that survival is variable when fawns are the youngest and most vulnerable to 

predation (Table 2-1, models 3 - 6).   

 Once we had established the appropriate temporal component of the models, we 

combined the best time model of fawn survival with area and year effects (Table 2-1, 

models 7-9).  The area effect was considered different from treatment because, although 

we attempted to capture and sterilize coyote packs throughout the entire southern portion 

of the study site, some fawns in the south were not captured within a radio-collared 

coyote home range and so could not be assigned to the treatment regime.   

 For the last phase of model building, we added all other covariates to the best 

model from phase 1 and 2.  We included the fawn covariates sex, birth weight, age, and 

birth date to address important variation known to occur in other fawn survival studies 

(Fairbanks 1993, Byers 1997, Gregg et al. 2001; Table 2-1, models 10-13). Estimated age 

at capture was calculated using a constant for growth rate derived from Byers (1997). We 

used the formula: 

 

estimated age at capture = (weight at capture – mean of known birth weights) / 0.2446. 

 

Known birth weights were taken from fawns known to have been born the day of capture. 

We knew <1-day old fawns because either we witnessed their birth or they had a wet 
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umbilicus (Byers and Moodie 1990). Birth weight was then estimated using the fawn’s 

estimated age.  Lastly, because fawn survival could be related to predator-prey factors, 

we also added coyote density, lagomorph abundance index, and rodent abundance index 

(Table 1, models 14-16) covariates to the best model from phase 1 and 2.  Due to a 

significant difference between alternative prey index estimates in the two years, we 

always included year in models with an alternative prey covariate. Using real and derived 

model averaged estimates, we performed a z-test for differences in survival rates to 

compare significance between areas and years. A Wald’s test (Agresti 1990) was used to 

determine significance of covariates. 

 
Weather 

 Weather patterns may influence fawn production and survival. Maternal condition 

has been shown to be an important correlate with fawn survival in many ungulate species 

and severe winters may reduce maternal condition (Verme 1977, Guinness et al. 1978, 

Andersen and Linnell 1998). Due to record snowfall events in the second winter of our 

study, we compared weather parameters between the two years. Estimates of 

precipitation in the north and south were compared within each year to investigate 

potential influences on fawn survival. We used data from the U.S. Geological Survey 

weather stations on the PCMS to compare 2006 and 2007 spring precipitation; monthly 

totals from 12 meteorological stations were averaged. The nearest recorded snowfall data 

to the PCMS were from the National Weather Service in Trinidad, Colorado (50 km 

southwest of the PCMS). These data were used to compare monthly snowfall amounts 

between the two winters. 
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RESULTS 

Coyote home ranges and densities 

 We captured 30 coyotes and outfitted them with transmitters. Nine coyotes from 7 

resident (areas <35 km2) home ranges in the north were captured and sham sterilized 

(Figure 2-1). We captured and sterilized 15 coyotes from 10 resident home ranges in the 

south; 2 of the sterile packs were later assigned to the intact treatment regime due to 

suspected presence of pups (Figure 2-1). In one of these packs, 2 males were captured 

and sterilized, but pups were later heard during June howling surveys. In another pack, a 

single female had been captured and upon sterilization she was found to be senescent. 

Her age was approximated to be 7+ years both by tooth wear and because she had a 

friable uterus. Although she remained a resident in her home range for the duration of the 

study, the potential for another reproductive female in her pack prompted us to treat the 

home range as intact. While most of our pup-presence efforts were focused on the 

sterilized coyote packs, we occasionally surveyed the sham packs for pups as well in 

order to validate our methods. Coyote pups were confirmed in 3 of the 7 intact sham-

operated packs. 

 Four radio-collared coyotes (two intact and two sterile) were transient (their home 

range encompassed multiple resident home ranges) and one sterile and two intact resident 

coyotes began dispersals in the summer of 2007. One intact coyote could not be 

accurately tracked due to her home range being off the study area. Four radio-collared 

coyotes died during the study. Three mortalities were due to gunshot and one was due to 

unknown causes during dispersal. 
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 We used 485 locations (x̄  = 28.53 ± 5.00 (95%CI) per home range) to define 

seasonal pack home ranges. The total area considered sterile was 125.1 km2. Mean home 

range area of all radio-collared coyotes was 16.13 ± 3.38 (95%CI) km2 and the mean 

minimum pack size was 2.19 ± 0.20 (95%CI) coyotes. Coyote densities were not 

different in the north (0.15 ± 0.05 (95%CI) coyotes/km2) and south (0.18 ± 0.04 

coyotes/km2, t14 = -0.816, P = 0.428) areas of the study site. 

 
Alternative prey indices 

 Alternative prey indices decreased in the second year. Lagomorph relative 

abundance index was 22.70 ± 4.69 (95%CI) kg/km in 2006 compared to 4.96 ± 1.56 

kg/km in 2007 (t20 = 7.034, P ≤ 0.001). Rodent relative abundance index was 1235.18 ± 

228.12 kg/km2 in 2006 and 282.22 ± 70.82 kg/km2 in 2007 (t20 = 7.819, P ≤ 0.001). We 

detected no difference in overall availability of alternative prey between the north and 

south (lagomorph index, t32 = -0.349, P = 0.730; rodent index, t32 = 0.038, P = 0.970). 

 
Fawn survival 

 We captured and radio-collared 31 fawns in 2006 and 40 fawns in 2007 (Figure 2-

1). Coyote predation was the primary cause of death in both years. In 2006, 26 fawns 

died or lost their collars by July. In the north, most deaths were due to coyote predation, 

followed by unknown predation, then eagle predation (Table 2-2). In the south, most 

deaths were also due to coyote predation, followed by unknown predation, then unknown 

causes. DNA analysis attributed the cause of death to coyote predation in one out of two 

questionable mortalities. 
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 In 2007, 25 fawns died or lost their collars by July. In the north, most deaths 

were due to coyote predation, followed by unknown causes (Table 2-2). In the intact area 

in the south, most deaths were due to coyote predation and a few to unknown causes. In 

the sterile area, most deaths were due to coyote predation, followed by unknown causes. 

DNA analysis attributed cause of death to coyote predation in four out of five 

questionable mortalities. We failed to detect a difference in the frequency of fawns killed 

by coyotes when analyzed by year (χ
2
1 = 0.579, P = 0.447, Pearson’s chi-square), area 

(χ2
1 = 0.002, P = 0.963), or treatment (χ2

1 = 0.019, P = 0.889). 

 The best model of fawn survival, S{(t4=t5)+area+treatment}, was only slightly 

better than many other models tested (Table 2-3, model 7). Based upon a criterion of 

∆AICc < 2 (Burnham and Anderson 2002), five models were competitive (Table 2-3, 

models 7, 9, 10, 11, and 13). Not counting treatment, which was in every model, all 

competing models included area and semi-monthly time interval (modeled as varying in 

the first three intervals but constant in the last two; Table 2-3). 

 Based on model averaged values (White et al. 1999), the probability of a fawn 

surviving the duration of the study in the north (0.183, 95%CI = 0.071-0.396) was higher 

than the probability of a fawn surviving the duration of the study in the south (0.034, 

95%CI = 0.008-0.139, z = 1.744, 2-sided z-test, P = 0.080). This pattern was consistent 

between the years (Figure 2-2A, B). Model averaged parameter estimates for year 

showed fawn survival in 2006 to be the same as fawn survival in 2007 (β = 0.110 ± 

0.635, 1-sided Wald test, P = 0.364). 

 Model averaged fawn survival was higher for fawns captured in treated (sterile) 

coyote home ranges when compared to fawns captured in untreated (intact) coyote home 
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ranges in the south (β = 0.904 ± 1.247, 1-sided Wald test, P = 0.078). To more 

thoroughly evaluate the effect of treatment using model averaged values, we ran our set 

of models with user-specified treatment values of zero and one (Figure 2-2A, B). Overall, 

survival was higher in the north control area than in the south control area. In spite of this 

difference, increased survival on the treatment area was evident; that is, survival on the 

south treatment area increased substantially more than on the south control area in 2007 

(Figure 2-2B). None of the other covariates tested were statistically significant (P > 

0.110, 1-sided Wald test). 

 We also calculated model averaged cumulative summer survival rates of fawns in 

each area for 2006 and 2007 by treatment (Figure 2-3). After declining over the first 2 

time intervals, the probability of fawn survival stabilized in the third week of June. In 

2006 at the end of the 79-day period, cumulative summer survival rates of fawns were 

0.16 in the south and 0.39 in the north. In 2007, cumulative summer survival rates of 

fawns were 0.18 for southern control fawns, 0.43 for northern control fawns, and 0.44 for 

southern treatment fawns. 

 
Weather 

 During severe winter weather, pronghorn malnutrition and fetal resorption can 

increase (Martinka 1967, Barrett 1982) which may lead to low fawn survival for neonates 

born to does that survive to parturition the following spring. Because weather patterns 

were remarkably different in the two years of this study, the covariate year, which 

showed an insignificant yet increasing fawn survival trend between the years, could be 

viewed as a proxy for weather in our fawn survival analysis. In the winter of 2005-06, the 
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highest recorded monthly snowfall in Trinidad was 35.56 cm in January with a total 

snowfall of 78.74 cm over the winter (Figure 2-4). In the winter of 2006-07, snowfall in 

Trinidad peaked in December with 125.73 cm and total winter snowfall was 205.99 cm. 

This was the highest snowfall amount recorded in December and the second highest total 

winter snowfall on record since 1947 (Western Regional Climate Center, Reno, NV). In 

the spring of 2006, 21.59 cm of snow fell in March. In spring 2007, the latest snowfall 

recorded was 20.32 cm in April. 

 Precipitation in the spring and summer months on the PCMS also showed 

variation between the two years (Figure 2-5). In 2006, heavy rain did not fall until July, 

well after the peak of fawning season. From our survival estimates, this was also beyond 

the period of fawns’ vulnerability to mortality. In 2007, heavier rain patterns occurred in 

April, May, and June contributing to a subsequent increase in vegetative cover across the 

study area (R. Seidler, personal observation; Figure 2-6). However, we found no 

difference in mean precipitation amounts between the north (1.21 ± 0.10 (95%CI) cm) 

and south (1.16 ± 0.16 cm) in 2006 (t10 = 0.462, P = 0.654) nor in 2007 (north = 0.99 ± 

0.11 cm, south = 1.13 ± 0.15 cm, t10 = 1.573, P = 0.147). 

 
DISCUSSION 

Was sterilization of coyotes correlated with increased fawn survival? 

 Coyote predation on domestic sheep was reduced up to 8-fold when coyotes were 

experimentally sterilized (Bromley and Gese 2001a). Given the success of Bromley and 

Gese’s study (2001a), we hypothesized that sterilized coyotes would prey less on 

pronghorn fawns than intact coyotes. Thus, we designed an experiment to evaluate 
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whether pronghorn fawn survival could be increased via experimental sterilization of 

coyotes. The applicability of such a tool could alleviate pressures on pronghorn 

populations that are at critical thresholds while reducing public concerns about lethal 

management of coyotes. In the face of the many factors that influence fawn survival, we 

found a significant treatment effect. Over the course of a summer, cumulative fawn 

survival was 2.4 times higher for fawns captured in treatment areas compared to fawns 

captured in control areas. 

 There are undoubtedly many factors influencing fawn survival on the PCMS. We 

investigated the variables we believed would be most influential on coyote predation 

rates. Since the predator-prey relationship between coyotes and pronghorn is potentially 

quite different than between coyotes and domestic sheep, it was important to quantify the 

influence of intrinsic and extrinsic factors such as fawn sex, birth weight, birth date, age 

at capture, coyote density, alternative prey abundance, and weather. We found local area 

and coyote sterilization (treatment) to be the most influential covariates on fawn survival 

rates. We found no significant correlations between the other covariates and fawn 

survival rates. 

 Pronghorn have been present in North America since the Pleistocene and have 

likely been sympatric with coyotes since the evolution of Canis latrans (Kurtén and 

Anderson 1980). Because coyote predation on pronghorn reflects an evolved relationship 

unlike the predatory relationship with domestic sheep, we had concern that sterilization 

of coyotes may not change ungulate neonate predation. Coyotes also may have different 

hunting strategies dependent upon the behavioral response of the prey which could 

influence management efforts. Sheep have been bred to be docile and may even flee in 
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the presence of coyotes, stimulating an attack response from the predator (Connolly et 

al. 1976, Lehner 1976). In contrast, pronghorn neonates remain bedded and motionless in 

the threat of coyote predation (Byers and Byers 1983). Does with fawns are observant of 

nearby coyotes until the coyote comes too close to their fawn’s bed site, at which point 

she will defensively charge the coyote (Byers 1997; R. Seidler, personal observation). 

Given the vastly different predatory strategies employed with these prey, it is an 

important finding that coyote sterilization can increase fawn survival. 

 The significance level of our results suggests that our conclusions should be 

interpreted cautiously. More importantly, our study represents only one replicate and it 

could be that we sampled an unusual population. However, given that we observed a 

substantial effect (Fig. 2-2 and 2-3) and that treatment was significant at α = 0.10 even 

with the number of parameters included in our models and the relatively low number of 

fawns in the analysis, it is our opinion that this result is biologically significant. In 

addition, our estimates of fawn survival reflect biologically relevant population changes 

(i.e., cumulative fawn survival rates in the south more than doubled from 0.18 to 0.44 for 

fawns captured in sterile coyote home ranges); an increase which could influence fawn 

recruitment and provide important demographic changes for pronghorn populations 

considered critical. We evaluated whether the changes in fawn survival on the PCMS 

were reflected in fawn recruitment. At the end of our semi-monthly fawn survival 

analysis (31 July), 8/22 southern fawns captured in 2007 were alive; 9/18 fawns were 

alive in the north. In December of 2007, 6/22 fawns captured in the south were still alive 

and 6/18 fawns captured in the north were still alive (2 northern animals were censored 

due to collar failure). In February 2008, all 6 fawns were still alive in the south. All but 1 
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animal in the north was censored due to collar failure; the remaining fawn was still alive 

in February. 

 
The influence of other variables 

 Although the relationship was not significant, we found a positive correlation 

between fawn survival and alternative prey abundance; specifically, lagomorph 

abundance. We were only able to see this relationship by modeling prey abundance with 

year present in the same model because overall prey indices dropped from 2006 to 2007 

while fawn survival rates increased. By modeling these variables together, we found 

higher alternative prey abundance was correlated with higher fawn survival rates. The 

lack of significance in these results may be due to small sample sizes of small mammals 

or differences in detection probability in the second year. 

 The observed decreases in alternative prey abundance may be due to the severe 

winter in 2006-07. Stoddart (1985) described severe winter conditions (unusually low 

temperatures, high snow accumulation, high wind velocities) over a <3-day period, which 

resulted in the mortality of 34% of 59 instrumented jack rabbits. Many of the carcasses 

were still intact, suggesting the cause of death was related to the weather. 

 Alternatively, severe winter weather may have created apparent decreases in 

alternative prey abundance on the PCMS in 2007 due to decreased detectability during 

our surveys. Increased vegetation height and density on the PCMS was noted after heavy 

winter snows and a wet spring. Tall, dense vegetation could make it difficult to detect 

small mammals during surveys. Dense vegetation can make it difficult for some rodent 

species to travel (Rowland and Turner 1964, Rosenzweig and Winakur 1969). If rodents 
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are moving shorter distances, their trap-ability will decrease during surveys. This would 

be reflected in mark-recapture studies as decreased density estimates. In addition, 

spotlight surveys for lagomorphs can also be compromised by issues of visibility. 

Lagomorphs may have been easier to detect in 2006 because the vegetation was lower in 

height and less dense. If alternative prey abundances were actually higher in 2007 (and 

went undetected), increases in alternative prey abundance might then act as a buffer for 

pronghorn fawns (Stoddart et al. 2001, Bartel and Knowlton 2005). Hamlin et al. (1984) 

found that coyote populations were highest when fawn mortality was lowest. 

 Of the covariates we tested, fawn birth weight, birth date, and age at capture, none 

were statistically important in our models. We found that subtle differences in local areas 

(i.e., between the north and south) influenced fawn survival. We attempted to account for 

these differences by comparing average precipitation amounts between the north and 

south, but found no differences. Although both the north and south were comprised 

primarily of grassland species, the distributions of vegetation types within the grasslands 

in the two areas were different (B. Smart, personal communication). Predominant species 

in the north (i.e., western wheatgrass and needle-and-thread (Stipa comata)) tend to grow 

taller than predominant species in the south (i.e., grama species) potentially influencing 

fawn survival. In addition, a recent burn regime had been used in the south part of the 

study area in 2004-2006, and not in the north. Although fires are often used to improve 

shortgrass prairie habitats to benefit species such as pronghorn (Yoakum 1979, Wright 

and Bailey 1982, Courtney 1989), recent burns could compromise immediate fawn 

survival by reducing canopy cover. Canopy cover has been shown to be an important 

correlate in fawn survival (Barrett 1984, Alldredge et al. 1991). We attempted to compare 
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fawn survival between fawns which were captured in burn areas and fawns which were 

not. The sample size of fawns captured in burn areas was small (n = 6) and we were not 

able to detect a difference in 115-day survival rates (t69 = 0.647, P = 0.520), however the 

means indicated a trend toward lower survival for fawns captured in burned areas (burn: 

mean = 0.17 ± 0.33 (95%CI); non-burn: mean = 0.29 ±0.11). 

 We found that fawn survival was lowest in the second semi-monthly time interval 

and that after the first 6 weeks of life, the probability of fawn survival increased to 100%. 

This is supported by previous studies which have shown fawn mortality to be highest at 

ages 11-20 days (Von Gunten 1978, Barrett 1978, Byers 1997). We found no difference 

in survival between male and female fawns. This is similar to other studies which 

reported no difference between the sexes (Fairbanks 1993, Byers 1997). In the Greater 

Yellowstone Ecosystem, female fawn survival was higher than male fawn survival 

(Berger et al. 2008). 

 Although extreme winter weather can adversely affect fawn survival by affecting 

the condition of the doe (Verme 1977), the extreme snowfalls of 2006-07 in southeastern 

Colorado did not reduce fawn survival on the PCMS. In fact, fawn survival following the 

winter of 2006-07 was higher in both the north and south than fawn survival in the same 

areas the previous year (although not statistically significant). Because the effect of 

treatment was of most importance to us, we concentrated our capture efforts on treatment 

animals and focused our analyses on the effect of treatment. This focus probably masked 

a real influence of weather changes over the years. The winter snowfall and spring 

precipitation likely boosted fawn survival in 2007 directly by increasing vegetation 

biomass. Coyotes probably initially use visual cues to detect pronghorn fawns (Wells 
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1978) and high vegetation would make it difficult for them to find fawns (Barrett 1981). 

Increased vegetation would also provide important forage for lactating does (Smyser et 

al. 2005), subsequently increasing fawn survival. 

  Our study results were not as clear as Bromley and Gese’s (2001a) study in Utah 

(i.e., they reported a significance level of P = 0.026 when comparing kill-rates between 

intact and sterile packs). This may be due to sample size variation or it may be due to the 

differing dynamic of coyote predation and different prey types (e.g., domestic versus 

native). Further research may be able to elucidate the relationship between coyotes and 

native prey and determine if there is a more tightly coupled dependency between coyotes 

and neonatal ungulates versus domestic sheep. Future studies should focus on differences 

in coyote behaviors given different prey types. 

 
Study limitations 

 We chose not to randomize our treatment area based on coyote home ranges. 

Instead, we selected one contiguous area to treat. We believe this was the best way to test 

our hypothesis because if the treatment had been randomly applied we would have been 

presented with the issue of fawns moving across the landscape through treated and non-

treated areas. In addition, a broad spectrum application of coyote sterilization best 

simulated what would be conducted in a true management setting. We also did not use a 

fawn’s mortality location in order to test the effects of the covariates because not all 

fawns died in this study. If we had used mortality locations (instead of fawn capture 

locations), then all the fawns that had survived would have been assigned average values 

for covariates, biasing our sample.  
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 Our statistical power could have increased with a larger sample size and longer 

study duration but we were limited by our ability to capture coyotes and fawns. And 

although the extraordinary winter in 2006-07 provided important insight into pronghorn 

ecology in southeastern Colorado, it may have influenced our ability to interpret the 

effects of coyote sterilization on pronghorn fawn survival. Because fawn survival rates 

changed between the 2 years, there may have been an interaction between some of the 

covariates that we were not able to detect (i.e., the severe winter may have influenced our 

ability to accurately assess alternative prey abundances). 

 
Management implications 

 We recommend coyote sterilization be considered as a tool to boost pronghorn 

fawn survival in areas where fawn survival is a critical factor in pronghorn population 

persistence. This non-lethal tool is especially applicable in situations where lethal 

management of coyotes is controversial, unacceptable, or not an option. Costs to perform 

this technique (helicopter captures + sterilization = $900/coyote) are not very different 

from estimates made to trap and kill coyotes ($805; Wagner and Conover 1999). The fact 

that sterilization lasts the lifetime of the coyote offers promise of lower costs than lethal 

control over the long-term. 

 We do not recommend the use of coyote sterilization alone to boost pronghorn 

numbers where populations are critically low. The importance of multiple or concurrent 

management strategies in reducing coyote predation or increasing prey survival has been 

demonstrated many times. Management should also continue to use the current successful 
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tools to boost fawn survival, such as habitat enhancement. Careful monitoring of any 

program which uses these techniques will be insightful for future management. 
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Figure 2-2. Model averaged pronghorn fawn survival rates (± 95%CI) in semi-monthly 
intervals for 79-days, (A) before treatment in 2006, and (B) after treatment in 2007, 
Piñon Canyon Maneuver Site, Colorado. Note in (B) that 3 survival curves are present; 
upper curve represents 2 survival curves, south treatment, 2007, and north, 2007. 
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Figure 2-3. Model averaged estimates of cumulative summer fawn survival for the north 
and south study areas in 2006 and 2007, Piñon Canyon Maneuver Site, Colorado. 
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Figure 2-4. Snowfall amounts for the winter of 2005-2006 and 2006-2007, Trinidad, 
Colorado (data provided by the National Weather Service).



 

 

52
 

0

1
2

3

4

5
6

7

8
9

10

JA
N

FEB
M

AR
APR

M
AY

JU
N

JU
L

AUG
SEP

OCT
NOV

DEC

Month

P
re

ci
pi

ta
ti

on
 (

cm
)

2006

2007

 

Figure 2-5. Monthly precipitation averaged across 12 stations (± 95%CI) on the Piñon 
Canyon Maneuver Site, Colorado (data provided by the U.S. Geological Service).
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A.  

B.  

Figure 2-6. Photos taken from similar locations on the Piñon Canyon Maneuver Site, 
Colorado on (A) 15 July 2006 and (B) 26 June 2007. 
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CHAPTER 3 

THE EFFECTS OF TUBAL LIGATION AND VASECTOMY ON COYOTE HOME 

RANGE MAINTENANCE2 

 
 Abstract. Sterilization of wild canids is being used experimentally in many 

management applications. Few studies have clearly demonstrated that vasectomized and 

tubal ligated canids will retain pair-bonding and territorial behaviors. We tested whether 

behaviors of surgically sterilized coyote packs were different from sham-sterilized coyote 

packs. We captured and radio-collared 30 coyotes in December 2006. Sixteen of these 

animals were sterilized via vasectomy or tubal ligation, 14 were given sham-surgeries. 

We monitored these animals using telemetry and visual observations through 2 breeding 

seasons from December 2006-March 2008. Pack sizes were the same for sterile and intact 

coyotes (P = 0.554).  We found no difference in home range size between sterile and 

intact coyotes (P ≥ 0.556).  We found differences in home range and core area overlap 

between sterile and intact coyote packs in some seasons, however it is likely this 

difference was pre-existing before treatment. Home range fidelity was the same for sterile 

and intact coyotes (P = 0.406).  All coyotes had higher residency rates during the 

breeding season, with no differences between sterile and intact coyotes. Survival rates 

were correlated with biological season, but may have been confounded by human 

presence on the site; there were no differences between sterile and intact coyote survival 

rates. We conclude that surgical sterilization of coyotes did not affect pair-bonding or 

home range maintenance. 

                                                 
 
2 Co-authored by Eric Gese. 
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INTRODUCTION 

 Sterilization of canids is being tested for various management purposes including 

population control of native and non-native species, predation control, and to reduce 

genetic introgression with other canids (Haight and Mech 1997, Kelly et al. 1999, Spence 

et al. 1999, Bromley and Gese 2001a, Saunders et al. 2002). Surgical sterilization in 

particular is a promising approach because hormonal systems remain intact with 

vasectomy and tubal ligation. Canid reproductive strategies (e.g., monogamy and 

pseudopregnancy in subordinate pack members) and physiology (e.g. monestrum and 

prolonged proestrus and estrus) favor pair and pack cohesion (Asa 1997). Without 

hormonal signals, these characteristics may not be preserved (Asa 1995). For most 

management purposes, retaining social structure of the pack is critical. If the social 

structure of a sterilized pack fails, then a vacant territory becomes open to colonization 

by intact animals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 

1998, Gese 1998). 

 In 1987 and 1988, Mech et al. (1996) vasectomized 5 wolves (Canis lupus) to 

determine if sterilization of wolves was a viable method for controlling population sizes. 

They determined that the vasectomized wolves’ social behaviors were not altered. 

Subsequently, state management agencies predicted that wolf control may be necessary 

where wolves colonize close to human settlement. Due to the success of this study, wolf 

sterilization is one of several proposed methods to control populations in the Lake 

Superior region (Haight and Mech 1997). 

 In the Yukon, Canada, wolves had been implicated in the decline of caribou 

(Rangifer tarandus) and moose (Alces alces) calf survival (Spence et al. 1999). Due to 
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the economic costs, effort, and public concern of the use of lethal control, fertility 

control was tested as an alternative tool to manage wolves (Spence et al. 1999). In studies 

to determine the applicability of such a tool, territorial behaviors were again examined. 

Using aerial telemetry, the study reported that the sterilized wolves maintained pair bonds 

and remained in their territories (Spence et al. 1999). 

 Red foxes (Vulpes vulpes) in Australia are an introduced species from Europe and 

have had destructive impacts on native fauna (Saunders et al. 1995). Native mammals 

lack the appropriate anti-predator behaviors and, hence, are susceptible to fox predation 

(Kinnear et al. 1988). In addition, the foxes may pose a threat to livestock producers 

(Saunders et al. 2002). Consequently, female foxes were experimentally sterilized. The 

sterile vixens retained pair-bonding and territorial behaviors, although they became more 

tolerant of home range overlap (Saunders et al. 2002). 

 The sheep industry in the western United States has a long history of conflict with 

coyote (Canis latrans) predation (Wagner 1988). When warranted, ranchers and wildlife 

management agencies utilize various lethal methods to control coyote predation on 

livestock and wildlife species (Knowlton et al. 1999). The public, concerned with animal 

rights, continually voices concern over the use of lethal management (Arthur 1981, 

Kellert 1985, Andelt 1987, Messmer et al. 2001). One alternative method being 

considered to reduce predation on sheep is surgical sterilization of coyotes (Knowlton et 

al. 1999). Bromley and Gese (2001a) sterilized coyotes in Utah and found that they could 

reduce coyote predation on domestic sheep by up to eight-fold. This technique is thought 

to be effective because it reduces the energetic needs of the pack (Till and Knowlton 
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1983, Bromley and Gese 2001a). Bromley and Gese (2001b) further demonstrated that 

the sterile coyotes’ territorial and pack affiliative behaviors were not modified. 

 Coyote sterilization is also being used as part of an endangered species recovery 

program in the eastern United States. In North Carolina, red wolf (Canis rufus) recovery 

is being threatened by genetic introgression with coyotes. Coyotes and red wolves can 

hybridize (Nowak 1992) which jeopardizes the persistence of the red wolf gene pool 

(Fredrickson and Hedrick 2006). After consideration by the U.S. Fish and Wildlife 

Service and The Conservation Breeding Specialist Group (Kelly et al. 1999), coyotes 

were sterilized in various areas across the recovery zone (Beck 2005). Sterilization has 

reduced the incidences of coyotes breeding with red wolves, while maintaining a space 

for the future placement of newly released red wolves (Beck 2005). 

 Although sterilization has been used in many canid species, only Bromley and 

Gese’s (2001b) study has demonstrated that free-ranging coyotes will maintain territorial 

and breeding-pair behaviors. If coyote sterilization continues to be used as a management 

tool, it is important to validate that territorial maintenance and pair-bonding behaviors are 

retained across different circumstances (Asa 1995). Without this assurance, intact animals 

can displace sterile packs and threaten the success of the management practice (Till and 

Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 1998, Gese 1998). As part 

of a study to test whether coyote sterilization could increase pronghorn fawn survival 

(Chapter 2), we tested the hypothesis that coyote sterilization will not affect home range 

maintenance. We examined similar behavioral criteria as Bromley and Gese (2001b). We 

compared pack size of sterilized coyotes to intact coyotes. We also evaluated home range 

size and overlap as well as home range fidelity. We used the home range as our 
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measurement of space use instead of the territory because we did not collect any data 

that we believed would constitute a territorial analysis (i.e., we did not make visual 

observations of coyote behaviors such as urinating, defecating, or howling at territory 

boundaries) and the methods we used were designed to match previous studies. Finally, 

we made a comparison of survival rates between sterile and intact animals. We were not 

able to compare association indices between treatment groups due to a small sample size 

of intact coyote pairs. 

 
METHODS 

Study site 

 We conducted this study on the 1,040 km2 Piñon Canyon Maneuver Site (PCMS) 

in Las Animas County, ~50 km northeast of Trinidad, Colorado. The study area within 

the PCMS encompassed the home range boundaries of radio-collared coyotes involved in 

the study. Average elevation on the PCMS was 1520 m, average temperatures ranged 

from 1ºC in January to 24ºC in July (Shaw and Diersing 1990), and mean annual 

precipitation was 305 mm at the nearest long-term weather station in Delhi, Colorado 

(Milchunas et al. 1999). Harvest of coyotes was not permitted for the duration of the 

study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included species of black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 
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sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 

(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. 

 
Capture and monitoring of coyotes 

 We captured coyotes in December 2006 using a net-gun fired from a helicopter 

(Barrett et al. 1982, Gese et al. 1987). Animals captured in the southern portion of the 

study area were sterilized, while animals captured in the northern portion of the study 

area were sham-sterilized. We used this clustered experimental design in an effort to 

swamp a single area with the treatment and to simulate actual management practices 

(Chapter 2). We transported captured animals by vehicle or helicopter to a central 

processing location. A veterinarian sterilized females by tubal ligation and males by 

vasectomy. All animals otherwise received the same treatment: they were given a 

combination of a sedative and dissociative, incised and sutured, radio-collared, allowed to 

recover, and released at the capture site within 24 hours. Research protocols were 

approved by the Institutional Animal Care and Use Committees at the USDA/National 

Wildlife Research Center (QA-1350) and Utah State University (IACUC #1269). 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from nearby packs 

were detected with telemetry. Visual observations of radio-collared individuals allowed 

us to gain information on pup presence as well as minimum group sizes. We considered 

packs with pups as intact. 

 
Pack size 

 We compared pack sizes between sterile and intact packs using the minimum 

pack size observed. We made multiple visual observations of radio-collared individuals 

to count associated pack members. Packs were surveyed from 8 June 2007 to 5 December 

2007. One or two people would track a radio-collared animal on foot. We attempted to 

approach animals from down wind in a stealthy manner to reduce disturbance of potential 

additional pack members that may have been present. Group size, location, and pup 

presence were noted. We did not include pups in pack size estimations; we used pre-

whelping pack size estimates. 

 
Home range size and overlap 

 We performed telemetry primarily at dawn and dusk to obtain point locations 

during the highest activity periods (Andelt and Gipson 1979) using a hand-held antenna 

and receiving unit. We attempted to locate animals every 2 days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). All home ranges were 

computed using locations with error <0.10 km2. We calculated home range size using the 

95% fixed kernel (FK) density estimator and core area with the 50% FK density estimator 

in ArcGIS 9.2 (Environmental Systems Research Institute, Inc., Redlands, CA) with the 
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Hawth’s Tools extension (Hawth’s Analysis Tools). Bandwidths were set to h = 1000 

for consistency and each home range and core area was calculated separately. Due to 

limited location sample sizes, we calculated estimates for 3 seasons: first winter 

(December 2006-March 2007), summer (April 2007-September 2007), and second winter 

(October 2007-March 2008). 

 We compared percent overlap among adjacent packs for the 95% and 50% FK 

contours using analysis of variance (ANOVA). We used only adjacent packs to calculate 

percent overlap, including adjacent packs with zero overlap. Packs were considered 

adjacent if their home range boundaries were <2 km apart. This figure represents the 

radius of the smallest home range and was the minimum area we used to exclude the 

potential presence of a home range in which the pack members were not radio-collared. 

We made comparisons of home range overlap among adjacent sterile-sterile packs, intact-

intact packs, and sterile-intact packs. Tests for differences between each pair were 

performed with a Tukey’s honestly significant difference (HSD) test. All statistical tests 

were performed using SPSS 10.0.5 (SPSS Inc., Chicago, Illinois, USA). 

 Because availability of alternative prey could affect the percentage of tolerated 

overlap between coyote home ranges, we monitored rodent and lagomorph abundance 

and applied an index for each to all coyote home ranges. We used small mammal 

trapping grids run for three consecutive nights in four different habitat types (grasslands, 

shrublands, woodlands, and burned areas) to estimate rodent abundance. An average 

mass was calculated based upon the unique individuals captured and the median mass for 

each species (Fitzgerald et al. 1994). These estimates were then extrapolated to each 

coyote home range given the amount of habitat types in that home range. Lagomorphs 
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were surveyed using spotlight surveys conducted in replicates of three per habitat type 

over three consecutive nights. An average mass was calculated using the number of 

lagomorphs seen/km times the mean mass of the species. These estimates were then also 

extrapolated to each coyote home range given the amount of habitat types in that home 

range. A regression was then performed using the amount of available alternative prey 

(rodents or lagomorphs) and the amount of coyote home range overlap. 

 
Home range fidelity 

 We tested home range fidelity of resident coyotes using known fate models in 

Program MARK (White and Burnham 1999). Animals were censored after dispersal. We 

compared models of residency rates between sterile and intact coyotes with Akaike’s 

Information Criterium (AIC, Akaike 1973) corrected for small sample size bias (∆AICc, 

Burnham and Anderson 2002).  

 We grouped coyotes by treatment (sterile or intact) and encounter occasions were 

expressed as 15 1-month intervals. Because treatment was of primary interest, all models 

included this variable. Hypotheses tested included residency varying by treatment alone, 

treatment and 4-month season, or treatment and 1-month time interval (Table 3-1, models 

1, 2, and 3). We based 4-month seasons on biological changes in coyote behavior, 

including the breeding season (December-March), pup-rearing season (April-July), and 

dispersal season (August-November; adapted from Gese and Ruff 1998). We also tested a 

model which examined the interactive effect between treatment and time (the most 

parameterized model, Table 3-1, model 4). We censored animals which were transient 
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when captured from the analysis unless and until they resettled as residents later in the 

study. 

 
Survival 

 We compared estimates of survival rates between sterile and intact coyotes in 

Program MARK using the numerical maximum likelihood model approach and known 

fate analysis (White and Burnham 1999). We compared models of survival rates using 

∆AICc (Akaike 1973, Burnham and Anderson 2002). Coyotes were grouped by treatment 

and models included 3 covariates: gender, age, and weight. We analyzed survival over 15 

1-month occasions. We created models based on gender, age, weight, coyote season, or 

monthly time interval and always included the variable treatment since this was our 

variable of interest (Table 3-2, models 1-6). Except a global model (Table 3-2, model 7), 

all hypothesized models were restricted to additive models due to a limited sample size.  

 
RESULTS 

Pack size 

 We captured and radio-collared 30 coyotes across the PCMS. We sterilized 16 

animals from the southern portion of the study area and sham-operated 14 from the 

northern portion. Defined home ranges contained 1-2 radio-collared individuals because 

we were not consistently able to capture pairs. The first winter and summer seasons we 

defined 8 sterile home ranges. After the dispersal season, we defined 6 sterile home 

ranges in the second winter. We defined 10 intact home ranges in the first winter, 9 in the 

summer, and 8 in the second winter. Most of the control (intact) coyote home ranges 
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contained sham-operated coyotes. Two of the control home ranges contained sterilized 

coyotes but due to the detection of pups in these packs, we considered them intact. Mean 

pack size of sterile coyotes (2.3 ± 0.3 (95%CI)) was similar to the mean pack size of 

intact coyotes (2.10 ± 0.3; t9 = 0.607, 2-sided t-test, P = 0.554). 

 
Home range size and overlap 

 Home range sizes were not different between sterile and intact coyotes in any 

season. In the first winter season, mean home range size of intact (n = 10) and sterile (n = 

8) coyotes was 24.0 ± 3.8 (95%CI) km2 and 22.3 ± 3.9 km2, respectively (t16 = 0.601, 2-

sided t-test, P = 0.556; Figure 3-1A). In the summer, home range size of intact (n = 9) 

coyotes was 26.4 ± 6.8 km2 and sterile (n = 8) coyotes was 24.7 ± 4.4 km2 (t15 = 0.405, 2-

sided t-test, P = 0.692; Figure 3-1B). In the second winter season, home range size of 

intact 7) and sterile (n = 6) coyotes was 20.6 ± 4.9 km2 and 22.0 ± 4.0 km2, respectively 

(t11 = -0.421, 2-sided t-test, P = 0.682; Figure 3-1C). Equal variances were assumed in all 

cases by Levene’s test (P ≥ 0.082). 

 All overlaps of home ranges were expressed as a proportion of total home range 

area, not an area per se. In the first winter season, mean overlap between adjacent sterile 

home ranges was 0.251 ± 0.081 (95%CI) and mean overlap between adjacent intact home 

ranges was 0.139 ± 0.076. Mean overlap between adjacent sterile and intact home ranges 

was 0.060 ± 0.069. During the first winter season, core areas of adjacent sterile home 

ranges had an average overlap of 0.033 ± 0.032 (SD). Core areas of adjacent intact home 

ranges overlapped by 0.001 ± 0.001 and core areas of adjacent sterile-intact home ranges 

had no overlap. We found differences in overlap of adjacent sterile core areas compared 
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to adjacent intact core areas (P = 0.020). This relationship appears to be mainly due to 

the overlap of core areas between only 2 sets of sterile home range pairs (Figure 3-1A). 

We did not find any other differences in overlap in the first winter season (Table 3-3A). 

 Mean summer home range overlap among adjacent sterile home ranges (0.266 ± 

0.073 (95%CI)) was different from the mean overlap among adjacent intact home ranges 

(0.113 ± 0.061; P = 0.006). Differences in overlap among adjacent sterile home ranges 

and adjacent sterile-intact home ranges were also significant (0.057 ± 0.074, P = 0.007). 

However, there was no evidence of difference in the overlap among adjacent intact home 

ranges and adjacent sterile-intact home ranges (P = 0.639). Core area overlaps in the 

summer were also different among adjacent sterile home ranges (0.028 ± 0.030) and 

adjacent intact home ranges (no overlap, P = 0.043). No other differences in core area 

overlap were found in the summer (Table 3-3B).  

 Mean overlap of adjacent sterile home ranges (0.208 ± 0.074 (95%CI)) in the 

second winter season was different from adjacent intact home ranges (0.012 ± 0.017, P < 

0.001). We also found a difference among mean overlap of adjacent sterile home ranges 

and adjacent sterile-intact home ranges (no overlap, P = 0.011). No other differences in 

overlap in the second winter season were found (Table 3-3C). 

 Because age differences may influence dispersal which could affect apparent 

overlap, we also tested for differences in age between sterilize and intact coyotes. We 

found no difference in age between sterile and intact coyotes (t28 = -0.976, P = 0.337) nor 

did we find a difference between sample sizes used to define home ranges for sterile and 

intact coyotes (first winter: t16 = -0.429, P = 0.674, summer: t15 = -0.249, P = 0.807, 

second winter: t13 = -0.147, P = 0.885) which may also influence home range overlap. 
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We also found no correlation between home range sample size and percent overlap of 

home ranges (first winter: R2 = 0.013, F53 = 0.676, P = 0.415, summer: R2 = 0.013, F45 = 

0.601, P = 0.442, second winter: R2 = 0.017, F29 = 0.480, P = 0.494). 

 In order to better determine what may have caused differences in overlap between 

sterile and intact home ranges, we performed a regression of alternative prey availability 

against home range overlap. Relative rodent abundance was not strongly correlated with 

home range overlap (R2 = 0.135, F = 2.340, P = 0.147), nor was relative lagomorph 

abundance (R2 = 0.000, F = 0.001, P = 0.974). 

 
Home range fidelity 

 Six coyotes (20%) dispersed during the study. Three of these dispersals occurred 

during the pup-rearing season and 3 during the dispersal season. No dispersals occurred 

during the breeding seasons. 

 The best fit model for coyote residency was R{treatment+season} (Table 3-4, 

model 2). This model was 2.2 times as plausible as the second-best model R{treatment} 

(Table 3-4, model 1). Models 3 (R{treatment+time}) and 4 (R{treatment*time}) were not 

very likely candidates (evidence ratios = 927.04 and NA, respectively, Table 3-4). 

Residency was highest during the breeding seasons and dropped during the pup-rearing 

and dispersal season (Figure 3-2). Model averaging showed that derived residency rates 

(the probability of remaining a resident through the duration of the study) were not 

different between sterile (r̂ = 0.779, 95%CI = 0.496-0.927) and intact (r̂ = 0.738, 95%CI 

= 0.432-0.913) coyotes (z = 0.239, 1-sided z-test, P = 0.406). 
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Coyote survival rates 

 We analyzed survival rates of 17 male and 13 female coyotes. Eight of the males 

and eight of the females were sterilized. Ages (as assessed by tooth-wear; Gier 1968) 

ranged from 1-7 years old and weights ranged from 8.16-16.33 kg. Four coyotes perished 

during the study: 3 due to gunshot wounds, 1 due to unknown causes. 

 Many of the models used to analyze coyote survival rates were competitive. The 

first 5 models were within <2.016 ∆AICc values from each other, indicating that all 5 

were plausible (Burnham and Anderson 2002). The best-fit model, S{treatment} (Table 

3-5, model 1), suggested that sterile coyotes had lower survival rates than intact coyotes, 

but statistics did not support this hypothesis (sterile: ŝ = 0.805, 95%CI = 0.540-0.936, 

intact: ŝ = 0.923, 95%CI = 0.608-0.989, z = -0.940, 1-sided z-test, P = 0.174). The 

second-ranked model, S{treatment+season} (Table 3-5, model 5), showed an increasing 

trend in survival over the seasons and higher survival in intact coyotes, but the 

confidence intervals between the groups overlapped (Figure 3-3). Model averaged 

derived estimates of survival rates (i.e., the probability of surviving the duration of the 

study) of sterile and intact coyotes were not different (sterile: ŝ = 0.809, 95%CI = 0.544-

0.938; intact: ŝ = 0.924, 95%CI = 0.611-0.990; z = -0.926, P = 0.177). When we 

calculated statistics for the third-, fourth-, and fifth-ranked models, S{treatment+age}, 

S{treatment+weight}, and S{treatment+sex}, we found the covariates were not 

significant (P > 0.280). Other models had ∆AICc values > 2.016. 
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DISCUSSION 

 As surgical sterilization becomes more widely used in canid research and 

management practices, we must confirm that territorial maintenance and pair-bonding 

behaviors are retained. Without these behaviors, the social structure of the pack will 

dissolve leading to an unguarded, open territory and management efforts would fail. We 

found no evidence to suggest that territorial behaviors among coyotes were altered by 

sterilization. Pack size, home range size, home range fidelity, and coyote survival rates 

were the same for sterilized and sham-operated coyotes. We did find that sterile packs 

exhibited greater home range overlap than intact packs, but it is questionable whether this 

was due to the effects of sterilization. 

 Similar to our results, sterile red fox vixens also displayed increases in home 

range overlap when compared to non-sterile vixens (Saunders et al. 2002). In contrast, 

coyotes in Utah did not display differences in home range overlap between sterile and 

intact packs (Bromley and Gese 2001b). Average overlap between coyote territories in 

Utah was 21%, greater than the overall average overlap in our study (13.8%). It appeared 

that sterile coyote packs on the PCMS were more tolerant of home range overlap than 

intact coyote packs. However, the degree of home range overlap that we found within the 

sterilized coyote packs appears to have existed at the time the animals were sterilized. 

 Overlap in the sterilized home ranges was greatest during the first winter and 

summer seasons. It then declined in the second winter season, but there were no real 

differences between any of the seasons (F2,47 = 0.426, P = 0.656, ANOVA). This 

consistent temporal trend implies that greater overlap was typical for the treatment area 

before we captured and sterilized coyotes. We also tested for age and location sample 
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size differences between the sterile and intact packs to try and account for the 

differences in overlap. Younger, low-ranking pack members disperse when resources are 

not abundant (Gese et al. 1996). If coyotes in the sterile group were younger than coyotes 

in the intact group and location sample sizes were not large enough to accurately detect 

pre-dispersal forays then we might mistake these forays for home range overlap. 

However, we did not detect differences in dispersal rates between the groups. Further, we 

found no difference in age between the groups nor did we find a difference between 

sample sizes used to define home ranges for the 2 groups suggesting that pre-dispersal 

forays were not occurring differentially between sterile and intact coyotes. Varying home 

range sample sizes also did not account for differences in overlap of home ranges. 

 Potentially, food resources were better is sterile home ranges (Atwood and Weeks 

2003), however we found no correlation between alternative prey availability and coyote 

home range overlap. Perhaps kinship was higher (Kitchen et al. 2005) in the sterilized 

area allowing for greater home range overlap, but we did not test for this. Additionally, 

two dispersals in the second winter of previously resident coyotes in the intact area may 

account for differences observed between home range overlap in this season. One of the 

dispersers was an adult male coyote that was located in the center of the intact part of the 

study area. His initial home range had contributed to overlap in previous seasons. His 

dispersal was associated with the expansion of adjacent coyote pack home ranges into his 

previous home range area and may have been the result of displacement (Carbyn 1981, 

Gese et al. 1996). However, the expansion of the neighboring pack’s home range was not 

enough to compensate for the lost overlap. Given consistently high overlap in the sterile 

home ranges and dispersal events which reduced overlap in the intact home ranges, we 
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believe that the disparity in home range overlaps was not prompted by sterilization, but 

most likely had high pre-existing overlap among home ranges in that area. 

 Home range fidelity of coyotes varied by season and declined during the pup-

rearing and dispersal seasons. This is not surprising; pack sizes gradually decline after 

whelping due to dispersals of non-breeding associated pack members (Bekoff and Gese 

2003). We found no evidence that dispersals were influenced by sterilization. This 

corroborates with Bromley and Gese’s (2001b) results; they found no difference between 

residency rates of sterile and sham-operated animals. 

 Although our results suggested many variables were important to coyote survival, 

sterilization had no significant influence. In addition, a post hoc analysis using the model 

S{.} (coyote survival rate was not influenced by any of the variables), ranked this model 

at the top when run with the previously described models,  further suggesting none of the 

other variables captured the true effects. Indeed, the Wald’s test confirmed them as 

insignificant. Season, as modeled as a coyote biological interval, may have been 

influential on coyote survival. A further post hoc analysis ranked this model (S{season}) 

as second only to S{.}. However, we must also consider confounding variables such as 

human persecution. Three of four coyote mortalities were caused by gunshot and the 

fourth mortality suggested human involvement. This mortality was discovered >12 km 

from its home range and >2 km off the PCMS. This death was recorded as “unknown 

causes” because the carcass was too decayed, but it was discovered <4 m from a gravel 

road, implicating human-related causes. Although shooting of coyotes was not permitted 

during the study, 3 of the 4 mortalities were detected during or shortly after military 

maneuvers involving armed personnel. 
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 Results from this study add to the small body of knowledge that we have 

regarding the effects of sterilization on wild canids. We did not find any results that were 

in contradiction to other studies on coyotes or wolves. One component that is lacking in 

all peer-reviewed studies of coyote sterilization is an assessment of the long-term stability 

of territorial and social behaviors following sterilization. Mech et al. (1996) monitored 

vasectomized wolves for seven years, but their sample size was small and females were 

not sterilized. Zemlicka (1995) monitored sterilized captive coyotes for 1 year and 

Bromley and Gese (2001b) followed their sterilized coyotes for 3 years. Despite 

functioning endocrine systems, it is possible that after multiple, sequential years of no 

reproductive success sterile coyotes could sever their pair-bond and search for a more 

successful mate. Hence, we recommend a study of sterilized, free-ranging, male and 

female coyotes which follows treated and untreated animals into senescent years. With 

this method, dispersals by “breeding” individuals (dominant animals which had been 

sterilized) due to a lack of reproduction may be detected. Also, by following sterile and 

intact coyotes to senescence, changes in survival rates may be detected. Because home 

range overlap of red fox vixens was reported (Saunders et al. 2002) and this study found 

apparently pre-existing home range overlap in sterile coyotes, disruption of territory 

boundaries may be an important avenue to explore further. Tolerance of trespassers into 

territories may complicate interpretation of experimental results and could result in failed 

measures for canid management. 
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Table 3-3. Tukey's Honestly Significant Difference comparison of home range 
and core area overlap between sterile and intact coyote home ranges on the 
Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008. 

A. First Winter Group Comparison P
Sterile-Intact 0.118

95% Home Range: Sterile-Both 0.181
Intact-Both 0.734

Sterile-Intact 0.020
50% Core Area: Sterile-Both 0.343

Intact-Both 0.999

B. Summer Group Comparison P
Sterile-Intact 0.006

95% Home Range: Sterile-Both 0.007
Intact-Both 0.639

Sterile-Intact 0.043
50% Core Area: Sterile-Both 0.200

Intact-Both 1.000

C. Second Winter Group Comparison P
Sterile-Intact <0.001

95% Home Range: Sterile-Both 0.011
Intact-Both 0.982

Sterile-Intact 0.312
50% Core Area: Sterile-Both 0.733

Intact-Both 1.000
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Figure 3-2. Coyote residency rates (± 95%CI) from the top model, R{treatment+season}, 
in 4-month coyote season increments for sterile and intact coyotes on the Piñon Canyon 
Maneuver Site, Colorado, December 2006-March 2008. 
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Figure 3-3. Coyote survival rates (± 95%CI) from the second-ranked model, 
S{treatment+season}, in 4-month coyote season increments for sterile and intact coyotes 
on the Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008.
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CHAPTER 4 
 

SUMMARY 

 Coyote (Canis latrans) management in the U.S. has a long and contentious history 

that began with the settling of the West (Reynolds and Tapper 1996). Initial efforts to 

reduce predation on livestock focused on lethal control of canid populations (Reynolds 

and Tapper 1996). Today, public outcry challenges the use of lethal control and solicits 

more humane management practices (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001). However, methods which are used in confined agricultural settings such as 

animal husbandry, guard dogs, and aversive conditioning (Mitchell et al. 2004) are not 

practical with wild, free-ranging ungulates. Recently, coyote predatory behaviors toward 

sheep have been changed using surgical sterilization (Bromley and Gese 2001a). This 

approach is more acceptable to the public (Arthur 1981, Kellert 1985, Andelt 1987, 

Messmer et al. 2001) and has the potential to be more effective than lethal control 

(Conner et al. 2008) because it leaves territorial coyote packs essentially guarding a pup-

less, sterile home range (Bromley and Gese 2001b). The lack of pups in sterile coyote 

packs is believed to be the mechanism which has reduced predation on domestic sheep 

(Till and Knowlton 1983, Knowlton et al. 1999, Bromley and Gese 2001a). 

 Key to the implementation of sterilization is that the coyotes’ hormone systems 

remain viable. Without functional physiological stimuli, coyotes are likely to lose 

motivation to maintain pair-bonds and territorial behaviors (Asa 1995). If these behaviors 

are not maintained, then intact coyotes are likely to displace the pup-less pack, defeating 
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the management goals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto 

et al. 1998, Gese 1998). 

 Surgical sterilization of canids is being contemplated under several management 

scenarios. Studies have focused on population reduction, sterilization as a model for 

immunocontraception, prevention of genetic introgression, and reducing predation on 

livestock (Haight and Mech 1997, Kelly et al. 1999, Bromley and Gese 2001a, Saunders 

et al. 2002). In some of these situations, the goal was a simple reduction in population 

size (Haight and Mech 1997, Saunders et al. 2002). But there is also evidence that 

surgical sterilization can change the predatory behaviors of canids. In Utah, sterile coyote 

packs killed 8-fold fewer sheep than intact coyote packs (Bromley and Gese 2001a). The 

results of this study led us to hypothesize that surgical sterilization of coyotes may also 

reduce predation on ungulate neonates; a circumstance where management typically has 

only been able to practice lethal control. We chose to focus our efforts on pronghorn 

(Antilocapra americana) fawn survival due to high fawn mortality rates associated with 

coyote predation (Gerlach and Vaughan 1990, Linnell et al. 1995, Byers 1997, Dunbar 

and Giordano 2003). 

 Our study was designed in such a way as to compare not only changes in 

pronghorn fawn survival between a treatment and control group, but to also compare 

changes in fawn survival between years before and after treatment. This approach 

allowed us to detect a difference in fawn survival rates that existed between the north 

(0.183, 95%CI = 0.071-0.396) and south areas (0.034, 95%CI = 0.008-0.139) and was 

apparent in both years (z = 1.744, P = 0.080). Knowing that one area (the south) had 

lower survival rates, we applied treatment there. Additionally, we accounted for 
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variability in the system (fawn gender, fawn birth weight, fawn age, fawn birth date, 

coyote density, and alternative prey abundance) in an attempt to find the most 

parsimonious model to represent ecological reality. 

 Since our experiment was conducted in a free-range setting (i.e., not in captivity), 

we had to account for variables which could not be controlled. In fitting data to a set of 

models, a balancing act is played between reducing bias and reducing variance (Burnham 

and Anderson 2002). The most parsimonious model will fall somewhere in between. The 

number of parameters included in our suite of models affects the fit of our data. As we 

increased the number of parameters (variables), we decreased the bias in our estimates. 

However, this comes at the cost of increasing variance in our estimates. It is perhaps the 

case that we struck the balance in favor of low bias, as our level of confidence in our 

estimates was marked with some uncertainty. However, given the amplitude of the 

difference in estimates (cumulative survival of fawns captured in intact coyote home 

ranges was 0.18 and cumulative survival of fawns captured in sterile coyote home ranges 

was 0.44), we believe that coyote sterilization has a relevant effect on pronghorn fawn 

survival. If coyote predation on fawns generates additive mortality in a pronghorn 

population that is struggling to persist, then this technique holds important prospects. 

 In addition to the importance of treatment effects, it is critical to test that coyotes 

maintain their territorial behaviors. Without this, packs likely will not defend a home 

range and the area will fall to occupation by intact coyotes. Because only one study has 

previously shown that sterile coyotes will maintain a home range, the importance of 

confirming the retention of pair-bond and territorial behaviors was apparent. Some of our 

findings did not clearly demonstrate the maintenance of home ranges in sterile coyotes: 
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we found greater home range and core area overlap between sterile packs than intact 

packs in some seasons. However, we do not believe these results were the effects of 

sterilization. The home range and core area overlaps in the sterile packs were consistent 

from the beginning of the study, indicating that this pattern likely existed before 

experimental treatment was applied. Hence, we believe that these differences between 

sterile and intact packs were characteristic of the packs before they were sterilized. Other 

than these discrepancies, all other measured characteristics between the treatment and 

control group were the same. Pack sizes were the same for sterile and intact coyotes and 

home range sizes remained consistent through all 3 seasons and were the same between 

the sterile and intact packs. Residency and survival rates for sterile and intact coyotes 

were also similar. 

 Our results suggest that sterilization of coyotes could be a useful tool to reduce 

predation on free-ranging pronghorn fawns. Trends in public opinion demonstrate a need 

for non-lethal alternatives when managing wildlife. Currently, the only practical non-

lethal method to reduce predation in these situations is through reproductive interference. 

When ungulate populations are low or persistence is threatened, several management 

techniques may be needed to preserve the local population. Careful analysis of the 

situation may conclude that predation management is necessary. When lethal control is 

unacceptable or ineffective, surgical sterilization is a practical alternative. 
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Abstract
Little information exists on coyote (Canis latrans) space use and habitat selection in the

southeastern United States and most studies conducted in the Southeast have been carried

out within small study areas (e.g.,�1,000 km2). Therefore, studying the placement, size,

and habitat composition of coyote home ranges over broad geographic areas could provide

relevant insights regarding how coyote populations adjust to regionally varying ecological

conditions. Despite an increasing number of studies of coyote ecology, few studies have

assessed the role of transiency as a life-history strategy among coyotes. During 2009–

2011, we used GPS radio-telemetry to study coyote space use and habitat selection on the

Albemarle Peninsula of northeastern North Carolina. We quantified space use and 2nd- and

3rd-order habitat selection for resident and transient coyotes to describe space use patterns

in a predominantly agricultural landscape. The upper limit of coyote home-range size

was approximately 47 km2 and coyotes exhibiting shifting patterns of space use of areas

>65 km2 were transients. Transients exhibited localized space use patterns for short dura-

tions prior to establishing home ranges, which we defined as “biding” areas. Resident and

transient coyotes demonstrated similar habitat selection, notably selection of agricultural

over forested habitats. However, transients exhibited stronger selection for roads than resi-

dent coyotes. Although transient coyotes are less likely to contribute reproductively to their

population, transiency may be an important life history trait that facilitates metapopulation

dynamics through dispersal and the eventual replacement of breeding residents lost to

mortality.

Introduction
Similar to other Canis species, coyotes establish and hold territories to ensure optimal repro-
ductive fitness through group living [1–4]. However, not all coyotes defend territories and biol-
ogists studying coyote ecology often classify them according to their space use as residents and
transients [5–8]. Resident coyotes are individuals (breeders, juveniles, and pups) belonging to a
pack and in possession of a territory that exhibit passive (i.e., scent marking) and aggressive
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(i.e., physical conflict) behaviors to exclude conspecifics [9,10]. Conversely, transient coyotes
do not maintain territories and exhibit nomadic movements with no fidelity for any one area
[5,8]. Researchers have traditionally focused on resident animals when studying space use of
coyotes because residents make up the breeding portion of populations. Until recently, resi-
dents have been easier to study because their site fidelity and predictable movement patterns
favor traditional telemetry techniques (i.e., very high frequency [VHF]) that require intensive
field effort to locate study animals. Conversely, space use by transient coyotes has rarely been
assessed because transients traverse expansive areas and are difficult to track without global
positioning system (GPS) and satellite technology. A number of studies have noted the pres-
ence of coyotes with nomadic behaviors that traverse expansive areas and are difficult to moni-
tor via VHF radio-telemetry [6,11–13]. For example, Andelt [6] reported that coyotes
considered to be transients in his study were located<50% of the time within their study area
and Chamberlain et al. [11] reported 33% of coyotes with VHF radio collars had permanently
left their study area. Despite these logistical challenges, several studies have documented and
assessed space use patterns of transient coyotes [6,7,14], but fewer have assessed both space use
and habitat selection [8,15].

Coyote space use has been routinely studied and study area sizes ranged from approximately
30 km2 [6] to approximately 3,000 km2 [16]. Many well-referenced studies have been con-
ducted within study areas about 1,000 km2 or less [6–8,17–19]. Because coyotes are highly
mobile, patterns of space use and habitat selection within relatively small study areas can only
provide part of the total knowledge into the spatial ecology of coyotes. Recently, Hinton et al.
[20] described unique, localized space use during long-distance movements by 3 transient coy-
otes. They referred to intermittent, localized space use exhibited by transients as “biding” areas
because those patterns may represent attempts by transients to assess areas and establish home
ranges. Although Hinton et al. [20] reported anecdotal findings, their study indicated that
assessing transient space use and habitat selection over broad geographic areas may provide
important insights into how coyotes seek out and acquire territories.

Previous studies examining space use and habitat selection of coyotes concluded that tran-
sients are likely subordinate individuals who may actively avoid territories of residents and
occupy suboptimal habitats not used by residents [5,7,8,15]. Additionally, Camenzind [5] sug-
gested that transients serve as a surplus of individuals that are periodically recruited into the
resident, reproductive segment of the population. These insights demonstrate that space and
reproductive opportunities are limiting resources for coyotes. However, the ephemeral nature
of space use that results from continuous exchanges of territorial ownership among individuals
in coyote populations has been difficult to assess. Understanding these spatiotemporal dynam-
ics is particularly important because they may contribute to life history characteristics of coy-
otes that permit populations to expand and persist in human-altered landscapes.

Extensive movements by transients involve decisions by individuals that contribute to key
aspects of coyote ecology such as competition, foraging behavior, and habitat selection, which,
in turn, influence population structure and processes over broad geographic areas. Because
estimates of density, dispersal, and survival may be biased within small study areas [21,22], we
define a minimum geographic extent as�2,500 km2. In the eastern United States, this large
extent is important to capture actual dispersal ability of large Canis species and thus for proper
classification of coyote social status [20,23]. Coyotes in eastern North Carolina are sympatric
with endangered red wolves (Canis rufus) and both species are managed and monitored by the
United States Fish and Wildlife Service (USFWS) Red Wolf Recovery Program (Recovery Pro-
gram) on the Albemarle Peninsula to prevent hybridization and facilitate red wolf recovery
[24,25]. Because Recovery Program biologists radio monitor both coyotes and red wolves
throughout the Albermarle Peninsula, the approximately 6,000 km2 Red Wolf Recovery Area
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offers a large study area in the Southeast to evaluate the ecology of resident and transient
coyotes.

Our understanding of key traits that facilitate coyote adaptation to diverse ecosystems
throughout North America remains incomplete because studies examining the ecology of tran-
sient coyotes are limited. Understanding how coyote populations structure themselves on the
landscape and which landscape characteristics facilitate coyote movements is critical for mak-
ing reliable inferences about coyote ecology. Here, we compare space use and habitat selection
by resident and transient coyotes to describe how coyotes exploit space. Our first objective was
to quantify the size of areas used by resident and transient coyotes and describe the habitat
composition of those areas. Our second objective was to assess differences in resident and tran-
sient habitat selection and develop resource-selection functions (RSFs) to map relative proba-
bility of habitat use by coyotes within the Recovery Area.

Materials and Methods
Our study was conducted on the Albemarle Peninsula in the northeastern region of North
Carolina (Fig 1). The study area included approximately 6,000 km2 of federal, state, and private
lands comprising a row-crop agricultural-bottomland forest matrix with little change in eleva-
tion (<50 m). Agricultural crops (i.e., corn, cotton, soybean, and winter wheat) and managed
pine (Pinus spp.) composed of approximately 30% and 15% of the land cover, respectively.
Other prominent land-cover types were coastal bottomland forests and pocosin (peatlands
with a low [1–4 m] and dense evergreen shrub layer; 35%), herbaceous wetlands and saltwater
marshes (5%), open water (5%), and other minor land-cover types (10%). The climate was typi-
cal of the mid-Atlantic: 4 distinct seasons, nearly equal in length, with an annual precipitation
averaging between 122 to 132 cm. Summer climate was typically hot and humid with daily tem-
peratures ranging from 27°C to over 38°C and winters were relatively cool with daily tempera-
tures ranging between -4° to 7° C.

As part of long-term monitoring and management of red wolves and coyotes on the Albe-
marle Peninsula, the Recovery Program conducted annual trapping during autumn and winter
to capture and fit individual red wolves and coyotes with radio collars. Our field study assisted
annual trapping efforts from 2009 through 2011 to capture coyotes and red wolves. Coyotes

Fig 1. Map of the Albemarle Peninsula of northeastern North Carolina with primary habitat types
during 2009–2011.

doi:10.1371/journal.pone.0132203.g001
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were not a listed or protected species and the permitting authority for their capture and release
was the North Carolina Wildlife Resources Commission. However, red wolves were listed as
critically endangered by the International Union Conservation of Nature’s (IUCN) red list of
threatened species and we operated under a cooperative agreement with the USFWS that per-
mitted us to trap under special handling permits issued to the Recovery Program to trap and
handle red wolves. This study, including all animal handling methods, was approved by the
Louisiana State University Agricultural Center Institutional Animal Care and Use Committee
(Protocol Number AE2009-19) and meets the guidelines recommended by the American Soci-
ety of Mammologists [26]. Permission to access private lands for trapping occurred under
memorandum of agreements (MOAs) between individual landowners and the Recovery Pro-
gram. We access private lands of landowners without existing MOAs by contacting those indi-
viduals to receive permission to trap their lands.

We captured coyotes using padded foot-hold traps (Victor no.3 Softcatch, Woodstream
Corporation, Lititz, Pennsylvania, USA) from October through May, 2009–2011. Coyotes were
typically restrained using a catchpole, muzzle, and hobbles. Although most coyotes were not
anesthetized, several were chemically immobilized with an intramuscular injection of ketamine
HCl and xylazine HCl to inspect inside the mouth for injuries. Coyotes were sexed, measured,
weighed, and aged by tooth wear [27], and a blood sample was collected. We categorized coy-
otes>2 years old as adults, 1–2 years old as juveniles, and<1 year old as pups. Coyotes on the
Albemarle Peninsula were reproductively sterilized by the USFWS to prevent introgression
into the red wolf population [24,25]. Coyotes were taken to a local veterinary clinic for surgical
sterilization where males and females were reproductively sterilized by vasectomy and tubal
ligation, respectively. This process keeps hormonal systems intact to avoid disrupting breeding
and territorial behavior [28,29]. Prior to release at the original capture sites, we fit coyotes with
a mortality-sensitive GPS radio collar (Lotek 3300s, Newmarket, Ontario, Canada) scheduled
to record a location every 4 hours (0:00, 04:00, 08:00, and so on) throughout the year.

The Recovery Program monitored radio-collared red wolves and coyotes 2 times a week
from aircraft to identify red wolf and coyote territories on the Albemarle Peninsula. Resident
pairs of coyotes were identified as radio-collared individuals of breeding age (�2 years old)
who were temporally and spatially associated with one another and defending a territory for
�4 months. When trapping was not feasible after radio-collared coyotes established territories,
we confirmed the presence of a mate via field inspection for sign (i.e., visual observations and
tracks) of another individual over the course of several weeks. To avoid autocorrelation, we
only fit one coyote in each pair of residents with a GPS radio-collar. We classified radio-col-
lared coyotes as transients when they were solitary and not associated with other radio-collared
coyotes and displayed extensive movements throughout the Albemarle Peninsula.

To reflect the anthropogenic effects of agricultural practices on the landscape, we divided
each year into 2 6-month seasons based on agricultural activity: growing (1 March–31 August)
and harvest (1 September–28 February). We estimated space use of resident and transient coy-
otes by fitting dynamic Brownian bridge movement models (dBBMMs) to the time-specific
location data to estimate the probability of use along the full movement track of each coyote
[30], using R package moveud [31] in Program R [32]. Brownian bridge movement models use
characteristics of an animal’s movement path among successive locations to develop a utiliza-
tion distribution of an animal’s range. Because many factors influence telemetry error and
recent studies suggest telemetry error for GPS radio collars range between 10–30 m [33], we
used an error estimate of 20 m for all locations. Our error estimate was calculated based on rec-
ommendations and assumptions outlined in Byrne et al. [34]; we chose a moving window size
of 7 locations (equivalent to 14 hours) with a margin of 3 locations for full tracks of each ani-
mal to reflect temporal shifts in coyote movements related to photoperiods. For residents, we
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considered 95% and 50% contour intervals as home ranges and core areas, respectively.
Because transients do not maintain and defend territories, we did not refer to transient space
use as home ranges and core areas. Instead, we considered 95% and 50% contour intervals for
transients as transient ranges and biding areas [20], respectively. We used t-tests to investigate
changes in the area of space use among seasons.

We estimated predominant landscape features from a digitizedlandscape map of vegetative
communities developed by the North Carolina Gap Analysis Project [35]. We collapsed vegeta-
tive communities estimated by McKerrow et al. [35] into 4 general habitat classes with a 30-m
resolution. For the habitat selection analysis, we divided the landscape into agriculture, coastal
bottomland forest, pine forest, and wetlands (e.g., herbaceous wetlands, marshes, and pocosin).
Because coyotes are known to use roads and forage along edges, we also developed road and
agricultural-forest edge layers [36]. We created distance raster maps for habitat classes, roads,
and agricultural-forest edges (hereafter edges) using the ‘Euclidean Distance’ tool in the Spatial
Analyst toolbox in (ArcGIS 10; Environmental Systems Research Institute Inc., Redlands, Cali-
fornia) to calculate the distance from every 30 m pixel to the closest landscape feature [37, 38].
We used analysis of variance (ANOVA) and Tukey tests [39] for multiple comparisons to
determine if habitat composition of home ranges, core areas, transient ranges, and biding areas
differed.

We used RSFs to examine relationships between landscape features and coyote establish-
ment of home ranges on the landscape (2nd-order selection) [40] and to examine relationships
between landscape features and coyote use within their home ranges (3rd-order selection) fol-
lowing Design II and III approaches suggested by Manly et al. [41]. For 2nd-order selection, we
used individual animals as our sampling units and measured resource availability at the popu-
lation level. For 3rd-order selection, we used individual animals as our sampling units and
resource availability was measured for each animal. Despite the presence of territorial red
wolves on the Albemarle Peninsula and active management by the Recovery Program to reduce
red wolf-coyote hybridization, coyotes were found throughout the entire peninsula. We used
distance-based variables to assess habitat selection to eliminate the need to base inference on
subjectively chosen reference categories [37]. Therefore, we inferred “selection” when known
(used) locations were closer to resource features than were random (available) locations and
“avoidance” was inferred when known locations were farther from resource features than ran-
dom locations. We used a binomial approach to estimate resource-selection functions by com-
paring characteristics of known locations to an equal number of random locations within the
Albemarle Peninsula study area (2nd-order selection) and within home ranges and transient
ranges (3rd-order selection) of coyotes [41]. We used generalized linear mixed models with a
logistic link to compare habitat selection between resident and transient coyotes. We included
random intercepts for individual coyotes in each model to account for correlation of habitat
use within individuals and the unbalanced telemetry data. We modeled resource selection
using the R package ‘lme4’ [42] with a binary (0 = available, 1 = used) response variable. Prior
to modeling, we rescaled values for all distance-based variables by subtracting their mean and
dividing by 2 standard deviations [38,43].

We designed 5 candidate models for coyote occurrence guided by 4 a priori general hypoth-
eses to develop RSFs: (1) Coyotes require cover and shelter found primarily in forests. (2) Coy-
otes favor linear landscape characteristics, such as edges and roads. (3) Coyotes prefer open,
treeless habitats, such as agricultural fields. (4) Coyotes avoid wetland habitats. We used an
information-theoretic approach to assess models by calculating Akaike’s information criterion
for small sample sizes (AICc) [44,45] and used ΔAICc to select which models best supported
habitat selection. First, we used all resident and transient locations from our telemetry data,
included main effects for all fixed predictor variables, and considered interactions between a
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coyote status variable (resident = 1, transient = 0) and each landscape feature variable to inves-
tigate potential differences in selection between resident and transient coyotes. Second, we sub-
setted resident and transient locations and constructed separate models to derive 2nd- and 3rd-
order selection coefficients for each landscape feature without interactions. We included all
landscape features described above in our global models sets because correlation between indi-
vidual predictor variables was low or modest (all r< 48%).We conducted model validation of
the best model using k-fold cross-validation and then tested for predictive performance using
area under the curve (AUC) [46–49]. This cross-validation is based on partitioning the data
into k bins and performing k iterations of training and validation in which a different bin of the
data is held out for validation, while remaining k–1 bins are used for the training set. We used
10 folds (k = 10) to estimate performance of RSF models. Area under the curve of a receiver
operating characteristic (ROC) curve represents the relative proportions of correctly and incor-
rectly classified predictions over a range of threshold levels by plotting true positives versus
false positives for a binary classifier system.

Results
During 2009–2011, we fit 28 coyotes with GPS radio collars for monitoring. During this period,
the Red Wolf Recovery Program also radio monitored 12 sterile coyote pairs (comprising
about 20 radio-collared coyotes) each year. Each year, approximately 20 radio-collared coyotes
were not associated with known packs or breeding pairs and were assumed to be transients.
Monitoring data collected after release indicated 14 coyotes were residents and 14 were tran-
sients. Eight (57%) transient coyotes eventually established residency during the study. Mean
(±SE) mass and age of coyotes monitored were 14.0 kg ± 0.4 and 2.5 yrs ± 0.2, respectively.
Mass (t26 = 2.75, P = 0.010) and age (t26 = 2.23, P = 0.034) of resident coyotes were greater than
transients (Table 1). Additionally, body measurements of coyotes sampled for this study were
consistent with body measurements reported in Hinton and Chamberlain [50]. Mean resident
home-range size (t45 = 0.03, P = 0.981) and resident core area (t45 = 0.26, P = 0.797) of coyotes
did not differ between seasons (Table 1); resident home-range sizes ranged from 13.4 km² to
47.3 km². Although we detected no seasonal differences in the size of transient biding areas
(t17 = 1.07, P = 0.296), our data suggest transient ranges were greater during the harvest season
of agricultural crops (Table 1; t17 = 1.86, P = 0.080). Transient-range sizes ranged from 64.5 km²
to 633.4 km².

Table 1. Mean (± SE) bodymass, age, and space use of resident and transient coyotes in northeastern North Carolina during 2009–2011.

Size of area used (km²)

Growing1 Harvest2 Composite3

Coyote status Mean mass (kg) Mean age (yr) 95%4 50%5 95% 50% 95% 50%

Resident 14.7 ± 0.4 2.7 ± 0.2 24.1 ± 2.3 4.0 ± 0.5 25.0 ± 2.8 4.0 ± 0.4 27.2 ± 2.0 4.2 ± 0.4

Transient 12.3 ± 0.7 1.6 ± 0.5 212.5 ± 58.0 11.6 ± 4.1 296.9 ± 55.0 21.7 ± 3.9 307.9 ± 44.9 20.6 ± 3.2

1Growing season space use was defined as areas used during March through August.
2Harvest season space use was defined as areas used during September through February.
3Composite space use was defined as the total area used.
495% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident home ranges and transient

ranges.
550% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident core areas and transient

biding areas.

doi:10.1371/journal.pone.0132203.t001
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Resident home ranges, resident core areas, transient ranges, and transient biding areas of
coyotes comprised mostly agriculture, coastal bottomland forest, and pine forest (Fig 2).
Home-range sizes of residents were negatively correlated with the percentage of agricultural
habitats found within home ranges (r2 = 0.32, P = 0.003; Fig 3). We detected no difference in
the proportion of habitat that comprised these 4 area measurements (resident home ranges,
resident core areas, transient ranges, transient biding areas) for agriculture (F3, 72 = 1.66,
P = 0.184), coastal bottomland forest (F3, 72 = 1.87, P = 0.142), and pine forest (F3, 72 = 0.81,
P = 0.490; (Fig 2). Core areas used by resident coyotes contained proportionally less wetland
than home ranges, transient ranges, and biding areas (F3, 72 = 5.51, P = 0.002).

We used distance to 6 landscape features (agriculture, coastal bottomland forest, pine forest,
wetland, edge, and roads) to develop RSFs and map relative probability of habitat use by tran-
sient and resident coyotes separately. Model fit improved substantially by accounting for resi-
dency status and fitting interactions between resource variables and residency status to
explicitly test for differences in habitat selection between residents and transients, providing
support that coyote status affects resource selection (Tables 2 and 3). We created 4 subset mod-
els that included 2nd- and 3rd-order selection for resident and transient coyotes (Table 4). With
the exception of pine forest, all other covariates were important predictors of transient occur-
rence at the landscape level in which transients selected agriculture and roads, and avoided
coastal bottomland forest, wetlands, and edges (2nd-order selection; Table 5). Agriculture and
roads were the only important predictors for transient 3rd-order selection (Table 6). All covari-
ates were important predictors of resident habitat selection at the landscape level (2nd-order
selection; Table 5). Agriculture, coastal bottomland forest, wetlands, edge, and roads were
important predictors at the home-range level (3rd-order selection; Table 6). Although residents
selected for all landscape features except pine forests at the landscape level, residents selected
pine forests and avoided wetlands and roads at the home-range level (Tables 5 and 6). Our k-

Fig 2. Habitat availability and habitat proportions of space used by resident and transient coyotes in northeastern North Carolina during 2009–
2011. Asterisks above the bars represent statistical differences among areas within habitat classes (P < 0.05, Tukey’s test). Study area proportions are
shown for reference.

doi:10.1371/journal.pone.0132203.g002
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fold cross-validation correctly classified 88% of the resident locations for the selection model
comparing resident and transient locations. Similarly, k-fold cross-validation correctly classi-
fied 80% and 76% of the locations for the best 2nd- and 3rd-order selection models for resident
coyotes, respectively, whereas 77% of the locations for the best 2nd- and 3rd-order selection
models for transient coyotes were correctly classified. Model performances of the best models
for transient and resident coyotes ranged from poor to fair. The area under the curve value for
the selection model comparing residents to transients was 78%. Area under the curve values
were 73% and 63% for 2nd- and 3rd-order selection models of residents, respectively. Area
under the curve values were 69% and 61% for 2nd- and 3rd-order selection models of transients,
respectively.

Spatially, differences in habitat selection between residents and transients revealed substan-
tial heterogeneity in the response to the agricultural-forest habitat matrix of the Albemarle
Peninsula (Figs 4 and 5). Compared to transients, resident coyotes showed greater selection for
agriculture, coastal bottomland forest, and edge and lower selection for roads (Tables 5 and 6).

Discussion
Our findings indicate that transient individuals may play a crucial role in dynamic space-use
patterns of coyotes. Similar to other studies [7,11,51], our results indicate that approximately
70% of coyotes in eastern North Carolina are likely residents whereas the remaining 30% are
transients. Transients consisted of younger and smaller individuals than residents and this may
indicate that most transients are dispersing juveniles. However, as breeding pairs and packs are
disrupted via natural or anthropogenic sources, older individuals who previously were

Fig 3. Home-range sizes of resident coyotes regressed against the percentages of agricultural
habitats within home ranges (r2 = 0.39, P < 0.001).

doi:10.1371/journal.pone.0132203.g003

Table 2. Comparison of model fit among the null model, andmodels with and without interactions used to test hypotheses about coyote resource
selection at 2nd and 3rd order in northeastern North Carolina, 2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc), differ-
ences among AICc (ΔAIC), and the conclusion regarding whether there was strong support for the interaction.

Order of selection Models k AICc Deviance ΔAIC Conclusions

2nd Interactions (Resident x each variable) 14 90,512 90,464 0.00 Interactions strongly supported

No interactions 8 93,910 93,889 3,398

Null 2 105,753 105,749 15,241

3rd Interactions (Resident x each variable) 14 101,970 101,922 0.00 Interactions strongly supported

No interactions 8 103,088 103,067 1,118

Null 2 105,178 105,174 3,208

doi:10.1371/journal.pone.0132203.t002
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residents may become transient as well. For instance, after coyote 505M (Fig 6) established a
home range, he was displaced by a neighboring red wolf pack and was a transient for approxi-
mately 15 weeks until establishing a second territory with a female red wolf. Under the direc-
tion of the Recovery Program, 505M was removed during October 2011 so the female red wolf
would be available to potential red wolf mates. Indeed, approximately 4 weeks later, a male red
wolf moved in and formed a breeding pair with the female red wolf (USFWS, unpublished
data).

Throughout North America, coyote home-range sizes typically vary between 2.5 and 70 km2

and the home-range sizes we documented for eastern North Carolina are typical of those
reported in other studies (see Table 22.4 in Bekoff and Gese [52] and Table 21 in Leopold and
Chamberlain [53]). Home ranges of coyotes in our study ranged between 13 and 47 km2 and
did not exceed 47 km2, indicating that coyotes may have an upper limit to the areas they can
effectively exploit and defend as territories. Although regional variability in coyote home-range
sizes can be attributed to adjustments of space use patterns to local environmental conditions,
the minimum and maximum size of coyote home-ranges is likely driven by metabolic costs,
which varies with body mass [54,55]. Coyotes can only defend a finite area while maintaining
an optimal foraging strategy commensurate with the distribution and availability of prey in
their territories [56,57]. Home ranges of resident coyotes were stable and did not vary between

Table 3. Summary of results from generalized linear mixedmodels with for 2nd- and 3rd-order resource selection models for coyotes in northeast-
ern North Carolina during 2009–2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

Order of Selection Model variables β SE 95% CI z P

2nd-Order Intercept -0.430 0.053 -0.532, -0.327 -8.19 <0.001

Agriculture -0.522 0.050 -0.620, -0.425 -10.50 <0.001

Coastal bottomland forest 0.096 0.022 0.054 0.139 4.46 <0.001

Pine 0.042 0.024 -0.006, 0.089 1.73 0.083

Wetland 0.098 0.021 0.056, 0.140 4.56 <0.001

Edge 0.220 0.046 0.130, 0.310 4.78 <0.001

Road -0.599 0.027 -0.652, -0.545 -21.88 <0.001

Agriculture x Resident -2.339 0.083 -2.502, -2.176 -28.11 <0.001

Coastal bottomland forest x Resident -0.533 0.028 -0.588, -0.478 -18.96 <0.001

Pine x Resident 0.440 0.032 0.378, 0.502 13.97 <0.001

Wetland x Resident 0.203 0.028 0.149, 0.258 7.23 <0.001

Edge x Resident -0.349 0.067 -0.481, -0.218 -5.21 <0.001

Road x Resident 0.207 0.034 0.141, 0.273 6.15 <0.001

3rd-Order Intercept -0.051 0.070 -0.188, 0.085 -0.736 0.462

Agriculture -0.250 0.026 -0.301, -0.199 -9.638 <0.001

Coastal bottomland forest -0.032 0.019 -0.070, 0.006 -1.668 0.0954

Pine -0.044 0.019 -0.081, -0.007 -2.302 0.021

Wetland 0.025 0.020 -0.014, 0.064 1.269 0.204

Edge -0.032 0.025 -0.080, 0.017 1.280 0.201

Road -0.168 0.015 -0.198, -0.138 -11.02 <0.001

Agriculture x Resident -0.936 0.047 -1.028, -0.844 -19.93 <0.001

Coastal bottomland forest x Resident -0.130 0.026 0.001, 0.001 5.78 <0.001

Pine x Resident -0.038 0.024 -0.010, 0.086 1.55 0.122

Wetland x Resident 0.063 0.027 0.010, 0.116 2.34 0.020

Edge x Resident -0.049 0.042 -0.130, 0.032 -1.18 0.239

Road x Resident 0.301 0.019 0.263, 0.338 15.53 <0.001

doi:10.1371/journal.pone.0132203.t003
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seasons, suggesting that coyotes may not adjust home-range size to immediate demand but
rather potential demand. In other words, coyotes are likely aware of potential changes in the
environment prior to establishing residency and acquire enough space to accommodate sea-
sonally varying needs and resource availability.

Instability (i.e., shifting patterns) of space use and use of areas greater than 65 km2 were
characteristic of transient coyotes. Despite their wide-ranging (64.5 km² to 633.4 km²) space-
use patterns, many transients exhibited localized movements (i.e., clusters of locations) for sev-
eral weeks that averaged about 21 km2 and those areas appeared analogous to home ranges in
both size and habitat composition. We referred to them as biding areas [20] and 7 of 8 (88%)
residents who were initially transients established home ranges in or nearby their biding areas
(Fig 6). We suggest this behavior may provide benefits to coyote populations because it
increases survivorship of transients via familiarity of areas they roam, allow transients to assess
potential areas prior to establishing home ranges, and, when opportunities arise, replace resi-
dents upon death. However, this relationship requires further investigation. Territorial behav-
ior in coyotes involves a strategy to increase reproductive success among residents holding
space [58]. Although this prevents transients from reproducing, transiency is likely an impor-
tant trait that allows populations to recover rapidly after suffering drastic and extensive

Table 4. Summary of generalized linear mixedmodels for predicting coyote habitat use in four groups corresponding to different hypotheses of
landscape features potentially affecting 2nd- and 3rd-order habitat selection by transient and resident coyotes in northeastern North Carolina,
2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc) and differences among AICc (ΔAIC).

Status Order of selection Model k AICc Deviance ΔAIC

Transient 2nd Full model 8 25,599 25,578 0

No wetlands–AG1+CB2+PI3+ED4+RD5 7 25,614 25,596 14

No forests–AG+WL6+ED+RD 6 25,615 25,601 16

No agriculture–CB+PI+WL+ED+RD 7 25,704 25,690 108

No linear features–AG+CB+PI+WL 6 26,239 26,224 639

Resident 2nd Full model 8 64,822 64,806 0

No wetlands–AG+CB+PI+ED+RD 7 65,106 65,088 279

No linear features–AG+CB+PI+WL 6 65,253 65,237 427

No forests–AG+WL+ED+RD 6 65,842 65,829 1016

No agriculture–CB+PI+WL+ED+RD 7 66,917 66,899 2090

Transient 3rd No wetlands–AG+CB+PI+ED+RD 7 24,052 24,034 0

Full model 8 24,053 24,031 1

No forests–AG+WL+ED+RD 6 24,060 24,045 8

No agriculture–CB+PI+WL+ED+RD 7 24,143 24,126 91

No linear features–AG+CB+PI+WL 6 24,150 24,135 98

Resident 3rd Full model 8 75,693 75,671 0

No wetlands–AG+CB+PI+ED+RD 7 75,712 75,694 19

No forests–AG+WL+ED+RD 6 75,772 75,757 79

No agriculture–CB+PI+WL+ED+RD 7 75,836 75,821 143

No linear features–AG+CB+PI+WL 6 76,654 76,636 961

1 Agriculture
2 Coastal bottomland forest
3 Pine forest
4 Agriculture-forest edge
5 Roads
6 Wetlands

doi:10.1371/journal.pone.0132203.t004
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mortality. This may be particularly important for coyote populations to persist where they are
heavily exploited. For example, 7 coyotes monitored in this study replaced resident coyotes and
red wolves that were killed during the study [59].

Relationships between agriculture and forest habitat and coyote space use in northeastern
North Carolina are similar to those reported for studies in the Northeast and indicate general
selection for open, treeless environments [60–62]. Coyotes typically centered territories on
edges of agricultural fields and forests with higher percentages of agriculture in the interior
(i.e., core areas) as forest habitat increased in outer fringes. During harvest season (autumn
through winter), coyotes typically loafed in forest habitats within 50–300 m of edges adjacent
to agricultural fields and roads. As winter wheat reached heights of approximately 0.5 m during
the growing season (spring through summer), coyotes abandoned forest habitats to loaf in

Table 5. Parameter estimates for 2nd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

2nd-Order Model variables β SE 95% CI z P

Transient Intercept -0.040 0.023 -0.090, 0.007 -1.71 0.088

Agriculture -0.522 0.050 -0.619, -0.425 -10.53 <0.001

Coastal bottomland forest 0.091 0.022 0.049, 0.0133 4.25 <0.001

Pine 0.041 0.024 -0.006, 0.088 -1.72 0.085

Wetland 0.091 0.046 0.049, 0.132 4.26 <0.001

Edge 0.221 0.046 0.131, 0.310 4.82 <0.001

Road -0.594 0.027 -0.648, -0.541 -21.95 <0.001

Resident Intercept -0.673 0.032 -0.742, -0.611 -20.81 <0.001

Agriculture -2.888 0.067 -3.020, -2.758 -43.21 <0.001

Coastal bottomland forest -0.437 0.018 -0.472, -0.402 -24.30 <0.001

Pine 0.477 0.020 0.437, 0.517 23.43 <0.001

Wetland -0.299 0.018 0.228, 0.335 16.47 <0.001

Edge -0.131 0.049 -0.229, -0.036 -2.68 0.007

Road -0.390 0.020 -0.428, -0.351 -19.86 <0.001

doi:10.1371/journal.pone.0132203.t005

Table 6. Parameter estimates for 3rd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

3rd-Order Model variables β SE 95% CI z P

Transient Intercept -0.477 0.750 -2.183, 1.091 -0.64 0.525

Agriculture -0.253 0.026 -0.304, -0.202 -9.64 <0.001

Coastal bottomland forest -0.034 0.021 -0.074, 0.007 -1.64 0.101

Pine -0.059 0.020 -0.097, -0.021 -3.01 0.003

Wetland 0.030 0.021 -0.011, 0.072 1.44 0.151

Edge -0.031 0.025 -0.080, 0.018 -1.23 0.219

Road -0.159 0.016 -0.190, -0.129 -10.05 <0.001

Resident Intercept -0.707 0.293 -1.345, -0.124 -2.42 0.016

Agriculture -1.180 0.039 -1.257, -1.103 -30.07 <0.001

Coastal bottomland forest -0.161 0.018 -0.196, -0.125 -8.85 <0.001

Pine -0.016 0.015 -0.046, 0.014 -1.02 0.307

Wetland 0.087 0.018 0.051, 0.123 4.73 <0.001

Edge -0.066 0.034 -0.131, 0.001 -1.96 0.050

Road 0.139 0.012 0.115, 0.162 11.53 <0.001

doi:10.1371/journal.pone.0132203.t006
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wheat fields when available and then shifted to corn later in the season as wheat was harvested
(J. Hinton, personal observation). Home ranges were smaller where agriculture became the pre-
dominant habitat type (Fig 3), whereas the opposite pattern occurred for forested habitats. For
example, the smallest home-range size (13.4 km2) was that of a female coyote, which contained
approximately 56% agricultural and 30% forested habitat. Of her 1,987 GPS locations, approxi-
mately 87% occurred in agriculture. In contrast, the home range of a female coyote with the
largest home-range size (47.3 km2) consisted of approximately 10% agricultural and 70% for-
ested habitat. Of her 2,296 GPS locations, approximately 35% were in agriculture.

Although habitat compositions of space used by resident and transient coyotes were similar,
patterns of habitat selection differed. Direct comparison between residents and transients
revealed that both selected for agriculture but coastal bottomland forest and edges were
selected more by residents whereas transients were more likely to show selection for roads.

Fig 4. Relative probability of 3rd-order habitat selection by resident coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g004

Fig 5. Relative probability of 3rd-order habitat selection by transient coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g005
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Consequently, resident coyotes tended to establish territories in predominantly agricultural
areas whereas transient coyotes appeared to center their movements and biding areas proxi-
mate to these same habitats via road networks (Fig 5). Indeed, models of 3rd-order selection
indicated only agriculture and roads were important for predicting transient habitat use.

Use of roads was a primary difference in habitat use between residents and transients at the
3rd-order selection level. Coyote populations are adept at exploiting anthropogenic landscape
features [36,63], and we suggest the use of roads by transients may be related to 2 important
aspects of transient ecology. First, roads may provide benefits to transient coyotes through effi-
cient movements that improve foraging opportunities and reduce energetic costs related to
shifting and expansive space use. The use of roads may also permit transients to move effi-
ciently through unsuitable habitat (i.e., inundated forested habitats and wetlands). For exam-
ple, coyote use of bridges to cross waterways has been observed [63]. Indeed, we documented
several of the transient coyotes crossing bridges [20]. Second, most contact between transient
and resident coyotes likely occur through passive and indirect interactions (i.e., scent marking).
As observed in gray wolves (Canis lupus; [64,65]) and red wolves [66], roads and linear corri-
dors may enhance line of sight and olfactory senses of Canis species and facilitate detection of
conspecifics and their territorial boundaries. However, use of roads are known to expose

Fig 6. Transient locations and estimated home ranges of coyotes 505M and 613M in eastern North
Carolina.Coyote 505M was monitored as a transient from 16 April 2009 until 31 May 2009. Coyote 505M
established a territory approximately 1 June 2009 and maintained it until 27 October 2009 when he was
displaced by a neighboring red wolf pack. Coyote 613M was monitored as a transient from 7 January 2011
until 4 April 2011. Coyote 613M established a territory approximately 5 April 2011 after the resident red wolf
pack dissolved after the death of a breeder. Coyote 613Mwas monitored as a resident from 5 April 2011 until
16 August 2012 when his GPS collar failed.

doi:10.1371/journal.pone.0132203.g006
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coyotes to increase risks of mortality and how coyotes make trade-offs between costs and bene-
fits associated with using roads will need to be further assessed [38].

The extent of study areas can make it difficult to understand the probability of occurrence
of coyotes on the landscape. Although our probability maps of predicted habitat selection
reveal distinct gradients of habitat suitability on the Albemarle Peninsula, our AUC scores
were low. Low AUC values indicate the ability of the habitat models to discriminate between
coyote and random locations was limited, but do not necessarily imply low model accuracy
[67]. We believe our low AUC values do not imply low model accuracy because coyotes are
generalists and AUC values for species with broad requirements tend to be low to denote their
widespread distribution [66]. Second, models of 2nd-order selection had greater AUC values
than 3rd-order models, indicating the effect that geographic extent can have on AUC values. In
this case, random locations used in 2nd-order selection models were typically much further
from areas of confirmed use (e.g., resident home ranges and transient ranges) than those used
in 3rd-order selection models. Consequently, random locations in 2nd-order selection orders
were more distinct in their characteristics than those in 3rd-order selection and were better pre-
dicted (i.e., greater model discrimination). In other words, by simply increasing the geographic
extent to areas beyond those occupied by radio-collared coyotes we artificially increased our
AUC values. Therefore, it is likely that we could not assess true accuracy of different models
because 2nd- and 3rd-order selection models differed in the total extent analyzed [67].

Although transient coyotes are commonly perceived as subordinate individuals who are
excluded to suboptimal space unoccupied by residents [5,7,8,15], our knowledge about the role
of transients in coyote ecology remains limited. Because territories are also transitory and
space is frequently gained and lost by individuals, coyotes, irrespective of age and social status,
can become transient through a number of causes. When released from their territories, coy-
otes are capable of traversing over large areas because of their relatively large body size, physiol-
ogy, and overall need to move in response to ecological demands. Therefore, behaviors
associated with transiency involve important decisions by individuals that permit coyotes to
seek out new territories and breeding opportunities broadly across the landscape. During our
study, transient coyotes typically replaced lost mates of residents. When residents lost mates,
we documented surviving residents permitting several transients of the opposite sex into their
territories to select a new mate. Once a new mate was selected, the resident coyote regained
exclusive control of the territory. Because of these observations, we assumed biding areas of
transients may represent attempts of transients to establish territories through mate selection.
As a result of dynamic space use patterns documented in our study, we believe transiency may
be an important life history trait because it facilitates metapopulation dynamics through dis-
persal and replacement of resident breeders [68–70]. Coyotes have become an apex predator
throughout eastern North America and our findings provide insights into the potential role of
transients in coyote ecology.
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a  b  s  t  r  a  c  t

Surgical  sterilization  of  coyotes  (Canis  latrans)  reduced  their  predation  rate  on  domestic
sheep.  We  investigated  whether  sterilizing  coyotes  would  similarly  change  coyote  pre-
dation rates  on  pronghorn  antelope  (Antilocapra  americana)  neonates.  From  May  2006  to
March 2008,  we  radio-collared  71  pronghorn  fawns  to determine  survival  rates  in  south-
east Colorado,  USA.  During  the first year  of  the study,  all coyotes  were  reproductively  intact.
During  the  second  year,  we  surgically  sterilized  15  coyotes  from  10  packs  in  the  southern
half  of  the  study  area,  while  nine  coyotes  from  seven  packs  in the  northern  half  were  given
sham  sterilizations  (i.e., remained  reproductively  intact).  In  addition,  we estimated  the
availability  of  alternative  prey and  coyote  density  on both  areas  to  evaluate  predator–prey
factors  that  could  interact  with  the  sterilization  treatment.  Using  the  known  fate  model  in
Program  Mark, we constructed  models  with  and without  a treatment  effect,  plus  year,  area,
individual covariates,  alternative  prey indices,  and  predator  density  to  estimate  pronghorn
fawn  survival  rates.  Results  from  model  averaged  parameter  estimates  and  cumulative  sum-
mer survival  indicated  coyote  sterilization  increased  survival  rates  of pronghorn  fawns  by
reducing predation  rates  of  fawns.  While  fawn  survival  was  higher  overall  in the  north
area,  after  treatment  was applied,  cumulative  pronghorn  fawn  survival  during  the  summer
of 2007  in  the south  area  was  242%  higher  for  pronghorn  fawns  captured  in  sterile  coyote
territories  (0.44;  79-day  interval  survival  rate)  compared  to  fawns  captured  in  intact  coyote
territories  (0.18).  There  was  also  a significant  local  area  effect,  but no  relationship  between
fawn survival  and  individual  fawn  covariates  of sex,  birth  weight,  birth  date,  or age.  No
relationship  was  detected  between  fawn  survival  and  lagomorph  abundance  index,  rodent
abundance  index,  or coyote  density.  Surgical  sterilization  of  coyotes  was useful  in reducing
predation  rates  on pronghorn  fawns.

Published by Elsevier  B.V.

1. Introduction

Coyotes (Canis latrans) are considered an abundant and
expanding native species in North America. Their popula-
tion  expansion has been enhanced by altered landscapes

∗ Corresponding author. Tel.: +1 435 797 2542; fax: +1 435 797 3796.
E-mail  address: eric.gese@usu.edu (E.M. Gese).

and the loss of top carnivores (Gompper, 2002; Berger and
Gese,  2007). One concern with the expansion of native
predators is their impact on prey species. In North Amer-
ica,  predation of ungulate neonates can be the primary
cause of mortality (Linnell et al., 1995). Coyotes are espe-
cially  adept at killing pronghorn (Antilocapra americana)
fawns (Byers, 1997). Studies have shown coyote-caused
mortality of pronghorn neonates exceeds 75% of total mor-
tality  (Gerlach and Vaughan, 1990; Dunbar and Giordano,

http://dx.doi.org/10.1016/j.applanim.2014.02.006
0168-1591/Published by Elsevier B.V.
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2003) and can lead to fawn:doe ratios <1:100 (Dunbar and
Giordano,  2003). Where ungulate populations are declin-
ing  or critically low, limited fawn recruitment can affect the
persistence  of local populations (Bright and Hervert, 2005;
Berger  et al., 2008). Under these circumstances, coyote
management may  be required to sustain ungulate popu-
lations. Coyote control in areas of fawn birthing could
increase chances of fawn recruitment into the population
(Smith et al., 1986; Bright and Hervert, 2005).

Management of coyote predation for domestic ani-
mals is complex and involves using several techniques
(Knowlton et al., 1999). There are added challenges for
coyote  management for wild ungulate populations, such
as  pronghorn or mule deer (Odocoileus hemionus), due to
unrestricted animal movements, extent of the landscape,
cost of the effort, and lack of public support. Non-lethal
management techniques for domestic animals, such as
animal  husbandry, guard animals, repellents, or aversive
conditioning, are impractical for wildlife management.
Habitat management is often the most obvious non-lethal
method by which to influence ungulate population dynam-
ics  (Gaillard et al., 2000; Ballard et al., 2001; Forrester
and Wittmer, 2013) with the interaction of forage quality
and  predation often being mediated by climate (Hopcraft
et  al., 2010). Lethal control of coyotes is frequently the
only  method available for managers to cope with preda-
tion.  However, lethal control is a source of controversy
to the public (Kellert, 1985; Messmer et al., 2001) and in
some  cases may  not be biologically effective, particularly in
cases  where predation is not a limiting factor to the ungu-
late  population (Ballard et al., 2001; Hurley et al., 2011;
Forrester and Wittmer, 2013).

One non-lethal method to control coyote predation is
changing predatory behavior through reproductive inter-
ference  (i.e., reduce the energetic demands of provisioning
pups). Till and Knowlton (1983) showed removing coy-
ote  pups from a den reduced predation on domestic
sheep and hypothesized that the absence of pups reduced
energetic needs of the pack, thus reducing predation
on larger food items. Sacks et al. (1999) found offend-
ing coyotes responsible for sheep predation were the
breeding, territorial animals and recommended that con-
trol  efforts focus on these individuals. Zemlicka (1995)
demonstrated sterilization of captive coyotes did not affect
social  or territorial behaviors. Bromley and Gese (2001a)
found surgical sterilization of coyotes resulted in an eight-
fold  reduction of predation on lambs. In addition, results
from  a modeling study comparing sterilization and other
lethal  strategies, indicated sterilization offered the most
lasting  impact on coyote population dynamics (Conner
et  al., 2008). Surgical sterilization is less objectionable
to the public and has the potential to be more success-
ful biologically because it can persist for several years,
whereas lethal control generally is applied annually. In
addition, sterilized wild coyote pairs continued to defend
their  territory against neighboring coyotes and maintain
pair bonds (Bromley and Gese, 2001b; Seidler and Gese,
2012).

Since  coyote predation on lambs can be reduced using
sterilization (Bromley and Gese, 2001a), then it may
work in a wildlife application as well. In this study,

we  tested the hypothesis that surgical sterilization of
coyotes would increase survival rates of pronghorn fawns
by  decreasing coyote predation rates on fawns, using
a  Before-After-Control-Impact paired (BACIP) field study
design  (Stewart-Oaten et al., 1986; Smith, 2002; Gotelli
and  Ellison, 2004). To evaluate factors impacting coyote
predation on pronghorn fawns, we also examined levels
of  alternative prey availability and coyote density, as well
as  individual fawn covariates of sex, birth weight, and birth
date.  Our study is the first to examine the use of steriliza-
tion on coyotes as a non-lethal management tool to reduce
predation on wild neonates.

2.  Methods

2.1. Description of study area

We conducted this research on the 1,040 km2 Piñon
Canyon Maneuver Site (PCMS) in Las Animas County, Col-
orado,  USA. The study area encompassed the home-range
boundaries of radio-collared coyotes and the locations of
radio-collared fawns involved in the study (approximately
350 km2). Average elevation on the PCMS was 1520 m,
mean  temperatures ranged from 1 ◦C in January to 24 ◦C
in  July (Shaw and Diersing, 1990), and mean annual pre-
cipitation was  305 mm  (Milchunas et al., 1999). Harvest
of  coyotes was not permitted for the duration of the
study. Nearly 60% of the PCMS was  identified as short-
grass prairie dominated by blue grama (Bouteloua gracilis),
galleta  (Hilaria jamesii), and western wheatgrass (Agropy-
ron  smithii) (Shaw et al., 1989). Many shrub communities
occurred within the grassland communities along allu-
vial  fans, waterways, and slopes. These were characterized
by black greasewood (Sarcobatus vermiculatus), fourwing
saltbush (Atriplex canescens), Bigelow sagebrush (Artemisia
bigelovii), winterfat (Krascheninnikovia lanata), small soap-
weed  (Yucca glauca), and tree cholla (Opuntia imbricata).
Woodland communities were composed primarily of one-
seed  juniper (Juniperus monsperma) and pinyon pine (Pinus
edulis)  mixed with grassland or shrubland species. Wood-
lands  dominated the canyons and breaks. Areas that were
defined  as burned had natural or prescribed fires during or
after  2004.

2.2.  Description of study design

This study was designed to test the prediction that
fawns born in territories of sterile coyotes (i.e., no pups)
would have higher survival rates than fawns born in
territories of intact coyotes (i.e., with pups). Using a Before-
After-Control-Impact paired (BACIP) field study design
(Stewart-Oaten et al., 1986; Smith, 2002; Gotelli and
Ellison, 2004), the first year of the study was  a baseline
year in which no treatment (i.e., sterilization) was  applied.
We  captured and radio-collared fawns in two  sites (north,
south)  and determined survival rates in both sites for the
baseline  survival rate estimates. During the second year of
the  study, we  sterilized coyotes in the south area, while
sham-operating coyotes in the north area (i.e., remained
reproductively intact). To maintain hormone levels, female
coyotes  were tubal ligated and males were vasectomized,
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thereby insuring maintenance of territorial boundaries and
pair  bonds (Bromley and Gese, 2001a; Seidler and Gese,
2012).  However, some fawns in the south were captured
outside the territorial boundaries of our sterile packs and
these  fawns were considered to be within the range of
intact  packs. Therefore our comparisons were across two
areas  (north, south) and two treatments (sterile, intact). To
evaluate  additional factors impacting survival rates other
than  sterilization, we also included variables that measured
levels  of prey availability, coyote density, as well as indi-
vidual  pronghorn fawn covariates of sex, birth weight, and
birth  date.

2.3.  Capture and monitoring of pronghorn fawns

We observed solitary pronghorn does during the fawn-
ing  season (mid-May through early June) with spotting
scopes to locate hidden fawns (Autenrieth and Fichter,
1975). Newborn fawns were permitted to bond with their
mother  for >4 h before capture. We  captured fawns by
hand  or with a long-handled salmon net, then blindfolded
and handled them with latex gloves. We  outfitted fawns
with  ≤75 g expandable radio-collars with a 6 h mortality
mode and precise event transmitter (Advanced Teleme-
try  Systems, Isanti, Minnesota, USA). The transmitter was
programmed to convey the amount of time elapsed post-
mortality mode. We  measured fawn mass, and noted the
presence  and state of the umbilicus (Byers and Moodie,
1990), sex, and health of fawns. Research protocols were
approved by the Institutional Animal Care and Use Com-
mittees at the National Wildlife Research Center and Utah
State  University.

We  monitored fawns daily from the ground with
telemetry from mid-May through July, weekly through
August, and monthly through March of the following
year. We  located mortalities immediately and the body, if
present,  and surrounding area was carefully examined. We
classified  predation events as coyote, eagle (Aquila chrysae-
tos),  or unknown, based upon tracks, scat, hair, hemorrhage
patterns, and caching characteristics (O’Gara, 1978; Wade
and  Bowns, 1984; Acorn and Dorrance, 1998). We  collected
DNA  evidence from fatal puncture wounds on carcasses
that had evidence of hemorrhaging (Blejwas et al., 2006).
When  in doubt about the species of predator responsible for
the  mortality, we attempted to identify the species through
genotyping (Wildlife Genetics International, Nelson, British
Columbia,  Canada). Unless otherwise noted, all statistics
were calculated in SPSS 10.0.5 (SPSS Inc., Chicago, IL).

2.4.  Capture and monitoring of coyotes

We selected a contiguous area to treat as opposed to
randomizing our treatment area based on coyote home
ranges. If the treatment had been randomly applied at the
scale  of the home range we would have had the issue of
radio-collared fawns moving across the landscape through
treated  and non-treated areas. In addition, a broad spec-
trum  application of coyote sterilization best simulated
what would be conducted in a true management setting.
Coyotes were sterilized in December 2006 in half of the
study  site in a BACIP study design. We  attempted to capture

all  coyotes present in the study area with a net-gun fired
from  a helicopter (Barrett et al., 1982; Gese et al., 1987). We
sterilized  animals captured in the southern portion of the
study  area (treated), while animals captured in the north-
ern  portion were sham-operated (i.e., remained intact).
We  transported captured animals by vehicle or helicopter
to  a central processing location. A veterinarian sterilized
females by tubal ligation and males by vasectomy, thereby
allowing hormonal systems and social behaviors to remain
unaffected (Asa, 1995; Zemlicka, 1995). All animals other-
wise  received the same treatment: they were anesthetized,
incised and sutured, radio-collared, allowed to recover, and
released  at the capture site within 24 h. Effects of surgi-
cal  sterilization on coyote social and spatial ecology (pair
bonds,  territory maintenance, space use, and survival rates)
are  addressed in Seidler and Gese (2012).

To determine with greater certainty that treated coyote
packs were indeed sterile, we conducted howling surveys
(Harrington and Mech, 1982; Fuller and Sampson, 1988)
and  searched for dens and pups of radio-collared individ-
uals. Howling surveys were conducted from 4 June 2007
to  13 August 2007, with one to two  field teams going to
high  points, howling, and recording whether the response
included pups or not. Concurrently, all radio-collared indi-
viduals  in the pack were detected with telemetry. Packs
with  pups were considered intact. Visual observations of
radio-collared individuals allowed us to gain information
on pup presence as well as minimum group sizes. We  con-
ducted  these surveys from 8 June 2007 to 5 December
2007. One to two  people would home in on a radio-collared
coyote on foot. We attempted to approach animals from
downwind in a stealthy manner to reduce disturbance
of pack members. We noted coyote group size, location,
and the presence of pups. We  estimated pre-whelping
coyote density by dividing the minimum pack size
observed by the pack’s home-range size (Gese et al., 1989;
Gese,  2001).

2.5.  Home range analysis

We  monitored coyotes with telemetry from December
2006 to March 2008, primarily at dawn and dusk to obtain
locations during the highest activity periods (Andelt and
Gipson,  1979). Telemetry locations were attempted every 2
days.  We calculated locations using ≥3 bearings in Program
Locate  II (Pacer, Ltd., Truro, Nova Scotia, Canada). To reduce
estimation errors when assigning fawn capture locations to
specific  coyote home ranges, we  only used locations with
95%  error areas ≤0.10 km2. We  used data locations gath-
ered  from April 2007 to September 2007 to define seasonal
pack  home ranges used in assigning pronghorn fawns to
sterile  or intact coyote packs. We chose this time period
to  include the coyote pup-rearing season when energetic
needs for the pack were highest and pronghorn fawns were
vulnerable to predation. We  used observation-area curves
(Odum  and Kuenzler, 1955) to determine whether we col-
lected  enough locations to adequately estimate seasonal
home ranges for radio-collared coyotes.

We plotted home ranges of coyote packs with the
ArcMap (ArcGIS 9.2, Environmental Systems Research
Institute, Inc., Redlands, California, USA) extension,



86 R.G. Seidler et al. / Applied Animal Behaviour Science 154 (2014) 83–92

Hawth’s Tools 3.27. We  used the fixed kernel density esti-
mator  (Worton, 1989) with point locations to describe
resident pack home ranges because it is less biased to small
sample  sizes and outliers (Millspaugh and Marzluff, 2001).
We  used a 95% contour to describe a pack’s home range
(Shivik and Gese, 2000). To determine bandwidths, we
adapted  an ad hoc method which prevents undersmooth-
ing, is relatively unaffected by sample size, and reduces
Type I errors. Initially, we plotted home ranges using h
(bandwidth) = 1000 and then incrementally reduced the
bandwidth by 10% until we had the smallest bandwidth
that did not create disjoint polygons.

We calculated the amount of each habitat type present
in  each coyote pack home range to compute indices for
alternative prey available to each coyote pack. Vegetation
layers were provided by the Directorate of Environmental
Compliance and Management, Fort Carson, Colorado, USA.
These  layers were merged into four habitat types: grass-
land,  shrubland, woodland, or burned area. Coyote pack
home  ranges were overlaid with the habitat layers to esti-
mate  the amount of each habitat type present within each
pack’s  home range.

2.6.  Estimates of prey availability

We  conducted surveys to determine the relative
abundance of rodents (trapping grids) and lagomorphs
(spotlight surveys) available within each coyote pack home
range  (Bromley and Gese, 2001a) during June and July of
both  years. We  used 7.6 × 7.6 × 25.4 cm Sherman live traps
(H.B. Sherman Traps, Tallahassee, Florida, USA) baited with
chicken–scratch–grain mix  and peanut butter to capture
small mammals. Traps were set in a 5 × 7 grid design with
10  m spacing across all four different habitats in a nested
design of three replicates per habitat in both the ster-
ile  (treated) and intact (sham) areas; traps were run for
three  consecutive nights (Valone et al., 2002; Thibault et al.,
2010;  Allington et al., 2013). We  checked the traps each
morning and captured animals were marked, recorded, and
released.  To calculate the rodent index, all catchable species
were  grouped by genus and the median mass for each
species (Fitzgerald et al., 1994) was then averaged across
all  species captured in that genus. The average mass was
then  multiplied by the total number of unique individuals
of  that genus captured on each grid. A rodent index value
was  assigned to each habitat type as rodent kg/km2. We
then  extrapolated the rodent index to each coyote home
range  based upon the amount of habitat type in the home
range  (Bromley and Gese, 2001a).

Lagomorph spotlight surveys (Smith and Nydegger,
1985) were conducted in replicates of three per habitat
type over three consecutive nights in both the sterile and
intact  areas. Cottontail (Sylvilagus audubonii) and black-
tailed  jackrabbit (Lepus californicus) numbers were counted
for  each habitat and replicates were averaged together. The
mean  number of lagomorphs/km was multiplied by the
average  mass of the species and used to assign a lagomorph
index value to each habitat type. These index values were
then  extrapolated into each coyote home range (Bromley
and  Gese, 2001a).

2.7.  Pronghorn fawn survival analyses

We estimated semi-monthly fawn survival rates over
five  time intervals (14 May–31 July) using known fate mod-
els  in Program MARK (White and Burnham, 1999). Survival
rates  for unequal time intervals (18, 15, 15, 15, 16 days)
were  standardized to semi-monthly rates for compari-
son (White and Burnham, 1999) and encounter histories
were censored for the year the fawn was  not monitored.
We  compared models using the Akaike Information Crite-
ria  corrected for small sample size (AICc; Burnham and
Anderson, 2002).

Due  to small sample sizes, a priori models were care-
fully designed to avoid detection of spurious correlations
(Burnham and Anderson, 2002). We grouped the data by
area  (north or south). Our models included eight covari-
ates: fawn sex, birth weight (kg), estimated age at capture
(days), birth date, treatment (captured in an intact or
sterile  coyote home range), relative coyote density, lago-
morph  abundance index, and rodent abundance index. We
assigned  values for the last four covariates based upon the
coyote  home range in which the fawn was captured. We
did  not use a fawn’s mortality location to test the effects
of  the covariates because not all fawns died. Fawns cap-
tured  outside of a known coyote home range were classed
as  intact and assigned an average coyote density, rodent
abundance, and lagomorph abundance value.

The primary goal of our study was  to estimate the effect
of  coyote sterilization on pronghorn fawn survival. There-
fore,  we  examined a dual model set with and without the
treatment effect (Bishop et al., 2008) allowing us to use
model  averaging (White et al., 1999); that is, each model
had  a structure with and without a treatment effect. If there
was  no treatment effect, then there would be no differ-
ence in the model averaged fawn survival estimates on
intact  and sterile coyote home ranges; that is, the model-
averaged estimated effect-size would be small and the
confidence interval would cover 0. To minimize the num-
ber  of models, we constructed models of fawn survival in
a  three-phase process. First, we  constructed models with
only  temporal effects (Table 1, models 1a,b–6a,b). We  pre-
dicted  survival of fawns over a 79-day period would be
variable  because their vulnerability to predation changes as
they  develop (Barrett, 1978; Von Gunten, 1978). To model
these  hypothesized temporal differences in survival, we
ran  the following four models: (1) a linear time trend model
based  on the hypothesis that fawn survival increases after
birth;  (2) a non-linear time trend model (i.e., a threshold
model using the natural logarithm) based on the hypothe-
sis  that fawn survival increases to a maximum value then
plateaus; (3) a model which held the first three and the
last  two  time intervals equal based on the hypothesis that
survival  increases in stages as fawns age; and (4) a model
which allowed the first three time intervals to vary but held
the  last two intervals constant based on the hypothesis that
survival  is variable when fawns are the youngest and most
vulnerable to predation (Table 1, models 3a,b–6a,b). We
then  combined the best time model of fawn survival with
area  and year effects (Table 1, models 7a,b–9a,b). Area was
different from treatment because, although we attempted
to  capture and sterilize coyote packs throughout the entire
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Table 1
Models used to evaluate the influence of coyote sterilization and other covariates on pronghorn fawn survival (S), Piñon Canyon Maneuver Site, Colorado,
USA,  May  2006–March 2008.

Model
no.

Model structure Model hypothesis

1a S(area × time) + treatment Survival varied by an interactive effect of area and time, plus treatment
1b  S(area × time) Survival varied by an interactive effect of area and time
2a  S(treatment) Survival varied only by treatment
2b  S(.) Survival was constant
3a  S(time + treatment) Survival varied by a linear trend in time, plus treatment
3b  S(time) Survival varied by a linear trend in time
4a S(ln(time) + treatment) Survival varied by a nonlinear trend in time, plus treatment
4b  S(ln(time)) Survival varied by a nonlinear trend in time
5a S((t1 = t2 = t3, t4 = t5) + treatment)a Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5, plus treatment
5b  S(t1 = t2 = t3, t4 = t5) Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5
6a  S((t4 = t5) + treatment) Survival was constant in time intervals 4 and 5, plus treatment
6b  S(t4 = t5) Survival was constant in time intervals 4 and 5
7a  S((t4 = t5) + area + treatment) Survival was constant in time intervals 4 and 5 but varied by area (north

and south) and treatment
7b  S((t4 = t5) + area) Survival was constant in time intervals 4 and 5 but varied by area (north

and south)
8a  S((t4 = t5) + year + treatment) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007) and treatment
8b  S((t4 = t5) + year) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007)
9a  S((t4 = t5) + area + year + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

and treatment
9b  S((t4 = t5) + area + year) Survival was constant in time intervals 4 and 5 but varied by area and year
10a S((t4 = t5) + area + sex + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

sex, and treatment
10b  S((t4 = t5) + area + sex) Survival was constant in time intervals 4 and 5 but varied by area and

fawn sex
11a  S((t4 = t5) + area + birth weight + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth weight, and treatment
11b  S((t4 = t5) + area + birth weight) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth weight
12a  S((t4 = t5) + area + age + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

age, and treatment
12b  S((t4 = t5) + area + age) Survival was constant in time intervals 4 and 5 but varied by area and

fawn age
13a  S((t4 = t5) + area + birth date + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth date, and treatment
13b  S((t4 = t5) + area + birth date) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth date
14a  S((t4 = t5) + area + coyote + treatment) Survival was constant in time intervals 4 and 5 but varied by area, coyote

density, and treatment
14b  S((t4 = t5) + area + coyote) Survival was constant in time intervals 4 and 5 but varied by area and

coyote density
15a  S((t4 = t5) + area + year + lago + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

lagomorph density, and treatment
15b S((t4 = t5) + area + year + lago) Survival was constant in time intervals 4 and 5 but varied by area, year,

and lagomorph density
16a  S((t4 = t5) + area + year + rodent + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

rodent density, and treatment
16b  S((t4 = t5) + area + year + rodent) Survival was constant in time intervals 4 and 5 but varied by area, year,

and rodent density

a t = time interval.
For each model structure, two versions of the model were run; one with a treatment effect (a) and one without a treatment effect (b), for a total of 32
models.

southern portion of the study site, some fawns in the south
were  not captured within a radio-collared coyote home
range  and could not be assigned to the treatment group.

For  the last phase of model building, we added all other
covariates to the best model from phase one and two. We
included  sex, birth weight, age at capture, and birth date
to  account for potentially important sources of individual
variation of fawn survival (Fairbanks, 1993; Byers, 1997;

Table  1, models 10–13), and coyote density, lagomorph
abundance index, and rodent abundance index to account
for  predator–prey factors (Table 1, models 14a,b–16a,b).

Age at capture was estimated using a constant for
growth rate derived from Byers (1997). Mean known birth
weight  was  estimated from fawns known to have been born
the  day of capture. We  knew <1-day-old fawns because
either we witnessed their birth or they had a wet umbilicus
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(Byers and Moodie, 1990). Because there was a difference
between prey index estimates in the 2 years, we always
included year in models with an alternative prey covariate.
Using model averaged estimates, we performed a Z-test for
differences  in survival rates to compare survival between
areas and years. A Wald’s test (Agresti, 1990) was  used to
determine significance of covariates.

We estimated model averaged cumulative summer sur-
vival  (White et al., 1999) to evaluate the overall impact
of  sterilization on fawn survival over the 79-day study
period. We  estimated overall summer survival from the five
semi-monthly model averaged survival estimates (ŝ1–ŝ5) as
ŝ1 × ŝ2 × ··· × ŝ5 and used the delta method to estimate its
variance (on the natural-log scale; Franklin et al., 2004).

3.  Results

3.1. Coyote home range and density

We captured 30 coyotes: nine coyotes from seven
resident home ranges in the north were captured and
sham-operated (i.e., intact), while we sterilized 15 coyotes
from  10 resident home ranges in the south; although two
of  the sterile packs were later assigned to intact due to sus-
pected  presence of pups. Four radio-collared coyotes (two
intact  and two sterile) were transient (their home range
encompassed multiple resident home ranges) and one ster-
ile  and two intact resident coyotes began dispersing in the
summer  of 2007. One intact coyote could not be accurately
tracked due to her home range being on private land.

We  used 485 locations (x̄ = 28.5, 95% CI = 23.5–33.5 per
home range) to define seasonal pack home ranges. The
mean  telemetry error was 328 m (95% CI = 231–425) based
on  14 blind tests of randomly placed transmitters. The
total  area considered sterile was 125.1 km2. Mean home
range  size of all radio-collared coyotes was 16.1 km2 (95%
CI  = 12.7–19.5) and the mean minimum pack size was 2.2
coyotes  (95% CI = 2.0–2.4). Coyote density was not different
in  the north (0.15 coyotes/km2, 95% CI = 0.10–0.20, n = 9)
and  south (0.18 coyotes/km2, 95% CI = 0.14–0.22, n = 8;
t14 = −0.816, P = 0.428) areas.

3.2.  Alternative prey indices

The  lagomorph abundance index was 22.7 kg/km (95%
CI  = 18.0–27.4) in 2006, and 5.0 kg/km (95% CI = 3.4–6.6) in
2007  (t20 = 7.034, P < 0.001). The rodent abundance index
was  1235.2 kg/km2 (95% CI = 1,007.1–1,463.3) in 2006, and
282.2  kg/km2 (95% CI = 211.4–353.0) in 2007 (t20 = 7.819,
P  < 0.001). We  detected no difference in overall availabil-
ity  of alternative prey between the north and south areas
(lagomorph index, t32 = −0.349, P = 0.730; rodent index,
t32 = 0.038, P = 0.970).

3.3.  Pronghorn fawn survival

We  captured and radio-collared 31 fawns in 2006 and
40  fawns in 2007. Coyote predation was the primary cause
of  death in both years. In 2006, 26 of 31 fawns died by
July;  16 (61.5%) fawns were killed by coyotes, one mortal-
ity  was due to eagle predation, and nine mortalities were

by  unknown predators; DNA analysis attributed the cause
of  death to coyote predation in one out of two  question-
able mortalities. In 2007, 25 of 40 fawns died by July. In
both  sterile and intact areas, deaths were primarily due to
coyote  predation (76%) while six mortalities were due to
unknown  causes. DNA analysis attributed cause of death to
coyote  predation in five out of six questionable mortalities.
A  simple determination of the 78-day survival rate (Heisey
and  Fuller, 1985) using accumulated radio-days and the
number  of deaths (Trent and Rongstad, 1974) showed that
during  2006, the 78-day interval survival rate was 0.04 (10
of  14 fawns died) and 0.01 (16 of 17 fawns died) for the
north  and south areas, respectively (both areas contained
intact coyote packs). In 2007, the 78-day interval survival
rate  was  0.25 in the north area (again all coyotes were
intact in the north). However, in the south area, the inter-
val  fawn survival rate was 0.07 in the intact coyote home
ranges, but 0.24 in the sterile home ranges, generating over
a  3× increase in fawn survival in the sterile home ranges
compared to the intact ranges in the southern study site.

The  best model of fawn survival, S(t4 = t5) + area + year,
was  only slightly better than the model
S(t4 = t5) + area + treatment (Table 2, models 9 and 7).
Based upon a criterion of �AICc < 2 (Burnham and
Anderson, 2002), 11 models were competitive (Table 2).
All  competing models included area and semi-monthly
time interval (modeled as varying in the first three
intervals but constant in the last two; Table 2). Based
on model averaged parameter estimates, there was a
significant treatment effect at  ̨ = 0.10 (ˇtreat = 0.543, 90%
CI  = −0.361–1.447, 1-sided Wald test, P = 0.098; Fig. 1A
and  B), which suggested fawn survival was higher for
fawns captured in treated (sterile) coyote home ranges
when compared to fawns captured in untreated (intact)
coyote home ranges in the south area. Overall survival
differences were consistent between years (Fig. 1A and
B);  model averaged parameter estimates of fawn sur-
vival  in 2006 were similar to 2007 (ˇyear = 0.135, 90%
CI = −0.673–0.397, 1-sided Wald test, P = 0.289). Overall,
survival was  higher in the north control than in the south
control area (ˇarea = 0.763, 90% CI = 0.023–1.549, 1-sided
Wald test, P = 0.018). In spite of this area difference, the
treatment effect was evidenced by increased survival on
the  south treatment area (sterile) compared to the south
control area (intact) in 2007 (Fig. 1B). None of the other
model covariates (i.e., lagomorph index, rodent index,
fawn sex, fawn birth weight, fawn birth date, fawn age at
capture)  were significant (P > 0.110 for all tests, 1-sided
Wald test).

The  treatment effect was  also manifested in model aver-
aged  cumulative summer survival rates (Fig. 2). In 2007,
cumulative summer survival for the north area was 2.4×
higher  than for the south control area, while cumulative
survival on the south sterile area was  2.4× higher than for
the  south intact area (P = 0.032 and P = 0.068, respectively;
Table 3). After accounting for treatment, model averaged
cumulative survival of fawns differed by area (Table 3).
Fawn  survival showed the same pattern for years, areas,
and  treatment groups; after declining over the first two
time  intervals, the probability of fawn survival stabilized
in  the third week of June (Fig. 2).
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Table 2
Model selection results for pronghorn fawn survival (S) with five semi-monthly time (t) intervals, Piñon Canyon Maneuver Site, Colorado, USA, May
2006–March  2008.

Model no. Model structure Ka �AICcb AICc Weights Deviance

9b S((t4 = t5) + area + year) 6 0.00 0.12 173.06
7a  S((t4 = t5) + area + treatment) 6 0.40 0.10 173.47
9a  S((t4 = t5) + area + year + treatment) 7  0.67 0.08 171.58
10a  S((t4 = t5) + area + sex + treatment) 7 1.06 0.07 171.97
8b  S((t4 = t5) + year) 5 1.64 0.05 176.84
10b S((t4 = t5) + area + sex) 6 1.74 0.05 174.80
11a S((t4 = t5) + area + birthweight + treatment) 7 1.80 0.05 172.71
7b  S((t4 = t5) + area) 5 1.82 0.05 177.02
16b S((t4 = t5) + area + year + rodent) 7 1.88 0.05 172.79
13a S((t4 = t5) + area + birthdate + treatment) 7 1.92 0.05 172.83
15b S((t4 = t5) + area + year + lago) 7 1.94 0.04 172.84
13b S((t4 = t5) + area + birthdate) 6 2.34 0.04 175.41
16a S((t4 = t5) + area + year + rodent + treatment) 8 2.45 0.03 171.17
12a S((t4 = t5) + area + age + treatment) 7 2.53 0.03 173.43
15a S((t4 = t5) + area + year + lago + treatment) 8 2.55 0.03 171.27
14a S((t4 = t5) + area + coyote + treatment) 7 2.56 0.03 173.46
6b  S((t4 = t5)) 4 3.28 0.02 180.59
11b  S((t4 = t5) + area + birthweight) 6 3.41 0.02 176.48
8a  S((t4 = t5) + year + treament) 6 3.63 0.02 176.70
14b S((t4 = t5) + area + coyote) 6 3.69 0.02 176.75
12b S((t4 = t5) + area + age) 6 3.89 0.02 176.95
6a  S((t4 = t5) + treatment) 5 4.35 0.01 179.55
5b  S((t1 = t2 = t3, t4 = t5)) 2 4.69 0.01 186.16
5a  S((t1 = t2 = t3, t4 = t5) + treatment) 3  5.89 0.01 185.29
3b  S(T) 2 20.73 0.00 202.19
3a  S(T + treatment) 3 21.88 0.00 201.27
1b  S(area x t) 20 25.94 0.00 166.44
4b  S(ln(T)) 2 26.89 0.00 208.35
1a  S(area x t) + treatment 21 27.34 0.00 165.31
4a  S(ln(T) + treatment) 3 27.98 0.00 207.37
2b  S(.) 1 32.36 0.00 215.86
2a  S(treatment) 2 33.20 0.00 214.66

a Number of estimable parameters.
b Minimum AICc = 185.53.

Table 3
Difference in model-averaged cumulative pronghorn fawn summer survival rates (interval: May  14–31 July; 79 days), based on five semi-monthly intervals,
Piñon  Canyon Maneuver Site, Colorado, USA.

Year Area Treatment Cumulative ŝ SE Diff  Diff

ŝintact−ŝintact) SE P (ŝsterile−ŝintact) SE P

2006 North Intact 0.416 0.129 0.243 0.152 0.055 – – –
–  South Intact 0.173 0.081 – – – – – –
2007 North Intact 0.439 0.105 0.250 0.135 0.032 0.254 0.170 0.068
–  South Intact 0.183 0.085 – – – – – –
–  South Sterile 0.443 0.147 – – – – – –

Models with no treatment effect were used for model averaged survival estimates in 2006 and for north and south intact in 2007. Models with a treatment
effect  were used for model averaged survival estimates for south sterile in 2007.

4. Discussion

Our results from model averaged parameter estimates
and cumulative summer survival indicated coyote ster-
ilization changed the predatory behavior of coyotes as
evidenced by reducing predation rates on pronghorn
fawns. While fawn survival was higher overall in the north
area,  after treatment was  applied, cumulative pronghorn
fawn survival during the summer of 2007 was 2.42× higher
for  fawns captured in sterile packs compared to fawns cap-
tured  in intact packs in the southern area. Indeed, despite
the  fact that pronghorn fawn survival was 2.40× higher in
the  north area than the south area during pre-treatment
in 2006, the treatment effect was evidenced by increased

survival in sterile packs compared to no increase in intact
packs  in 2007, nor any increase on the north intact area
from  2006 to 2007. That is, cumulative fawn survival in
the  sterile packs on the south was  raised to northern lev-
els,  while remaining low in southern intact packs. For
wildlife managers seeking an alternative to lethal removal
of  coyotes, acquiring a 242% increase in pronghorn fawn
survival by using coyote sterilization is biologically signif-
icant  and relevant for management actions in areas where
lethal  control is undesirable.

None  of the individual covariates we tested (fawn sex,
birth  weight, birth date, age at capture) were statistically
important. The lack of difference between male and female
fawn  survival was  similar to other studies (Fairbanks, 1993;
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Fig. 1. Model averaged pronghorn fawn survival rates (±95% CI) in semi-
monthly intervals, 14 May–31 July (79 days), (A) before treatment in 2006,
and (B) after treatment in 2007, Piñon Canyon Maneuver Site, Colorado,
USA. Models with no treatment effect were used for model averaged sur-
vival  estimates in 2006 and for north and south intact in 2007. Models
with a treatment effect were used for model averaged survival estimates
for south sterile in 2007. Note in (B) that three survival curves are present.

Fig. 2. Model averaged estimates of cumulative summer pronghorn fawn
survival, 14 May–31 July (79 days), for north and south study areas in
2006 and 2007, Piñon Canyon Maneuver Site, Colorado, USA. Models with
no  treatment effect were used for model averaged survival estimates in
2006  and for north and south intact in 2007. Models with a treatment
effect were used for model averaged survival estimates for south sterile
in  2007.

Byers, 1997). However, this pattern may  be variable; in the
Greater  Yellowstone Ecosystem, female fawn survival was
higher  than males (Berger et al., 2008). We  found fawn sur-
vival  was lowest in the second semi-monthly time interval,
and  after the first 6 weeks of life the probability of fawn
survival increased to 100%. This is similar to results from

previous studies (Barrett, 1978; Von Gunten, 1978; Byers,
1997).

While  we  found no significant individual covariates,
there were large survival differences between the local
areas  (i.e., between the north and south), and this differ-
ence  was  as large as the treatment difference (i.e., intact
versus sterile in the south). We  attempted to account for
these  differences by including prey abundance and coyote
density in the models. However, these relationships were
not  significant. The lack of significance in these results may
be  due to small sample sizes of small mammals or differ-
ences in detection probability for lagomorph surveys in
the  second year that resulted from dramatically different
weather conditions (higher winter and spring precipita-
tion) and the consequent increase in vegetation height and
density.

The  north and south sites were close enough so
that average precipitation amounts were similar (approx-
imately 27.5 and 30.2 cm for north and south sites,
respectively; Stevens et al., 2008); in accordance with
the  requirement that sites for BACIPs need to be close
enough to be influenced by the same range of environ-
mental phenomena (Stewart-Oaten et al., 1986). Besides
similar environmental conditions, the north and south
were  comprised primarily of grassland species. However,
distributions of vegetation types within the grasslands
in the two  areas were different, which may  explain the
differences in survival between the two areas. Predom-
inant species in the north (i.e., western wheatgrass and
needle-and-thread (Stipa comata)) tend to grow taller than
predominant species in the south (i.e., grama species),
potentially providing more escape cover for fawns in the
northern  area. In addition, a recent burn regime had been
used  in the southern part of the study area in 2004–2006,
and not in the north. Although fires are often used to
improve shortgrass prairie habitats to benefit species such
as  pronghorn (Yoakum, 1979; Wright and Bailey, 1982;
Courtney, 1989), recent burns could compromise immedi-
ate  fawn survival by reducing cover. Cover has been shown
to  be an important correlate in fawn survival (Barrett, 1984;
Alldredge et al., 1991). It is possible that higher fawn sur-
vival  in the north resulted from its higher vegetation height
and  the escape cover it provided.

In addition to survival differences by area, there were
slight differences between years. The winter of 2006–2007
was  the second highest total winter snowfall on record
since 1947 (Western Regional Climate Center, Reno,
Nevada). Although extreme winter weather can adversely
affect fawn survival by affecting the condition of the doe
(Verme, 1977), the extreme snowfalls of 2006–2007 did
not  reduce fawn survival on the PCMS. In fact, fawn sur-
vival  following the winter of 2006–2007 was  slightly higher
than  the previous year for the entire study area (although
not statistically significant). It is possible that winter snow-
fall  and spring precipitation (in 2007, heavier rain patterns
occurred in April, May, and June) boosted fawn survival
in  2007 by increasing vegetation biomass. Anecdotally, we
noted  an increase in vegetative cover across the study area
in  2007. Coyotes are reported to use visual cues to detect
pronghorn fawns (Wells, 1978), so high vegetation would
make  it difficult for them to find fawns (Barrett, 1981).
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Additionally, increased vegetation would provide impor-
tant  forage for lactating does, subsequently increasing fawn
survival.

We  recommend coyote sterilization be considered
as a non-lethal tool to boost pronghorn fawn sur-
vival in pronghorn populations where predation is a
limiting factor. This non-lethal tool is applicable where
lethal management of coyotes is controversial, unaccept-
able, or not an option (i.e., national parks, sites near
urban areas). Costs to perform this technique (helicopter
captures + sterilization = $900/coyote) were approximately
12% higher than cost estimates to trap and kill coyotes
($805; Wagner and Conover, 1999). Adjusting the cost
from  Smith et al. (1986) to current rates for helicopter
flying ($1100/h), we estimated aerial gunning would cost
$600/coyote. The fact that surgical sterilization will last for
many  years (Bromley and Gese, 2001a, b) offers promise of
lower  long-term costs than lethal control and is considered
to  be economically feasible.

5.  Conclusion

Pronghorn have been present in North America since
the  Pleistocene and have been sympatric with coyotes
since the evolution of Canis latrans (Kurtén and Anderson,
1980). Because coyote predation on pronghorn reflects an
evolved  relationship unlike the predatory relationship with
domestic  sheep, we were concerned that sterilization of
coyotes  may  not decrease ungulate neonate predation as
it  did in sheep. However, we observed a substantial effect
(Figs.  1 and 2) which was significant at  ̨ = 0.10, even with
the  number of parameters included in our models and the
relatively  small sample size. Certainly, these results indi-
cate  biological significance (i.e., a 242% increase in fawn
survival in sterile packs compared to intact packs in the
south  area). In addition, our estimates of fawn survival
reflect biologically relevant population changes (i.e., cumu-
lative  fawn survival rates in the south more than doubled
from 0.18 to 0.44 for fawns captured in sterile coyote home
ranges);  an increase which could influence fawn recruit-
ment and provide important demographic changes for a
pronghorn  population, particularly in areas where coyote
predation is a limiting factor on population growth and
predation is additive to natural mortality.
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the  U.S. Army, Piñon Canyon Maneuver Site, Directorate
of Environmental Compliance and Management, Fort Car-
son,  Colorado. We  thank Leading Edge Aviation for aerial
helicopter captures of coyotes, K. Quigley for conducting
the surgeries, M.  L. Klavetter, B. F. Smart, and T. Warren
for logistical assistance, J. Martinez, J. Miller, M.  Oxley,
E.  Miersma, D. Green, K. Sivy, M.  Hatfield, D. Mallett, J.
Burghardt, M.  L. Klavetter, B. F. Smart, M.  Greenblatt, S. Gif-
ford,  L. Cross, C. Simms, and S. Hollis for field assistance,
and J.A. MacMahon for review of the manuscript.

References

Acorn, R.C., Dorrance, M.J., 1998. Coyote Predation of Livestock. Alberta
Agriculture, Food and Rural Development, Edmonton, AB, Canada.

Agresti, A., 1990. Models for Binary Response Variables: Categorical Data
Analysis. John Wiley and Sons, New York, NY.

Alldredge, A.W., Deblinger, R.D., Peterson, J., 1991. Birth and fawn bed site
selection by pronghorns in a sagebrush-steppe community. J. Wildl.
Manage. 55, 222–227.

Allington,  G.R.H., Koons, D.N., Ernest, S.K.M., Schutzenhofer, M.R., Val-
one, T.J., 2013. Niche opportunities and invasion dynamics in a desert
annual community. Ecol. Lett. 16, 158–166.

Andelt, W.F., Gipson, P.S., 1979. Home range, activity, and daily move-
ments of coyotes. J. Wildl. Manage. 43, 944–951.

Asa, C.S., 1995. Physiological and social aspects of reproduction of the wolf
and  their implications for contraception. In: Carbyn, L.N., Fritts, S.H.,
Seip, D.R. (Eds.), Ecology and Conservation of Wolves in a Changing
World. Canadian Circumpolar Institute, University of Alberta, Edmon-
ton, pp. 283–286 (Occas. Publ. No. 35).

Autenrieth, R.E., Fichter, E., 1975. On the behavior and socialization of
pronghorn fawns. Wildl. Monogr. 42, 1–111.

Ballard, W.B., Lutz, D., Deegan, T.W., Carpenter, L.H., deVos Jr., J.C., 2001.
Deer–predator relationships: a review of recent North American stud-
ies with emphasis on mule and black-tailed deer. Wildl. Soc. Bull. 29,
99–115.

Barrett, M.W.,  1978. Pronghorn fawn mortality in Alberta. In: Proceedings
of the Biennial Pronghorn Antelope Workshop 8, Alberta, Canada, pp.
429–444.

Barrett, M.W.,  1981. Environmental characteristics and functional signif-
icance of pronghorn fawn bedding sites in Alberta. J. Wildl. Manage.
45, 120–131.

Barrett, M.W.,  1984. Movements, habitat use, and predation on pronghorn
fawns in Alberta. J. Wildl. Manage. 48, 542–550.

Barrett, M.W., Nolan, J.W., Roy, L.D., 1982. Evaluation of a hand-
held net-gun to capture large mammals. Wildl. Soc. Bull. 10,
108–114.

Berger, K.M., Gese, E.M., 2007. Does interference competition with wolves
limit the distribution and abundance of coyotes? J. Anim. Ecol. 76,
1075–1085.

Berger, K.M., Gese, E.M., Berger, J., 2008. Indirect effects and traditional
trophic cascades: a test involving wolves, coyotes, and pronghorn.
Ecology 89, 818–828.

Bishop,  C.J., White, G.C., Freddy, D.J., Watkins, B.E., Stephenson, T.R., 2008.
Effect of enhanced nutrition on mule deer population rate of change.
Wildl. Monogr. 172, 1–28.

Blejwas, K.M., Williams, C.L., Shin, G.T., McCullough, D.R., Jaeger, M.M.,
2006. Salivary DNA evidence convicts breeding male coyotes of killing
sheep. J. Wildl. Manage. 70, 1087–1093.

Bright, J.L., Hervert, J.J., 2005. Adult and fawn mortality of Sonoran
pronghorn. Wildl. Soc. Bull. 33, 43–50.

Bromley, C., Gese, E.M., 2001a. Surgical sterilization as a method of
reducing coyote predation on domestic sheep. J. Wildl. Manage. 65,
510–519.

Bromley, C., Gese, E.M., 2001b. Effects of sterilization on territory fidelity
and maintenance, pair bonds, and survival rates of free-ranging
coyotes. Can. J. Zool. 79, 386–392.

Burnham, K.P., Anderson, D.R., 2002. Model Selection and Multimodel
Inference: A Practical Information-Theoretic Approach, second ed.
Springer-Verlag, New York, NY.

Byers, J.A., 1997. American Pronghorn: Social Adaptations and the Ghosts
of  Predators Past. University of Chicago Press, Chicago, IL.

Byers,  J.A., Moodie, J.D., 1990. Sex-specific maternal investment in
pronghorn, and the question of a limit on differential provisioning
in ungulates. Behav. Ecol. Sociobiol. 26, 157–164.

Conner, M.M., Ebinger, M.R., Knowlton, F.F., 2008. Evaluating coyote man-
agement strategies using a spatially explicit, individual-based, socially
structured population model. Ecol. Model. 219, 234–247.

Courtney, R.F., 1989. Pronghorn use of recently burned mixed prairie in
Alberta. J. Wildl. Manage. 53, 302–305.

Dunbar, M.R., Giordano, M.R., 2003. Abundance and condition indices of
coyotes on Hart Mountain National Antelope Refuge, Oregon. West.
N. Amer. Nat. 62, 341–347.

Fairbanks,  W.S., 1993. Birthdate, birthweight, and survival in pronghorn
fawns. J. Mammal. 74, 129–135.

Fitzgerald, J.P., Meaney, C.A., Armstrong, D.M., 1994. Mammals of Col-
orado. University Press of Colorado, Boulder, CO.

Forrester, T.D., Wittmer, H.U., 2013. A review of the population dynam-
ics of mule deer and black-tailed deer Odocoileus hemionus in North
America. Mammal Rev. 43, 292–308.



92 R.G. Seidler et al. / Applied Animal Behaviour Science 154 (2014) 83–92

Franklin, A.B., Gutiérrez, R.J., Nichols, J.D., Seamans, M.E., White, G.C., Zim-
merman, G.S., Hines, J.E., Munton, T.E., LaHaye, W.S., Blakesley, J.A.,
Steger, G.N., Noon, B.R., Shaw, D.W.H., Keane, J.J., McDonald, T.L., Brit-
ting, S., 2004. Population dynamics of the California spotted owl  (Strix
occidentalis occidentalis): a meta-analysis. Ornithol. Monogr. 54, 1–55.

Fuller, T.K., Sampson, B.A., 1988. Evaluation of a simulated howling survey
for  wolves. J. Wildl. Manage. 52, 60–63.

Gaillard, J.M., Festa-Bianchet, M.,  Yoccoz, N.G., Loison, A., Toigo, C., 2000.
Temporal variation in fitness components and population dynamics
of  large herbivores. Annu. Rev. Ecol. Syst. 31, 367–393.

Gerlach, T.P., Vaughan, M.R., 1990. Guidelines for the management of
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Abstract  Hybridization presents a unique challenge for conservation biologists and managers. While hybridization is an im-

portant evolutionary process, hybridization is also a threat formany native species. The endangered species recovery effort for the 

red wolf Canis rufus is a classic system for understanding and addressing the challenges of hybridization. From 1987‒1993, 63 

red wolves were released from captivity in eastern North Carolina, USA, to establish a free-ranging, non-essential experimental 

population. By 1999, managers recognized hybridization with invasive coyotes Canis latrans was the single greatest threat to 

successful recovery, and an adaptive management plan was adopted with innovative approaches for managing the threat of hybri-

dization. Here we review the application and results of the adaptive management efforts from 1993 to 2013 by comparing: (1) the 

numbers of wolves, coyotes, and hybrids captured, (2) the numbers of territorial social groups with presumed breeding capabili-

ties, (3) the number of red wolf and hybrid litters documented each year and (4) the degree of coyote introgression into the wild 

red wolf gene pool. We documented substantial increases in the number of known red wolves and red wolf social groups from 

1987–2004 followed by a plateau and slight decline by 2013.The number of red wolf litters exceeded hybrid litters each year and 

the proportion of hybrid litters per year averaged 21%. The genetic composition of the wild red wolf population is estimated to 

include < 4% coyote ancestry from recent introgression since reintroduction. We conclude that the adaptive management plan 

was effective at reducing the introgression of coyote genes into the red wolf population, but population recovery of red wolves 

will require continuation of the current management plan, or alternative approaches, for the foreseeable future. More broadly, we 

discuss the lessons learned from red wolf adaptive management that could assist other endangered species recovery efforts facing 

the challenge of minimizing hybridization [Current Zoology 61 (1): 191–205, 2015 ]. 

Keywords  Canid, Conservation, Genetics, Hybrid, Management 

Hybridization, the interbreeding among distinct taxa, 
presents a unique challenge for conservation biologists 
and managers. While hybridization is an important evo-
lutionary process for speciation (Arnold, 1992; Allendorf 
et al., 2001), hybridization also poses a threat to the 
conservation of native species, particularly when it is 
facilitated by anthropogenic alteration of habitats, trans-
location of species, and excessive exploitation (Wayne 
et al., 2004). Such human activities have caused a glob-
al escalation in hybridization, resulting in multiple ex-

tinctions of plant and animal populations and species 
(Rhymer and Simberoff, 1996; Wolf et al., 2001). The 
need to develop strategies to minimize anthropogenic-    
driven hybridization is a key conservation challenge 
(Allendorf et al., 2001). 

Hybridization followed by introgression is the most 
difficult type of hybridization to control and manage 
(Allendorf et al., 2001). Over time, breeding among 
hybrids and backcrossing of hybrids and parentals can 
lead to the formation of a hybrid swarm and the loss of 

proyster2
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the gene pool of one or both parental species (Rhymer 
and Simberloff, 1996). This process, known as genomic 
extinction (Allendorf and Luikart, 2007), has been do-
cumented as a major threat for a diverse group of plant 
and animal taxa (McCarley, 1962; Rogers et al., 1982; 
Dowling and Childs, 1992; Abernethy, 1994; Rhymer et 
al., 1994), including several species of wild canids 
(Wayne et al., 2004). 

One intensive effort to address the threat of hybridi-
zation and introgression has been implemented for the 
endangered red wolf (Canis rufus; USFWS, 1989). This 
species, first described by Bartram (1791), was listed as 
endangered in 1967, and starting in 1973 the last known 
wild individuals were captured and placed in a captive 
breeding program to avoid genomic extinction due to 
hybridization with coyotes C. latrans. The red wolf re-
covery effort has been clouded by debate over the taxo-
nomic status and evolutionary history of this species. It 
has been classified as a distinct species (Nowak, 1979, 
2002), a species of hybrid origin due to breeding be-
tween gray wolves C. lupus and coyotes (Wayne and 
Jenks, 1991; Roy et al., 1994, 1996), and as member of 
a third group of independently evolving North Ameri-
can canids called the eastern wolf Canis lycaon that 
includes the Algonquin wolf and wolf-like canids in the 
Great Lakes region (Wilson et al., 2000, 2003; Kyle et 
al., 2006, 2007). The grouping of red wolves and east-

ern wolves as a distinct species was challenged by re-
sults from a large-scale genomic survey of grey wolves, 
coyotes, red wolves and eastern wolves (VonHoldt et al., 
2011). Using over 48,000 single nucleotide polymor-
phism (SNP) loci, VonHoldt et al. (2011) rejected the 
hypothesis that red wolves were part of a third species 
group of North American canids and concluded there 
were only two main groups of canids in North America 
(coyotes and gray wolves), and red wolves and eastern 
wolves have a hybrid origin. In response, Rutledge et al. 
(2012b) argued the VonHoldt et al. (2011) study in-
cluded insufficient sampling of Algonquin wolves (n = 
2) and flawed analyses. After reanalysis of the Von-
Holdt et al. (2011) data, they concluded that the three 
species hypothesis grouping Algonquin wolves and red 
wolves cannot be rejected.  

The goal of this study was not to address the red wolf 
taxonomic debate but instead to evaluate the efforts of 
the U.S. Fish and Wildlife Service (USFWS) to prevent 
introgression of coyote genes into the reintroduced wild 
population. Between 1987 and 1993, the USFWS rein-
troduced red wolves to the Alligator River National 
Wildlife Refuge (ARNWR) in northeastern North Caro-
lina to re-establish a free-ranging experimental popula-
tion (Phillips et al., 2003). The experimental population 
area (Fig. 1) primarily encompassed the Albemarle Pe- 
ninsula, which was characterized by a diversity of habi-

 

 
 

Fig. 1  Historic and current management zones within the red wolf experimental area on the Albemarle Peninsula, North 
Carolina 
In 2002, based on an evaluation of the known spatial distribution of red wolves and non-red wolf canids, the boundaries of the management zones 
were realigned (dotted lines to solid lines). 
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tats (Hinton and Chamberlain, 2010; Dellinger et al., 
2013). Initially, coyotes were not thought to occupy the 
experimental population area, but by the early 1990’s 
their presence was documented and shortly thereafter 
hybridization between red wolves and coyotes occurred 
(Phillips et al., 1995, 2003; Adams et al., 2003; Adams, 
2006). In 1999, a population and habitat viability as-
sessment recognized several threats to establishing a 
free-ranging red wolf population (Kelly et al., 1999), 
and the group acknowledged hybridization with coyotes 
was the greatest risk to recovery of the species. Subse-
quently, the USFWS adopted a Red Wolf Adaptive 
Management Plan (RWAMP) to reduce or eliminate this 
threat (Kelly, 2000).  

By its very nature, an adaptive management plan in-
corporates new or modified procedures as new informa-
tion becomes available. Such changes in procedures, as 
well as the amount and geographic distribution of ef-
fects, precludes a rigorous quantitative approach, how-
ever, we have documented and evaluated the actions 
taken and their effectiveness. Here we review the results 
of management actions for the red wolf ARNWR expe-
rimental population area from 1993–2013 by evaluating: 
(1) the numbers of wolves, coyotes, and hybrids cap-
tured and monitored each year, (2) the numbers of terri-
torial social groups with presumed breeding capabilities, 
(3) the number of red wolf and hybrid litters documented 
each year, and (4) the degree of coyote introgression 
into the wild red wolf gene pool. If the RWAMP was 
successful at controlling hybridization and facilitating 
recovery, we expected (1) an increase in the number of 
red wolves and the number of canid territories con-
trolled by red wolves, (2) a decrease in the number of 
hybrid and coyote-like animals occupying the recovery 
area, (3) more red wolf litters than hybrid litters and a 
decline in the proportion of hybrid litters over time, and 
(4) < 10% introgression of coyote ancestry into the wild 
red wolf population. These results are examined for 
their implications concerning the future of red wolf re-
covery, and more broadly, other conservation efforts 
facing the challenge of hybridization.  

1  Materials and Methods 
1.1  Field methods 

This study occurred within the Red Wolf Recovery 
Experimental Population Area on the Albemarle Penin-
sula in northeastern North Carolina (Phillips et al., 2003; 
Dellinger et al., 2013). During 1993 to 2013, USFWS 
personnel used padded foot-hold traps to capture all 
adult (> 9 months old) red wolves, coyotes, and hybrids. 

Prior to implementing the RWAMP, management efforts 
concentrated on capturing, radio-collaring, and radio-   
tracking as many red wolves as possible. In addition, 
biologists attempted to locate dens and mark pups with 
microchip “PIT” tags for future identification during 
subsequent capture operations. At the request of land-
owners, red wolves were removed from areas where 
they were not wanted and released at other locales. Co-
yotes were removed and euthanized when they were 
encountered. 

 Conceptually, the RWAMP partitioned the Peninsu-
la into three management zones (Fig. 1), with the most 
intensive efforts initially deployed in the eastern-most 
zone and progressing successively westward (Stoskop-
fet al., 2005). The goals for the eastern-most zone (Zone 
I) were to radio-collar and release all red wolves, and to 
remove all coyotes and hybrids. In Zone II the goals 
were to radio-collar and release all red wolves, and ei-
ther remove or sterilize (via tubal ligation or vasectomy) 
and release all coyotes and hybrids at their points of 
capture. Surgical procedures were performed by a li-
censed veterinarian following methods described in 
Seidler and Gese (2012). These sterile animals were left 
as “placeholders” to defend and maintain their territo-
ries (Bromley and Gese, 2001; Seidler and Gese, 2012) 
with minimal risk to the red wolf gene pool before be-
ing removed when there were dispersing red wolves 
seeking to establish territories, or a red wolf naturally 
displaced a placeholder. In the remainder of the area 
(Zone III), Zone II management activities were oppor-
tunistically extended westward as resources allowed. In 
theory, creating a functional red wolf population occu-
pying the entire Albemarle Peninsulawould ultimately 
saturate the landscape and naturally exclude immigrat-
ing coyotes (Kelly, 2000).  

Field personnel located radio-collared animals via 
ground and aerial telemetry every 3- to 7-days to define 
home ranges and territorial limits, and locate mortalities 
and identify causes of death. Personnel conducted field 
surveys to identify areas occupied by unknown canids, 
translocated red wolves from areas where landowners 
objected to their presence, located dens to collect sam-
ples for genotyping pups, and cross-fostered red wolf 
pups from captivity to wild parents to augment wild 
productivity particularly after removing a hybrid litter 
(cf. Kitchen and Knowlton, 2006). The radio-telemetry 
data was also used to estimate the proportion of the re-
covery area occupied by red wolf territories (see online 
supplemental). Scat sampling for DNA analyses, cou-
pled with location data, was intermittently applied to 
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provide additional information concerning the genetic 
characteristics and distribution of canids without cap-
turing and handling animals (Adams et al., 2003, 2007; 
Adams and Waits, 2007; Bohling, 2011). 
1.2  Species identification methods 

We defined a red wolf as an individual whose gene-
alogy could be traced directly to the 14 captive red wolf 
population founders (see online supplemental), or an 
individual whose genotype contained no coyote-specific 
alleles and was classified as red wolf using a maximum 
likelihood assignment test (Miller et al., 2003; Adams, 
2006). The genetic assignment test uses a maximum-  
likelihood approach to compare the genotype of an un-
known individual to the allele frequencies of the red 
wolf founders (with modeled drift) and North Carolina 
coyotes using 18 nuclear DNA microsatellite loci (Mil-
ler et al., 2003). This test considers allele frequency 
differences, as well as the presence of coyote-specific 
alleles, which are absent in the red wolf founders but 
observed in the current coyote population in northeas-
tern North Carolina. Results from the genetic analyses 
were integrated with data on morphology and parentage 
to determine whether to retain, sterilize, or euthanize an 
individual (Stoskopf et al., 2005; Adams, 2006). To be 
retained in the wild population, animals originally had 
to have at least 75% red wolf ancestry (Stoskopf et al., 
2005). This threshold was raised to ≥ 87.5% red wolf 
ancestry in 2002. The percentage of red wolf ancestry 
for each individual was determined in two ways: di-
rectly based upon a genetically reconstructed pedigree 
(e.g., 75% red wolf female x 100% red wolf male = 
87.5% red wolf offspring, Adams, 2006) and, in cases 
where parentage is unknown, from the maximum-   
likelihood assignment test (Miller et al., 2003). Pedigree 
analysis methods are described in more detail in online 
supplemental. For our 2014 sample of known red 
wolves, 100% can be placed into the pedigree, and the 
percentage of ancestry that can be traced to the red wolf 
founders and the proportion of coyote introgression are 

estimated from the pedigree. 
1.3  Assessment of progress 

Our assessment of population numbers relies on the 
number of radio-collared canids ≥ 5 months old known 
to be alive on 1 March and 1 September each year, 1993– 
2013. Individuals not identified as being alive on or 
after specific inventory dates were subsequently cen-
sored after that date. By design, the RWAMP was flexi-
ble and adaptive (Kelly, 2000). Consequently, we pro-
vide results from a management process in which data 
interpretations are confounded by changes in procedures 
as well as changes in the geographic distribution of ef-
forts. An example is the more stringent criteria adopted 
for genetically discriminating between red wolves and 
hybrids in 2002 (Miller et al., 2003), forcing re-evalua-
tion of all current and former animals in each manage-
ment zone. Also in 2002, based on an evaluation of the 
known spatial distribution of red wolves and non-red 
wolf canids, the boundaries between zones were moved 
westward, enlarging Zone I and decreasing the size of 
Zone III (Fig. 1; Stoskopfet al., 2005). Results and in-
terpretations that follow are presented in accord with the 
zone boundaries recognized in 2007 rather than those 
accepted at times during which specific management 
actions were taken. Similarly, the more conservative 
assignment of genetic ancestry, based on microsatellite 
genotyping adopted in 2002, is used for animals from 
all years. 

2  Results 
2.1  Summary of population management 

In the 6 years preceding adoption of the RWAMP, the 
average number of canids captured for the 1st time (“1st 
captures”) was about 28 per year, and most (75%) were 
retrospectively identified via genetic analysis as being 
red wolves (Table 1). During 1999–2013, the number of 
first captures averaged 63.5 per year, but during this 
time the proportion of red wolves declined and that of 
coyotes increased (Table 1). 

 

Table 1  Numbers, by genetic assignment, of adult canids captured for the first time on the Albemarle Peninsula, North 
Carolina, during four periods, 1993 through 2013 

Period No. canids captured 
Mean No.  

captures/yr. 

Mean No. by genetic assignment (%) 

Red wolf Hybrid Coyote 

1993–19981 167 27.8 20.8 (75) 2.8 (10) 4.2 (15) 

1999–20002 129 64.5 40.5 (63) 16.5 (26) 7.5 (11) 

2001–20023 87 43.5 26.5 (61) 10.0 (23) 7.0 (16) 

2003–20134 735 66.8 22.6 (34) 10.1 (15) 34.1 (51) 

1 Prior to adoption of RWAMP. 2 Post-adoption of RWAMP relying on physical characteristics. 3 Initiation of reliance on genetic testing. 4 Full im-
plementation of genetic testing of all canids. 
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Prior to adoption of the RWAMP, the number of ca-
nids (> 5 months of age) removed from the Peninsula 
averaged 11.2 per year (6.5 red wolves, 1.0 hybrids, and 
3.7 coyotes; Fig. 2A). Red wolves were primarily re-
moved to accommodate landowners, to initiate breeding 
on island populations and to establish a second release 
site in the Great Smoky Mountains National Park. Fol-

lowing implementation of the RWAMP, 13–63 ( x = 

28.2) canids were removed per year. As the years pro-
gressed, the genetic classification of animals that were 
removed changed, with red wolf captures declining and 
numbers of hybrids and coyotes removed increasing 

dramatically (Fig. 2A). The high incidence of red 
wolves removed in 2000 and 2001 (12 and 11, respec-
tively) occurred while management efforts increased 
substantially but prior to implementing use of genetic 
criteria for assessing ancestry. Between 2004 and 2013, 
the number of red wolves removed declined while the 
removal of animals with coyote ancestry increased (Fig. 
2A). 

No animals were sterilized prior to 1999, but after 
that 252 animals were sterilized and released, including 
3 red wolves inaccurately classified as hybrids before 
genetic testing (Fig. 2B); 35 of these occurred in the 

 

 
 

Fig. 2  Numbers of canids (A) removed,and(B) sterilized and released, by genetic classification and year, within the red 
wolf experimental area, Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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first 3 years of the RWAMP. The number sterilized was 
relatively small (1–10 per year) between 2003 and 2005.  
In 2006 as efforts increased toward the west, 17 animals 
were sterilized. During 2007–2013, an increasing num-
ber of coyotes were sterilized to serve as “placeholders” 
to hold space on the landscape and prevent genetic in-
trogression (Fig. 2B). Many of these sterilized animals 
were eventually removed from the population (n = 19) 
when red wolves appeared to be seeking new territories 
in areas occupied by sterile animals. In addition, many 
of these sterile animals were naturally displaced (n = 50) 
by red wolves. 

Other types of management actions were sporadical-
ly employed. An additional 41 wolves born in captivity 
or on island propagation sites were released within the 
experimental population area, 29 prior to 1999 and 12 
afterwards. Between 1999 and 2013, 27 captive-born 
red wolf pups were cross-fostered into wild litters to 
augment wild recruitment and enhance genetic diversity 
after removing a hybrid litter. All cross-fostered pups 
were accepted by the wild, surrogate parents and at least 
seven became breeders responsible for 98 red wolf pups 
born from 2004 to 2013 (A. Beyer, USFWS, unpubl. 
data). 
2.2  Canid population demography and social groups 

Sixty-three red wolves (32 adults and 31 juveniles) 
were released on the Alligator River National Wildlife 
Refuge (within Zone I) between 1987 and 1994 (Phil-
lips et al., 2003). Fourteen of the releases (11 adults and 
3 juveniles) were considered successful and breeding 
was documented in the wild. Our initial census indicates 
33 red wolves known to be present in March 1993 (22, 
8, and 3 in Zones I, II, and III, respectively; Fig. 3A). 
Between 1993 and 1998, 125 additional red wolves > 5 

months of age ( x = 20.8 annually) were captured (Table 

1), with the spring 1999 census indicating 52 red wolves 
within the experimental area (22, 18, and 12 in Zones I, 
II, and III, respectively; Fig. 3A). During the same 6-   
year period, 43 red wolf litters were located. 

In the first 2 years after implementation of the 
RWAMP, 81 additional red wolves were captured, plus 
another 303 red wolves in the ensuing 13 years. Despite 
the large number of potential recruits to the population, 
in the next 3 years the census of known living red 

wolves only increased to 85‒90 ( x = 86.7) animals in 

the fall, with slightly lower numbers ( x = 77.0) in spr-

ing (Fig. 3A). Thereafter, the known number of free-   
ranging red wolves across the recovery area has re-
mained relatively stable at around 90‒95 adult red wolves. 

The relative distribution of red wolves on the land-

scape changed over time. Both the number of wolves 
(Fig. 3A) and the number of social units in Zone I de-
clined to about half after implementation of the RWAMP 
(Fig. 3B), without evidence that hybrids and/or coyotes 
had appropriated those territories. In Zone II, known 
numbers of red wolves increased from around 30 to 
perhaps 50, while an increase from 15 to 25 occurred in 
Zone III (Fig. 3A).  

Coyotes have increased in numbers of first captures 
(Table 1), numbers removed (Fig. 2A), and numbers 
sterilized (Fig. 2B) during the recovery effort. During 
inventories for all intact canids on the Albemarle Pe-
ninsula, most coyotes captured and identified were re-
moved and were not alive at our inventory dates, or 
were sterilized and released. Coyotes were routinely 
removed in small numbers during the pre-RWAMP pe-
riod (Fig. 4B) with an increasing number of coyotes 
being removed throughout the recovery area. Only ste-
rile coyotes were documented in our inventories; intact 
coyotes were removed. Since 2009, extensive trapping 
efforts in Zones II and III have resulted in removal of 

15–41 ( x = 24.0) coyotes annually (Fig. 4B). The at-

tempt to capture and genotype all Canis on the Penin-
sula, starting in 1999, resulted in a dramatic surge in the 
number of hybrids removed, principally in Zone II (Fig. 
4A). Additional hybrid individuals were regularly re-
moved, mostly in Zones II and III. Another surge in 
hybrid removal followed adoption of the more stringent 
genotype criteria in 2002, resulting in removal of 9 hy-
brid individuals, including 7 within Zone I (Fig. 4A). 
Subsequently, the number of hybrids removed declined 
erratically (Fig. 4A) with surviving individuals being 
removed from Zone I and increased removals from 
Zones II and III. 

The number of recognized red wolf social groups in-
creased from 5 in 1993 to 14 by 1999 (Fig. 5D). Subse-
quently, this increased to about 20 social units between 
2003 and 2008 (Fig. 5D) and then declined to about 15 
social units during 2009 to 2013 as breeding pairs have 
been disrupted by gunshot mortalities associated with 
coyote hunting in the recovery area during the past seve-
ral years (USFWS, 2009–2013). In Zone I, the number 
of social units increased from 4 in 1993 to 10 by 2001, 
where it remained through 2003 but then dropped to 5 
by 2005, and subsequently declined to 2 breeding units 
during 2011–2013 (Fig. 5A). The change in known 
numbers of desirable social units in Zone II from one in 
1993 to 10 in 2004 was associated with an intermediate 
shift to “neutral” social units associated with the sterili-
zation of one or both alpha animals (Fig. 5B). The 
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known number of wolf social units in Zone III was rela-
tively stationary (12) until implementation of the 
RWAMP. As in Zone II, it appears the use of steriliza-
tion assisted in an increase to 5–6 social units with de-
sirable red wolf ancestry (Fig. 5C). 
2.3  Summary of genetic results 

As the number of radio-collared animals increased, 

so did the location of natal dens (8.5/yr before RWAMP 
adoption to 12.6/yr afterward). Genetic assessment of 
litters indicated the number of hybrid litters fluctuated 
over time (0–5/yr) with an average of 1.5/year (Fig. 6). 
The number of red wolf litters per year was always 
higher than the number of hybrid litters and averaged 
6.9/year (Fig. 6). The ratio of hybrid to red wolf litters 

 

 
 

Fig. 3  Known numbers and distribution of (A) red wolves during spring (March 1st) and fall (September 1st) inventories, 
and (B) known red wolf social units in spring, among management zones within the red wolf experimental area on the Al-
bemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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Fig. 4  Numbers of (A) hybrids removed, and (B) coyotes removed, by zone and year, from the red wolf experimental area 
on the Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 

 

averaged 21% and peaked at 55% in 2006 (Fig. 6). 
Overall, 37 of the 40 (92.5%) litters with coyote ance-
stry were detected and removed, while 7 of 147 (4.8%) 
red wolf litters were mistakenly removed before genetic 
testing. 

Retrospective molecular genotyping suggested the 
known number of free-ranging reproductively-intact 
hybrids alive at any inventory point in the pre-RWAMP 
period never exceeded two. No reproductively-intact 
hybrids were noted at any inventory date from 2004 

through 2013 (i.e., all known hybrids were removed or 
sterilized). The average ancestry of all known, repro-
ductively intact red wolves and introgressed individuals 
in the recovery zone in 2014 is 96.5% based on genetic 
testing and pedigree analysis. 

3  Discussion 

3.1  Success of current program 
Minimizing the threat of hybridization for threatened 

and endangered species is particularly challenging when  
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Fig. 5  Numbers and suitability of canid social units in Zones (A) I, (B) II, and (C) III, and (D) the entire red wolf experi-
mental area, Albemarle Peninsula, North Carolina, 1993–2013 
“Desirable” indicates the alpha male and female individuals are ≥75 % red wolf ancestry; “neutral” indicates one or both alpha individuals are ste-
rile; “undesirable” indicates both breeding individuals are reproductively intact and one or both are genotypically identified as coyote or hybrid; and 
“unknown” indicates that the genotype of one individual of the breeding pair is unknown. Vertical lines represent initiation of the Red Wolf Adap-
tive Management Plan. 

 

 
 

Fig. 6  Number of red wolf and hybrid litters detected each year since the reintroduction of red wolves into North Carolina 
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the hybridizing species greatly outnumbers the threat-
ened population (Allendorf et al., 2001) as with red 
wolves and coyotes in North Carolina. The success of 
the RWAMP at controlling hybridization and facilitating 
red wolf recovery was mixed, based our criteria. The 
number of red wolves did increase over time but pla-
teaued around 2009 and declined slightly thereafter. The 
number of coyotes and hybrids detected did not de-
crease over time as desired. Despite predictions of ge-
netic swamping (Kelly et al., 1999; Fredrickson and 
Hedrick, 2006), our estimate of average ancestry of all 
known, reproductively intact red wolves and intro-
gressed individuals in the recovery zone in 2014 is cur-
rently 96.5% indicating the success of the RWAMP at 
limiting introgression of coyote genes into the reintro-
duced population. We also documented more red wolf 
litters than hybrid litters, but the ratio of hybrid litters to 
red wolf litters did not decline over time indicating hy-
bridization is an ongoing challenge. 

The RWAMP is an intensive long-term management 
effort that includes removal of coyotes and hybrids, 
sterilization and release of others to control space (i.e., 
the “placeholder” concept), the release of red wolves 
from captive-breeding programs, genetic testing of lit-
ters, cross-fostering captive born pups to wild parents, 
and a public relations effort to promote the recovery 
program and reduce anthropogenic mortalities. It is dif-
ficult to speculate about the relative contribution of in-
dividual activities, but we consider the removal, as well 
as sterilization and release, of coyotes and hybrids as 
critical components. Another key management activity 
has been the genetic testing of wild born litters to pro-
vide the opportunity to remove hybrids before they 
reach breeding age. Although such activities were not a 
part of the original recovery effort, they now constitute 
a core component of the program, and in the absence of 
such efforts it seems unlikely that introgression of co-
yote genes into the red wolf population could be ade-
quately controlled (Fredrickson and Hedrick, 2006). We 
recognize the potential biases of monitoring hybridiza-
tion based on capture efforts alone and suggest com-
plementary, non-invasive sampling of scats (Adams and 
Waits, 2007; Bohling and Waits, 2011) to assess the 
genetic composition and distribution of canids. In 2010, 
this type of analysis was conducted in the recovery area 
and revealed that 1) only 4% of samples had hybrid 
ancestry, and 2) red wolf ancestry was highest in zone 1 
(> 80%) and decreased from East to West (Bohling, 2011) 
consistent with results from the trapping efforts pre-
sented here.  

3.2  Implications for future management of red 
wolves 

The U.S. Fish and Wildlife Service continues to ac-
tively promote recovery efforts of the red wolf in east-
ern North Carolina (USFWS, 2007; Hinton et al., 2013). 
These efforts are consistent with the conclusion that we 
should “protect the red wolf as a component of the evo-
lutionary legacy of canids” (Allendorf et al., 2001), and 
recent analyses of North American canids indicating 
this species has a distinct genetic signature (VonHoldt et 
al., 2011; Rutledge et al, 2012b). We acknowledge that 
these efforts have required considerable financial and 
social investments each year (USFWS 2013), and the 
population is not self-sustaining. In theory, efforts to 
remove or sterilize coyotes might be relaxed with time 
as red wolves fully occupy available habitat within the 
recovery area. Under such conditions, wolves dispersing 
within the recovery area would be successful in finding 
conspecific mates and coyotes immigrating to the area 
would be naturally excluded by resident wolves (Mur-
ray and Waits, 2007; Roth et al., 2008; Wheeldon et al., 
2010). However, we believe this scenario is unlikely 
because wolf habitat is discontinuous within the recove-
ry area and anthropogenic habitat changes will continue 
to favor coyotes because of their ability to more effec-
tively colonize landscapes in closer proximity to human 
activity (Benson et al., 2012; Gese et al., 2012; Benson 
and Patterson, 2013). Further, there is little evidence red 
wolves naturally control the coyote population through 
strife, which is a core prediction derived from the com-
petitive exclusion hypothesis (Murray et al., 2015). 
However, it is notable that recent records also report 
gunshot mortality remains prevalent for coyotes, indi-
cating that mistaken identity by coyote hunters could 
continue to disrupt red wolf breeding pairs. Yet, a recent 
legal ruling banning coyote hunting in the recovery area 
(Red Wolf Coalition et al., v. Cogdellet al., No. 2:13-cv- 
60-BO, 2014 WL 1922234 [E.D. N.C. May 13, 2014]) 
may help promote stability of red wolf social groups. 

While the wolf population had a relatively high base-
line mortality risk relative to other wolf populations 
(Fuller et al., 2003; Smith et al., 2010) and the majority 
of deaths were related to anthropogenic activities, it 
does not appear the additive nature of human-related 
mortality exceeds that observed in other wolf popula-
tions (Creel and Rotella, 2010; Murray et al., 2010; 
Sparkman et al., 2011). However, anthropogenic mor-
tality can lead to increased hybridization in other canid 
systems (Rutledge et al., 2012a). In red wolves, over 
half of the detected hybridization events followed the 
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disruption of a stable breeding pair of red wolves due to 
mortality of one or both breeders (Bohling, 2011). Of 
these 69% were due to anthropogenic causes, primarily 
gunshot mortality during the local fall hunting season, 
which occurs just prior to the red wolf breeding season 
(Bohling and Waits, press).  

The number of known wolves appeared to plateau at 
around 90 to 95 adult red wolves, indicating the popula-
tion may have reached carrying capacity, as also sug-
gested by Murray et al. (2015). In 2007, red wolf social 
units were using about 1,043 km2 – about 48% of “usa-
ble” (cumulatively used) habitat and about 23% of the 
total recovery area (USFWS 2007, online supplemental), 
but the remainder of acceptable habitat is fragmented in 
small patches located across the recovery area and less 
likely to be colonized by wolves given recent habitat 
studies (Dellinger et al., 2013). In addition, we consider 
expansion of the red wolf population beyond the current 
recovery area unlikely given recent survey results 
showing few red wolves in adjacent areas (Bohling and 
Waits, 2011). The current USFWS recovery goals re-
quire establishing 3 independent populations (USFWS, 
1989), and such efforts would require a rigorous as-
sessment of red wolf habitat availability, combined with 
empirical and modeling analysis of coyote abundance 
and potential hybridization, in candidate recovery areas. 
If reintroduction efforts are initiated in new geographic 
areas, the management actions for controlling hybridi-
zation described here will likely be critical to success as 
most of the historical red wolf range is now occupied by 
coyotes. Given the extensive loss of habitat and the 
challenge of hybridization with invasive coyotes, the 
red wolf is a species fitting the definition of “conserva-
tion reliant” (Scott et al., 2005), and the ongoing pro-
gram review should be considered an opportunity to 
chart a new direction that reflects the changing stan-
dards and expectations regarding endangered species 
recovery (Scott et al., 2010; Jackowski et al., 2014; 
Murray et al., 2015). 
3.3  Implications for other species 

Our assessment suggests that access to appropriate 
resources can curtail or reverse genetic introgression in 
some situations. Our data indicate the use of steriliza-
tion and the removal of hybrids to limit introgression of 
unwanted coyote genes has enhanced effectiveness of 
red wolf recovery efforts. Red wolves are relatively 
long-lived, territorial, form social hierarchies, and de-
velop strong and persistent social bonds. This enables 
the use of sterile individuals of the introgressing species  
and hybrids to control space without compromising the 

status of the target species. In our case the introgressing 
species, the coyote, is abundant and adaptable to hu-
man-modified landscapes. While procedures similar to 
those used in the RWAMP might work in the case of 
European gray wolves or Ethiopian wolves Canis si-
mensis, there could be additional social conflicts be-
cause domestic dogs represent the introgressing species. 
Perhaps more realistically, the population of eastern 
wolves in Algonquin Provincial Park (Patterson and 
Murray, 2008) ultimately may benefit from removal of 
hybrids occurring in the same region, especially given 
the unique genetic and taxonomic status of wolves in-
side the park (Rutledge et al., 2010). Similar considera-
tions might apply for conserving the European wildcat 
Felis silvestris, with the added caveat that felids may 
not have as persistent social bonds and strong territorial 
constraints common among many canids, thereby prec-
luding some of the measures enacted in North Carolina 
to protect wolves. Reduced social fidelities among cer-
vids (e.g., red deer Cervus elaphus), or among aquatic 
species, may reduce the utility of such efforts.  

An important contribution of the RWAMP has been 
to help elucidate mechanisms of hybridization affecting 
recovering populations, and to test methods of manag-
ing such hybridization to improve chances of recovery 
success (Murray and Waits, 2007). Another novel mana-
gement method used for red wolves that might be bene-
ficial in other systems is the genetic testing of litters to 
remove hybrid individuals and cross-fostering pure 
offspring from captivity to increase recruitment into the 
wild population. Aggressive management actions de-
signed specifically to undermine the negative influence 
of invasive species can enhance population recovery 
efforts (Peterson et al., 2008; Finlayson et al., 2010), at 
least over the short-term. Such management, based on 
intensive and adaptive research, is a much-   needed 
addition for other species threatened by hybridization 
and introgression (Laikre et al., 2010). 
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Supplemental information 
 

Red Wolf Founders 
The red wolf founders are the 14 individuals removed from the wild along the Gulf coast of Texas and Louisiana 

who were chosen, based upon morphology, skull radiographs, sonographic analysis, breeding experiments, and elec-
trophorectic and chromosomal analysis, to initiate the captive breeding program (Carley, 1975; Riley and McBride, 
1975). These individuals also have a unique mitochondrial DNA haplotype that has not been observed in coyotes 
(Adams et al., 2003). 
Pedigree Analysis Methods 

Pedigree analysis methods are described in detail in Adams 2006, but are summarized here. Parentage was deter-
mined using a combination of field and genetic data. USFWS biologists typically identified potential parents of a 
newly captured red wolf or litter of puppies based upon observational knowledge of breeding pairs and the proximity 
of the various red wolf packs. Parents were unknown or uncertain for approximately 25% of captured individuals.  
Genotypic data at 18 microsatellite loci was used to determine parentage relationships using the program Cervus 
(Marshall et al., 1998; Kalinowski et al., 2007). We used Cervus to identify the most likely parents from the potential 
pool of reproductive individuals in the population. We allowed a maximum of one mismatch for a potential parent pair, 
but only if the mismatch was due to allelic dropout. We also checked all parentage assignments with a 1 allele mis-
match to confirm that the pairing was realistic based on detailed field observations and/or telemetry of wolves during 
the breeding season. Fifteen percent of identified parent-offspring relationships had 1 genotypic mismatch; the re-
mainder had zero mismatches.   
Red Wolf Pack Territory Estimates 

Using data from 1987–2007, wolf pack territory estimates were generated by including data for every known pack 
member in a 95% kernel density estimation with a root-n bandwidth estimator (Worton, 1989; Wu and Tsai, 2004; 
Steury et al., 2010). Locations from all wolves (> 75% ancestry) within a pack were combined for home range estima-
tion, although exploratory and emigrant movements were excluded, and more than one location per pack per day was 
included only if individual wolves were > 500 m apart (Oakleaf et al., 2006). We considered any habitat that had ever 
been occupied by a red wolf pack between 1987 and 2007 as “usable habitat”. 

The recovery area encompasses about 4,600 km2 (not including large water features). From 1987 through 2007 wolf 
pack territories cumulatively covered a total of 2,172 km2, or about 47% of the total experimental area. In 2007, red 
wolf social units were using about 1,043 km2 – about 48% of “usable” (cumulatively used) habitat and about 23% of 
the total recovery area (Fig. 1).   

 

 
 

Fig. 1  Availability of red wolf habitat on the Albemarle Peninsula, North Carolina 
Usable habitat includes any habitat known to be used by red wolves (1987–2007). 
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Pack social dynamics and inbreeding avoidance 
in the cooperatively breeding red wolf
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For cooperatively breeding groups composed of close relatives, whether and how a group avoids inbreeding are questions of key 
evolutionary and conservation importance. A number of strategies for inbreeding avoidance may be employed by cooperative 
breeders, including extrapair reproduction, reproductive suppression, and juvenile dispersal. However, population-wide infor-
mation on the prevalence of different strategies is difficult to obtain. We investigated the prevalence of inbreeding and potential 
mechanisms for inbreeding avoidance in a reintroduced population of the red wolf. Using long-term data on individuals of 
known pedigree, we determined that inbreeding among first-degree relatives was rare. Potential mechanisms for inbreeding 
avoidance included low levels of philopatric reproduction in spite of delayed dispersal, and reproductive suppression prior to 
dispersal. Inbreeding avoidance among siblings may have been further facilitated by independent dispersal trajectories, as many 
young wolves spent time alone or in small nonbreeding packs composed of unrelated individuals. The dominant pattern of 
breeding-pair formation involved the union of 2 unrelated individuals in a new home range. Replacement of 1 or both mem-
bers of an existing breeding pair involved new immigrants to a pack or, in a small number of cases, ascendance of either resi-
dent offspring or adopted pack members to vacant breeding positions. Extrapair reproduction was rare, suggesting that it was 
not a major mechanism for outbreeding. We conclude that there are several prevalent behavioral strategies within the red wolf 
population that may work together to minimize inbreeding and any associated fitness costs, helping make cooperative breeding 
an evolutionarily viable strategy. Key words: Canis rufus, competition, lone wolves, monogamy, nonbreeding packs, pair forma-
tion. [Behav Ecol]

InTRoDucTIon

The risk of inbreeding is a potential threat to the evolutionary 
stability of cooperative breeding when groups are composed 

of close relatives. As high levels of inbreeding have been associ-
ated with negative effects on fitness-related traits (reviewed in 
Pusey and Wolf 1996; Hedrick and Kalinowski 2000; Keller and 
Waller 2002), the study of mechanisms for inbreeding avoidance 
has been a topic of great interest to behavioral ecologists. Studies 
in diverse species have suggested that cooperative breeders can 
exhibit a range of behaviors that may help reduce inbreeding 
within groups, including extrapair reproduction, reproductive 
suppression of subordinates, and sex-biased dispersal (reviewed 
in Pusey and Wolf 1996; Packard 2003). Indeed, although iso-
lated instances of inbreeding have been documented in many 
cooperative breeders, in most species the rate of inbreeding is 
thought to be quite low (Koenig and Haydock 2004).

Inbreeding rates and evidence for inbreeding avoidance 
have been studied most thoroughly in cooperatively breeding 
birds (reviewed in Koenig and Haydock 2004). Inbreeding 
avoidance has also been explored to some extent in coop-
eratively breeding mammals, but with the exception of a 
few well-studied species (e.g., meerkats: O’Riain et  al. 2000; 
Griffin et  al. 2003; Ethiopian wolf: Sillero-Zubiri et  al. 1996, 

Randall et  al. 2007; African wild dog: Girman et  al. 1997; 
Damaraland mole rat” Cooney and Bennett 2000; canid spp.: 
Geffen et  al. 2011), most support for inbreeding avoidance 
tends to rely on anecdotal accounts. For many species, lit-
tle is known regarding the prevalence of different strategies 
within a single population, and how they might work together 
to create a viable social system. In order to fully understand 
all possible social mechanisms through which harmful lev-
els of inbreeding might be avoided, it is important to have  
a basic understanding of the different strategies that charac-
terize the life cycles of individuals, and from this, discern the 
dominant strategy (or strategies) exhibited within a particu-
lar population. However, knowledge of key factors—such as 
when (or if) individuals disperse from their natal groups, how 
individuals spend their time before breeding, how breeding 
relationships are eventually formed, and by whom—is often 
difficult to come by. Such knowledge requires longitudinal, 
individual-based information on location and group affilia-
tion, as well as detailed information on the sex, age, repro-
ductive status, and relationships among individuals within a 
population (Pemberton 2008).

Cooperative breeding is widespread among canids 
(Moehlman 1986; Moehlman 1997; Mech et al. 1999; Packard 
2003; Sparkman et  al. 2011a), and potential mechanisms 
for inbreeding avoidance appear to vary among species. 
The Ethiopian wolf, Canis simensis, for instance, exhibits 
female-biased dispersal, thus limiting opportunities for 
mate formation between siblings (Sillero-Zubiri et  al. 1996). 
Furthermore, although Ethiopian wolves tend to be socially 
monogamous, the frequency of extrapair reproduction appears 
to be relatively high, which may further reduce the risk of 

Address correspondence to Amanda M. Sparkman, Department of 
Biology, Westmont College, Santa Barbara, CA, 93108, USA. E-mail: 
asparkma@gmail.com

Received 20 December 2011; revised 01 May 2012; accepted 11 
May 2012.

Behavioral Ecology
doi:10.1093/beheco/ars099

Advance Access publication 25 July 2012

 at U
niversity of G

eorgia on January 19, 2017
http://beheco.oxfordjournals.org/

D
ow

nloaded from
 



inbreeding when female offspring are philopatric and replace 
their mothers as the dominant breeder (Sillero-Zubiri et  al. 
1996; Randell et  al. 2007). In contrast, the gray wolf, Canis 
lupus, tends to exhibit both social and genetic monogamy 
(reviewed in Packard 2003), with only rare instances of 
extrapair reproduction, suggesting that in this case reproductive 
suppression of subordinates and high rates of dispersal for both 
sexes may contribute more to low rates of inbreeding within 
packs (Smith et al. 1997; Vonholdt et al. 2008).

Inbreeding depression within captive populations of 
Canis species ranges from low to severe (Laikre and Ryman 
1991; Ellegren 1999; Kalinowski et  al. 1999; Fredrickson 
and Hedrick 2002; Lockyear et al. 2009; Rabon and Waddell 
2010). In the wild, Scandinavian gray wolves recovering from 
a population bottleneck exhibit signs of severe inbreeding 
depression (Liberg et al. 2005). The reintroduced population 
of Yellowstone gray wolves, on the other hand, exhibits rela-
tively low inbreeding coefficients (f), likely due to a relatively 
large founding population as well as mechanisms for inbreed-
ing avoidance (Vonholdt et al. 2008). There is also evidence 
that inbreeding within packs in other gray wolf populations, 
as well as populations of other canid species, is rare (Smith 
et  al. 1997; Geffen et  al. 2011). Similarly, a wild population 
of Eastern wolves (Canis lycaon) appears to exhibit high levels 
of heterozygosity (Grewal et  al. 2004; Rutledge et  al. 2010). 
Nevertheless, there is still much to learn regarding inbreed-
ing in wild populations, and the study of behavioral mecha-
nisms for inbreeding avoidance has conservation as well as 
theoretical relevance, particularly as the risk of inbreeding is 
a major concern for small or declining populations and rein-
troduction projects often involve small numbers of founding 
individuals (Hedrick and Kalinowski 2000).

We investigated the prevalence of inbreeding among 
first-degree relatives (i.e., parent/offspring, siblings), and 
potential behavioral mechanisms for inbreeding avoidance 
in a reintroduced population of the cooperatively breed-
ing red wolf, Canis rufus. The red wolf is an ideal system in 
which to investigate the fitness costs and benefits of coopera-
tive living, as it constitutes a relatively closed, closely moni-
tored population of known pedigree. Although derived from 
a captive population descending from only 14 founders, 
inbreeding coefficients of wild-born individuals are relatively 
low (mean f = 0.10 ± 0.05, range 0–0.26) (William Waddell, 
Point Defiance Zoo and Aquarium, unpublished data). 
Furthermore, inbreeding events appear to be infrequent in 
the closely related Eastern wolf (Rutledge et al. 2010). Thus, 
we predicted that instances of breeding among first-degree 
relatives in the red wolf are rare and there are mechanisms 
for inbreeding avoidance active within this population.

Previous work has reported that red wolves primarily live 
in packs composed of a socially monogamous breeding pair 
and offspring of different ages (Phillips et al. 2003; Sparkman 
et al. 2011a). In spite of the fact that many young wolves will 
delay dispersal for up to 2 years, previous work has also dem-
onstrated high rates of dispersal prior to reproduction, with 
only a few individuals remaining to breed in their natal pack 
(Sparkman et  al. 2011b). Infrequent breeding in the natal 
pack could be sufficient for inbreeding avoidance, at least 
among parents and offspring. However, the extent to which 
inbreeding occurs has not yet been documented in the red 
wolf, and how dispersal and social behaviors both outside 
and within breeding packs might decrease the probability of 
inbreeding has not hitherto been explored.

To address these questions, we evaluated the prevalence of 
different strategies in the red wolf life cycle. Using long-term 
radio-telemetry data and a population pedigree, we explored 
prebreeding social behavior and its ramifications for the 
longevity of family bonds, and the prevalence of different 

mechanisms for breeding-pair formation, including natal 
philopatry, adoption of unrelated individuals into a breed-
ing pack, and competition. We also assessed the frequency of 
extrapair reproduction as another potential mechanism for 
inbreeding avoidance. We predicted that strategies favoring 
the formation of breeding pairs between 2 unrelated individ-
uals would be most prevalent. Note that we do not argue that 
any of these behaviors evolved exclusively as a result of direct 
selection for inbreeding avoidance; rather, our goal was to 
evaluate how various components of red wolf behavior might 
contribute toward that end (Moore and Ali 1984; Pusey and 
Wolf 1996).

METHoDS

Monitoring methods and pedigree

Red wolves were reintroduced into the Alligator River 
National Wildlife Refuge in North Carolina in 1987, after 
extinction from their native distribution throughout the 
southeastern United States (McCarley and Carley 1979; U.S. 
Fish and Wildlife Service [USFWS] 1984). Between 1987 
and 2007, 506 free-ranging wolves were captured primar-
ily via foothold traps, equipped with very high frequency 
radio-collars and monitored to gather detailed information 
on location, pack affiliation, reproductive status, and timing 
of dispersal and death (Phillips et  al. 2003). It is estimated 
that >95% of handled adult wolves were collared and that 
>90% of adults on the recovery area were “known” (A. Beyer, 
USFWS, unpublished data). Radio-collared wolves were moni-
tored every 3–4  days from the ground or via fixed-wing air-
craft. Wolves were aged by PIT tagging at den sites or during 
pup capture in early fall. Based on this intensive monitoring 
data, it has been reported that red wolves disperse between 1 
and 2 years of age, and begin to breed between ages of 2 and 
4 on average (Sparkman et al. 2011a, 2012).

The reconstruction of the pedigree for the red wolf popu-
lation has been described in detail elsewhere (Adams 2006). 
Briefly, genetic material was obtained for 703 individuals and 
genotypes were collected at 18 microsatellite loci with an aver-
age heterozygosity of 0.65 (Adams 2006). To assign parentage, 
we used a maximum likelihood approach as implemented 
in the program CERVUS 2.0 (Marshall et  al., 1998; Adams 
2006)  as well as field data on known pairings and spatial 
locations of individuals. When 1 parent was known we could 
successfully assign parentage 95% of the time at the 95% 
confidence level and 96% of the time at the 80% confidence 
level. When neither parent was known we could successfully 
assign parentage 88% of the time at the 95% confidence level 
and 99% of the time at the 80% confidence level using these 
18 loci (Adams 2006). In total, we had genetic confirmation 
for the identity of both parents for 303 out of 408 individuals 
for whom parentage was inferred through field observations. 
One parent was known for an additional 101 individuals, and 
parentage was unknown for 194 individuals. From the result-
ing pedigree, we were able to identify breeding pairs and 
their corresponding offspring so as to be able to differentiate 
between what we define as related—that is, parent and off-
spring or siblings—and unrelated members of a pack—that 
is, adoptees/immigrants from other packs. Reintroduced red 
wolves do naturally hybridize with the coyote (Canis latrans), 
although management efforts selectively remove hybrid litters 
(Phillips et  al. 2003). We were able to identify all instances 
of pair formation and hybridization between red wolves and 
coyotes (C. latrans). Using this information, we surveyed all 
instances of incestuous matings between first-degree relatives. 
All summary statistics and analyses were performed using JMP 
8.0.2 (SAS Institute Inc.).
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Prebreeding social behavior and inbreeding avoidance

We evaluated the prevalence of different social behaviors 
subsequent to dispersal from the natal pack, and their poten-
tial to contribute to inbreeding avoidance through dissolv-
ing social bonds between family members. Our long-term 
radio-telemetry records allowed us to identify 3 main social 
grouping behaviors exhibited by wild-born red wolves: solitary 
periods, membership in nonbreeding packs, and membership 
in breeding packs. Time periods were defined and quantified 
as the number of seasons in which a particular behavior was 
exhibited (i.e., Winter, Spring, Summer, and Fall). Solitary 
individuals that appeared to be traveling or residing in a par-
ticular home range for 1 or more seasons by themselves were 
designated as “lone wolves.” Nonbreeding individuals that 
were found to be in the company of other nonbreeders in 
the same home range for 2 or more seasons were considered 
members of a nonbreeding pack. Individuals found for 2 or 
more seasons in a home range with 2 breeding individuals 
present were considered members of a breeding pack. Home 
ranges were determined from the 95% isopleths of utilization 
distributions, as estimated using kernel density estimators 
with fixed bandwidth estimated using the root-n bandwidth 
estimator (Steury et al. 2010; T. Steury, unpublished data).

We assessed the proportion of both sexes within the popu-
lation that were lone wolves during at least 1 season, and clas-
sified them according to reproductive status during that time: 
prereproductive, postreproductive until death, ultimately 
nonreproductive until death, or between reproductive events. 
We also calculated the average age of lone wolves and length 
of time spent alone. Similarly, we also assessed the proportion 
of both sexes that were members of nonbreeding packs for at 
least 2 or more seasons and their reproductive status during 
that time. Since membership of nonbreeding packs fluctu-
ated, with some wolves dispersing whereas others remained 
and new members arrived, we also compiled descriptive sta-
tistics on “subpacks,” which we define as an aggregation of 
nonbreeding wolves that lasted 2 or more seasons longer than 
associations with other members (past or future) of a given 
pack. Note that in creating the category “subpack” we are 
not proposing a novel form of social organization per se, but 
simply devising an arbitrary but effective method to quantify 
the frequency and duration of different types of associations 
between individuals. We determined the composition of each 
subpack—numbers of each sex and presence of close rela-
tives—the average age of members, and the average subpack 
lifespan (i.e., number of seasons spent together). Because the 
majority of nonbreeding subpacks were composed of male 
and female dyads that may have been attempting to form a 
breeding pair (see Results), we determined whether male–
female dyads spent significantly longer together than other 
aggregations using Welch’s test for unequal variance.

Breeding-pair formation and inbreeding avoidance

We identified breeding pairs as 2 individuals that were known 
to den and produce offspring. We identified and assessed 
the prevalence of 4 main patterns of breeding-pair forma-
tion: 1) the union of 2 lone individuals in a new home range, 
2)  the replacement of 1 lost breeder by a new breeder in 
an established home range, 3)  the formation of a breeding 
pair composed of 2 new individuals in the absence of other 
individuals, or 4)  the formation of a breeding pair com-
posed of 2 new individuals in the presence of other unrelated 
individuals.

For patterns of breeding-pair formation (2)–(4), which 
involved the replacement of 1 or both breeders, we quantified 
the prevalence of the 4 different replacement mechanisms 

that were observed, the first of which could contribute to 
inbreeding, and remainder of which could contribute to 
inbreeding avoidance: replacement of a breeder by 1)  resi-
dent offspring, 2)  adopted immigrants, that is, individuals 
adopted by a pack with an intact breeding pair, 3) new immi-
grant individuals arriving after death or dispersal of a previ-
ous breeder, and 4) new immigrants that may have competed 
with and deposed a previous breeder. Concrete evidence for 
competitive breeder displacement is difficult to collect in wild 
wolves, although intraspecific conflict is known to occur and 
tends to be higher for breeding gray wolves than for non-
breeders (Mech and Boitani 2003). Thus, for (4), we consid-
ered the death or dispersal of a breeder after the arrival of 
a successor at some point after the previous breeding season 
as potential evidence for competition. Furthermore, because 
the majority of potential cases of competitive displacement 
involved males (see Results), we sought evidence that post-
breeding male red wolves are more likely to be found outside 
of their breeding pack than females, with the prediction that 
females would be more likely to die in their breeding packs.

Extrapair reproduction and inbreeding avoidance

Using the population pedigree and information on pack com-
position, we were also able to quantify instances of multiple 
paternity (where pups from the same litter were fathered by 
2 or more males) and instances of extrapair paternity (where 
a male fathered pups by 2 or more females), to determine 
whether these were common behaviors that could contribute 
to inbreeding avoidance within a cooperatively breeding fam-
ily group.

RESuLTS

Frequency of inbreeding

As predicted, breeding among first-degree relatives was rare. 
Breeding between parents and offspring occurred in only 4 
out of 90 (4%) breeding pairs; similarly, breeding between 
full siblings also occurred in 4 (4%) breeding pairs. Two 
of four parent–offspring breeding events involved a single 
female, who bred with both her son, and then with their son. 
The remaining 2 parent–offspring breeding events involved 
father–daughter and mother–son pairings. One of four sib-
ling breeding events involved siblings who bred together in 
their natal pack after their mother died during parturition, 
a second involved 2 siblings who dispersed from their natal 
pack together, and a third involved siblings born in consecu-
tive years who independently dispersed to the area in which 
they bred. The fourth case involved a male who bred not only 
with his mother but also with his sister in the same year.

Prebreeding social behavior and inbreeding avoidance

The prevalence of lone wolf and nonbreeding pack behaviors 
subsequent to dispersal suggested that both may contribute 
to inbreeding avoidance. After dispersing from their natal 
packs, approximately 43% (n = 386) of monitored individuals 
spent 1 or more seasons as lone wolves (Figure 1). Of these, 
28% (n  =  166) were prereproductive and 72% were nonre-
productive, that is, never became reproductive before death. 
The average age of pre- and nonreproductive lone wolves was 
1.7 ± 0.9  years, and time spent as a lone wolf ranged from 1 
to 13 seasons, with a mean of 3.0 ± 2.5 seasons. The sex of 
pre- and nonreproductive lone wolves was approximately 
evenly distributed (48% females and 52% males). Only 7% 
of lone wolves were postreproductive (i.e., did not reproduce 
again prior to death), and a mere 1% were between breeding 
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events in different packs. Thus, in general, it appears that a 
large number of young wolves of both sexes spent time alone 
subsequent to dispersal from their natal packs, rather than 
in the company of siblings with whom they might otherwise 
have formed pair bonds (although this has only been docu-
mented in captivity, e.g., Packard et al. 1983).

After dispersing from their natal packs, 30% (n  =  386) 
of individuals spent time associated with other wolves in  
nonbreeding packs, that is, packs in which there was no  
evidence of pups produced (Figure 1). Although nonbreeding  
packs were largely composed of pre- or ultimately non-
reproductive individuals, approximately evenly distributed 
between the sexes (46% females and 54% males), 9 post-
reproductive individuals were also found within nonbreeding 
packs. There were 54 discrete nonbreeding packs with no 
temporal overlap among individuals within a given home 
range. The average size of nonbreeding packs was 2.4 ± 0.8 
wolves, with a range of 2–6. There were 91 subpacks within 
the 54 nonbreeding packs. The composition of the subpacks 
varied, but the majority were characterized by the presence 
of at least 1 male and 1 female (Table 1). Approximately 64% 
(n  =  91) were male–female dyads. Male–female dyads spent 
significantly longer together than any other combination of 
nonbreeding individuals within a subpack, averaging 5.8 ± 3.2 
versus 3.2 ± 1.2 seasons (F1,66 = 27.8; P < 0.0001). In every case, 
where there were originally more than 1 male and female 
in a nonbreeding pack, when only 2 individuals remained 

in a pack it was a male–female pair. Nonbreeding packs 
were largely composed of individuals that were not closely 
related; there were only 3 cases where full siblings were found 
together in a nonbreeding pack. Only 12 individuals (6 males 
and 6 females) in nonbreeding packs went on to breed in 
the same home range. Thus, the majority of nonbreeding 
packs appeared to represent failed attempts at breeding-pair 
formation, and/or an aggregation of floaters available for 
breeding opportunities elsewhere. With respect to the former 
scenario, it is relevant to a goal of inbreeding avoidance 
that such a low number of subpacks contained first-degree 
relatives.

Formation of breeding pairs and inbreeding avoidance

There were 90 breeding pairs that were formed success-
fully during the study period, composed of 58 females 
and 69 males, as well as 3 cases where an entire family dis-
persed together to take up occupancy of a new home range. 
Seventeen percent (n = 90) of these breeding pairs involved 
coyotes; however, because the distribution of mechanisms 
for pair formation was similar for both red wolf–red wolf 
and red wolf coyote pairs (A. Sparkman, unpublished data), 
we retained these pairs in our analysis. There were 4 main 
mechanisms for formation of a new breeding pair: 1)  join-
ing of 2 lone individuals (54%), 2) replacement of 1 breeder 
either by an adopted immigrant or a son or daughter (24%), 
3)  replacement of both breeders by an adopted immigrant 
and/or a son or daughter (9%), or 4) the formation of a new 
breeding pair by new immigrants in the presence of one of 
the former breeders, or one or more other immigrants (12%) 
(Figure  2). The prevalence of strategy (1) is conducive to 
inbreeding avoidance, as it involves 2 individuals who have 
dissolved ties with closely related members of their natal pack. 
We describe the strategies involved in filling breeder vacan-
cies in mechanisms (2)–(4), and their potential for causing 
or providing an alternative to inbreeding within a group, in 
more detail below.

Breeding of resident offspring
Inbreeding due to reproduction of resident offspring within 
their natal packs was rare. Only 8% (n = 90) of breeding-pair 
formations involved offspring—4 females and 3 males—
that remained to breed in their natal packs. These events 
occurred through one or the other of two of the mechanisms 
listed above: when one (2) or both (3) parents were replaced 
as breeders. Two of the females in question bred during 
the spring after their mother’s death, 1 with her father and 
1 with a new pack member. The third female bred with a 

Figure 1 
Prevalence of major social group behaviors employed by red wolves. Because only 30% of pups become reproductive, postbreeder percentages 
are based on the number of individuals that actually became reproductive. Note that all but 1 out of 21 instances of postbreeding extrapack 
behavior involved males. NB, nonbreeding, B, breeding (although not generally an individual’s own breeding reproductive pack). Note that 
although not shown, some individuals may alternate between being alone, or in NB/B packs both before and after breeding.

Table 1 
number and percentage of the total number of subpacks for 
non-reproductive subpacks of various compositions

Composition No. of subpacks Percentage of total subpacks

5–6 Individuals
MMMMFF  1  1.1
MMFFF  1  1.1
MMMFF  1  1.1
3–4 Individuals
MMFF  2  2.2
MMMF  2  2.2
MMM  2  2.2
MFF  9  9.9
MMF  9  9.9
2 Individuals
FF  1  1.1
MM  5  5.5
MF 58 63.7
Total 91
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new pack member 2  years after her mother’s death, and the 
fourth bred with her brother during the same year he bred 
with their mother. One male that bred in his birth pack bred 
with his mother after his father succumbed to an unknown 
fate; another male was his son, who bred with his mother/
grandmother after his father dispersed, as well as with his sis-
ter (mentioned above). The third male bred with a new pack 
member the year after his mother died during parturition; his 
father remained in the pack during this time. Thus, breeding 
of resident offspring in their natal pack was rare, but in 4 out 
of 7 cases it involved inbreeding between first-degree relatives.

Breeding of adopted pack members
There were 43 instances where an unrelated individual was 
adopted by 35 of 90 breeding pairs. Of the 43 unrelated 
individuals that spent time in breeding packs, 3 were coyotes 
(2 male and 1 female) and 3 were wolves of unknown ori-
gin (1 male and 2 females). Of the 37 remaining individuals, 
there was a fairly even distribution between the sexes, with 
15 females and 22 males accepted into breeding packs. The 
average age of adopted pack members was 2.4 ± 1.8  years, 
with a range of 0–8  years old. Two postreproductive males 
were accepted into breeding packs. Sixteen percent (n = 43) 
of adopted individuals later became reproductive themselves 
in other packs, and only 9% became reproductive in the 
pack in which they were an adopted member. Thus, adopted 
pack members were involved in mechanisms (2)–(4) for 
breeding-pair formation in only 4% (n = 90) of pairs. These 
individuals were involved in 1 out of 22 replacements of a 
single breeder (2), 1 out of 10 replacements of both breeders 
(3), and 2 out of 11 replacements of both breeders with other 
individuals present (4). These findings suggest that joining a 
breeding pack did not carry strong reproductive advantages 
either in the pack in question (actively displacing a current 
breeder or replacing a lost breeder), or elsewhere, and thus 
did not contribute substantially to inbreeding avoidance 
within the adopting pack.

Breeding of new immigrants
Breeding of new immigrants to a pack occurred at high 
enough frequencies to suggest that it may be an important 

contributor to inbreeding avoidance, either through 
incidental arrival after a breeding position in a pack opened 
up or through male–male competition. Approximately 17% 
(n = 90) of breeding pairs were formed when a new immigrant 
arrived after the death or dispersal of a previous breeder 
and assumed a breeding position, either with the surviving 
mate or a new mate. There was also some evidence that an 
additional 12% (n = 90) of breeding-pair formations involved 
replacement of one member of a breeding pair (option 
(2) above) via male–male competition. Approximately half 
(55%) of transitions to a new breeder were potentially due 
to male–male competition, where the arrival of the new 
breeder or breeding of a subordinate was associated with the 
death/departure of the resident breeder between breeding 
seasons. Three of these cases involved sons displacing fathers 
(2 initially through extrapair copulation with their mother), 
7 cases involved the arrival of a competitor and subsequent 
death/departure of the resident breeder within the same 
season, and 1 case involved the arrival of a competitor and 
subsequent dispersal of the resident breeder in the following 
season. There were 2 clear deaths due to intraspecific strife 
after the arrival of a competitor that resulted in 5- and 
10-year-old males being replaced by incoming 2  year olds. 
In general, 3- to 10-year-old breeders were replaced by 
1–3-year-old competitors, with the competitor always being 
younger than the resident breeder. We found little evidence 
of female–female competition, although 3 female breeder 
displacements could potentially have occurred by competition 
as defined above. One of these cases involved a female who 
took over from her mother after the death of her father.

Another line of evidence suggesting that male–male com-
petition may have occurred more frequently than female–
female competition lies in the higher frequency of males with 
postbreeding pack activity: 25% of male (n  =  69) but only 
2% of female (n = 59) breeders were located outside of their 
breeding pack after their last breeding event. Nineteen per-
cent of male breeders spent time as lone wolves, 9% spent 
time in transient nonbreeding packs, and 3% spent time in 
stable breeding packs as nonbreeders (note that 4 out of 21 
of males in this sample spent time both alone and with other 
wolves) (n  =  69). Overall, males spent a mean of 7.3 ± 7.3 

Figure 2 
Frequency of individual strategies for forming a pair bond. Note that some individuals fall into 2 categories (i.e., those that both bred in their 
natal pack and were involved in extrapair copulation), and some individuals formed more than 1 pair bond over their lifetime.
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seasons (range 1–25) after dispersing from their breed-
ing pack before death or censorship. The average age of 
postreproductive males outside of their breeding packs was 
6.4 ± 2.3 years (range 2–11 years). The only postreproductive 
female to leave her breeding pack and spend time elsewhere 
as a nonbreeder was 10  years old. She spent 1 season alone 
and 4 seasons with a postreproductive male (the first 2 sea-
sons of which a nonreproductive female was also present) 
before being censored. Note, however, that approximately 
half of male dispersal events from their breeding packs 
appear to have been a consequence of mate loss, suggesting 
that there are reasons other than male–male competition that 
could create sex different frequencies in postbreeding pack 
lifespan.

Extrapair reproduction and inbreeding avoidance

Socially monogamous breeding pairs showed a high degree of 
genetic monogamy. From 1987 to 2007, within 174 litters pro-
duced by 90 breeding pairs (59 females and 69 males), there 
were only 4 instances of extrapair reproduction—2 involving 
multiple paternity, and 2 involving extrapair paternity. Two 
of the four instances involved mating between first-degree 
relatives described above (see Frequency of inbreeding). The 
third instance involved multiple paternity, where a female 
produced a litter both with her mate and with a lone male 
residing in a home range in close proximity. The fourth 
instance involved extrapair paternity by a male that produced 
a litter both with his long-term mate, as well as a litter with a 
female in an adjoining pack, whose long-term mate had previ-
ously been killed by a vehicle. This latter female went on to 
breed with a new resident male the following year, and the 
male continued to breed with his long-term mate. The low 
frequency of extrapair reproduction suggests that it was not 
a major mechanism for outbreeding within red wolf family 
groups.

DIScuSSIon

Using long-term, population-wide data on the reintroduced 
red wolf, we explored the major social behaviors employed by 
red wolves throughout their lifespans (Figure 1). Consistent 
with studies in other cooperatively breeding species, including 
gray and Eastern wolves (e.g., reviewed in Koenig and Haydock 
2004; Smith et al. 1997; Vonholdt et al. 2008; Rutledge et al. 
2010; Steinglein et al. forthcoming), we found that in spite of 
prolonged associations among close relatives due to delayed 
dispersal, breeding pairs in the red wolf population were 
almost entirely composed of 2 unrelated individuals. We 
report a variety of behaviors, including independent dispersal 
trajectories, membership in nonbreeding packs of unrelated 
individuals, and a high prevalence of breeding-pair formation 
between unrelated mates, that may serve as mechanisms 
contributing to inbreeding avoidance.

Prebreeding social behavior and inbreeding avoidance

We observed few cases (4% of mated pairs) of siblings breed-
ing together, thus although siblings may interact in the natal 
pack when delaying dispersal, they are unlikely to breed 
together. Almost half (43%) of the wolves in the study popu-
lation spent time as lone wolves following dispersal from their 
natal pack (Figure 1). For these individuals, social bonds with 
siblings were effectively broken, increasing the likelihood that 
siblings will find unrelated mates. Furthermore, up to 30% 
of young wolves joined aggregations of other nonbreeding 
individuals (Figure  1), and only 3% of siblings were found 
in the same nonbreeding subpacks. This is critical given the 

high frequency of male–female dyads among nonbreeding 
subpacks (Table 1), and that these dyads stayed together lon-
ger than other combinations of nonbreeders. These are indi-
cators that such aggregations were incipient breeding packs 
which, if successful, could have increased levels of inbreed-
ing if were largely composed of relatives. Thus, in general, 
the activities of dispersing young wolves favored mixing with 
wolves from other packs, rather than maintaining close ties 
with siblings. Interestingly, a recent study that compared 
rates of pairing with kin versus nonkin in several canid spe-
cies suggested that selection for inbreeding avoidance via kin 
recognition mechanisms may be weak in canids, due to low 
rates of encounter with close relatives outside the natal pack 
(Geffen et al. 2011). Thus, our reported low rates of new pairs 
between close relatives may be attributable to low encounter 
rate rather than inbreeding avoidance per se.

Similarly, breeding between parents and offspring was rare 
(4% of mated pairs), in spite of the likelihood that some 
offspring that delayed dispersal to 1 or more years of age 
were physiologically capable of reproduction (Rabon 2009; 
Sparkman et  al. 2011a). Two factors likely contributed to 
the low frequency of parent–offspring pairs. First, behavioral 
or physiological reproductive suppression of subordinates 
is widespread among canids and other cooperatively breed-
ing mammals (e.g., reviewed in Solomon and French 1997; 
O’Riain et al. 2000; Packard 2003); second, the high rate of 
dispersal from the natal pack (Sparkman et  al. 2011b), sug-
gests that young wolves rarely compete with a same-sex par-
ent for a breeding position (or at least succeed in doing so), 
and do not wait indefinitely for a position to become avail-
able. Although there were 7 instances of territory inheritance 
by resident offspring (Figure  2), a phenomenon previously 
reported in both gray and Eastern wolves (e.g., Mech and 
Boitani 2003; Jędrzejewski et  al. 2005; Rutledge et al. 2010), 
most dispersed elsewhere to breed, which is consistent 
with other cooperatively breeding species (Dickinson and 
Hatchwell 2004; Russell 2003).

Although the inbreeding among first-order relatives is rare 
in the red wolf population, we have not demonstrated that 
red wolves are statistically less likely to mate with close rela-
tives. Unfortunately, demonstrating this requires more than 
simply testing for inbreeding avoidance against a null model 
of random mating that incorporates spatial, temporal, and 
developmental constraints on mate formation. Ideally, an 
appropriate null model for a cooperative breeder should also 
incorporate the potential for a nonrandom preference for 
family members because, in the absence of behavioral mecha-
nisms for inbreeding avoidance, these individuals may be the 
most easily accessible and energetically inexpensive mates, 
especially considering high costs of dispersal (e.g., Sparkman 
et al. 2011b). Indeed, it is the prolonged association between 
relatives of or near breeding age that raises the theoretical 
enigma of how such social systems avoid dangerously high 
rates of inbreeding in the first place. An additional challenge 
to modeling potential versus actual breeding pairs in our pop-
ulation of red wolves is the unknown availability of coyotes as 
potential mates. Nevertheless, we hope that future work will 
use the information we present here as a starting point for 
exploring a variety of alternate models that formally test for 
evidence of inbreeding avoidance among individuals of vary-
ing degrees of relatedness (e.g., see Geffen et al. 2011).

Breeding-pair formation and inbreeding avoidance

Patterns of breeding-pair formation in the red wolf favored 
the breeding of unrelated individuals. There were 4 major 
patterns of pair formation, the most prevalent being the pair-
ing of 2 unrelated individuals in an otherwise unoccupied 
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home range (54%). This is not surprising given a previous 
finding that in approximately half of the cases where 1 mem-
ber of a breeding pair is lost, the breeding pack is disbanded 
(Sparkman et al. forthcoming), necessitating that the majority 
of new pairs be formed independently. Furthermore, the pop-
ulation was expanding during the first few years of the study 
period (USFWS 2007), and many home ranges remained 
unoccupied during that time. Pairing of 2 lone individuals in 
this way is highly conducive to inbreeding avoidance, and is 
likely facilitated by high dispersal rates, a high proportion of 
individuals spending time as lone wolves, and the high fre-
quency of unrelated male–female dyads even among pre- or 
nonreproductive wolves (Figure 1, Table 1).

Transitions resulting in the replacement of 1 or both 
members of a breeding pair occurred in the remaining 45% 
of cases (Figure  2). Interestingly, only 8% of total pair for-
mations involved resident offspring replacing a parent as 
a breeder, and 4 out of these 7 cases involved inbreeding 
between parents and offspring or siblings. Thus, breeding 
in the natal pack, when it occurs, is often associated with 
inbreeding, suggesting that the low frequency of this strategy 
is in general an important factor in inbreeding avoidance.

Among cooperatively breeding species, a major mecha-
nism for outbreeding can be adoption of unrelated immi-
grant individuals into a social group (e.g., Rood 1990). These 
individuals may take part in the regular activities of the pack, 
even providing care for young, with the possibility that, when 
the opportunity arises, they may eventually assume breeding 
dominance. Acceptance of “adoptees” into packs has previ-
ously been reported in gray and Eastern wolves (reviewed 
in Mech and Boitani 2003; Grewal et  al. 2004; Jędrzejewski 
et al. 2005; Rutledge et al. 2010). Nevertheless, in our study, 
although unrelated individuals were occasionally adopted 
into a breeding pack, only 9% of red wolves employed this 
strategy (Figure  1), and breeding opportunities for these 
individuals was even rarer than for offspring within their 
natal pack (4% vs. 8%, respectively) (Figure 2).

It is worth noting that in our study, males and females 
were equally likely to be adopted, and 3 females and 1 male 
remained to breed in their adopted packs. This is surprising 
given the preponderance of male adoptees in gray wolves 
(Mech and Boitani 2003), and the lack of female immigrants 
observed in Yellowstone wolves (Vonholdt et al. 2008). Future 
studies should evaluate if differences in pack social structure 
in Canis species are attributable to species-specific factors, or 
whether strategies vary from population to population.

Another mechanism for outbreeding in wolves is through 
the arrival of new immigrants. Second to breeding-pair for-
mation by 2 unrelated individuals on an unoccupied home 
range (54% of breeding pairs), immigration of new individu-
als into a pack to assume already-vacant breeding positions 
(17% of breeding pairs) was the most prevalent mechanism 
conducive to inbreeding avoidance in red wolves (Figure 2). 
There was also evidence that an additional 12% of breed-
ing pairs were formed via male–male competition. Although 
there exists evidence of competition within groups for breed-
ing status among cooperative breeders (e.g., Mumme et  al. 
1983; Reyer 1986), little is known regarding active displace-
ment of resident breeders by competitors (but see Doolan 
and Macdonald 1996). Among gray wolves, intraspecific 
competition has been observed, but the extent to which this 
acts as a mechanism for breeder transition in a population 
is unknown (reviewed in Mech and Boitani 2003). In this 
study, there were 3 instances where a son took over from his 
father, although an additional 8 instances involved the arrival 
of an apparent competitor, followed by the death or depar-
ture of the breeding male (Figure  2). Evidence for female–
female competition was negligible, and the fact that males 

were also much more likely to be found outside their breed-
ing pack after vacating a breeding position suggests that com-
petition for breeding positions, should it occur, is generally 
among males.

Interestingly, although more anecdotal accounts have sug-
gested that the dominant pattern of pair formation in gray 
wolves corresponds to our option “1,”, where 2 lone individu-
als form a pair bond (reviewed in Vonholdt et  al. 2008), a 
recent study of the reintroduced Yellowstone population sug-
gested that only 7% (2 out of 29) of pairs conformed to this 
pattern (Vonholdt et  al. 2008). The remaining pairs were 
formed when packs split, a vacancy was filled by an unrelated 
individual, or a group of individuals dispersed to be joined by 
an opposite-sex group. It remains to be seen which pattern of 
pair formation is most prevalent in other wolf populations. 
It is possible that in the red wolf population, high levels of 
anthropogenic mortality exerting an additive effect on rates 
of pair-bond dissolution may be at least partially responsible 
for the high rate of pair formation by 2 lone individuals 
(Sparkman et  al. 2011c). However, in spite of this disparity 
in the prevalence of different strategies for breeding-pair for-
mation, both Yellowstone gray wolves and red wolves showed 
equally low levels of breeding between closely related individ-
uals (Vonholdt et al. 2008, this study), suggesting that at any 
frequency, the employment of any or all of these strategies 
may culminate in similar levels of inbreeding avoidance.

Extrapair reproduction and inbreeding avoidance

Like the gray wolf (e.g., Smith et al. 1997; Vonholdt et al. 2008), 
the red wolf appears to be a rare case of both social and genetic 
monogamy. In 174 breeding events, there were only 4 excep-
tions, 2 involving resident offspring, and 2 involving individu-
als from adjoining home ranges. Furthermore, although there 
can be intraspecific variation in mating system in response to 
differences in ecological variables (Sun 2003), it is notable that 
although the red wolf population density rose steadily over the 
study period, reaching high and stable numbers from 2000 to 
2007 (USFWS 2007), extrapair reproduction occurred so rarely 
so as to make any potential density-dependent increase in its 
frequency indiscernible. This suggests that although delayed 
dispersal of offspring and adoption of unrelated individu-
als into a pack may provide ample opportunity for extrapair 
reproduction, red wolves have a strong tendency to exhibit 
reproductive suppression of subordinates, thereby favoring the 
maintenance of monogamous pair bonds. Furthermore, high 
levels of territoriality may reduce the possibility of extrapack 
breeding with neighboring wolves. Thus, although extrapair 
reproduction may be an important mechanism for outbreed-
ing in other cooperative breeders (e.g., Sillero-Zubiri et  al. 
1996; Randall et al. 2007; Young et al. 2007), red wolves appear 
to rely more on mechanisms compatible with a genetically 
monogamous mating system.

concLuSIon

We found few instances of breeding between first-degree rela-
tives in the reintroduced red wolf population, suggesting that 
there are elements to the red wolf life cycle that reduce the risk 
of inbreeding incurred by delayed dispersal of offspring. High 
dispersal rates, potentially accompanied by behavioral repro-
ductive suppression prior to dispersal, likely contributed to low 
rates of inbreeding within a pack. Furthermore, the high pro-
portion of young wolves spending time alone, or as members of 
nonbreeding packs primarily composed of unrelated individu-
als, could act as a barrier to breeding among siblings after dis-
persal. Outbreeding was at least partially facilitated by unrelated 
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individuals immigrating into a pack to replace 1 or both breed-
ers (either serendipitously or actively via competition); however, 
although adoption of unrelated wolves into breeding packs did 
occur, these individuals seldom attained dominance. Similarly, 
red wolves did not appear to rely on extrapair reproduction 
with either adopted pack members or extrapack individuals for 
inbreeding avoidance, as they primarily exhibited both social 
and genetic monogamy, and 2 of the 4 instances of extrapair 
reproduction involved family members. Instead, the most sig-
nificant guarantor of outbreeding appeared to be the high 
proportion of breeding pairs formed in new territories by 2 
unrelated individuals.

In general, we conclude that an array of dispersal, postdis-
persal, and pair formation behaviors have the potential to 
work together to reduce rates of inbreeding, and any associ-
ated fitness costs, in the cooperatively breeding red wolf.

The Red Wolf Recovery Program is conducted by the USFWS, and 
we are grateful to Service personnel for their diligent efforts in the 
field and access to the data. The fieldwork was funded by the USFWS, 
and data analysis and write-up were supported by grants to DLM from 
the Canada Research Chairs program and the Natural Sciences and 
Engineering Research Council (Canada). The findings and conclu-
sions in this article are those of the authors and do not necessarily 
represent the views of the USFWS.
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Effects of sterilization on territory fidelity and
maintenance, pair bonds, and survival rates of
free-ranging coyotes

Cassity Bromley and Eric M. Gese

Abstract: Predation on sheep by coyotes (Canis latrans) is a longstanding problem for sheep producers. Current re-
search suggests that surgical sterilization of coyotes could prove to be an effective method of reducing their depreda-
tion rates on domestic sheep by modifying their predatory behavior. However, for sterilization to be a viable
management tool, the territorial and affiliative behaviors of pack members would need to remain in place. We tested
whether surgically sterilized coyotes maintained pair bonds and territories in the same manner as intact coyotes. We
also examined if territory fidelity and survival rates differed between sterile and intact coyotes. From June 1997 to
April 2000, 10 males and 9 females were sham-operated and radio-collared, while 20 males and 6 females were surgi-
cally sterilized and radio-collared. We monitored members of 5 sterile and 4 intact packs during 1998, 6 sterile and 7
intact packs during 1999, and 4 sterile and 6 intact packs through the 2000 breeding season. Behaviorally, sterile packs
appeared to be no different than intact packs. A half-weight association index showed that social dyads within sterile
coyote packs were located together as frequently as dyads within intact packs. Simultaneous radiolocations of members
of sterile packs showed that members of sterile packs were significantly closer to each other than would be expected
from random locations. There was no difference in size or degree of overlap between territories of sterile and sham-
operated coyote packs. Sterile coyotes had a higher annual survival rate than reproductive animals in 2 of the 3 years,
and there was no difference in the level of territory fidelity. We concluded that surgical sterilization did not modify the
territorial or affiliative behaviors of free-ranging coyotes, and therefore sterile coyotes could be used as a management
tool to exclude other potential sheep-killing coyotes.

Résumé: La prédation opérée sur les moutons par les Coyotes (Canis latrans) est un problème de longue date pour
les éleveurs de moutons. Des recherches récentes indiquent que la stérilisation chirurgicale des coyotes pourrait être
une façon efficace de diminuer les taux de prédation exercée sur les moutons domestiques car elle modifie le comporte-
ment prédateur des coyotes. Cependant, pour que la stérilisation soit un outil de gestion efficace, il faudrait que les
comportements territoriaux et les comportements d’affiliation restent les mêmes. Nous avons vérifié si les coyotes stéri-
lisés par chirurgie sont capables de maintenir la fidélité à un territoire et les liens entre deux individus aussi bien que
les coyotes témoins. Nous avons également vérifié si la fidélité au territoire et les taux de survie diffèrent chez les
coyotes stérilisés et les coyotes intacts. De juin 1997 à avril 2000, nous avons procédé à des opérations simulées sur
10 mâles et 9 femelles et stérilisé vraiment 20 mâles et 6 femelles et nous avons muni tous ces animaux d’un collier
émetteur. Nous avons suivi ainsi 5 meutes stériles et 4 intactes en 1998, 6 stériles et 7 intactes en 1999 et 4 stériles et
6 intactes pendant la saison de reproduction 2000. Le comportement des meutes stériles ne semblait pas différer de ce-
lui des meutes témoins. Un coefficient d’association (« half-weight association index ») a montré que les dyades socia-
les au sein des meutes stériles se retrouvaient ensemble aussi souvent que les dyades au sein des meutes intactes. Le
repérage simultané par radio de membres des meutes stériles a permis de constater que les individus des meutes stéri-
les se tiennent plus près les uns des autres que s’ils étaient répartis au hasard. Nous n’avons pas observé de différences
dans la taille des territoires ou l’importance du recoupement entre les meutes stériles et les meutes qui n’ont subi que
des opérations simulées. Le taux de survie annuel des coyotes stériles s’est révélé plus élevé que celui des coyotes re-
producteurs au cours de 2 des 3 années de l’étude et les deux groupes avaient le même degré de fidélité au territoire.
Nous concluons que la stérilisation par chirurgie ne modifie pas les comportements territoriaux ou les affiliations chez
les coyotes en nature. Les coyotes stérilisés pourraient ainsi être utilisés en gestion pour assurer l’exclusion d’autres
coyotes prédateurs de moutons.
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Introduction

People have been trying to prevent coyotes (Canis latrans)
from killing domestic sheep for as long as sheep grazing and
coyotes have coexisted. In Utah, ranchers reported the loss
of 19 000 lambs and sheep in 1997 (U.S. Department of Ag-
riculture 1998), and losses to predators have been cited as a
factor in ranchers leaving the industry (Gee et al. 1977). Till
and Knowlton (1983) suggested that provisioning of pups
may be a factor driving coyote predatory behavior. When
both pups and adult coyotes were removed, predation on
sheep declined by 98.8%. When just pups were removed and
adults were left in place, sheep losses declined by 91.6%. In
areas where no control was performed, losses declined by
4.2%. Those authors hypothesized that sterilization might be
even more effective because the sheep losses that occurred
before pups were removed would be avoided. In addition, if
sterilized coyotes maintain pair bonds and defend territories,
other benefits would accrue: pairs defending a territory could
exclude other potential sheep-killing coyotes, and these ben-
efits could continue for several years, as long as the coyotes
survived and pair bonds remained intact.

Sterilization has been discussed as a wildlife management
tool (Garrott 1995) in many contexts, including control of
rabies (Linhart and Enders 1964) and limiting the distribution
and numbers of animals such as feral horses (Kirkpatrick et
al. 1990), geese (Branta canadensis) (Converse and Kennelly
1994), deer (Odocoileus virginianus) (Matschke 1977; Plotka
and Seal 1989), burros (Turner et al. 1996), and red foxes
(Vulpes vulpes) (Linhart and Enders 1964; Oleyar and
McGinnes1974; Pech et al. 1997). However, the effect of
sterilization on wild carnivore behavior has not been widely
investigated (Asa 1995). Mech and Fritts (1993) reported
that 5 vasectomized wolves (Canis lupus) maintained territo-
ries and pair bonds. Haight and Mech (1997) developed a
model testing the use of vasectomy for wolf control. A study
of red foxes in Australia showed that during the first year af-
ter they were surgically sterilized, females maintained home
ranges similar in size to intact females, but overlap of home
ranges wasgreater among sterile vixens (Saunders and
McIlroy 1996).Dominance relationships, mortality rates, and
behavior did not change, and compensatory reproduction ap-
parently did not occur (Saunders and McIlroy 1996; Bubela
1999). Balser (1964) examined the effectiveness of diethyl-
stilbestrol drop baits in reducing coyote reproduction, but
did not examine any behavioral effects. Zemlicka (1995)
found no effect of sterilization on courtship and territorial
behaviors in captive coyotes.

Bromley (2000) demonstrated that packs of coyotes that
had been surgically sterilized killed sheep significantly less
often than packs of intact coyotes. However, for sterilization
to be effective in modifying the predatory tendencies of coy-
otes and reducing predation on sheep, the behavioral com-
ponents of coyote social ecology would need to remain
unchanged (Asa 1995). This study examined the behavioral
aspects of surgically sterilizing coyotes. Specifically, we ad-
dressed the following questions: (i) will free-ranging steril-
ized coyotes differ from reproductive coyotes in terms of
pair-bond maintenance? (ii ) will members of a sterile pack
remain together and maintain territory boundaries? (iii ) will

sterilization affect coyote pack size? (iv) will survival rates
differ between sterile and intact coyotes? and (v) will steril-
ization affect the residency rates of coyotes (i.e., the level of
territory fidelity), or will sterile members leave packs that
are not producing pups?

Methods

This study was conducted on 400 km2 of the Deseret Land and
Livestock Ranch in northeastern Utah. The primary vegetation type
is sagebrush steppe (Artimesia tridentata wyomingensis) with an
understory of grasses, including needle and thread grass (Stipa
comata), Indian rice grass (Oryzopsis hymenoides), and western
wheatgrass (Pascopyrum smithii). Crested wheatgrass (Agropyrum
desertorum) was planted on some areas of the ranch during the
1960s. Rocky outcrops and some irrigated meadow also make up a
small portion of the ranch. The area receives approximately 27 cm
of rainfall a year, and temperatures range from a winter average of
–9.5°C to a summer average of 15.6°C. Most of the ranch is grazed
by cattle each year.

During the spring and summer of 1997, coyotes were captured
using padded leg-hold traps with tranquilizer tabs (Balser 1965).
Traps were checked each morning and coyotes were weighed, aged
by tooth wear (Gier 1968), ear-tagged, sexed, and fitted with radio
transmitters (Advanced Telemetry Systems, Isanti, Minnesota). The
purpose of capturing animals in the summer and spring of 1997
was to confirm that the coyote packs would kill sheep, as well as to
allow for efficient capture of the pack with the aid of a helicopter
by relocating radio-collared coyotes during winter. Collared and
uncollared coyotes were captured using a helicopter and net gun
(Barrett et al. 1982; Gese et al. 1987) during December 1997, Jan-
uary 1998, and January 1999. Packs were randomly divided into
sham- and sterile-treatment groups. We captured and radio-collared
as many members of each pack as possible. All captured coyotes
were transported to a veterinary clinic for surgical sterilization. A
premolar was extracted from each animal for aging by cementum
annuli analysis (Linhart and Knowlton 1967). Females were sterilized
by tubal ligation and males by vasectomy, leaving the hormonal
system intact (Zemlicka 1995). Sham-treated animals underwent
the same surgical procedure, but sterilization was not completed.
All animals were held overnight for observation and released at the
point of capture the following morning.

When sheep were present, from mid-May to September, coyotes
were located once or twice daily from null telemetry stations or
with a hand-held antenna (Mech 1983; White and Garrott 1990).
Six null stations were placed on elevated points in an attempt to
cover much of the study area; telemetry error was ±1–2° for the
null stations. Coyotes were generally relocated during the time
when most coyote movement and activity occurred (evening, night,
and early morning). During the rest of the year, coyotes were lo-
cated every 2 weeks, either from the ground or during the day from
the air (Mech 1983). The software programLOCATE (Pacer, Truro,
Nova Scotia) was used to calculate location coordinates, andCALHOME

(Kie et al. 1996) was used to calculate adaptive kernel home-range
estimators (Worton 1989). Minimum pack sizes were estimated
from observations of coyote packs during aerial telemetry and re-
flect prewhelping (winter) pack sizes. To confirm the breeding sta-
tus of the pack, searches were made by foot and from the air in all
coyote territories to find dens and confirm the presence or absence
of pups. Response to simulated howling was also used to monitor
pup production (Harrington and Mech 1982).

Annual survival rates were calculated usingMICROMORT (Heisey
and Fuller 1985) by extrapolation of daily survival rates (Trent and
Rongstad 1974). Rates were calculated for animals of known fate;
these rates were compared with rates calculated assuming that all
missing animals still lived, and assuming that they had all died
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(Fuller 1989; Gese et al. 1989). The level of territory fidelity was
examined by calculating residency rates in the same manner as sur-
vival rates but substituting dispersal for death in the calculation
(Fuller 1989). Az test was used to compare both survival and resi-
dency rates between sterile and sham-operated coyotes.

Bonds between all radio-collared pack members were analyzed
by comparing the average distance between two animals located in
the same hour with the distance between random locations for the
same animals (Kitchen et al. 1999). At test was used to compare
the mean distances of simultaneous (<1 h apart) versus random
locations. A half-weight association index (Brotherton et al. 1997)
was also calculated:

n

n x y+ +1 2/ ( )

wheren is the number of times both animals were located together,
x is the number of times one animal was located without the other,
and y is the number of times the remaining animal was located
without thex animal. For animals that are always located together
the index is 1, and for animals that are never together it is 0.

Results

From June 1997 to April 2000, 10 males and 9 females
were sham-operated and 20 males and 6 females were steril-
ized and radio-collared; 3016 telemetry locations were col-
lected. Two females and 1 male were initially captured and
sham-operated in 1998, then recaptured and sterilized in the
second year. In 1998, coyotes from 9 packs were radio-
collared (5 packs of sterile coyotes and 4 packs of sham-
operated coyotes). In 1999 and 2000, coyotes from 10 packs
were radio-collared (4 packs of sterile coyotes and 6 packs
of sham-operated coyotes). In three cases sterile animals
were present in breeding packs, but they were associates
rather than members of the breeding pair. We monitored
members of 5 sterile and 4 intact packs during 1998, 6 ster-
ile and 7 intact packs during 1999 (4 sterile and 3 intact
packs were the same in 1998 and 1999), and 4 sterile and 6
intact packs through the 2000 breeding season (all 4 sterile
and all 6 intact packs in 2000 were monitored previously in
1999).

Pack affiliations and pair bonds
Sterile coyotes maintained pair bonds similarly to sham-

operated packs. The half-weight association index scores for
4 sterile breeding pairs were between 0.41 and 0.72 (Ta-
ble 1). We did not have a comparable sample of sham-

operated pairs, but these sterile pairs were located together,
on average, 57% of the time. When we compared the half-
weight association index scores for all dyads from sterile
packs (x = 0.313) with all dyads from sham-operated packs
(x = 0.19) summed over both years, there was no significant
difference in the scores between all members of sham-
operated and sterile packs (t = 1.32, P = 0.198). In 1999,
sterile dyads (x = 0.444) had a significantly higher score (t =
2.45,P = 0.031) than sham-operated dyads (x = 0.199). This
is probably due to a greater number of breeding pairs being
captured and radio-collared in the sterile cohort and a greater
number of nonbreedingassociates being radio-collared in the
sham-operated cohort.

The average distance between members of a sterile breed-
ing pair located within the same hour was 0.47 km (n = 4
pairs; Table 2). In Colorado, Kitchen et al. (1999) calculated
an average distance of 1.07 km between members of the
same pack.Breeding members of sterile packs were signif-
icantly (t = –10.17,P < 0.0001) closer to each other than
would be expected from random locations (x = 2.06 km
apart). In 1998, when the distances for all dyads from sterile
packs are compared with random locations, the difference is
not significant (t = –1.68,P = 0.11). This is probably due to
the small number of locations available for each animal
(mean 15.5), and 6 of the 10 dyads were from comparisons
of distances between members of 1 large pack.When the
distances for all dyads from sterile packs for 1999 are
comparedwith random locations(mean points/animal = 121),
the dyads are significantly closer than would be expected (t =
–2.70, P = 0.016). In 1999, all dyads from sham-operated
packs were also closerthan expected when compared with
random locations (t = –3.03,P = 0.016). The composition
of sterile coyote packs persisted over several years, and was
similar to relations among individuals in intact packs.

Home-range size and overlap
The density of coyotes in the study area was fairly high,

and all available territories were filled (i.e., evidence such as
scats and tracks was present even in areas where coyotes
were not radio-collared). The mean territory size (90%
isopleth) forsterile packs was 17.4 km2 (n = 5), while terri-
tories of sham-operated packs (n = 6) averaged 16.8 km2

(Fig. 1); there was no significant difference (t = –0.196,P =
0.85) between territory sizes of sterile and sham-operated
packs. Average overlap between coyote territories drawn to
the 95% isopleth was 21% (range 0–39%). The core areas
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1998 1999

Male–female Male–male Male–female Male–male

Sterile packs 0.54 0.57 0.53 0.36
0.38 0.18 0.61 0.03
0.08 0.07 0.03 0.54
0 0.31 0.41
0.06 0.72
0.07 0.52

Sham-operated packs 0.14 na 0.16 0.08
0.20 0.27 0.35

0.12

Table 1. Half-weight association index scores for coyote dyads in sterile and sham-
operated packs, Deseret Land and Livestock Ranch, Utah, 1998–1999.
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(estimated at the 60% isopleth) between 2 packs overlapped
only once: 3% between two packs. There was no significant
difference between the average overlap of 2 adjacent sterile
packs and the overlap of a sterile pack with an adjacent
sham-operated pack (t = 0.19,P = 0.85). Nor was the aver-
age overlap between 2 adjacent sterile packs significantly
different from that between 2 adjacent sham-operated packs
(t = –0.01,P = 0.91).

Territory fidelity
In 1998 there was no significant difference between the

annual residency rate of sham-operated and sterile coyotes
(z = 0.86, P = 0.195). Sham-operated coyotes remained in
territories at an annual rate of 0.88 (1 coyote dispersed) and
sterile coyotes at a rate of 0.74 (3 coyotes dispersed); in cal-
culating rates, animals of unknown fate were censored. In
1999, only 1 sterile male coyote is known to have dispersed
from its territory. In 2000 there were no confirmed dispersals
of coyotes in either treatment group from their territory.
Thus, sterile coyotes remained within their territory at simi-
lar rates to members of reproductive packs. The lack of re-
production in the sterile packs did not increase abandonment
of the territory, even after 3 breeding seasons.

Pack size
Our purpose in using sterilization was to modify the pred-

atory behavior of coyotes by reducing the motivation of
provisioning pups. However, because sterilization could af-
fect pack size, we compared minimum observed pack sizes
between sham-operated and sterile coyote packs. This mini-
mum count represents prewhelping (winter) pack size. In
1998 the mean size of sterile and sham-operated packs was
2.8 and 3.0, respectively (t = –0.25,P = 0.80). In 1999 the
mean size of sterile and sham-operated packs was 2.2 and
3.4 coyotes, respectively (t = –1.42,P = 0.18). In 2000 the
average size of the sham-operated packs was 3.0 coyotes and
that of the sterile packs was 2.4 coyotes (t = –1.04, P =
0.32). Thus, over 3 years there was no appreciable effect of

sterilization on the number of coyotes in each pack observed
in winter. We emphasize that these pack-size estimates are
from winter, after most dispersal of young has occurred.
Pups were produced in the intact packs, but these pups had
either dispersed or died by the next breeding season (Janu-
ary), hence the size of the core social unit remained un-
changed between reproductive and non-reproductive packs.

Survival
Forty-two coyotes were radio-collared and monitored for

22 167 radio-days over the course of the study; 20 coyotes
were alive and accounted for at the end of the study. Nine
coyotes were known to have died during the course of the
study: 4 died of unknown causes and 5 were shot (usually
outside the study area). Survival rates calculated when miss-
ing animals were censored versus rates calculated assuming
that missing animals had died and then assuming that they
still lived were not significantly different (z = 0.116, P =
0.45). In 1998, the annual survival rate for sham-operated
and sterile coyotes was 0.57 and 0.91, respectively (z = 2.06,
P = 0.02). In 1999, sterile and sham-operated coyotes had an
annual survival rate of 0.91 and 0.60, respectively (z = 1.36,
P = 0.09). In 2000 (January–April), sham-operated coyotes
had a higher survival rate (1.00) than sterile coyotes (0.89)
(z = 1.56,P = 0.03).

Discussion

A major concern when contraceptive intervention is used
with canids is the effects on behavior and social structure
(Asa 1995). Our results indicate that surgical sterilization
had no effect on pair-bond maintenance and territorial be-
havior among free-ranging coyotes. Sterile packs of coyotes
remained together, in the same territory, even after no pups
had been produced for 3 years. This observation of no be-
havioral change is supported by the results of other studies
of sterile carnivores. Zemlicka (1995), working with captive
coyotes, observed that sterile coyotes displayed all social
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Male–female Male–male

Concurrent Random Concurrent Random

Sterile pack 0.584 2.195 0.574 2.030
0.424 2.327 3.324 3.429
3.494 3.677 0.399 2.189
0.652 1.733 0.383 1.438
0.222 2.112 0.949 1.485
0.373 2.203 0.212 2.300
0.563 1.624 0.776 1.838
0.185 0.842
2.902 3.530
2.761 2.718
2.757 3.065
2.082 2.166

Sham-operated pack 2.117 3.019 1.303 1.638
1.190 2.822 0.919 2.278
1.258 1.421 1.912 3.164
1.401 2.538

Table 2. Distances (km) between members of social dyads in sterile and sham-operated
coyote packs when located in the same hour, compared with random pairs of locations,
Deseret Land and Livestock Ranch, Utah, 1998–1999.
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behaviors similarly to intact animals. In Minnesota, Mech et al.
(1996) vasectomized 5 free-ranging wolves and found that
all of them stayed in their respective territories after steril-
ization, although 1 male dispersed after 2 years and formed
a new pair bond in another pack. One vasectomized wolf re-
mained in his territory for 7 years before he was killed. In
another study, a contraceptive implant (melengesterol acetate)
was administered to 10 free-ranging female lions (Panthera
leo) (Orford and Perrin 1988). The treated lionesses pro-
duced no cubs but remained as members of their prides, and
no behavioral changes were noted. Red fox vixens have also
been surgically sterilized, with no evidence of changes in
their social behavior, dominance relationships, or survival
(Bubela 1999).

Territory overlap for sterile coyote packs was similar to
that for sham-operated packs, and associate animals stayed
with the pack. We also found no significant difference be-
tween the sizes of territories occupied by sterile and sham-
operated packs. Red fox vixens that had been surgically
sterilized maintained home ranges similar in size to those
of intact females; however, home-range overlap increased
among sterile females (Saunders and McIlroy 1996). Since
our surgical-sterilization method (vasectomy and tubal ligation)
left all hormonal systems intact (Zemlicka 1995), the results
may not be the same if spaying and castration (in which re-
productive systems are removed) are employed. Modification

of hormonal systems (e.g., castration) could have a negative
effect on behavior (Asa 1995). Territorial defense, aggres-
sion, pair-bond formation, and scent-marking behavior ap-
pear to be hormone-dependent (Asa et al. 1990; Asa 1995).
Therefore, the method of sterilization used should leave the
hormone systems intact.

While our principal aim in sterilizing the coyotes was to
modify their predatory behavior, a concern with sterilization
is that it may affect population size. Although we did not
study the long-term population effects of sterilization, during
the 3 years (1998–2000) of aerial telemetry and observation
in winter, prewhelping (winter) pack sizes did not differ be-
tween sham-operated and sterile coyote packs. We empha-
size that pup production was confirmed in the intact packs,
but loss of pups due to either dispersal or death reduced
these intact packs to levels similar to those of sterile packs
by the following winter. Thus, since territory size and pack
size were unchanged, the winter density of coyotes in the
study area was not reduced. If “problem” animals in individual
packs are closely targeted for sterilization, then any long-
term population effect should be minimal. Applying steril-
ization on a larger scale may affect a population, but this
remains untested.

Because we sterilized as many pack members as possible,
we have no data on whether nonsterile associates would re-
produce, or replace sterile alpha coyotes. It is important that
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Fig. 1. Territories (90% isopleth) of sham-operated and sterile coyote packs, Deseret Land and Livestock Ranch, Utah, 1999.
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the breeding pair be identified and targeted if possible, which
can prove difficult, particularly in areas where coyote packs
are large. During our study we captured as many coyotes as
possible from each pack and treated all members accord-
ingly in the attempt to stop pup production (i.e., the sample
unit in our study was the social group or pack). In research
with red foxes (Bubela 1999), where only the dominant vixen
was sterilized, none of the 3 vixens was replaced in the first
year. In the second year, 1 sterile dominant female was re-
placed by her sister.

Sterile coyotes had a significantly higher annual survival
rate than reproductive animals in 2 of the 3 years. Sterile an-
imals did not incur reproductive costs, but since there was no
significant difference between survival rates of males (0.78)
versus females (0.52) (for 2 years,z = –1.03,P = 0.15), this
may not explain the difference in survival rates. Our results
may have been confounded by the number of coyotes that
were shot. Coyotes were most often shot when off the study
area (shooting was prohibited in the study area), and some
of the “missing” coyotes were probably also shot. However,
our survival rates are similar to those reported for mostly un-
exploited coyote populations. Gese et al. (1989) studied a
relatively unexploited population in southeastern Colorado
and reported annual survival rates of 0.72–0.80, while Andelt
(1985) reported an annual adult survival rate of 0.68 in south
Texas.

Territory fidelity, as measured by residency rates, did not
differ significantly between the two treatment groups. The
sterile animals appeared to be more likely to disperse than
the sham-operated animals, but the sample size was small
(5). Intuitively, fewer internal pressures or stresses in the ab-
sence of pup recruitment should lessen the need for other
pack members to disperse (Gese et al. 1996), but our find-
ings do not support this assumption. Associates may gain
advantages by staying, particularly in areas where larger pack
size may facilitate the killing and defense of larger prey
(Bekoff and Wells 1986; Gese et al. 1996). Our dispersal
rates for adults were similar to those reported in the litera-
ture (Gese et al. 1989) for an unexploited coyote population.
We only examined residency rates for adult coyotes. Be-
cause we did not radio-collar pups or juvenile coyotes, and
capture efforts were made during December and January (af-
ter the main pulse of dispersal would have occurred), we
were unable to estimate dispersal rates. If we had radio-
collared pups in the fall, then dispersal could have been
measured in the intact packs but not in the sterile packs.

Attempts to limit coyote predation on sheep often involve
removing as many coyotes as possible. This type of nonspe-
cific control often has limited effectiveness (Conner et al.
1998). Not all coyotes kill sheep (Sacks et al. 1999; Bromley
2000) and most killing is performed by the breeding pair
(Sacks et al. 1999). Thus, the removal of coyotes that are not
actually killing sheep could be counterproductive, opening
territories to other potential sheep-killing coyotes. Bromley
(2000) demonstrated that sterile coyote packs killed fewer
sheep than packs with pups. Provisioning of pups appears to
be a major motivation for coyotes to kill more larger, more
profitable prey (Till and Knowlton 1983). Because packs of
sterile coyotes maintained pair bonds and territories, and had
higher survival rates in 2 of 3 years, a sterile coyote pair
could prove to be a viable management tool to reduce coyote

predation on sheep. Coyotes are long-lived and highly territo-
rial (Knowlton et al. 1999), thus a sterile pair could exclude
other potentially sheep-killing coyotes for several years if the
sterile coyotes are allowed to survive. Sterilization could
also prove an effective management tool where lethal con-
trol is not a socially acceptable option. Sterilization may be
more acceptable to the public (Arthur 1981; Cluff and
Murray 1995; Mech et al. 1996) than lethal control methods
such as aerial hunting or trapping. Although our method of
sterilization may appear to be costly (~$560 per coyote), an
alternative chemical sterilant (DeLiberto et al. 1998) that
does not affect the hormonal system (Asa 1995) and could
be delivered effectively and economically may be an effi-
cient method to sterilize coyotes and modify their predatory
behavior while leaving social behaviors intact.
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Dynamics of Hybridization and Introgression in Red
Wolves and Coyotes

RICHARD J. FREDRICKSON∗ AND PHILIP W. HEDRICK

School of Life Sciences, Arizona State University, Tempe, Arizona 85287-4601, U.S.A.

Abstract: Hybridization and introgression are significant causes of endangerment in many taxa and are
considered the greatest biological threats to the reintroduced population of red wolves (Canis rufus) in North
Carolina (U.S.A.). Little is known, however, about these processes in red wolves and coyotes (C. latrans). We used
individual-based simulations to examine the process of hybridization and introgression between these species.
Under the range of circumstances we considered, red wolves in colonizing and established populations were
quickly extirpated, persisted near the carrying capacity, or had intermediate outcomes. Sensitivity analyses
suggested that the probabilities of quasi extinction and persistence of red wolves near the carrying capacity
were most affected by the strength of two reproductive barriers: red wolf challenges and assortative mating
between red wolves and coyotes. Because model parameters for these barriers may be difficult to estimate,
we also sought to identify other predictors of red wolf population fate. The proportion of pure red wolves in
the population was a strong predictor of the future probabilities of red wolf quasi extinction and persistence.
Finally, we examined whether sterilization can be effective in minimizing introgression while allowing the
reintroduced red wolf population to grow. Our results suggest sterilization can be an effective short-term strategy
to reduce the likelihood of extirpation in colonizing populations of red wolves. Whether red wolf numbers are
increased by sterilization depends on the level of sterilization effort and the acting reproductive barriers.
Our results provide an outline of the conditions likely required for successful reestablishment and long-term
maintenance of populations of wild red wolves in the presence of coyotes. Our modeling approach may prove
generally useful in providing insight into situations involving complex species interactions when data are few.

Keywords: Canis rufus, hybridization, introgression, persistence, reproductive barriers, sensitivity analysis

Dinámica de la Hibridación e Introgresión en Lobos Rojos y Coyotes

Resumen: La hibridación y la introgresión son causas significativas de peligro en muchos taxa y son con-
sideradas como las mayores amenazas biológicas para las poblaciones reintroducidas de lobos rojos (Canis

rufus) en Carolina del Norte (E.U.A.). Sin embargo, se conoce poco sobre estos procesos en lobos rojos y coy-
otes (C. latrans). Utilizamos simulaciones basadas en individuos para examinar los procesos de hibridación e
introgresión entre estas dos especies. Bajo el rango de circunstancias que consideramos, los lobos rojos eran ex-
tirpados rápidamente de poblaciones colonizadoras y establecidas, persist́ıan cerca de la capacidad de carga,
o tenı́an resultados intermedios. Los análisis de sensibilidad sugirieron que las probabilidades de cuasi ex-
tinción y persistencia de lobos rojos cerca de la capacidad de carga se vieron afectadas por la fortaleza de dos
barreras reproductivas: retos de los lobos rojos y apareamiento concordante entre lobos rojos y coyotes. Debido
a que la estimación de los parámetros de estas barreras en el modelo puede ser dif́ıcil, también buscamos
identificar otros predictores de las probabilidades futuras de la cuasi extinción y persistencia de lobos rojos.
Finalmente, examinamos si la esterilización puede ser efectiva para minimizar la introgresión y al mismo
tiempo permita que crezca la población reintroducida de lobos rojos. Nuestros resultados sugieren que la
esterilización puede ser una estrategia efectiva a corto plazo para reducir la probabilidad de extirpación en
poblaciones de lobos rojos colonizadoras. El incremento del número de lobos rojos debido a la esterilización
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depende del nivel de esfuerzo de esterilización y de las barreras reproductivas activas. Nuestros resultados
proporcionan un bosquejo de las condiciones requeridas para el reestablecimiento exitosos y mantenimiento
a largo plazo de poblaciones de lobos rojos silvestres en presencia de coyotes. Nuestro modelo puede ser útil
para el entendimiento de situaciones que involucran interacciones complejas entre especies y los datos son
escasos.

Palabras Clave: análisis de sensibilidad, barreras reproductivas, Canis rufus, hibridación, introgresión, persis-

tencia

Introduction

Hybridization and introgression occur naturally among
many plants, insects, fishes, birds, and other organisms
and are thought to be an important aspect of evolution-
ary change (Smith et al. 2003). However, they may also
be a significant cause of endangerment in other taxa
(Rhymer & Simberloff 1996; Levin 2002). Hybridization
and introgression can cause the elimination of one or
both parental species when no genetically “pure” individ-
uals remain. In some cases, extinction of parental species
can occur in only a few generations (Wolf et al. 2001).
The recent increase in species threatened by hybridiza-
tion and introgression is largely a result of formerly al-
lopatric species that are closely related becoming sym-
patric through direct transport of one species by humans
or by human-caused habitat change facilitating range ex-
pansion (Rhymer & Simberloff 1996).

Whether hybridization and introgression are limited to
a zone between species ranges or act to eliminate one
or both parental species is largely determined by the
strengths and types of reproductive barriers operating in
a system (Wolf et al. 2001; Coyne & Orr 2004). Among
species that hybridize, either multiple prezygotic barri-
ers or a combination of prezygotic and postzygotic barri-
ers are generally necessary to prevent the loss of one or
both parental species. If substantive reproductive barri-
ers are lacking, there may be little hope of maintaining
in the wild a species threatened by hybridization (Rosen-
feld et al. 2004). Knowledge of and quantitative data for
these barriers, however, are commonly lacking for species
threatened by hybridization. This and the complexity of
species interactions can make the likely outcome of hy-
bridization difficult to predict.

Red wolves (Canis rufus) occurred historically throu-
ghout southeastern North America from eastern Texas
into Pennsylvania and perhaps through Maine (Nowak
2002). Prior to European settlement of North America,
the geographic range of red wolves had little overlap with
that of coyotes (C. latrans), whose eastern limits largely
coincided with the westerly plains (Nowak 2002). By the
early 1900s the combination of direct persecution, forest
clearing, road building, and perhaps the decline of deer
herds had eliminated red wolves from most of their his-
toric range (USFWS 1989), and hybridization between red

wolves and coyotes had begun in central Texas (Nowak
2002). By the 1960s red wolves were confined to a single
small population in Louisiana and Texas, encompassed by
coyotes that had expanded their range eastward (USFWS
1989).

Upon learning that few red wolves remained in the wild
and that they were interbreeding with coyotes, the U.S.
Fish and Wildlife Service (USFWS) listed red wolves as
endangered in 1967 and initiated a captive breeding pro-
gram for them in 1973 (Riley & McBride 1975; USFWS
1989). Over the next 7 years, more than 400 wild canids
were captured from the area of the remaining red wolf
population. Fewer than 10% of the canids captured were
determined to be pure red wolves, underscoring the pre-
carious status of the species in the 1970s. Ultimately 14 of
the red wolves brought into captivity founded the current
population of red wolves. Reintroduction efforts began
in 1986, and wolves were first released into northeastern
North Carolina (NENC) in 1987. By the early 1990s coyo-
tes began to colonize the reintroduction area, and pairings
between wolves and coyotes and the production of hy-
brid offspring were subsequently observed (Phillips et al.
2003). Introgression of coyote ancestry is considered the
greatest biological threat to the reintroduced population
of red wolves (Kelly et al. 1999), which currently numbers
about 100 individuals (B. Fazio, unpublished data).

Hybridization between wolves and other canids is not
exclusive to red wolves. Analyses of mitochondrial DNA
indicate past introgression of coyote ancestry into gray
wolves (Canis lupus lycaon) in Minnesota and southeast-
ern Canada (Lehman et al. 1991). Other information in-
dicates hybridization is ongoing in Ontario (Kolenosky &
Standfield 1975). Hybridization with domestic dogs is also
considered a factor in the decline of Ethiopian wolves,
where dogs (C. familiaris) outnumber wolves by as much
as 10 to 1 (Gottelli et al. 1994).

We use individual-based simulations with a focus on the
effects of reproductive barriers to explore the dynamics
of hybridization and introgression in the wild population
of red wolves in NENC and for red wolves more generally.
Little quantitative data exist on red wolf and coyote de-
mography and reproductive barriers, and the range of re-
productive barriers operating is unknown. Consequently,
we also focused on elucidating the factors with the great-
est potential effects on hybridization and the conditions
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under which red wolves are likely to persist in the pres-
ence of coyotes. We addressed four questions: (1) What
are the potential effects of introgression on small popula-
tions of red wolves? (2) What parameters (and reproduc-
tive barriers) most strongly affect the probabilities of red
wolf extinction and maintenance of population numbers
near the carrying capacity? (3) Is it possible to predict
the fates of red wolf populations using metrics readily
estimated in the field? and (4) Is sterilization effective
in minimizing introgression while allowing the red wolf
population to grow? We believe that our modeling ap-
proach may be generally useful in providing new insights
into situations involving complex interactions between
species when data are few.

Methods

To explore the dynamics of hybridization between red
wolves and coyotes, we used individual-based simula-
tions implemented in the Visual Basic programming lan-
guage. In the simulations, individual red wolves, hybrids,
and coyotes chose mates, reproduced, survived, and dis-
persed in time steps of 1 year. The simulations assumed
that interactions between the two populations were
consistent with a continent-island model of gene flow
(Hedrick 2005), where red wolves form a small “island”
population adjacent to a much larger “continental” popu-
lation of coyotes. The island habitat space was occupied
by red wolves, immigrant coyotes, and hybrids, whereas
the overall coyote population occupied separate but ad-
jacent habitats not explicitly modeled in the simulations.
With this model of gene flow, there will be ongoing coy-
ote immigration and hybridization even if red wolf pairs
fill all the island habitat space, but immigration of hy-
brids into the large continental population of coyotes is
assumed to have a negligible effect on allele frequencies.
The effects of reproductive barriers on red wolf persis-
tence or extinction, however, will differ little from that in
standard hybrid zones.

For colonizing populations we started simulations with
eight pairs of wolves and a carrying capacity of 50 pairs.
This approximated the number of red wolf pairs present
when hybridization with coyotes was thought to have be-
gun (Phillips et al. 2003). Although the carrying capacity
for red wolf pairs in and around the recovery area is un-
known, it likely does not exceed about 50 pairs (Kelly
et al. 1999; Phillips et al. 2003). To simulate established
populations, we started with 50 pairs of red wolves and
allowed these populations to equilibrate for 25 years be-
fore pairing with coyotes began. These simulations then
ran for 100 additional years. To explore the mechanistic
causes of red wolf extirpation and the utility of steriliza-
tion in limiting introgression, we used several sets of 1000
simulations with a range of starting conditions and param-
eter values (heuristic simulations Table 1). (Supplemen-

tal information on mating decisions, demographic rates,
sensitivity analysis, parameterization, and management of
hybridization is available [see Supplementary Materials
below].)

Mating Decisions

In the simulations, coyote gene flow into the red wolf
population was controlled by red wolf and hybrid mate
selection. Molecular data suggest that hybridization be-
tween wild red wolves and coyotes in NENC is bidi-
rectional and that hybrids backcross with both parental
species (Adams et al. 2003). Consequently, pairing rules
did not differ by sex and hybrids were able to backcross
with red wolves and coyotes in our simulations. We as-
sumed that the probability of a red wolf pairing with a
coyote (PWC) declines as the number of red wolves and
hybrids increase. We modeled this decrease with the ex-
ponential function

PWC = PmaxeNrW , (1)

where Pmax is the maximum probability of a red wolf pair-
ing with a coyote, N is the number of red wolf and hybrid
individuals in the population, and rW is a constant affect-
ing the rate of change in PWC. When N = 0, PWC = Pmax.
The value of rW for a set of simulations can be calculated
as

rW = ln (Pmin/Pmax)

Nthresh

, (2)

where Pmin is the minimum probability of a red wolf pair-
ing with a coyote and Nthresh is the threshold number of
red wolves and hybrids in the population at which Pmin is
reached. To calculate the probability of a hybrid pairing
with a coyote (PHC), the probability of a coyote pairing
with a coyote (PCC) must first be calculated

PCC = (1 − Pmax) eNrC , (3)

where

rC = ln[(1 − Pmin)/(1 − Pmax)]

Nthresh

.

Finally

PHC = PWC + (1 − AH ) × (PCC − PWC), (4)

where AH is the proportion of red wolf ancestry of the
hybrid. This proportion ranges from 0 for coyotes to 1
for pure red wolves; F1 hybrids have red wolf ancestry
of 0.5. Therefore, the increased probability of a hybrid
pairing with a coyote relative to that of a red wolf was
proportional to the ancestry difference between a red
wolf and the hybrid. In short, the probability of a red
wolf or hybrid pairing with a coyote was determined by
their abundance, the pairing parameters, and the ancestry
of hybrids. Coyotes entered the simulations only when a
red wolf or hybrid chose to pair with a coyote, and they
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Table 1. Parameter values and ranges used in heuristic simulations and sensitivity analysis for red wolves (W), coyotes (C), and hybrids (H).∗

Heuristic simulations Sensitivity analysis ranges

Parameter maximum minimum maximum minimum

Red wolf survival
resident adult 0.8 0.8 0.72–0.89 0.67–0.89
resident yearling/adult ratio 0.88 0.75 0.88–1.00 0.67–0.82
resident pup 0.49 0.32 0.4–0.7 0.23–0.42
adult transient/resident ratio 0.95 0.8 0.79–1.00 0.77–0.87
yearling transient/resident ratio 0.95 0.75 0.79–1.00 0.77–0.87
pup transient/resident ratio 0.80 0.72 0.79–1.00 0.75–0.89

Red wolf fecundity and dispersal
adult fecundity 2.5 1.9 1.62–3.45 1.63–2.45
yearling/adult fecundity ratio 0.8 0.68 0.80–0.95 0.69–0.78
pup fecundity 1.2 1.0 0.5–1.2 0.02–1.12
pup dispersal probability 0.10 0.05 0.10–0.35 0.05
yearling dispersal probability 0.40 0.35 0.40–0.83 0.35

Coyote survival
resident adult 0.7 0.7 0.69–0.87 0.69–0.87
resident yearling/adult ratio 0.93 0.93 0.9–1.0 0.75–0.80
resident pup 0.47 0.4 0.4–0.6 0.24–0.44
adult transient/resident ratio 0.95 0.86 0.8–1.0 0.62–0.70
yearling transient/resident ratio 0.95 0.82 0.8–1.0 0.67–0.75
pup transient/resident ratio 0.79 0.68 0.78–0.90 0.67–0.83

Coyote fecundity and dispersal
adult fecundity 3.5 2.1 2.63–3.87 2.05–2.50
yearling/adult fecundity ratio 0.8 0.71 0.80–0.95 0.66–0.76
pup fecundity 2.0 0.25 1.13–2.62 0.1
pup dispersal probability 1.0 0.3 0.9–1.0 0.2–0.5
yearling dispersal probability 1.0 0.25 1.0 0.10–0.50

Mate selection
probability of W:C pairing 0.05 0.01 0.05–0.25 0.01–0.15
threshold number of H & W for — 120 na 50–120

minimum W:C pairing probability
number of mate candidates 1, 3 — 1–5 —
number of challenge candidates 3 — 1–5 —
probability of challenger success 0.5 — 0.0–0.5 —

Ancestry threshold for H emigration 0.05 — 0.01–0.20 —

∗Details on the bases for parameter values and ranges are available (see Supplementary Material).

were terminated from the simulation when the coyote or
its mate died. We assumed that there were always single
coyotes available for pairing.

If a wolf or hybrid chose not to pair with a coyote,
then one or more unpaired individuals (singles) of the
opposite sex were randomly drawn and the single clos-
est in red wolf ancestry was selected as its mate. Pairings
among single red wolves and hybrids were random when
one mate candidate (a single considered for pairing) was
specified at program start (Table 1) because mate candi-
dates were selected at random from singles of the oppo-
site sex. When more than one mate candidate was spec-
ified, red wolves tended to mate with other red wolves
over hybrids (assortative mating), depending on the pro-
portion of red wolves of the opposite sex in the singles
pool. Similarly, hybrids tended to mate with other hybrids
of like ancestry rather than red wolves, slowing the rate
of introgression.

Although patterns of mate selection by hybrids and
red wolves in NENC are unknown, assortative mating

among hybrids and red wolves based on levels of red wolf
ancestry and mate availability is a conservative first hy-
pothesis. Prezygotic reproductive barriers are common
among hybridizing species (Coyne & Orr 2004), and as-
sortative mating is a common prezygotic barrier among
formerly allopatric species. Also, assortative mating based
on ancestry (or body size) may be advantageous for male
and female red wolves because it would allow red wolf
pairs to retain territories and minimize risk to their off-
spring in the presence of strong intraspecific aggression.
Prezygotic and extrinsic postzygotic barriers, however,
become weaker in F2 and backcross generations as hy-
brids become more like pure species (Coyne & Orr 2004),
suggesting that hybrids with high levels of red wolf an-
cestry may be the second-most desired mate choice by
red wolves. Assortative mating among red wolves may
enforce assortative mating among hybrids to an extent
when few red wolves are willing to pair with hybrids,
particularly those with low or moderate levels of red wolf
ancestry.
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In recent years, single red wolves or wolf pairs in NENC
have challenged and displaced paired and single hybrids
on at least eight occasions, taking over their home ranges
(B. Fazio, unpublished data). In these incidents all dis-
placed individuals were hybrids, except in one incident
when a pair of red wolves displaced a pair consisting of a
hybrid and a red wolf. No coyotes or hybrids are known to
have displaced red wolves. Displacements and mortality
from intraspecific aggression are also relatively common
among red wolves in the colonizing population in NENC
(Phillips et al. 2003; A. Beyers, unpublished data).

Consequently, red wolves in simulated populations
could challenge paired coyotes and hybrids for their
mates. For each individual challenger, one or more mixed
pairs (those including a coyote or hybrid) were randomly
chosen (“challenge candidates” Table 1). The red wolf
challenged for the canid of the opposite sex with the
highest ancestry among the randomly chosen pairs, pro-
vided that it was higher than that of its current mate or
>0.5 for single challengers. The probability of the chal-
lenging wolf dropping its current mate and pairing with
the potential new mate was the product of the probability
of challenger success (Table 1) and the absolute value of
the ancestry difference between the potential new mate
and its current mate. Therefore challengers were more
likely to pair with animals of high red wolf ancestry.

Demographic Rates

In simulations, survival, fecundity, and dispersal rates
were stochastic and density dependent. Maximum demo-
graphic rates were reached when there were no canid
pairs, and minimum rates were reached when there were
50 pairs. The ancestry threshold for hybrid emigration
(Table 1) was the ancestry level at which hybrids were
assumed to immigrate to the coyote population (Table 1).

Sensitivity Analysis

We conducted sensitivity analyses to determine which bi-
ological parameters (Table 1) in our simulations had the
greatest effects on persistence of red wolves in the pres-
ence of hybridization and introgression. To do this, we
first generated 5000 parameter sets with each parameter
value randomly drawn from uniform distributions of plau-
sible ranges (see Table 1 and Supplementary Material).

We used results from half of the sensitivity simulations
to construct logistic regression models to identify the pa-
rameters that most affected the probabilities of quasi ex-
tinction and persistence of red wolves at year 50 (Mc-
Carthy et al. 1995; Cross & Beissinger 2001). Logistic reg-
ression uses one or more independent variables to esti-
mate the probability of occurrence of a binary outcome
(e.g., quasi extinction or not). Regression coefficients
standardized by their standard errors, a measure of their
uncertainty, can be used to identify the parameters with
the greatest effects on the probability of quasi extinction

or persistence (McCarthy et al. 1995). We used forward
stepwise selection procedures to identify an initial set of
parameters of potential importance. From this initial set,
we identified the most important parameters by examin-
ing their standardized regression coefficients, their levels
of significance in the regression, the change in model log-
likelihood values if dropped, the contribution to Nagelk-
erke R2, and their ability to improve the classification
accuracy of the model.

We constructed separate logistic regression models to
estimate the probabilities of quasi extinction (<10 red
wolf pairs) and of persistence (>40 red wolf pairs) at year
50. Simulation results indicated that all populations with
<10 red wolf pairs at year 50 were extirpated by year 100.
Simulations not used in model construction were used to
assess the ability of logistic regression models to correctly
predict the fates of simulated populations.

Parameterization

Little quantitative information exists on demographic rat-
es, pairing decisions, and other possible reproductive bar-
riers between red wolves and coyotes in NENC. To set
demographic rate ranges for red wolves, we used all avail-
able information from the reintroduced and captive popu-
lations (Phillips et al. 2003; Waddell 2003). Because these
data were limited, we also used information from stud-
ies of gray wolf populations at or near saturation densi-
ties and colonizing or intensively controlled populations
(see Supplementary Materials). Red wolves in NENC are
ecologically and behaviorally similar to gray wolves and
dissimilar to coyotes in important aspects, including the
routine formation of packs by delayed dispersal of off-
spring even in a population well below carrying capac-
ity, the use of primarily large- and medium-sized prey,
and in high levels of intraspecific aggression resulting in
displacements and mortalities among red wolves (Andelt
1985; Harrison 1992; Gese 2001; Mech & Boitani 2003;
Phillips et al. 2003). Consequently, the use of information
from studies of gray wolves to guide parameterization for
our simulations is justified. Demographic rates for coy-
otes on the recovery area are also unknown. Therefore,
we based demographic parameters on studies of coyotes
at high densities and on studies contrasting populations
with and without population control programs (see Sup-
plementary Material).

For sensitivity analysis we chose parameter ranges that
would likely capture the actual values in NENC and incor-
porate a plausible range of values for red wolf and coy-
ote populations generally. Parameter ranges also reflected
the level of uncertainty associated with parameter values.
For example, because the strength of assortative mating
among red wolves and hybrids is unknown, the range for
the number of mate candidates (1 to 5) allows for simula-
tions with random-to-strong assortative mating (Table 1).
In contrast, available information on survival of adult red
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and gray wolves (see Supplementary Material) allowed us
to set a relatively narrow range.

Management of Hybridization

The primary management method used to control hy-
bridization in NENC is to sterilize paired hybrids and coy-
otes in the recovery area (B. Fazio unpublished data).
Identifying hybrids with more than 50% red wolf ances-
try, however, can be difficult based on appearance alone.
Consequently, assignment tests based on microsatellite
loci are used to help identify hybrid individuals (Miller et
al. 2003).

To explore the effectiveness of sterilization in limiting
introgression while allowing the population of red wolves
to grow, we simulated two sterilization regimes, high and
low effort, under which paired hybrids and coyotes were
sterilized with assignment errors based on those found
by Miller et al. (2003). For simulations with high steril-
ization effort, sterilization was initiated each year that the
proportion of nonsterilized mixed pairs exceeded 0.10 of
total pairs. At these times, hybrids and coyotes in 75% of
nonsterilized mixed pairs were sterilized. For simulations
with low sterilization effort, hybrids and coyotes in 50%
of nonsterilized mixed pairs were sterilized, when the
proportion of mixed pairs exceeded 0.40. These levels of
sterilization are possible in NENC.

Results

Dynamics of Introgression

Following the onset of hybridization with coyotes, three
changes occurred quickly in simulated populations of col-
onizing red wolves. First, there was a rapid increase in hy-
brids, with a wide range of red wolf ancestry levels (Table
2). Second, the proportion of simple hybrids (those with
red wolf ancestry proportions of 0.25, 0.5, and 0.75) was
quickly exceeded by the proportion of complex hybrids
(all other hybrids) such that by year 20 (less than four gen-
erations) complex hybrids were on average 6–10 times
more numerous than simple hybrids (Table 2). Complex
hybrids increased in frequency and number fastest when
reproductive barriers between red wolves and coyotes
were weak and slowest when they were strong (Table 2).
Thus, the increase of complex hybrids in simulated pop-
ulations was indicative of the increase in introgression.
Finally, the proportion of pure red wolves in the popu-
lation was decreased (Table 2). The rapidity and depth
of the decline in the frequency of red wolves was also
symptomatic of the extent of introgression.

Without coyotes present, red wolf pairs increased
quickly to carrying capacity in about 25 years on average
(Fig. 1a) with no red wolf pair extirpations among the
1000 simulated populations. When coyotes were present
and pairing among red wolves and hybrids was random,

Table 2. Mean proportions of red wolves, simple hybrids, complex
hybrid backcrosses, and coyotes over time in all colonizing
populations with different reproductive barriers.a

Simple Complex Red
Year Coyotes hybrids hybrids wolves

Random mate selection
0 0 0 0 1

10 0.066 0.085 0.106 0.744
20 0.094 0.042 0.344 0.520
30 0.122 0.023 0.538 0.317
50 0.193 0.006 0.733 0.068

100 0.380 0 0.62 �0.001
Weak assortative matingb

0 0 0 0 1
10 0.061 0.077 0.082 0.781
20 0.083 0.041 0.235 0.641
30 0.094 0.024 0.337 0.545
50 0.134 0.015 0.506 0.345

100 0.233 0.004 0.656 0.107
Red wolf challenges and weak assortative matingb

0 0 0 0 1
10 0.056 0.067 0.081 0.796
20 0.059 0.017 0.172 0.751
30 0.051 0.006 0.171 0.773
50 0.051 0.003 0.179 0.766

100 0.059 0.004 0.150 0.787

aSimple hybrids have proportions of red wolf ancestry equal to 0.25,
0.5, or 0.75; complex hybrids include all other hybrid types.
Standard errors ranged from 0.06% to 11.5% of mean values.
bRed wolves not pairing with coyotes select mates from three
randomly chosen singles.

however, the increase in red wolf pairs was quickly re-
versed and red wolf pairs were quickly extirpated in many
simulated populations. By year 20, the number of red wolf
pairs averaged 21.9 in nonextirpated populations, drop-
ping to 16.2 by year 30 (Fig. 1a). Although red wolf pairs
were extirpated in only 4% of simulated populations by
year 20, introgression resulted in rapid extirpation of pairs
thereafter with 13% and 80% of populations lacking red
wolf pairs by years 25 and 50, respectively (Table 3 no
sterilization). Rapid extirpation of red wolf pairs occurred
in these simulations despite low rates of pairing between
the parental species. The probability of a red wolf choos-
ing to pair with a coyote averaged 0.044 at the start of
these simulations and dropped to 0.01 as red wolf and
hybrid numbers increased.

In these simulations, the rapid decline in red wolf pair
numbers and proportions resulted primarily from the
backcrossing of hybrids with red wolves rather than from
hybridization between red wolves and coyotes. This is in-
dicated by the rarity of simple hybrids relative to complex
hybrids (Table 2). It is also indicated by the percentage
of red wolf pairs over time; after 5 years, red wolf pairs
comprised on average only 82% of total canid pairs, drop-
ping to an average of 61% of canid pairs by year 10. This
increase in the proportion of mixed pairs is much faster
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Figure 1. Mean numbers of red
wolf pairs in extant wolf
populations over time when
coyotes are not present, there is
random mating, there is weak
assortative mating between red
wolves and hybrids, and there is
weak assortative mating with red
wolf challenges for (a) colonizing
red wolf populations and (b)
established red wolf populations
(broken lines are 95% confidence
intervals).

than would be expected from the rate of hybridization
alone.

Introgression occurred much more slowly when each
wolf and hybrid not pairing with a coyote selected as its
mate the individual most similar in ancestry to itself from
three randomly chosen singles (weak assortative mating).
Complex hybrids arose more slowly in the population.
At year 20 their mean proportion, 0.235, was two-thirds
of that found in random mating populations at year 20
(Table 2). As a result red wolf pairs were extirpated in
only 3.3% of populations by year 25, roughly a quarter of
that found among random mating populations (Table 3 no
sterilization). Also, the mean number of red wolf pairs in
nonextirpated populations, 27.6, was almost 50% greater
than that in random mating populations (Fig. 1). Introgres-
sion, however, was not limited. By year 50, red wolf pairs
were extirpated in 35% of populations and averaged only

23.6 in extant populations. Mixed pairs averaged 26.0 in
extant red wolf populations, indicating that extirpations
resulting from introgression would continue.

When there was weak assortative mating among red
wolves and hybrids and red wolves challenged paired coy-
otes or hybrids for mates with higher ancestry, introgres-
sion was eventually stabilized. In these populations, red
wolf pairs were extirpated in 1.1% and 10% of populations
by years 25 and 50, respectively (Table 3 no sterilization).
Over the same period their numbers increased in extant
populations from 36.2 to 40.9 pairs on average (Fig. 1a).
The mean proportion of hybrids in extant populations
dropped over the same time period from 0.173 in year
25 to 0.123 in year 50 and 0.028 in year 100. In contrast,
the mean proportion of hybrids in extant populations in-
creased over time with random or weak assortative mat-
ing without red wolf challenges. With random mating,
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Table 3. Percentage of colonizing populations in which red wolf pairs
are extirpated.

Year 25 Year 50 Year 100

No sterilization
random mating 12.7 79.9 99.9
weak assortative matinga 3.3 35.2 81.9
red wolf challenges 1.1 10 23.7

High sterilization effortb,d

random mating 0.4 16.8 —
weak assortative matinga 0 0.1 —
red wolf challenges 0.1 0.1 —

Low sterilization effortc,d

random mating 2.9 59.5 —
weak assortative matinga 0.4 4.7 —
red wolf challenges 0.1 0.3 —

aRed wolves not pairing with coyotes select mates from three
randomly chosen singles.
bCoyotes and perceived hybrids are sterilized in 75% of
nonsterilized mixed pairs each year that nonsterilized mixed pairs
exceed 10% of total pairs.
cCoyotes and perceived hybrids are sterilized in 50% of nonsterilized
mixed pairs each year that nonsterilized mixed pairs exceed 40% of
total pairs.
dPopulations with sterilization were simulated for only 50 years.

hybrids averaged 0.434 of extant populations in year 25,
increasing to 0.596 in year 50. With weak assortative mat-
ing, hybrids averaged 0.305 in year 25, reaching 0.403 by
year 50.

The simulations described above used the parameter
values for “heuristic simulations” (Table 1). Simulations
with lower but equal maximum net reproductive rates
for red wolves and coyotes resulted in increased rates of
introgression. Hybrids accumulated in populations more
rapidly and reached higher proportions, and complex hy-
brids were more common relative to simple hybrids. In-
creases in red wolf pair numbers were slower, and de-
clines were faster, resulting in increased extirpation rates
(results not shown).

The same patterns were evident in established popu-
lations of red wolves with random or weak assortative
mating once they came into contact with coyotes. Num-

Table 4. Standardized regression coefficients from logistic regressions for quasi-extinction (<10 red wolf pairs) and persistence (>40 red wolf
pairs) probabilities of simulated red wolf populations at year 50.

Colonizing populations Established populations

Parameter quasi extinction persistence quasi extinction persistence

Probability of challenger success −19.64 19.49 −18.48 26.35
Minimum probability of wolf:coyote pairing 18.10 −14.05 15.20 −12.46
Maximum red wolf resident adult survival −16.27 11.86 — —
Ancestry threshold for hybrid emigration −11.66 9.90 −5.21 —
Number of mate candidates −9.84 — −6.59 —
Number of challenge candidates −9.66 7.04 −6.88 —
Maximum red wolf adult fecundity −9.47 7.03 — —
Maximum red wolf resident pup survival −8.36 6.07 — —
Minimum red wolf demographic rate set — — −7.78 —

bers of red wolf pairs immediately began to decrease (Fig.
1b) as hybrids became established in the populations. The
proportion of hybrids in extant, random mating popula-
tions increased from 21% in year 25 to 59% and 75% in
years 50 and 100, respectively. Concurrently, red wolf
pairs were extirpated in 46.3% of populations in year 50
and 99.7% in year 100. Similarly, the proportion of hy-
brids in extant populations with weak assortative mating
increased from 8% in year 25 to 23% and 46% in years
50 and 100, respectively. Although red wolves pairs were
extirpated in only 0.6% of populations in year 50, they
were absent in 53.7% of populations by year 100.

In contrast, populations with red wolf challenges dif-
fered little from red wolf populations with no coyote con-
tact (Fig. 1b). After 100 years, populations with red wolf
challenges averaged 46.6 red wolf pairs. Hybrids averaged
1.3% of individuals, and red wolf pairs had not been ex-
tirpated in any populations.

Sensitivity Analysis

Forward stepwise logistic regressions identified 12 pa-
rameters of potential importance to the probability of
quasi extinction and 11 parameters of potential impor-
tance to persistence in year 50 for colonizing red wolf
populations. Of these parameters, 8 were most impor-
tant in determining the probability of quasi extinction,
and 7 were most important in determining the probabil-
ity of persistence (Table 4). All parameters included in
the persistence model were also included in the quasi-
extinction model, and the parameter importance rank-
ings based on standardized regression coefficients were
identical. All but one of the identified parameters speci-
fied components of reproductive barriers or the red wolf
population growth rate.

The two most important parameters, the probability of
challenger success and the minimum probability of a red
wolf pairing with a coyote, both relate to reproductive
barriers. The third most important parameter, maximum
resident red wolf adult survival, is an important determi-
nant of the growth rate of the red wolf population. The
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one parameter not related to isolating mechanisms or red
wolf population growth was the ancestry threshold for
hybrid emigration. None of these parameters and only
1 of the 23 parameters included in stepwise regressions
were related to the growth rate of the coyote population.
This suggests that within the range of values included in
our simulations the outcome of hybridization between
red wolves and coyotes is little affected by the growth
rate of the coyote population.

To explore whether the wide ranges assigned to the
two most important parameters were the source of their
importance, we eliminated the upper halves of their
ranges and ran new simulations. The probability of chal-
lenger success and the minimum probability of a red wolf
pairing with a coyote were still the two most important
parameters in all steps of forward stepwise logistic regres-
sions for quasi extinction and persistence.

For established populations of red wolves, the proba-
bility of challenger success and the minimum probability
of a red wolf pairing with a coyote were also the most
important parameters affecting quasi extinction and per-
sistence (Table 4). These were the only two parameters
strongly affecting the probability of persistence, with the
former being twice as important as the latter. Of the six
parameters strongly affecting the probability of quasi ex-
tinction, only one related to red wolf demography, the
minimum red wolf demographic rate set, and no parame-
ters associated with red wolf or coyote population growth
were included in either of these models.

Predicting Population Fate

Because many of the parameters that were important in
determining the probability of red wolf quasi extinction
and persistence may be difficult to estimate in the field,
we also examined the ability of two state variables at year
20, the proportion of pure red wolves in the population
and mean ancestry of hybrids, to predict the outcome
of hybridization at year 50 with logistic regression. Of
these variables, only the proportion of pure red wolves
had strong predictive ability of population fates. This
variable correctly identified 95% of colonizing and es-
tablished populations that reached the quasi-extinction
threshold and correctly predicted 80.6% and 86.9% of
colonizing and established populations, respectively, that
did not reach the threshold.

The proportion of pure red wolves at year 20 was less
able to accurately predict population persistence (>40
red wolf pairs) and nonpersistence at year 50. Among
colonizing populations, 95% of populations that dropped
below the persistence threshold were correctly identi-
fied, but only 61.9% of populations that remained above
the threshold were correctly identified. The proportion of
pure red wolves at year 20 was marginally effective in pre-
dicting persistence among established populations, but
at year 25 this variable correctly identified 95% of pop-

ulations below the persistence threshold and 73.2% of
populations above it. We prioritized correct identification
of populations that ultimately dropped below the quasi-
extinction and persistence thresholds at year 50 when
choosing probability cutpoints. Plots of mean probabil-
ities of quasi extinction and persistence from the logis-
tic regression models suggested that populations that fail
to support high proportions of pure red wolves after 20
years had elevated risks of quasi extinction and reduced
likelihood of persistence by year 50 (Fig. 2).

Management of Hybridization

With high sterilization effort, the numbers of red wolf
pairs maintained in extant colonizing populations were
substantially increased relative to populations without

Figure 2. Mean probabilities of (a) quasi extinction
and (b) persistence in year 50 as predicted from the
proportion of pure red wolves in the population at
year 20 for colonizing and established populations of
red wolves.
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Figure 3. Mean numbers of red wolf pairs in
nonextirpated wolf populations over time when there
is high or low sterilization effort for populations with
(a) random mating, (b) weak assortative mating, and
(c) red wolf challenges (broken lines are 95%
confidence intervals).

sterilization (Fig. 3) and red wolf pair extirpations were
greatly reduced in the first 50 years (Table 3). For popu-
lations with weak assortative mating and those with red
wolf challenges, extirpations in the first 50 years were
nearly eliminated.

When assignment errors were made in deciding which
canids should be sterilized, some red wolves were mistak-
enly sterilized, and some hybrids were identified as red
wolves and escaped sterilization. As a result, hybrids were
allowed to enter what was perceived to be the breeding
population of red wolves. When mate selection was ran-
dom and sterilization effort was high, the mean number
of perceived red wolf pairs exceeded actual pair numbers
(Fig. 3) by 50% at year 50 (39.3 vs. 26.0), and the mean
proportion of individuals in “red wolf” pairs that were
actually hybrids reached 0.373. As a result, red wolf pairs
were perceived to be extirpated in only 0.2% of popula-
tions but were actually extirpated in 16.8% of populations
by year 50 (Table 3). For populations with weak assorta-

tive mating and those with red wolf challenges, the mean
perceived numbers of red wolf pairs in extant populations
were similar to the actual red wolf pair numbers, and the
proportion of hybrids in “red wolf” pairs remained low,
0.023 and 0.001, respectively, for the first 50 years. De-
spite the undetected entrance of hybrids into the breed-
ing populations of red wolves in each of the three types
of populations, the mean ancestry of perceived red wolf
pairs exceeded 0.99 through year 50 in all cases, and the
introgression of coyote ancestry into the red wolf breed-
ing population was minimal.

When there was low sterilization effort, the rate of ex-
tirpation of red wolf pairs was still reduced relative to pop-
ulations with no sterilization (Table 3). However, red wolf
population growth was inhibited (Fig. 3). Mean numbers
of red wolf pairs were similar to or only slightly higher
than those in populations with no sterilization. Also, the
mean proportions of members of red wolf pairs that were
actually hybrids increased. By year 50, hybrids accounted
for 0.74, 0.22, and 0.03 of perceived members of red wolf
pairs among populations with random mating, weak as-
sortative mating, and red wolf challenges, respectively.
For random mating populations perceived to be extant,
the proportion of red wolf ancestry among perceived red
wolf pairs dropped to 0.98.

Discussion

Despite a general paucity of quantitative data on demog-
raphy, pairing decisions, and other possible mechanisms
acting to reproductively isolate red wolves and coyotes
in NENC, we gained considerable information relevant
to restoring red wolf populations. First, our simulations
provide insight into the likely process of hybridization
and introgression that is ongoing in NENC. Second, us-
ing sensitivity analyses, we identified two reproductive
barriers—red wolf challenges and assortative mating be-
tween red wolves and coyotes—that appear to have large
effects on the likelihood of persistence and extinction
of colonizing and established red wolf populations and a
number of other parameters that may have lesser effects.
These analyses also suggest that the conditions necessary
for red wolf populations to simultaneously have a low
probability of quasi extinction (<0.05) and a high proba-
bility of persistence (≥0.80) are restrictive. For colonizing
populations, either the probability of challenger success
must be high and the minimum probability of a red wolf
pairing with a coyote low or these parameters must have
moderate values and the values of remaining parameters
must be high relative to their ranges. For established pop-
ulations, either the probability of challenger success must
be high or the minimum probability of a red wolf pairing
with a coyote must be low.

Displacement behavior by red wolves appears to be
critical in determining the fate of the red wolf population
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in NENC. The level of aggression among red wolves ap-
pears to be a fundamental life-history difference between
the two parental species that forms the basis for a poten-
tially important extrinsic reproductive barrier that may
act prezygotically and postzygotically. Although it has not
been observed, hybrids with high red wolf ancestry may
be expected to at times display this type of competitive
behavior. If it occurs, hybrids may be less successful chal-
lengers than red wolves, and displacement of red wolves
by hybrids may be rare. Other factors not included in our
simulations may also be important in determining the out-
come of hybridization between red wolves and coyotes,
including the fitness of hybrids and inbreeding among red
wolves.

Low reproductive fitness or viability of hybrids rela-
tive to parental species combined with prezygotic bar-
riers may in some cases confine hybridization to a zone
of interspecific overlap. However, even greatly reduced
hybrid fitness may not prevent a parental species from
being replaced by hybrids or the other parental species,
if other reproductive barriers are weak (Wolf et al. 2001).
Fitness of hybrids in NENC is unknown, but observation
suggests that if their fitness differs from red wolves, the
differences are probably not large. Simulations including
sterilization indicate that large decreases in hybrid repro-
ductive fitness would be needed to qualitatively change
the outcome of our simulations for colonizing popula-
tions. Because established populations of red wolves do
not appear to be sensitive to variation in demographic
rates (Table 4), it is unlikely that small changes in hybrid
fitness would notably affect these populations. A small
increase or decrease in hybrid fitness, therefore, likely
would not qualitatively change the outcome of our simu-
lations and the conditions necessary for a low probability
of quasi extinction and a high probability of persistence
may not be appreciably expanded.

Inbreeding among red wolves would be expected to
lower demographic rates and perhaps competitive abili-
ties, possibly affecting displacement behavior (Meagher
et al. 2000; Keller & Waller 2002) thereby hastening in-
trogression and the extirpation of red wolves. Wild-born
wolves with inbreeding coefficients as high as 0.305 have
been observed in NENC, although most wolves have
substantially lower inbreeding levels (Waddell 2003).
If inbreeding depression becomes severe and common
among red wolves, partially outbred hybrids may have
increased relative fitness, which could accelerate the in-
trogression of coyote alleles into the red wolf population
(Ebert et al. 2002; Vilà et al. 2003). Among red wolves in
NENC some genetic management of the population may
be prudent in minimizing introgression and ensuring a fit
red wolf population.

Our simulations also suggest that the proportion of
pure red wolves in the population is a strong predictor of
future red wolf population failure and a reasonably good
predictor of persistence that improves over time. This
metric is readily estimated for actual populations through

the combination of ongoing management and monitoring
activities in NENC and genetic assignment tests (Miller et
al. 2003) and may be useful in monitoring the status of
red wolf populations over time.

Finally, our simulations suggest that sterilization can
be an effective short-term strategy to reduce the likeli-
hood of red wolf extirpation in colonizing populations.
Whether the red wolf component of the population is
increased with sterilization depends on the level of steril-
ization effort and the reproductive barriers acting in the
population. Although it may be difficult to establish a pop-
ulation of wild red wolves with no introgression of coyote
ancestry, the level of introgression may be similar to that
occurring naturally in some populations of gray wolves
(Lehman et al. 1991).

Hybridization and introgression threaten the persiste-
nce of many species and populations (Rhymer & Simber-
loff 1996). In many cases, the future outcome of hybridiza-
tion and the effectiveness of potential management op-
tions are unclear. Also, quantitative data on reproductive
barriers, demographic rates, and other potentially impor-
tant biological considerations are often lacking. Because
the dynamics of hybridization and introgression between
species are typically influenced by multiple reproductive
barriers (Coyne & Orr 2004), simple models may be inad-
equate to provide useful insights. However, more realistic
(and complex) models often include many parameters for
which little data exist.

We approached this problem by developing a simu-
lation model incorporating known and potential repro-
ductive barriers and realistic life histories of parental
species. We incorporated uncertainty in parameter values
and used sensitivity analysis to identify biological factors
that likely have the greatest effects on hybridization and
introgression. Our findings provide an outline of the con-
ditions likely required for successful reestablishment and
long-term maintenance of populations of wild red wolves
in the presence of coyotes. Our approach may be gener-
ally useful in other cases where quantitative data are in
short supply and there is (1) at least a qualitative under-
standing of the life histories of the species involved, (2)
enough quantitative information on demographic param-
eters from other populations or a closely related species
with similar ecological characteristics to set ranges for
demographic parameters that will likely capture the true
values, and (3) some knowledge of the reproductive bar-
riers that may be operating. Our modeling approach may
also prove useful in situations involving complex species
interactions other than hybridization (e.g., the effects of
invasive species or in situations where inclusion of sub-
stantial biological detail into models is important).

Our findings and those of others (Wolf et al. 2001;
Rosenfield et al. 2004) indicate that for species threatened
by hybridization, management efforts to increase popula-
tion numbers will fail to prevent their demise if substan-
tive barriers to hybridization do not exist. In these cases,
preventing or stopping contact between the hybridizing
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species is the only course of action likely to prevent their
loss. If substantive reproductive barriers do exist, man-
agement to increase the size of small, threatened popula-
tions may allow these species to persist in the presence of
ongoing hybridization. In many cases, the specific set of
reproductive barriers operating and their strengths may
be unique to the hybridizing species pair. Thus, general-
ization from one case of hybridization to another may not
prove useful in predicting outcomes or suggesting appro-
priate management options, even among closely related
species (Echelle & Echelle 1994; Rosenfield et al. 2004).
Identification of the factors likely important in determin-
ing the outcome of hybridization and introgression can
focus research and monitoring efforts and potentially pro-
vide guidance for appropriate management responses.
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ABSTRACT: Fertility control in wildlife is emerging as a potential management tool. Published research on feral 
horses, deer, rodents, and rabbits suggest an effective agent producing reversible infertility in these species could be 
developed. Furthermore, anecdotal reports suggest that infertility can be induced in a greater array of species. In this 
paper, the authors review methods of fertility control being studied for application in wildlife and focus on their studies 
designed to evaluate the effectiveness of fertility control agents in coyotes (Canis latrans). lmmunocontraception using 
porcine z.ona pellucida (PZP) is currently the most promising method of fertility control in coyotes the authors have 
studied. This is consistent with results from other species. However, the vital question of whether any fertility control 
agent can reduce livestock losses due to coyote predation will require more research. 

KEY WORDS: Canis lalrans, coyotes, fertility control, GnRH, immunocontraception, PZP 

INTRODUCTION 
The search for alternative methods of managing 

nuisance wildlife has intensified in recent years. This is 
largely a result of stricter controls on traditional 
management techniques (i.e., use of chemicals), an 
expanding human population encroaching on wildlife 
habitat, the adaptability of some wildlife species to urban 
and suburban environments, the inability to manage such 
populations by traditional methods (e.g., hunting white
tailed deer [Odocoileus virginianus] and Canada geese 
[Branta canadensis], and trapping coyotes), and changing 
public attitudes toward lethal control. An alternative 
strategy for dealing with nuisance wildlife that has 
received considerable attention is fertility control. The 
authors' objectives are to review the current research on 
fertility control, and discuss some issues that may 
influence the use of fertility control methods in wildlife 
management. They also present preliminary results 
produced by the organizations that contribute to the goal 
of increasing understanding of reproductive physiology 
and behavior in carnivores, and producing a contraceptive 
system, using the coyote as a model. 

METHODS OF FERTILITY CONTROL 
Fertility control research can be broadly categorized 

under three general strategies: 1) surgical/chemical 
sterilization; 2) endocrine perturbation; and 3) 
immunocontraception. Each method has a unique set of 
advantages and disadvantages that influences the 
practicality of use in managing wildlife damage. 
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Surgical Sterilization 
Surgical sterilization has been used successfully in 

domestic companion animals for many years, and with 
captive wildlife in z.oos and research facilities. The 
primary advantage of this technique is that one treatment 
renders the animal permanently incapable of reproducing. 
While this is an advantage in domestic species and in 
captive wildlife, permanent sterility is sometimes 
considered a disadvantage of surgical sterilization for 
populations of wild animals. Concerns over permanent 
sterility in wildlife include a loss of genetic information 
from a population; permanently altered behavior patterns; 
the impractical implementation in wild populations; 
difficulties in capture and handling large numbers of 
animals; anesthesia; post-operative care; and cost of 
implementation. 

While these concerns may be valid, surgical 
sterilization has been used effectively in several cases to 
manage some wild populations (Kennelly and Converse 
1997). Several populations of feral cats were managed 
effectively with surgical sterilization (Neville 1983; 
Neville and Remfry 1984). These examples demonstrated 
that a wild population could effectively be managed with 
surgical sterilization when most healthy adults could be 
captured. Although the initial costs of this control 
method were high, the authors estimated that long-term 
costs would be lower than other control methods because 
only monitoring and periodic castration was necessary. 

Bailey (1992) demonstrated that surgical sterility of 
introduced red fox (Vulpes vulpes) onto Alaskan islands 



occupied by arctic fox (Alopex lagopus) could reduce 
adverse effects on native avifauna. The two fox species 
are not sympatric and, after nine years, the arctic foxes 
were extirpated from the islands and only a few red fox 
remained on one of the islands. 

Brooks et al. (1980) and Kennelly and Lyons (1983) 
demonstrated that surgical sterilization could effectively 
control reproduction in beaver (Castor canadensis). 
Converse and Kennelly (1994) also successfully applied 
the technique to Canada geese. However, surgical 
sterilization was unsuccessful in controlling red-winged 
blackbird (Agelaius phoeniceus) production (Bray et al. 
1975). Kennelly and Converse (1997) implied that 
effective use of surgical sterility is limited to species that 
are monogomous. 

Little research has been conducted on surgical 
sterilization in wild canids. Mech and Fritts (1993) 
vasectomi.zed five wolves (Canis lupis) and released them 
in northern Minnesota. They concluded that vasectomi.zed 
wolves maintained pair bonds and territories, suggesting 
this method may be effective at reducing predation on 
livestock. Till and Knowlton (1983) demonstrated that 
adult coyotes (Canis latrans) reduced predation on 
livestock when the pups were removed from dens. They 
concluded that, in some situations, predation on livestock 
was driven by the presence of pups; when adults need to 
feed pups, they select larger prey items. These studies 
suggested that if reproduction in wild canids could be 
controlled while leaving territorial behavior intact, 
livestock losses could be reduced. This reduction might 
result if wild canids did not use larger prey sizes to 
support offspring, and the adults maintained territories, 
thereby preventing intact canids from immigrating into the 
area. National Wildlife Research Center biologists are 
currently testing this hypothesis. During December 1997 
and January 1998, wild coyotes from about seven packs 
in northeastern Utah were captured. Packs were 
randomly assigned to either a treatment or control group. 
All animals in treatment groups received either a tubal 
ligation or vasectomy. Control group animals received a 
sham surgery, which consisted of the same anesthesia and 
surgical protocols except the oviducts and vas def erens 
were left intact. All animals were released where they 
were captured within 24 hours. Over the next three 
years, territorial, reproductive, and predatory behavior of 
these animals will be monitored to determine if surgical 
sterilization without removal of gonads influences these 
factors. 

Endocrine Regulation 
Steroids. Hormonal control and regulation of fertility 

in vertebrate species has primarily been accomplished 
through the use of steroids (Kirkpatrick and Turner 1991 ; 
Asa 1997). Progestogens and androgens successfully 
surpress normal ovarian cyclicity in domestic canids and 
felids, and in captive wildlife. However, use of 
progestins reportedly increases growth of the uterine 
lining and, consequently, induces hyperplasia, pyometra, 
and neoplasia in canids and felids, in addition to 
mammary development and post-therapy lactation (Asa 
and Porton 1991). Androgens also have undesirable 
effects, the most significant being external masculization. 
These effects, expense, and requirement for regular 
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administration, are reasons steroids are generally 
considered impractical for use in wild populations. 

Melengestrol acetate implants are the most used 
contraceptive in zoos (Porton et al. 1990). This steroid 
has also been used in oral forms with varying success 
(Asa 1997). Experiments to control fertility in coyotes 
have been conducted using steroid compounds such as 
diethylstilbestrol, mibolerone, and prostaglandins (Balser 
1964). Although oral formulations would make these and 
other progestins (e.g., medroxyprogesterone acetate, 
levonorgestrel, megestrol acetate) more suitable for use in 
wild populations, the side effects previously discussed 
would still be expected. Additionally, oral presentation 
of these products could affect non-target species both 
directly via consumption of the compounds in baits, and 
indirectly if predators or scavengers consumed animals 
which had taken steroid-laden baits. 

GnRH and Agonists. Recent efforts in endocrine 
regulation of fertility have focused on gonadotropin
releasing hormone (GnRH). A non-steroidal hormone, 
GnRH would have the advantage of no secondary toxicity 
because it is rapidly metabolized into amino acids. 
Gonadotropin-releasing hormone, a key regulator of 
reproduction in male and female mammals (Figure 1), is 
released by the hypothalamus in the brain and travels 
through a portal blood system to the anterior pituitary at 
the base of the brain. Gonadotropin-releasing hormone 
stimulates the anterior pituitary to release lutenizing 
hormone (LH) and follicle-stimulating hormone (FSH) in 
both females and males. These hormones subsequently 
influence the release of progesterone and estradiol in the 
female, and testosterone and estradiol in the male. 

Female Male 

Tatoetero11e L~ EalradJol 

\~/ 

Figure 1. The mammalian hypothalamic-pituiiary-gonadal axis 
in males and females (adapted from Becker and Katz 1997). 

Gonadotropin-releasing hormone and its agonists have 
been used in male Hawaiian monk seals (Monachus 
schauinsland) (Atkinson et al. 1993) and African 
elephants (Loxodonta africana) (Brown et al. 1993). 
Single injections of GnRH in males of these species 
decreased blood testosterone levels and, subsequently, 



aggressive behavior. However, prolonged administration 
of GnRH in cattle and red deer ( Cervus elaphus) has 
resulted in stimulation of both pituitary and testicular 
function (Melson et al. 1986; Lincoln 1987). 

Continuous administration of GnRH has inhibited 
ovulation in several species due to a negative feedback 
response by the hypothalamus (Vickery et al. 1989; 
Herschler and Vickery 1981; McNeilly and Fraser 1987; 
Montovan et al. 1990). However, Becker and Katz 
(1995) were unsuccessful in inhibiting LH secretion by the 
anterior pituitary with continual infusion of an GnRH 
analog. They suggested more research is needed to 
determine the usefulness of GnRH as a technique for 
regulating reproduction. Becker and Katz (1997) 
suggested that variation in response of the hypothalmic
pituitary-gonadal axis may be due to the choice of agonist, 
dose, treatment regimen, reproductive status, and species. 
Furthermore, they point out that the practicality of using 
GnRH as a contraceptive is dependent on the development 
of long-acting, time-release agonist that can be delivered 
remotely. Such an agonist, though, is currently 
unavailable. 

Antiprogestins. Antiprogestins (also called anti
progestogens) are derivatives of cholesterol molecules and 
have some of the properties of steroid hormones (Dence 
1980; Teutsch et al. 1995). These compounds tend to be 
stable, which allows for oral delivery without degradation 
and loss of function in the digestive tract. It also 
prolongs the duration of stability in bait materials, an 
important consideration for field delivery systems. There 
are few reports regarding the use of antiprogestins in 
canids. When used in domestic canines, termination of 
pregnancy without negative side effects was reported 
(Concannon et al. 1990; Sankai et al. 1991). Baulieu et 
al. (1987) published the first papers dealing with the 
antiprogestin mifepristone (RU-486). This compound has 
since been used in a variety of species as a contragestive 
with up to 80 % effectiveness following a single oral dose 
(Brogden et al. 1993). However, when used in 
conjunction with prostaglandins, the success rate reaches 
100% (Brogden et al. 1993). 

The authors are currently evaluating the effectiveness 
of mifepristone and an analog (RTl3021-003; Research 
Triangle Institute, North Carolina) as contragestive agents 
in coyotes. Initial results suggest that RTI-003 used alone 
is not an effective contragestive agent in coyotes. 
However, the effectiveness of RTI3021-003 in 
combination with misoprostol, a prostaglandin, and 
mifepristone combined with misoprostol is also being 
evaluated. 

lmmunocontraception 
lmmunocontraception uses an individual' s own 

immune system to disrupt reproduction (Figure 2). This 
is accomplished through the administration of a vaccine 
that results in the production of circulating antibodies or 
cellular immune effector cells in the target animal. 
Unlike vaccines developed to protect animals from 
infectious agents, contraceptive vaccines must trigger an 
immune response to self-antigens. Thus, an individual's 
immune system must be trained to target antigens it 
normally would not. 
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Figure 2. Essential features of lhe immune response (adapted 
from Tizard 1996). 

Contraceptive vaccines studied to date can be 
classified as hormone-based vaccines and gamete-based 
vaccines. Hormone-based vaccines attempt to illicit an 
immune response against an individual's reproductive 
hormones. Studies have evaluated vaccines targeting 
GnRH, LH, and FSH (Thau et al. 1987; Mougdal 1990; 
Becker and Katz 1997). 

Active immunization against GnRH has had some 
success in numerous domestic species (Clarke et al. 1978; 
Adams and Adams 1986; Awoniyi et al. 1987; Safir et al. 
1987; Ladd et al. 1988; Baile et al. 1989; Adams et al. 
1993). Circulating GnRH antibodies produced by 
immunization bound GnRH after it was released from the 
hypothalamus and before it reached the pituitary. 
Antibody-bound GnRH was ineffective at stimulating the 
release of LH and FSH, which resulted in impaired 
reproductive function. The effectiveness of these 
immunizations at suppressing reproductive function was 
positively correlated to the GnRH antibody titer (Lincoln 
et al. 1982; Safir et al. 1987; Baile et al. 1989). 

Little research has been conducted on GnRH vaccines 
in wildlife. Studies on red deer (Cervus elaphus) have 
had mixed results (Lincoln et al. 1982; Ataja et al. 1992; 
Freudenberger et al. 1993). Ataja et al. (1992) found 
only a light suppression of LH and no reduction of 
testosterone levels. Alternatively, Lincoln et al. (1982) 
observed a significant decrease in testosterone combined 
with testicular atrophy and premature casting of antlers. 



Becker and Katz (1997) suggested that variable results 
from GnRH immunizations may result from differences in 
carrier proteins used in vaccines, timing of primary 
immunizations relative to the reproductive season, and 
variability of individual animal immune responses to the 
vaccines. 

The authors have conducted preliminary research on 
the use of GnRH vaccines to prevent reproduction in 
coyotes. They vaccinated five male and five female 
coyotes with 300µg of GnRH conjugated with keyhole 
limpet hemocyanin {KLH). The coyotes were boosted 
twice with 200µg injections of the GnRH-KLH vaccine at 
monthly intervals. Two of the females developed high 
antibody titers to GnRH and did not produce high levels 
of progesterone. Thus, it was assumed that these females 
did not ovulate or ovulated but did not maintain corpora 
lutea, which produce the progesterone required to 
maintain pregnancy. The remaining three females did not 
produce high GnRH antibody titers, or the antibodies 
were produced too late to prevent ovulation and a rise in 
progesterone. Of the five males vaccinated with GnRH, 
two developed high antibody titers, which resulted in a 
decrease of testosterone to levels observed prior to the 
breeding season. Three males had low antibody levels 
and either normal or only moderately reduced testosterone 
levels. It appears from this limited study that GnRH 
vaccines have some potential to control reproduction in 
coyotes; however, more research would be needed to 
evaluate the efficacy of such a vaccine. The problem of 
delivering such a vaccine in the absence of an orally 
active form seems particularly daunting. 

The second group of contraceptive vaccines studied to 
date are gamete-based vaccines. These vaccines are 
designed to affect spermatogenesis, oocyte maturation, 
fertilization, and trophoblast development. Of these, 
vaccines directed at oocyte maturation, and specifically 
the :zona pellucida (the glycoprotein matrix surrounding 
the mature mammalian egg), have received the most 
attention in wildlife (see reviews by Warren et al. 1997; 
Turner et al. 1997; Kirkpatrick et al. 1997). However, 
little research has been conducted on the use of such 
vaccines in predators. 

The authors initiated research to evaluate gamete
based vaccines for fertility control in coyotes. In 
December 1995, female coyotes were injected with 300 
µg of PZP, and boosted with 200 µg on PZP in January 
1996. This initial study resulted in a reduction of mean 
litter size from 3.5 pups among control females, to 1.3 
pups for vaccinated females. In December 1996, the 
same female coyotes were boosted again with 45 µg of 
PZP. This single, low dose boost was performed to 
evaluate if an annual boost would effectively keep litter 
sizes reduced. The results of this second year of research 
suggested that annual boosters of PZP were effective in 
maintaining reduced litter size; mean litter size during the 
second year was 3.8 pups/female and 2.6 pups/female for 
the control and PZP animals, respectively. 

Although their earlier research on PZP demonstrated 
it was an effective immunocontraceptive for reducing 
coyote litter size, the authors initiated a second study to 
determine if more frequent boosting with PZP prior to the 
breeding season could eliminate litters entirely. In 
December 1997, they vaccinated five female coyotes with 
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300µg of PZP and boosted with 200µg four and six weeks 
later. In this experiment, females were euthanized and 
necropsied 30 days after the last observed breeding date. 
All control females were pregnant and the mean number 
of fetuses/females was 5.8, compared to zero fetuses in 
PZP vaccinated females. Thus, the PZP vaccine can be 
an effective immunocontraceptive in coyotes. The 
authors are currently conducting research that will 
elucidate the mechanism through which PZP reduces 
fertility, and will conduct research designed to develop an 
orally deliverable form of PZP. 

CONCLUSIONS 
The most effective means of resolving wildlife-human 

conflicts in many situations is to reduce wildlife 
populations by shooting, poisoning, or trapping. 
However, as the human population expands into wildlife 
habitat, lethal control options become limited and 
controversial. Thus, there is an increasing need to 
develop non-lethal control strategies that can be integrated 
into damage management programs. 

Presently, relatively few cost-effective, non-lethal 
control options are available to managers. Fertility 
control could provide an effective addition to control 
programs. However, many hurdles must be overcome 
before fertility control becomes a viable alternative. 
These include, but are not limited to, the development of 
contraceptive agents that are orally deliverable, species 
specific, reversible, have few side-effects, and are cost 
effective (Sanborn et al. 1994). 

Is fertility control a potential management tool for 
coyotes? Current research suggests that it has 
possibilities. Studies conducted to date on immuno
contraception suggest it has the potential for at least 
reducing litter size in coyotes. Further studies on 
antiprogestins will assess the value of these compounds in 
reducing litter size. Will litter size reduction significantly 
alter predatory behavior of coyotes on livestock? If 
productivity in a local population of coyotes is reduced, 
or eliminated, but the loss of livestock in the area is not 
significantly reduced, then a fertility control program 
would not be an effective management tool. The 
authors' research with surgically sterilized coyotes should 
provide an answer to this key question. 
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Abstract: Predation by coyotes (Canis latram) on domestic sheep is a problem for many livestock producers through- 
out the United States Intermountain West. We examined whether surgical sterilization of coyote packs would mod- 
ify their predatory behavior and reduce predation rates on domestic sheep as compared to coyote packs with pups. 
From June 1997 to December 1997, we gathered baseline information on coyote pack size and movements. In win- 
ter 1998, we surgically sterilized and radiocollared members of 5 coyote packs. We also captured and radiocollared 
members of 6 packs that remained intact (i.e., reproductive). During summer 1998, only 1 sterile pack killed a lamb, 
while 3 intact packs killed 11 lambs. When only sheepkilling packs were included, sterile packs killed an average of 
0.35 lambs/week, while intact packs killed 1.53 lambs/week in 1998. Duringwinter 1999, we monitored 4 sterile and 
8 intact packs. In summer 1999,3 sterile packs killed 3 lambs, while 4 intact packs killed 22 lambs. Considering only 
sheepkilling packs, sterile packs killed on average 0.38 lambs/week, while intact packs killed an average of 2.95 
lambs/week in 1999. Coyotes were more likely to kill lambs that were on the edges of coyote territories as com- 
pared to core areas. Lambs of less than average weight were also more likely to be killed by coyotes. The available 
rodent biomass in each territory was not an influence on the differential kill rates exhibited between sterile and 
intact packs, nor did the amount of available alternate prey influence annual coyote predation rates on sheep. We 
conclude that we could use surgical sterilization to modlfy the predatory behavior of coyotes associated with pup pro- 
duction and provisioning of pups. Sterilization successfully reduced, but did not eliminate, coyote predation on 
domestic sheep. The amount of losses averted in the first year exceeded the costs associated with surgically steriliz- 
ing a coyote pack, which indicates that surgical sterilization could prove beneficial on small-scale livestock operations. 
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Coyotes are a major predator of domestic sheep 
and lambs throughout the western United States. 
Pearson ( 1986) reported that 2.5% of adult sheep 
and 9.0% of lambs were lost to predators annual- 
ly; coyotes were the major predator accounting 
for 74% and 78% of adult sheep and lamb losses, 
respectively. In 1994, predators accounted for 
the loss of 520,600 sheep and lambs, and coyotes 
caused 62% of those losses (Simpson 1995). Utah 
ranchers reported the loss of 19,000 sheep and 
lambs to coyotes in 1997 (31.3% of total losses; 
U.S. Department of Agriculture 1998). Sheep 
producers have cited high predation losses, low 
lamb and wool prices, and a shortage of good 
hired labor as reasons for leaving the sheep 
industry (Gee et al. 1977). 

Traditionally, lethal nonspecific methods have 
been used to reduce or stop coyote predation, 
assuming that fewer coyotes means fewer livestock 
losses. Recent research in California suggests that 

breeding pairs of coyotes are responsible for 
most of the killing (Sacks et al. 1999) and that tar- 
geting breeding individuals may be a more effec- 
tive control method. In addition, attitudes to- 
ward lethal control have changed (Andelt 1996, 
Reiter et al. 1999), and a variety of nonlethal con- 
trol methods are now available or in practice. 
Currently, nonlethal control methods include 
various livestock husbandry practices, fencing, 
guard animals (dogs, llamas, and other aggressive 
livestock), and frightening devices (Andelt 1987, 
Know1 ton et al. 1999). Aversive conditioning, 
repellents, and antifertility agents have been 
explored as a means to reduce coyote popula- 
tions and/or livestock losses (Balser 1964, 
Bourne and Dorrance 1982, Lehner 1987). How- 
ever, costs of labor and materials, maintenance, 
and lack of success in open range situations have 
limited the use of many nonlethal control tech- 
niques and made those techniques difficult to 
promote among sheep produce& (Knowlton et 
al. 1999). 

Present address: U.S. National Park Service, Santa 
Monica Mountains National Recreation Area, 401 West The use of a 

Hillcrest Drive. Thousand Oaks. CA 91360, USA. method to manage wildlife populations has 
E-mail: egese@cc.usu.edu prompted increasing interest in recent years 
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(Garrott 1995). Most efforts have focused on 
developing and testing various contraceptive sub  
stances (Elder 1964, Stellfug et al. 1978, Millar et 
al. 1989) or methods of drug administration 
(Matschke 1977, Plotka and Seal 1989, Kirk- 
patrick et al. 1990). Computer models that illus- 
trate the potential of canid fertility control have 
been developed (Haight and Mech 1997, Pech et 
al. 1997). Research designed to evaluate the 
potential of canid fertility control has document- 
ed changes in reproduction (Balser 1964) as well 
as behavioral responses to sterilization (Mech et 
al. 1996, Saunders and McIlroy 1996, Bubela 
1999). However, no studies have addressed the 
effect of sterilization on depredation behavior. 

Till and Knowlton (1983) showed that predation 
on domestic lambs by adult coyotes stopped when 
their pups were removed. They theorized that 
sterilizing territorial coyotes could be more effec- 
tive than removing the pups of depredating adults 
because (1) no lamb loss would occur before the 
pups were removed; (2) the sterilized coyotes 
may keep out other reproductive coyotes that 
might cause sheep losses; and (3) sterilization may 
reduce losses for many years because pair bonds 
between coyotes are long-lasting. Implicit in this 
theory are the untested assumptions that (1) steril- 
ized resident (or dominant) coyotes maintain their 
territories to the exclusion of nonsterilized coy- 
otes; (2) sterilization has the same effects as pup 
removal; and (3) compensatory mechanisms with- 
in the population do not counteract the effects of 
sterilization. We did not attempt to control the 
size of the coyote population, but only modify 
predatory behavior. We hypothesized that sterile 
coyotes, without the energetic demands of provi- 
sioning pups, would kill fewer sheep than coyotes 
with pups. Because other factors may also influ- 
ence depredation rates (Knowlton et al. 1999), we 
examined the timing and location of depreda- 
tion events, the weight of lambs killed by coyotes, 
the availability of alternate prey, and food avail- 
ability (as measured by a rodent biomass index) in 
coyote territories exhibiting differential kill rates. 

STUDY AREA 
We conducted the project on a 400-km2 study 

area on the Deseret Land and Livestock ranch, 
northeastern Utah. The study area is primarily 
sagebrush (Artimesia tridentata wyomingensis) 
steppe, with an understory of western wheatgrass 
( Pascopyrum smithii) , needle-and-thread grass 
(Stipa comata) , Indian rice grass (Oryzqsis 
hymenoides), and planted crested wheatgrass 

(Agropyrum desertorum). Average annual rainfall is 
27.6 cm; temperatures range from an average of 
-9.4"C in winter to 15.6OC in summer. 

Coyotes were distributed throughout the study 
area and were relatively unexploited. While sheep 
grazing was a historical use of the area, sheep had 
not grazed the study area recently. Cattle were 
grazed intermittently throughout the area. Win- 
ter carrion in the form of cattle and elk (Ceruus 
elaphus) carcasses was plentiful. Mule deer 
(Odocoileus hemionus) and pronghorn antelope 
(Antilocafwa amem'cana) were common in the area. 
The most abundant small prey were white-tailed 
jackrabbits (Lepus townsendii) , cottontail rabbits 
(Sylvilagus nutallz] , Uinta ground squirrels (S'er- 
mqbhilus armatus), deer mice (Peromyscus manicu- 
latus) , and least chipmunks ( Tamias minimus). 

METHODS 
During summer 1997, coyotes were trapped 

with #3 padded-jaw, leg-hold traps equipped with 
tranquilizer tabs (Balser 1965, Sahr and Knowl- 
ton 2000) containing propriopromazine. Cap 
tured coyotes were immobilized with ketamine 
hydrochloride (10 mg/kg) and acepromozine 
(0.1 mg/kg) . Coyotes were weighed, sexed, blood 
sampled, and aged by tooth wear (Gier 1968). A 
premolar was extracted and sent to a commercial 
lab (Matson's Laboratory, Milltown, Montana, 
USA) for aging by cementum annuli analysis 
(Linhart and Knowlton 1967). Animals were 
radiocollared with a 150-g transmitter (Advanced 
Telemetry Systems, Isanti, Minnesota, USA) and 
released at the point of capture. 

During December 1997, January 1998, and Jan- 
uary 1999, a hand-held net-gun fired from a heli- 
copter was used to capture coyotes (Barrett et al. 
1982, Gese et al. 1987). Previously radiocollared 
animals were recaptured along with as many pack 
members as possible. Additional packs in the 
study area were also captured. Packs were ran- 
domly assigned to sterile and sham treatments. 
Because identification of alpha breeding coyotes 
is difficult without field observation, members of 
the same pack received the same treatment. Cap 
tured coyotes were transported by helicopter to a 
local veterinary clinic for surgical sterilization. 
Females were sterilized by tuba1 ligation and 
males by vasectomy, leaving hormonal systems 
intact (Zemlicka 1995). Animals in the sham 
treatment underwent all procedures except actu- 
al sterilization. All animals were held overnight 
for recovery and observation, then released at the 
point of capture the following morning. 
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During 1997 and 1998, coyotes were relocated 
primarily from fixed stations (null-peak) posi- 
tioned around the perimeter of the study area 
(U'hite and Garrott 1990). In 1999, we used 
hand-held triangulation to acquire bearings <10 
min apart with triangulation angles between 20" 
and 160" (Gese et al. 1990). The software pack- 
age LOCATE (Pacer, Truro, Nova Scotia) was 
used to calculate animal locations. We attempted 
to locate all coyotes twice daily (morning and 
evening) during the time sheep were in the study 
area (May through Sep). During the remainder 
of the year, coyotes were located approximately 
every 2 weeks using aerial telemetry (Mech 1983) 
when snow made roads impassable for ground 
relocations. Home ranges were calculated using 
CALHOME (Kie et al. 1996). The adaptive ker- 
nel estimator (Worton 1989) was used to delin- 
eate territory boundaries (90% isopleth) and 
core areas (60% isopleth) of use. To confirm 
breeding status of the pack, searches were made 
by foot and in the air of all coyote territories to 
find dens and confirm the presence or absence 
of pups. Responses to simulated howling were 
also used to determine the presence of pups dur- 
ing summer (Harrington and Mech 1982). 

To assess coyote predation rates on sheep, small 
bands of ewes and lambs were introduced into 
the study area. Because we herded and moni- 
tored the bands daily, we had the ability to sys- 
tematically move the sheep through all the coy- 
ote territories in the study area. In 1997, we 
released 222 ewes and 195 lambs on the ranch in 
mid-June; 10 ewes were radiocollared to assist in 
flock location. This flock served to expose all the 
coyotes in the area to sheep prior to any treat- 
ment. In 1998, we released 138 ewes and 173 
lambs on the study area in early June; we radio- 
collared 50 lambs (29% of the lambs) to aid in 
finding kills. In 1999,1ie started in mid-May with 
136 ewes and 150 lambs transported to the study 
site. Because finding all the kills in 1998 proved 
difficult, all lambs (n  = 150) in 1999 were radio- 
collared. In both 1998 and 1999, the sheep were 
split into 2 flocks to maximize coyote exposure to 
sheep. All flocks were removed from the ranch 
in mid-September of each year. Most lambs were 
about 3 weeks old at the time of release. 

Because lamb age affects vulnerability to coyote 
predation (Andelt 1987, Knowlton et al. 1999), 
we moved the flocks so that each coyote pack was 
exposed to 1 flock early in the season and the 
other flock later in the season. Approximately 
once a month, the sheep were penned, lambs 

weighed, and the radiocollars adjusted as neces- 
sary. The sheep were relocated each day, and 
whenever possible the bed site area was searched 
for kills. Radiocollared lambs with mortality sig- 
nals were located as soon as possible. Death sites 
were searched for tracks, scat, and other sign of 
predator presence. ~ e a d  lambs were necropsied, 
and hemorrhaging, bite marks, and other evi- 
dence at the kill site was used to determine the 
cause of death (Rowley 1970, Wade and Bowns 
1985). Kills located in a specific coyote pack ter- 
ritory were attributed to that pack unless evi- 
dence from telemetry suggested othenvise. 

Because the number of days sheep were in coy- 
ote territories varied, the kill rate of sheep in each 
coyote territory was standardized to a 1-week 
interval. A Students t-test was used to compare 
weekly kill rates of sterile and intact packs. To 
account for both flock size and length of time 
spent in each territory (i.e., exposure days), a 
weekly survival rate for the sheep grazed within 
each coyote territory was also calculated (Heisey 
and Fuller 1985). Sheep survival rates were only 
calculated for 1999 when all lambs were radiocol- 
lared. A t-test was used to compare the weekly 
sheep survival rates between intact and sterile coy- 
ote packs. Because coyote pack size could influ- 
ence depredation rates, we performed a regres- 
sion analysis of the number of coyotes in a pack 
versus the number of lambs killed by that pack. 

Small mammal-trapping grids and spotlight sur- 
veys were used to determine numbers and types 
of alternative prey available on the study area. 
Spotlighting transects (Smith and Nydegger 
1985) were conducted from a vehicle traveling at 
10-15 km/hr after dark in mid-June and late 
August. White-tailed jackrabbits and cottontail 
rabbits were counted, and the number of lago- 
morphs observed/km was compared to an exist- 
ing data set for the study area (Rick Danvir, 
Deseret Land and Livestock Co., unpublished 
data). Small mammal-trapping grids were locat- 
ed across 4 habitat types (meadow, sparse vegeta- 
tion, moderately dense sagebrush, and dense 
sagebrush). Two 30.5 x 91.4 m grids of 96 Sher- 
man live traps were established in each habitat 
type and run for 3 consecutive nights. Traps were 
checked each morning; animals were identified, 
marked, and released. The average weight of 
each small mammal species was multiplied by the 
number of small mammals captured per 100 
operable trapnights to calculate a rodent bio- 
mass index for each habitat type. After we deter- 
mined the amount of each habitat type in each 
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coyote territory, an index of available rodent bio- 
mass was then calculated for each territory by 
multiplying the amount of each habitat type in 
the territory by the biomass index for that habitat 
type. A t-test was then used to compare the 
indices of available rodent biomass between 
intact and sterile coyote packs. Home range size 
and habitat analyses were preformed for packs 
with 21 radiocollared coyote. 

were observed. If the alpha pair was not sterilized 
and pups were observed, the pack was classified 
as an intact pack. In 4 packs, no members were 
captured or radiocollared, but pack members 
were observed and the home range boundary was 
estimated based on the spatial arrangement of 
adjacent radiocollared packs (Fritts and Mech 
198 1, Messier 1985, Fuller 1989). 

Coyote Kill Rates 

RESULTS In 1998, we monitored 5 sterile and 6 intact 

Capture and Surgical Treatments 
Data were collected from June 1997 to Septem- 

ber 1999, with the most intense data collection 
occurring during the summer when sheep were 
present (May-Sep) . We captured 1 1 coyotes (7 M, 
4 F) in 1997. Two sessions of aerial net-gunning 
during winters 1998 and 1999 resulted in the cap  
ture of an additional 31 (22 M, 9 F) coyotes, plus 
the recapture of 10 of 11 coyotes trapped in 1997. 
Ten males and 9 females were given sham opera- 
tions, while 20 males and 6 females were steril- 
ized. No capture or surgery-related mortalities 

packs (Table 1). Sheep spent an average of 16.5 days 
in each coyote territory. The 5 sterile packs were 
responsible for 1 kill, and the average number of 
kills per week by all sterile packs was 0.07 (f. 0.16 
SD). The 6 intact packs killed 11 lambs, for a 
weekly average of 0.77 f 0.92 ( t  = 1.63, df = 9, P = 

0.068). The observed frequency of kills behveen 
the 2 treatments (sterile vs. intact) was different 
than expected (x2  = 6.656, df = 1, P= 0.0099), with 
intact packs killing more lambs (1 1 kills observed, 
6.55 expected) and sterile packs killing fewer 
lambs (1 kill observed, 5.45 expected) than expect- 
ed. A regression analysis of coyote pack size versus 

Table 1. Predation rates and pack sizes of sterile and intact coyote packs during 1998 and 1999, Deseret Land and Livestock, 
Utah. Pack counts do not include young-of-year and reflect pre-whelping pack size. 

- - -  

Minimum Days sheep Lamb survival 
Year Pack Treatment pack size # of kills present Killslweek rate (weekly) 

1998 Stacy 

South Cabin 
Crane 
Highway 

Alkali 

Red Hill 
Dry Creek 

~ o a d  Hollow 

Shortcut 

North Cabin 

McKay 
1999 Stacy 

Red Hill 

Murphy 

South Cabin 
Table 

Crane 
Dry Creek 

Road Hollow 
Munshaw 

Lake Hollow 

Shortcut 
~ o r t h  Cabin 

Sterile 
Sterile 

Sterile 
Sterile 

Sterile 

lntact 
lntact 

lntact 
lntact 

lntact 

lntact 
Sterile 

Sterile 
Sterile 

Sterile 
lntact 

lntact 
lntact 

lntact 

lntact 
lntact 

lntact 

lntact 
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the weekly kill rate on sheep revealed no signifi- 
cant relationship (? = 0.008, F= 0.078, P= 0.786). 

Of the 11 coyote packs monitored in 1998,4 ster- 
ile and 3 intact packs did not kill sheep. When only 
the sheepkilling coyote packs were considered, 
the sterile pack killed 0.35 lambs/week. The 3 in- 
tact packs killed an average of 1.53 lambs/week. 
Thus, among coyote packs that killed sheep, there 
were 4.4 times more lambs killed/week by intact 
coyote packs than by sterile packs. 

In 1999, we monitored 4 sterile and 8 intact 
packs (Table 1). Sheep spent an average of 16.6 
days in each territory. Sterile packs killed 3 
lambs, for an average of 0.29 kills/week (+ 0.20 
SD), while intact packs killed 22 sheep, for an 
average of 1.48 kills/week (+ 2.09; t = 1.167, df = 

10, P= 0.147). However, intact packs killed more 
lambs and sterile packs killed fewer lambs than 
expected (x2 = 5.1 14, df = 1, P = 0.0237). There 
was no relationship between coyote pack size and 
the weekly kill rate for each pack in 1999 ( r 2  = 
0.08, F = 0.87, P = 0.37). 

Of the 12 coyote packs monitored in 1999, 1 
sterile pack and 4 intact packs did not kill sheep. 
Among sheep-killing packs, the average number 
of sheep killed per week was lower (0.38 + 0.07) 
for sterile packs than for intact packs (2.95 + 2.10 
kills/wk; t = 2.0677, df = 5, P = 0.0468). Among 
coyote packs that killed sheep, intact packs were 
7.8 times more likely to kill sheep than were ster- 
ile packs. Combining both years, intact coyote 
packs (Z = 2.34 + 1.70 kills/wk) killed 6 times 
more sheep than sterile packs (Z = 0.38 + 0.06 
kills/wk; t = 2.23, df = 9, P = 0.0261). 

When sheep survival rates were compared 
between sham and sterile packs, the weekly sur- 
vival rate tended to be higher for sheep in sterile 
coyote territories (Z = 0.998) than in intact coyote 
territories (Z = 0.989). Among sheepkilling packs, 
the weekly sheep survival rate was higher in sterile 
coyote packs (Z = 0.997 + 0.00) than in intact packs 
(2  = 0.985 _+ 0.016; t = 2.01, df = 5, P= 0.05). 

Characteristics of Kills 
During 1999, coyotes killed 25 lambs. Seven 

additional lambs died of causes not related to 
coyote predation: drowning (I) ,  pneumonia (2), 
and unknown causes (4). Coyotes completely 
consumed 13 of the sheep killed, partially con- 
sumed 6 kills, and left 3 kills intact. No con- 
sumption data were available for 3 kills. Coyotes 
tended to kill lambs from the lightest weight 
quartile (x2 = 10.15, P < 0.01) more frequently 
than lambs from the heavier quartiles (Fig. l ) ,  

FIRST SECOND THIRD FOURTH 
QUARTILE 

Fig. 1. Percent of sheep killed by coyotes among the 4 quar- 
tile weight classes, Deseret Land and Livestock, Utah, 1999. 
Quartile ranges are: first (1-25%), second (2650%), third 
(51-75%), and fourth (76100%). 

but they were capable of killing even the heaviest 
lambs. Lambs were classed into weight quartiles 
by comparing their last live weight to the rest of 
the lambs in the herd. Thus, the weight of lambs 
in the lightest quartile increased over the grazing 
season, and coyotes were selecting mostly the 
lightest lambs available. Lambs that strayed or 
had been located apart from the main flock on 
the previous day were more likely to be killed 
than those remaining with the flock. 

Location and Timing of Kills 
In 1998, coyotes killed 3 sheep in the core and 4 

sheep on the edge of their territories. Based on a 
comparison of sheep locations and kill locations, 
the distribution of kills was not different from 
expected (x2 = 0.234, P= 0.62). In 1999, there was 
a slight difference (x2 = 3.01, P = 0.08) between 
the distribution of kills observed in the core (n = 

3), and on the edge (n = 16) of territories, and the 
expected distribution of kills. This is true even 
though the analysis accounted for the amount of 
time sheep spent on the edge and in the core. 
We found no evidence of coyotes following sheep 
outside their territory. However, many kills were 
located in areas of overlap between territories, 
and 1 kill that was just inside the 60% isopleth was 
assigned to the neighboring pack because, based 
on radiotelemetry locations, the residents were 
not in that area on the night of the kill. 

Kill rates of sheep by coyotes increased over the 
summer, particularly among intact coyote packs 
(Fig. 2). Sterile packs that killed sheep did so at 
a relatively constant rate. The increase in kill rate 
among intact coyote packs is likely due to the 
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INTACT PACKS 
STERILE PACKS 

35 1 

Fig. 2. The timing of lambs killed over the 4-month grazing 
season by sterile and intact coyote packs, Deseret Land and 
Livestock, Utah, 1998-1 999. 

increasing energy demand of growing pups. A 
reduction in alternate prey (ground squirrels 
enter hibernation in late Aug) was also consid- 
ered as a possibility for increased killing, but did 
not explain the lack of increased killing among 
the sterile packs. 

Influence of Alternative Prey on Predation 
Rates 

White-tailed jackrabbit numbers were well below 
their 1991 peak (Rick Danvir, Deseret Land and 
Livestock Co., unpublished data), but increased 
during the study. The lagomorph spotlight index 
increased from 0.29 rabbits/km in 1997 to 1.25 
rabbits/km in 1999. Small mammal-trapping 
grids yielded 0 to 0.063 animals/trap night, with 
no significant difference (all paired comparisons 
had P > 0.10) in the number of animals captured 
between any of the years. Increasing lagomorph 
numbers did not appear to influence coyote pre- 
dation rates on sheep. The increase in sheep kills 
from 1998 to 1999 was probably due to our in- 
creased ability to find and recover kills because 
all lambs were radiocollared in 1999. 

Influence of Available Rodent Biomass on 
Predation Rates 

We found no significant difference in the 
indices of available rodent biomass between ster- 
ile coyote packs (8,766 f 1,552) and intact packs 
(7,930 + 1,752; t = -0.75, df = 10, P =  0.48). Thus, 

differences in kill rates between sterile and intact 
packs were not in response to differential prey 
biomass in the territories. Similarly, regression 
analysis indicated no relationship beh+?een the 
weekly kill rate on sheep and the rodent biomass 
index in each territory (r2 = 0.06, F= 4.34, P= 0.53). 

Costs and Benefits of Sterilization 
We estimated the cost to surgically sterilize a 

coyote was $560/animal (helicopter flight time: 
$300, surgery: $75, transport: $60, fixed-~ving fly- 
ing: $60, personnel: $55, supplies: $10). On aver- 
age we captured and sterilized 3 coyotes/pack; 
thus, the cost of sterilizing a coyote pack was 
$1,680. Sterile coyote packs killed an average of 
0.38 lambs/week, while intact packs killed on 
average 2.34 lambs/week. Since sterilization did 
not necessarily stop predation, we used the dif- 
ference between the 2 treatments as the amount 
of loss averted (1.96 lambs killed/wk). We used 
the kill rates of sheep-killing packs only because 
non-killing packs would require no management 
action. Using this difference in averted losses, we 
calculated that over a summer grazing season (16 
wks) approximately 32 lambs would not be killed. 
With a market value of $56/lamb ($0.70 per 
pound x 80 pound lamb), we estimated that 
$1,792 of lambs was the amount of losses averted 
in 1 4-month grazing season. Thus, if a small- 
scale livestock operation was affected by 1 coyote 
pack during the summer, then the cost to surgi- 
cally sterilize them would equal the amount of 
lambs saved in the first year. Considering the life 
span of coyotes and length of pair-bonds, surgi- 
cally sterilizing coyote packs on a small scale 
could be economically feasible if the sterilized 
coyotes are allowed to survive (i.e., if the coyotes 
are killed, then the costs to sterilize begin again). 

DISCUSSION 
Animals producing offspring may maximize 

their hunting efficiency by preying on larger prey 
(Royama 1970, Harrison and Harrison 1984). In 
addition, transport costs of delivering a larger 
prey item to the young may also be more prof- 
itable than small-sized prey (Till and Knowlton 
1983), at the same time providing for increased 
energetic requirements of a growing litter. Our 
data indicate that coyotes change their predatory 
tendencies when pups are present and that steril- 
ization could be an effective method of reducing 
coyote predation on domestic sheep in the Inter- 
mountain West. None of the sterile coyote packs 
killed more than 1 lamb per season, while intact 
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packs had multiple killing events. Among coyote 
packs that killed sheep, the rate of predation on 
sheep was significantly lower for packs that were 
not provisioning pups. 

For this technique to be successful, the breed- 
ing pair must be sterilized. In 1999, 1 of the 
packs that was originally believed to be sterile 
killed 5 lambs. No pups were seen in the area 
during initial searches from the air or on foot. 
However, further investigation showed the breed- 
ing pair had not been captured and sterilized, 
resulting in at least 2 pups being produced. This 
observation underscores the need to sterilize at 
least 1 and preferably both members of the 
breeding pair to prevent pup production. 

This study presents further evidence that not all 
coyotes kill sheep (Sacks et al. 1999). In some 
areas where pups were present, no lambs were 
killed by some coyote packs even after 3 years of 
exposure to sheep. These coyote territories r e p  
resent situations in which no control measures 
should be undertaken. The pressure for the 
adults to provision their pups is only 1 factor driv- 
ing predation on sheep. Characteristics of indi- 
vidual packs and territories may also be critical in 
determining which coyotes kill sheep. Further 
investigation in to the sheepkilling tendencies of 
pups from packs that killed and ate sheep versus 
pups from packs that seemed to ignore sheep 
may be useful. 

Alternate prey availability may influence coyote 
predation rates on native prey (Hoffman 1979, 
Hamlin et al. 1984) and domestic sheep 
(McAdoo 1975, Guthery 1977, Kauffeld 1977, 
Gober 1979). Deer fawn (0. virginianus) avail- 
ability, as regulated by winter severity, affected 
the rate at which wolves killed livestock in Min- 
nesota (Mech et al. 1988). Hamlin et al. (1984) 
suggested that coyote predation on deer fawns 
was lowest during summers when microtine 
rodent numbers were highest. Our study 
occurred during years when the abundance of 
lagomorphs and ground squirrels was fairly typi- 
cal for the region. We found that indices of avail- 
able rodent biomass did not affect the number of 
lambs killed in each territory. Similarly, lago- 
morph abundance did not appear to influence 
annual coyote predation rates on sheep. In addi- 
tion, coyotes had access to antelope and deer 
fawns, but it was unknown whether coyotes pre- 
ferred fawns over sheep, or if sterile coyotes 
killed fewer fawns similarly to killing fewer lambs. 

We documented 1 trespass kill, just inside the 
neighbors' core area (60% isopleth), but trespass 

killing seemed to be a rare occurrence. Unlike 
Shivik et al. (1996), we did not observe an in- 
crease in core area overlap between adjacent 
pack territories when sheep were present, nor 
did we record coyotes following sheep into neigh- 
bors' territory. We did document a higher rate of 
kills on the edges of territories than expected by 
chance, so sheep in an area of territory overlap 
(at the 95% isopleths) could be accessible to 
more than 1 pack. 

Most of the lambs killed were consumed- 
implying that they were being used as a food 
source-though unconsumed kills were located 
in both sterile and intact coyote territories. We 
had insufficient data to determine litter size of 
coyotes, but further research focusing on the 
relationship between the number of pups and 
predation rates on lambs should be considered. 
The timing of kills, with increasing kills by intact 
packs over the summer and into early fall has 
been documented (Klebenow and McAdoo 1976, 
Tigner and Larson 1977, Boggess et al. 1980). 
This increase in predation likely reflects in- 
creased energy demand of growing pups (Ofte- 
dal and Gittleman 1989). Reduced alternate prey 
levels (i.e., ground squirrels going into hiberna- 
tion) were also considered. However, sterile coy- 
ote packs did not increase their predation rate on 
sheep similarly to the intact packs when ground 
squirrels entered hibernation in mid-August. 
Learning and development of hunting behavior 
of pups (Till and Knowlton 1983) could also be a 
possibility, but seemed unlikely at that time of 
year (i.e., the pups would be 9l months old in 
mid-Aug) . 

Among the large social carnivores, hunting is a 
cooperative activity that usually involves several 
group members (e.g., wolves: Mech 1966, 1970; 
Peterson 1977; Carbyn et al. 1993). However, 
Thurber and Peterson (1993) observed single 
wolves capable of killing moose (Akes akes) on Isle 
Royale. We found that the size of the coyote pack 
had no effect on the weekly kill rate on lambs. 
Lambs can be killed by a single coyote (Wade and 
Bowns 1985), and since most kills on sheep are 
usually attributed to the breeding pair (Sacks et al. 
1999), additional pack members do not seem to 
increase the rate of depredation on sheep. For 
native ungulates, cooperative hunting by coyotes 
may facilitate capture of larger prey, but it is not 
always necessary (Gese and Grothe 1995). 

The coyotes followed in this study did not kill 
adult sheep. Two ewes were attacked and bitten 
on the neck, but both survived the attacks. The 
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largest lamb killed by coyotes weighed 44 kg and 
was larger than some of the ewes in the flock. It 
may be that coyotes would have killed ewes if 
exposure was continued, especially if ewes were 
present without lambs. Our research differs from 
studies conducted in north-coastal California 
(Conner et al. 1998, Sacks et al. 1999), because in 
our study area (and in much of the Intermoun- 
tain West) lambs were only available seasonally. 
Adult sheep are available on a year-round basis, 
and lambs are available over 9 months in north- 
coastal California (Conner et al. 1998, Sacks et al. 
1999). In the Intermountain West, the birth of 
lambs occurs later than in northcoastal Califor- 
nia and generally corresponds with the coyote 
puprearing season. Therefore, sterilization may 
not have as great an effect in modifying coyote 
predation behavior in areas where lambs are con- 
sidered a year-round prey item. 

MANAGEMENT IMPLICATIONS 
We designed this experiment to test whether 

surgical sterilization can change the predatory 
tendencies of coyotes and whether the procedure 
will reduce (but not completely stop) predation 
on domestic lambs. A more efficient method of 
fertility control would likely be needed for appli- 
cation as a viable management tool on a larger 
scale. Sterile coyotes maintained territories and 
pair bonds in a manner similar to non-sterile coy- 
otes (Bromley 2000). In areas where long-term 
removal has had a limited effect on reducing pre- 
dation (Conner et al. 1998), a pair of sterile coy- 
otes occupying a territory--that are not killing 
sheep or killing at very low rates-could serve as 
an effective deterrent to other coyotes. Our tech- 
nique of capture and surgical sterilization may be 
cost-effective. Till (1982) estimated that it costs 
$208 to locate and remove 1 den of pups. Wagn- 
er and Conover (1999) estimated that it costs 
about $185 to kill a coyote from a fixed-wing air- 
craft and about $805 to trap a coyote on the 
ground. However, trapping, denning, and aerial 
gunning all require annual reapplication of those 
techniques, while sterilization can be effective for 
as long as the coyotes survive (or continue as 
alpha animals). A comparison of costs versus 
benefits showed that on a small-scale livestock 
operation (i.e., an operation being affected by 
only 1 pack of coyotes), the cost of surgically ster- 
ilizing 1 coyote pack was recovered by the 
amount of losses averted within the same year. As 
alternative methods of delivering sterilants are 
developed (DeLiberto et al. 1998), sterilization 

may prove an efficient solution for changing the 
predatory bLhavior of coyotes on a larger scale. 
Sterilization could also be valuable in areas where 
lethal control is socially unacceptable (hlech et 
al. 1996) and where enhancement of fawn 
recruitment rates of native ungulates is a man- 
agement objective. 
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One of the most endangered species is the redwolf, Canis rufus. Reintroduction of the red wolf began in 1987, but
in 1993 hybridization between coyotes (Canis latrans) and wolves was documented. To reduce genetic introgres-
sion, coyotes and coyote–wolf hybrids were captured, sterilized, and released as “placeholders”. Placeholders held
territories until either displaced or killed by a wolf, or management personnel removed them before releasing a
wolf. We evaluated the placeholder concept by examining the number of animals sterilized and released, likeli-
hood of displacement by a wolf, factors influencing displacements, territory fidelity of placeholders, and survival
rates and causes of mortality of placeholders and wolves. Of the 182 placeholders, 125 were coyotes and 57
were hybrids. From 1999 to 2013, 51 placeholders were displaced or killed by wolves, and 16 were removed by
management personnel. Thus, 37% of the placeholders were displaced leading to occupancy by a wolf. Most dis-
placements occurred in winter (43%) and were always by the same sex. Males were more likely to be displaced
than females. Home range characteristics influencing the probability of displacement included home-range size
(i.e., more placeholders displaced from larger home ranges) and road density (i.e., more placeholders displaced
from home ranges with lower road density). Annual survival of placeholders was higher than wolves in 12 of
14 years, with cause-specific mortality similar among wolves and placeholders. Placeholders provided territories
for wolves to colonize, yet reduced the production of hybrid litters, thereby limiting genetic introgression to b4%
coyote ancestry in the wolf population.

Published by Elsevier Ltd.

1. Introduction

There is increasing concern about the status and distribution of
many carnivore populations throughout the world (Schaller, 1996;
Gittleman et al., 2001; Woodroffe, 2001; Ripple et al., 2014). With in-
creasing human populations, many populations of carnivores are ex-
posed to changes in land-use practices, increased habitat loss and
fragmentation, increased human persecution, declines in natural prey
species, increased disease transmission from domestic and wildlife spe-
cies, illegal poaching, and increased competition with other carnivores
(Gese, 2001; Sillero-Zubiri et al., 2004; Loveridge et al., 2010). As a result
of these varied and diverse influences, many populations of large, medi-
um, and small-bodied carnivores have undergone a general decline
with some species now occupying a fragment of their former range
(IUCN, 1990; Cole and Wilson, 1996; Woodroffe, 2001).

One threat facing a few carnivore species is hybridization resulting in
genetic introgressionwith sympatric species (Wayne et al., 2004).While
hybridization is an important evolutionary process (Allendorf et al.,
2001), it poses a threat to the persistence and conservation of several

wild canid species. Hybridization with domestic dogs poses a threat to
the Ethiopian wolf (Canis simensis; Gottelli et al., 1994) and the
European gray wolf (Canis lupus). Hybridization among several related
canids in Ontario, Canada, could threaten the genetic integrity of a pop-
ulation of eastern wolves (Canis lycaon) in Algonquin Provincial Park
(Patterson and Murray, 2008). In the United States, hybridization
between redwolves (Canis rufus) and coyotes (Canis latrans) was identi-
fied as one of the greatest threats to conservation efforts and recovery of
red wolves in eastern North Carolina (Kelly et al., 1999; Stoskopf et al.,
2005). Reducing genetic introgression of coyote genes into the red wolf
population presents a unique challenge for the U.S. Fish andWildlife Ser-
vice (USFWS), the agency chargedwith reintroducing andmanaging the
current red wolf population (U.S. Fish andWildlife Service, 1989, 2007).

In 1987, four pairs of red wolves were released at the Alligator River
National Wildlife Refuge (ARNWR) in eastern North Carolina (Phillips
and Parker, 1988). By 1993, the wolves had successfully bred and re-
establishment of a free-ranging experimental population was consid-
ered to be a success (Phillips et al., 2003). The experimental population
area primarily encompassed the Albemarle Peninsula, which did not
have coyotes present during the initial reintroduction. However, by
the early 1990s the presence of coyotes was documented and shortly
thereafter hybridization between red wolves and coyotes occurred
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(Adams et al., 2003; Phillips et al., 2003). In 1999, a population and hab-
itat viability assessment recognized several threats to the free-ranging
red wolf population (Kelly et al., 1999), with hybridizationwith coyotes
being the greatest threat to recovery of the species. Subsequently, the
USFWS adopted a Red Wolf Adaptive Management Plan (RWAMP)
with one of the objectives to reduce hybridization between coyotes
and red wolves (Kelly, 2000).

As part of the RWAMP (Kelly, 2000), sterilization of coyotes and hy-
brid animals was proposed to reduce genetic introgression into the red
wolf population. While sterilization has been tested as a management
tool to reduce predation on domestic livestock and wild neonatal ungu-
lates (Bromley and Gese, 2001a; Seidler et al., 2014) and proposed as a
method for population control (Mech et al., 1996; Haight and Mech,
1997), using sterilization to reduce genetic introgression was a novel ap-
plication. In essence, sterilized coyotes and hybrids would be allowed to
remain on the landscape, maintaining social bonds and territories
(Bromley and Gese, 2001b; Seidler and Gese, 2012), and serve as “place-
holders” that would maintain territories, thereby reducing residency of
home ranges in the recovery area by reproductive coyotes or hybrids,
and thus reducing the threat of hybridization with a red wolf
(i.e., producing hybrid offspring if pairing with a red wolf occurred;
Stoskopf, 2012) and facilitating expansion of the red wolf population.
The sterile placeholders could be displaced from their territories by a
red wolf, or the USFWS could remove these sterile animals and release
red wolves at that site when either a captive or wild-born red wolf was
available for release. Sterilization was not used to control or manage the
coyote population in the recovery area, but to create non-reproductive
territories with sterile animals that were incapable of successfully repro-
ducing with intact red wolves.

In late 1999, a plan to sterilize coyotes and hybrids to serve as place-
holders in the Red Wolf Recovery Experimental Population Area
(RWREPA) in eastern North Carolina was initiated. In this paper, we in-
troduce and evaluate the placeholder concept as a management tool,
covering its use in the red wolf recovery area from 1999 to 2013. As
part of this evaluation,we examined (1) the number of animals (coyotes
and hybrids) that were sterilized and released as placeholders, (2) the
likelihood of a placeholder being displaced by a red wolf and the biotic
and abiotic factors influencing these displacements, (3) the degree of
territory fidelity of placeholders (i.e., the likelihood of dispersing after

being sterilized), (4) survival rates and causes ofmortality of both place-
holders and red wolves, and (5) the number of hybrid litters born per
year in the recovery area. Ultimately, themanagement goal is the reduc-
tion and eventual elimination of genetic introgression from coyotes into
the red wolf population, thus allowing for continued persistence of a
free-ranging population of red wolves in the wild.

2. Materials and methods

2.1. Study area

The Red Wolf Recovery Experimental Population Area (RWREPA)
study area was located in northeastern North Carolina on the Albemarle
Peninsula and encompassed approximately 4900 km2 (Fig. 1). The pen-
insula is part of the South Atlantic Coastal Plain and is a combination of
tidal (estuarine) and non-tidal (palustrine)wetlands, andmixed upland
forests. The western region is dominated by mixed pine-hardwood for-
ests of loblolly pine (Pinus taeda), white oak (Quercus alba), hickory
(Carya tomentosa), beech (Fagus grandifolia), tulip tree (Liriodendron
tulipifera), sweetgum (Liquidambar styraciflua), and red maple (Acer
rubrum) (Hartshorn, 1972). Pocosins are palustrine wetlands endemic
to the Atlantic coast and are found throughout the study area. The acidic
and nutrient poor soils of pocosins facilitate dominance by pond pine
(P. serotina) although loblolly and longleaf pine (P. lalustris) are com-
mon. The vegetation of the central region exhibits a gradual west-to-
east change from upland species to palustrine wetlands dominated by
tupelo (Nyssa sylvatica), Atlantic white cedar (Chamaecyparis thyoides),
loblolly pine, and bald cypress (Taxodium distichum) (Lynch and
Peacock, 1982; Moorhead and Brinson, 1995). Estuarine wetlands have
their highest incidence in the eastern region of the study area (mainly
Dare andHyde counties), primarily along the coastline and are dominat-
ed by black rush (Juncus roemerianus) with areas of wetland grasses
(Spartina alterniflora, S. patens, Cladium jamaicense), marsh elder (Iva
frutescens), and false willow (Baccharis angustifolia) (Moorhead, 1992).

Within the RWREPA the principal landowners were private timber
and agricultural corporations with federal and state governments hav-
ing the next highest proportions of land ownership. There were numer-
ous wildlife refuges contained within the study area with the two
largest being the ARNWR and Pocosin Lakes National Wildlife Refuge

Fig. 1. The five county Red Wolf Recovery Experimental Population Area in northeastern North Carolina including the location of the two largest National Wildlife Refuges.
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(PLNWR; Fig. 1). The ARNWR was located in the extreme northeastern
section of the study area andwas designated as the initial red wolf rein-
troduction site in 1987 due to a lack of coyotes and human presence, but
with abundant prey (Phillips and Parker, 1988). Contained within the
ARNWR was a 19,020-ha U.S. Air Force bombing range. The average
annual rainfall for ARNWR was 145 cm without seasonal fluctuations,
although 4.8 cm of snow falls annually during the winter (U.S.
Department of the Interior, 2008). The 44,560-ha PLNWR was located
in the central portion of the study area (Fig. 1). The total human popu-
lation for the study area in 2010 was 105,124 people (U.S. Census
Bureau, 2010).

2.2. Capture, sterilization, and monitoring of study animals

All capture, handling, aerial telemetry, andmonitoring of redwolves,
coyotes, and hybridswas conducted by USFWS personnel. Genetic anal-
ysis of blood samples collected from captured animals was used for spe-
cies identification (Miller et al., 2003; Adams, 2006; Bohling et al.,
2013). Beginning with the reintroduction in 1987, all red wolves re-
leased from captivity were equipped with a very high frequency
(VHF) radio-collar (Telonics, Mesa, Arizona, USA; Phillips and Parker,
1988). Adults (N9 months old) born in the wild were trapped with a
padded, foot-hold trap, immobilized, and fitted with a VHF radio-
collar, body measurements and weight recorded, and a blood sample
drawn. Pups born in the wild were implanted with an integrated tran-
sponder (PIT) tag (Trovan®; Beck et al., 2009). Radio-collared adult
red wolves were located 2–3 times/week from an airplane or ground
based vehicle. Starting in 2007, many red wolves were fitted with a
GPS radio-collar (Lotek Wireless, Newmarket, Ontario, Canada) which
obtained a location every 5 h (Dellinger et al., 2013).

Starting in 1999 and continuing through to 2013, adult (N9 months
old) coyotes andhybridswithin the RWREPAwere sterilized to examine
the feasibility of the placeholder concept. Captured coyotes and hybrids
were either sterilized or removed (euthanatized) from the recovery
area (Kelly, 2000; Gese et al., 2015), and thus there were no intact coy-
otes and hybrids monitored during this study. Upon capture in a pad-
ded, foot-hold trap, coyotes and hybrids were transported to a surgical
facility, sterilized, then fitted with a VHF radio-collar (Telonics, Mesa,
Arizona, USA), body measurements and weight recorded, and blood

drawn. Females were sterilized by tubal ligation or spay, while males
were vasectomized or neutered (Bromley and Gese, 2001b; Seidler
and Gese, 2012). Animals spayed or neutered were classed as “hor-
mones not intact”, while animals undergoing tubal ligation or vasecto-
my were classed as “hormones intact” (Asa, 2005). All surgical
procedures were conducted by a licensed veterinarian after the animals
were anesthetized. Animals were monitored overnight for post-
operative complications and released at their capture site the following
day. Research techniques and animal care procedures were conducted
under permits and standard operating protocols approved by the U.S.
Fish and Wildlife Service.

Sterilized coyotes and hybridswearing VHF radio-collarswere locat-
ed on a regular basis (2–3 times/week) during the same aerial telemetry
flights as the red wolves. Locations of the placeholders provided spatial
information including home range location and boundaries (USFWS,
unpublished data) for the 182 placeholders (Fig. 2). Data were also re-
corded for the date of displacement, the species which displaced or
killed the coyote or hybrid, and if available, the specific individual that
displaced the placeholder. Because aerial telemetry was conducted dur-
ing the day, we were concerned if the home ranges determined from
daytime locations may underestimate space use (Gese et al., 1990).
However, the average home range size of the 182 VHF radio-collared
resident placeholders in the study area was 23.5 ± 12.0 (range
5.5–64.5 km2), similar to the mean home range of 27.2 km2 for coyotes
later equipped with GPS-collars (Hinton, 2014).

2.3. Biotic and abiotic factors influencing displacement

For each placeholder's home range,we determined thepercent com-
position of 10 land cover types within their home range using ArcGIS
10.2.2 (ESRI, Redlands, California, USA). Land cover typeswere obtained
from LANDFIRE 1.3.0 (LANDFIRE 1.3.0., 2012) and included agriculture,
sparse, developed, herbaceous, marsh, riparian, shrubland, swamp, for-
est, and water. Land ownership was compiled from state GIS databases
and included federal, state, private, and non-governmental organiza-
tions (NGO). A digital representation of primary and secondary roads
was obtained from the North Carolina Department of Transportation
(https://connect.ncdot.gov/resources/gis/; accessed July 2014). The
length of primary and secondary roads in each home range was

Fig. 2. Home ranges of placeholders (i.e., sterilized coyotes and hybrids) in the Red Wolf Recovery Experimental Population Area, North Carolina, 1999–2013.
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converted to road density (km/km2). We used generalized linear
models (GLM)with a binomial distribution and logit link function to ex-
amine the influence of abiotic (home range characteristics) and biotic
(placeholder characteristics) factors on the probability of being
displaced (y = 1) or not displaced (y = 0) by a red wolf. Home range
characteristicswere assessed for each placeholder's home range, includ-
ing home range size (km2), road density (km/km2), percent occurrence
of each land cover type, dominant land cover type, percent occurrence
of each land owner type, and dominant land owner type. Placeholder
characteristics included sex of the placeholder, body length, and sterili-
zation procedure (hormones intact or not intact). We developed sepa-
rate GLMs to examine the effects of the home range and placeholder
characteristics. Correlated variables (r N 0.25) were not allowed to
enter the same model as additive or interactive effects.

We ranked all home range and placeholder characteristic GLMs and
the null model using the Bayesian Information Criteria (BIC; Schwarz,
1978). Variables from the highest ranked model of home range charac-
teristics were combined with variables from the highest ranked model
of placeholder characteristics to generate a set of models containing
both combinations of predictor variables, and we again used BIC
(Schwarz, 1978) to compare models (Scheiner, 2004). All model devel-
opment and analysis was conducted in the R statistical software (R Core
Team, 2014).

2.4. Cause-specific mortality and survival rates

Radio-collared adult red wolves, coyotes, and hybrids were moni-
tored 2–3 times/week allowing for the early detection of amortality sig-
nal and facilitating recovery of the carcass to determine the cause of
death. If applicable, a field necropsy was conducted, or if the cause of
death was not apparent, the carcass was examined by a veterinary pa-
thologist. We classified mortalities into one of three classes: anthropo-
genic, natural, or unknown. Anthropogenic mortality included any
human-caused death not due to removal of coyotes or hybrids by agency
personnel tomake that home range available to a redwolf. Thus, anthro-
pogenic mortality included causes of death from gunshot, vehicle colli-
sion, foul play, trapping, and poisoning. Foul play included suspected
gunshot or suspected illegal take. Natural mortalities included health-
related incidences such as disease or parasite load, and interspecific
and intraspecific aggression resulting in death of the animal. A total of
182 placeholders and 410 red wolves were monitored from 1 January
1999 to 31 December 2013. We calculated annual survival rates for
red wolves, sterile coyotes, and sterile hybrids using the program
MICROMORT (Heisey and Fuller, 1985), but limited our survival analysis
to the time period of 2000 to 2013 as there was only one sterile coyote
and four sterile hybrids available for monitoring in 1999.

2.5. Composition of litters

During spring, personnel from the USFWS monitored radio-collared
redwolves and located breeding females at active dens to determine the
composition of the litter (Bohling and Waits, 2015; Gese et al., 2015).
Pups born in the wild were implanted with an integrated transponder
(PIT) tag (Trovan®; Beck et al., 2009) for future identification during
subsequent capture operations in the fall when pupswere large enough
to be radio-collared. If the genetic origin of the litter was questionable,
blood samples were obtained and examined using 18 nuclear DNA mi-
crosatellite loci to determine their ancestry and red wolf pedigree
(Miller et al., 2003; Adams, 2006; Bohling et al., 2013).

3. Results

3.1. Displacement events

From1999 to 2013, theUSFWS captured, sterilized, and released 218
animals to serve as placeholders within the RWREPA. Of these, 15 were

classed as transients (cf Gese et al., 1988), 13 were killed b3 months
after release, and 8 disappeared (i.e., lost contact with the radio-
collar) b3months after release, thereby leaving182 individuals for anal-
ysis. These 182 placeholders included 66 female and 59 male coyotes,
and 26 female and 31male hybrids. Of the 182 placeholders monitored,
51 were displaced by wolves (37 were spatially displaced by wolves
from their territories and 14 were killed by a red wolf). In addition, 16
placeholders were removed by USFWS personnel and a red wolf re-
leased into the territory. Thus, 67 (37%) of the 182 placeholders were
naturally displaced or artificially removed, leading to occupancy of the
territory by a red wolf. During the same time period, 146 (35%) dis-
placements out of 410 red wolves monitored were also documented.
No coyote or hybrid displaced a red wolf; red wolves were displaced
only by another red wolf. All displacements (100%) of placeholders
were by a red wolf of the same sex. Similarly, for red wolves 98% of
red wolf displacements were by a red wolf of the same sex.

Of the 51 naturally occurring displacements of placeholders, the fre-
quency of displacements varied seasonally (χ2 = 9.37, df = 3, P =
0.025) with the most displacements occurring in winter (43%; 1 Decem-
ber–28 February), followed by spring (25%; 1 March–31 May), fall (18%;
1 September–30November), and summer (14%; 1 June–31August). Sim-
ilarly, the 146 displacements of red wolves by red wolves varied season-
ally (χ2= 31.64, df= 3, P b 0.001)withmost displacements occurring in
winter (41%), followed by spring (26%), fall (25%), and summer (8%).

Although there were similar numbers of female (n = 92) and male
(n=90) placeholders, sterilizedmalesweremore likely to be displaced
than sterilized females (males: 34.4% displaced, females: 21.7%
displaced; χ2 = 3.64, df = 1, P = 0.056), regardless if the male was a
sterile coyote (32.2%) or a sterile hybrid (38.7%; Fig. 3). Female place-
holders that underwent tubal ligation and were hormonally intact
were no more likely to be displaced than females that underwent a
spay and were not hormonally intact (tubal ligation: 19.4% displaced;
spay: 30.0% displaced; χ2 = 1.025, df = 1, P = 0.31; Fig. 4). Similarly,
males that underwent vasectomy and were hormonally intact were
also nomore likely to be displaced thanmales that underwent a neuter
surgery and were not hormonally intact (vasectomy: 32.9% displaced,
neuter: 42.3% displaced; χ2 = 0.519, df = 1, P = 0.47; Fig. 4). The
weight at capture of displaced female placeholders (13.21 ± 2.57 kg,
standard deviation [SD]) was no different than female placeholders
that were not displaced (13.50 ± 2.58 kg; t = 0.450, df = 30.499, P =
0.65). Similarly, the weight at capture of male placeholders that were
displaced (15.84 ± 3.48 kg) was not different than the male place-
holders that were not displaced (14.94 ± 2.58 kg; t = −1.265, df =
47.725, P = 0.2119).

Fig. 3. The percent of male and female coyotes and hybrids serving as placeholders that
were displaced and not displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.
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3.2. Biotic and abiotic factors influencing displacement

We examined the abiotic (home range characteristics) and biotic
(placeholder characteristics) factors influencing the likelihood of a
placeholder being displaced. Of the 63models of home range character-
istics examined plus the null model, the highest ranked was the null
model followed by models containing home-range size or road density
(Table 1). We found that the percent of placeholders displaced by a red
wolf increased as home-range size increased (Fig. 5A). At home ranges
b20 km2, 17 of 85 (20%) placeholders were displaced by red wolves,
while in contrast, 10 of 26 (38%) of the placeholders with home ranges
N35 km2 in sizewere displaced. In contrast,we found that the percent of
placeholders displaced by a red wolf decreased with increasing road
density, with displacements being highest at low road densities
(Fig. 5B). All other models of home range characteristics had ΔBIC
values N10 and model weights b0.01, thus home-range size and road
density were carried forward to the combined models (Burnham and
Anderson, 2002). Interestingly, neither the composition of land owner-
ship or the dominant land ownership, nor the composition of land cover
type or dominant land cover type influencedwhether a placeholderwas
displaced by a red wolf.

Of the seven models of placeholder characteristics and the null
model, the highest ranked was the null model followed by the univari-
ate model of placeholder sex (Table 2). As described previously, we
found male placeholders were more likely to be displaced than female
placeholders (males: 34.4%, females: 21.7%). All other models of place-
holder characteristics had ΔBIC values N4 and model weights b0.08,
thus placeholder sex was the single variable carried over to generate
the combined models. Of the eight combined models examined and
the null model, the highest ranked model was the null model followed
by the univariate model containing placeholder sex, then the univariate
models containing home-range size and road density (Table 3).

3.3. Territory fidelity

Dispersal of juvenile animals from their natal home range is a com-
mon occurrence among most canid species. However, we emphasize
that because only adult coyotes and hybrids N9 months of age were
sterilized and used as placeholders, we only examined territory fidelity
for adult canids in the study area (i.e., we did not include juvenile dis-
persal from their natal home ranges). Territory fidelity of adult canids
was high during the study. During the 14 years of monitoring
(2000–2013), of the 125 adult coyotes serving as placeholders, only 2
(1.6%) adult sterile coyotes dispersed from their resident territory. Of
the 57 adult hybrid animals serving as placeholders, 4 (7.0%) adult hy-
brids dispersed from their territory. Similarly, of the 410 adult red
wolves monitored during the same time period, 11 (2.7%) adult red
wolves dispersed from their resident territory. In contrast to and for

Fig. 4. The percent of 182 placeholders, sterilized by four methods, which were displaced
and not displaced by red wolves in the RedWolf Recovery Experimental Population Area,
North Carolina, 1999–2013.

Table 1
The ΔBIC and model weights for the generalized linear models and the null model exam-
ining the influence of home range characteristics within a placeholder's home range and
the likelihood of being displaced by red wolves in the Red Wolf Recovery Experimental
Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.68
Home-range size (km2) 2.6 2 0.19
Road density (km/km2) 3.8 2 0.10
Home-range size (km2) + Road density (km/km2) 7.0 3 0.02

Fig. 5. The percent of placeholders displaced by a redwolf across (A) five classes of home-
range size (km2) of theplaceholder, and (B)five classes of road density (km/km2)within a
placeholder's home range, RedWolf Recovery Experimental Population Area, North Caro-
lina, 1999–2013.

Table 2
The ΔBIC andmodel weights for the generalized linear models and the null model exam-
ining the influence of placeholder characteristics on the likelihood of being displaced by
red wolves in the Red Wolf Recovery Experimental Population Area, North Carolina,
1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.56
Sex 1.5 2 0.26
Hormones intact 4.1 2 0.07
Body length (cm) 5.2 2 0.04
Sex + Hormones intact 5.3 3 0.04
Sex + Body length (cm) 6.6 3 0.02
Hormones intact + Body length (cm) 9.3 3 0.01
Sex + Hormones intact + Body length (cm) 10.4 4 0.00
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comparative purposes, we found that 103 (25.1%) of the juvenile red
wolves dispersed at some time from their natal home range.

3.4. Survival rates and cause-specific mortality

We estimated annual survival rates for the 182 adult placeholders
that were monitored for 137,784 radio-days (sterile coyotes: 84,093
radio-days; sterile hybrids: 53,691 radio-days) during 1999 to 2013.
For comparison, we examined survival rates of 410 adult red wolves
monitored for 388,587 radio-days during the same time period. In gen-
eral, the sterilized adult placeholders (coyotes and hybrids combined)
had higher survival rates than adult red wolves (Fig. 6). Mean annual
survival was highest for sterilized hybrids (0.876± 0.11, standard devi-
ation, SD), lowest for red wolves (0.80 ± 0.04) and intermediate for
coyotes (0.843 ± 0.12). Red wolves exhibited higher annual survival
than the placeholders in only two (14%) of the 14 years of the study,
while placeholders had the highest survival in 12 (86%) of the
14 years monitored. Interestingly, sterilized coyotes had the highest
survival in 6 (43%) of the 14 years and hybrids also had the highest sur-
vival in 6 (43%) of the 14 years.

Some sources of mortality among adult red wolves and adult
placeholders were similar, while some specific causes were more
species related (Table 4). Anthropogenic causes of mortality was
similarly high for both adult red wolves and adult placeholders
(red wolves vs. placeholders: χ2 = 0.47, 1 df, P = 0.49), and the
number of deaths due to natural and unknown causes was similar

(Table 4). A similar high percentage of red wolves and placeholders
were killed by gunshot and foul play (red wolves vs. placeholders:
χ2 = 0.07, 1 df, P = 0.788). Six red wolves were killed by poisoning
and no placeholders were killed by poisoning (red wolves vs. place-
holders: χ2 = 1.65, 1 df, P = 0.199). No red wolves were killed by
placeholders (sterile coyotes or sterile hybrids), but 19% of the sterile
coyote mortalities and 21% of the sterile hybrids mortalities were
caused by interspecific aggression from red wolves (red wolves vs.
placeholders: χ2 = 50.36, 1 df, P = 0.0001). Red wolves were rarely
killed (~6% of mortality) by conspecifics (i.e., intraspecific aggres-
sion) and no placeholders were recorded as killed by conspecifics
(red wolves vs. placeholders: χ2 = 3.95, 1 df, P = 0.0469).

3.5. Composition of litters

In general there was little variation in the number of hybrid litters
from 2000 to 2013 with a mean of 2 hybrid litters/year (±1, standard
deviation) with a maximum of 5 litters in 2006 and no hybrid litters
in 2004 (Fig. 7). During the same time period, the number of red wolf
litters has varied with a mean of 9 litters (±2) and ranged from 6 to
12 litters each year.

Table 3
TheΔBIC andmodel weights for eight generalized linearmodels and the null model com-
bining biologically meaningful characteristics of the placeholder and the placeholder's
home range on the likelihood of being displaced by red wolves in the Red Wolf Recovery
Experimental Population Area, North Carolina, 1999–2013.

Model ΔBIC df Weight

Null 0.0 1 0.48
Sex 1.5 2 0.22
Home-range size (km2) 2.6 2 0.13
Road density (km/km2) 3.8 2 0.07
Home-range size (km2) + Sex 5.0 3 0.04
Road density (km/km2) + Sex 5.0 3 0.04
Home-range size (km2) + Road density (km/km2) 7.0 3 0.01
Home-range size (km2) + Road density (km/km2) + Sex 9.1 4 0.00
Home-range size (km2) * Road density (km/km2) + Sex 10.4 5 0.00

Fig. 6. Annual survival rates of adult red wolves (n= 410), sterilized adult coyotes (n= 125), and sterilized adult hybrids (n = 57), in the RedWolf Recovery Experimental Population
Area, North Carolina, 2000–2013.

Table 4
Anthropogenic, natural, and unknown causes of mortality for adult red wolves and sterile
placeholders (coyotes, hybrids) in the Red Wolf Recovery Experimental Population Area,
northeastern North Carolina, 1999–2013.

Red Wolves % (n) Sterile Coyotes % (n) Sterile Hybrids % (n)

Anthropogenic
Gunshot 37.1 (91) 23.8 (10) 33.3 (8)
Vehicle 17.6 (43) 19.0 (8) 8.3 (2)
Foul Play 4.1 (10) 14.3 (6) 8.3 (2)
Trapping 2.4 (6) 4.8 (2) 4.2 (1)
Poisoning 2.4 (6) 0 (0) 0 (0)
Total 63.7 (156) 61.9 (26) 54.2 (13)

Natural
Health-related 11.8 (29) 0 (0) 4.3 (1)
Interspecific 0 (0) 19.0 (8) 20.8 (5)
Intraspecific 5.7 (14) 0 (0) 0 (0)
Total 17.6 (43) 19.0 (8) 25.0 (6)

Unknown 18.8 (46) 19.0 (8) 20.8 (5)
Total deaths 245 42 24
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4. Discussion

Many factors threaten the persistence of canid populations through-
out the world (Gittleman et al., 2001; Woodroffe, 2001; Ripple et al.,
2014). Hybridization with coyotes followed by genetic introgression
was identified as one of the greatest threats to recovery of red wolves in
North Carolina (Kelly et al., 1999). Sterilization of coyotes and hybrid in-
dividuals was proposed to serve as placeholders to reduce hybridization
and genetic introgression of the red wolf population (Kelly, 2000). This
is the first documented case of using sterilization and the placeholder
concept tomediate hybridization and genetic introgression between sim-
ilar taxonomic canids. The primary objective of the placeholder concept
was to limit opportunities for intact red wolves to produce viable off-
spring during mating events with coyotes or hybrid animals, as well as
keeping space available for red wolves without the threat of producing
hybrid offspring if pairing with a red wolf occurred (Stoskopf, 2012).
These sterile placeholders could then be displaced from these territories
by a red wolf, or these sterile animals could be removed and red wolves
released into the now empty territory. Sterilization was not used to con-
trol or manage the coyote population in the recovery area, but to create
non-reproductive territories with sterile animals that were incapable of
successful reproduction (i.e., hybridization).

Natural displacements and strategic management removals of place-
holders resulted in 37% of those sterile placeholders being replaced by
red wolves in that territory. Displacements were unidirectional with
red wolves displacing and replacing placeholders, but no placeholder
displaced red wolves during the 14 years of monitoring. Interestingly,
animals not having hormonal systems intact (i.e., animals spayed or
neutered) were not displaced at a higher frequency than sterile animals
with intact hormones (i.e., animals tubal ligated or vasectomized). Intact
hormonal systems are generally believed to be necessary for pair bond-
ing and territorial maintenance (Asa, 1995). The higher frequency of
displacements in winter is not surprising given that the breeding season
would compel animals to seek mating opportunities. The finding that
male red wolves displaced male placeholders, and female red wolves
displaced female placeholders reinforces the mating opportunity
hypothesis.

We found that home range size and road density influenced the per-
centage of placeholders displaced by red wolves. At home ranges
b20 km2, 20% of the placeholders were displaced by red wolves, while
38% of the placeholders with home ranges N35 km2 were displaced.
Red wolves have larger home ranges (Chadwick et al., 2010) than coy-
otes, and may thus prefer to acquire larger areas in which to establish

residency. Similarly, home ranges of placeholders that contained low
road densities were preferred by redwolves, leading to higher displace-
ment rates. Dellinger et al. (2013) reported red wolves avoided areas
with high human density, and suggested red wolves will use human-
associated landscapes, but modify their habitat selection patterns with
increased human presence. Thus large home ranges with low road den-
sity appear to be preferred by red wolves and placeholders occupying
said home ranges have a higher likelihood of being displaced. Interest-
ingly, of the 26 placeholders with home ranges N35 km2, the 10 place-
holders displaced had a median home range size of 47 km2 and a
median road density of 0.48 km/km2, while the 16 placeholders not
displaced had a median home range size of 41 km2 and a median road
density of 0.63 km/km2. Past studies on gray wolves have suggested
wolves tended to survive where human density was low and road den-
sity was b0.58 km/km2 (Thiel, 1985;Mech et al., 1988). Red wolves and
coyotes used similar habitats and space (Hinton, 2014), thus the lack of
habitat variables influencing displacements was likely due to similar
habitat selection and requirements.

Annual survival rates of placeholderswere higher than redwolves in
12 of the 14 years of monitoring. Coyotes and hybrids each had the
highest survival rates in 6 of the 14 years. Even first generation hybrids
had survival values more similar to coyotes than red wolves, indicating
that hybridization conferred some level of increased survival abilities
more reminiscent of coyotes. Perhaps the smaller body size, dietary
breadth (Hinton, 2014), and behavioral plasticity of hybrids, which are
more similar to coyotes than red wolves, also allowed for increased sur-
vival rates. Coyotes are adaptable to human-modified environments
(Bekoff and Gese, 2003; Gehrt, 2004; Gese et al., 2012), and hybridiza-
tion appeared to confer similar “coyote-like” survival traits to hybrid
individuals.

While causes of mortality were similar among red wolves, coyotes,
and hybrid animals, red wolves did experience a higher frequency of
gunshot and health-related mortality. The high red wolf mortality due
to gunshot is cause for concern as many of these mortalities occurred
in the breeding season during the past 2–3 years (Hinton et al., in
review) and not only limited potential litter production of red wolf
pairs in the last 2 years (Fig. 7), but also opened opportunities for hy-
bridization between redwolves and coyotes by reducingmating oppor-
tunities with red wolves (Bohling and Waits, 2015; Gese et al., 2015).
While sterilization of placeholders does limit successful reproduction
between red wolves and coyotes, it is impractical to capture and steril-
ize all coyotes in the recovery area.

While only 37% of the placeholders were naturally or artificially
displaced leading to red wolf occupancy of the territory, the remain-
ing 63% did protect space in which no hybrid litters could be pro-
duced. Ultimately, limiting genetic introgression into the red wolf
population is the overall goal of the use of the placeholder concept.
In 2014, the genetic composition of the wild red wolf population
was estimated to include b4% coyote ancestry from recent introgres-
sion since reintroduction (Gese et al., 2015). Use of placeholders,
combined with removal of coyotes and hybrids, release of captive
adult red wolves, and cross-fostering of captive pups into wild red
wolf litters, appeared to be effectively limiting genetic introgression
into the red wolf population (Gese et al., 2015). Continued intensive
managementwill likely be necessary in the future to limit hybridization
and genetic introgression. Using the placeholder concept to limit
hybridization in other canid species has potential. Hybridization with
domestic dogs poses a threat to the Ethiopian wolf (Gottelli et al.,
1994) and the European gray wolf, but sterilization to generate place-
holders may not be an effective strategy in these situations because
domestic dogs are the introgressing species and sterilizing all free-
ranging domestic dogswould be impossible. Using the placeholder con-
cept to reduce or limit hybridization among several related canids in
Ontario and reduce the threat of genetic introgression into a population
of eastern wolves in Algonquin Provincial Park (Patterson and Murray,
2008) may be more practical.

Fig. 7. The number of red wolf and hybrid litters in the Red Wolf Recovery Experimental
Population Area, North Carolina, 2000–2013.
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5. Conclusions

Sterilization has been used in the recent past to reduce predation
rates by coyotes on domestic and native ungulates (Bromley and Gese,
2001a; Seidler et al., 2014), but using sterilization to limit genetic intro-
gression into the red wolf population is the first use of sterile animals
within the context of the “placeholder” concept. We emphasize that
sterilization was not used to limit the distribution or size of the coyote
population, but to reduce the incidence of hybridization between coy-
otes and redwolves and genetic introgression into the red wolf popula-
tion. Results from this experiment demonstrate the utility of the
placeholder concept to limit genetic introgression of coyotes into the re-
covering redwolf population in northeasternNorth Carolina. Territories
were held by sterilized placeholders and then being successfully
displaced by redwolves resulting in redwolf occupancy. Equally impor-
tant was production of hybrid litters was limited to a few each year in
the recovery area, and the genetic composition of the red wolf popula-
tion in 2014 contained b4% coyote introgression. The utility and appli-
cation of the placeholder concept may be practical for limiting genetic
introgression in similar situations where an introgressing species
threatens the genetic integrity of a sympatric carnivore.
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Managing canid predation on livestock is the leading challenge facing canid conservation

worldwide. However, removing canids, and coyotes in particular, to reduce livestock pre-

dation is environmentally and socially controversial. In addition, it can be expensive and

logistically difficult to field evaluate the myriad of potential selective, spatial, and temporal

canid management strategies. Here, we develop a spatially explicit, individual-based simula-

tion model to evaluate commonly used or promoted coyote control strategies. We began with

an already constructed non-spatial, individual-based stochastic coyote population model

that incorporated behavioral features, such as dominance and territoriality. We added a

spatial component and enhanced the social rule set to more realistically model coyote move-

ment and territory replacement. This model merges coyote spatial, social, and population

ecology into a management framework. The development, structure, and parameterization

of this model are described in detail. For lethal methods, model results suggest that spa-

tially intensive removals are more efficient and long lasting compared to random removal

methods. However, sterilization appears to be the management strategy offering the largest

and most lasting impact on coyote population dynamics. We recommend adding spatial

prey/livestock density and environmental components to this model to further enhance its

ecological reality and management usefulness. Although this model is applied to coyotes in

particular, it is applicable to many canid species of conservation concern. This model pro-

vides a tool to assist in the development of more effective and socially acceptable livestock

predation management strategies.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Managing canid predation on livestock is the leading chal-
lenge facing canid conservation worldwide. Coyote predation
on livestock in general, and on domestic sheep in particu-

∗ Corresponding author. Tel.: +1 435 797 1481; fax: +1 435 797 3796.
E-mail address: mary.conner@usu.edu (M.M. Conner).

lar, has been a fundamental problem of livestock producers
in North America over the past 60 years (Conover, 2002). It has
been estimated that coyotes are responsible for over $40 mil-
lion in damages to livestock producers in just the United States
each year, with the proportionally highest losses to sheep pro-

0304-3800/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolmodel.2008.09.008
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ducers (Mitchell et al., 2004). However, removing canids, and
coyotes in particular, to reduce livestock predation is environ-
mentally and socially controversial.

A variety of lethal and non-lethal methods are employed
to reduce coyote depredation rates. Commonly used lethal
methods include large-scale aerial gunning of coyotes, local-
ized removal of all coyotes in the vicinity of an area or
ranch experiencing coyote depredation, and removal of coy-
otes just prior to the birth pulse. A less commonly used lethal
approach is selective removal of breeding adult (alpha) coy-
otes. Nonselective removal (e.g., aerial gunning) is based on
the assumption that fewer coyotes means fewer livestock
losses. Selective removal, which targets alpha coyotes, is based
on the assumption that provisioning offsping is energetically
costly, and one way to offset this cost is for alpha coyotes to
prey on domestic livestock (Till and Knowlton, 1983). Accord-
ingly, selective removal attempts to only remove the problem
animals (alphas) in an effort to more efficiently reduce losses
to livestock producers while simultaneously minimizing the
impact to non-problem coyotes. Non-lethal control methods
include guard animals, fencing, frightening devices, and hus-
bandry practices (see Knowlton et al., 1999 for a thorough
review). These approaches are preventative and usually focus
on changing the behavior of potential problem animals rather
than the manipulation of population numbers. Because we
evaluate management strategies aimed at coyote populations
in this paper, we restrict our analyses of non-lethal manage-
ment types to the approach of sterilization (e.g., vasectomy
and tubal ligation). Coyote sterilization is based on the same
underlying premise as removal of alpha coyotes just prior
to the birth pulse; coyotes are less likely to kill livestock if
they do not need to provision for pups (Bromley and Gese,
2001). While coyote sterilization shows promise at reduc-
ing livestock depredation, it has not yet proven effective for
long-term or large-scale use (Mitchell et al., 2004). Thus, for
methods aimed at the coyote population, most livestock pro-
ducers rely on lethal methods to reduce coyote depredation on
sheep.

Coyote depredation management is controversial. Those
involved in animal welfare question how well coyote removal
works and whether landscape level measures, such as aerial
gunning of coyotes, can be justified environmentally, econom-
ically or socially (Andelt, 1996). Mitchell et al. (2004) noted that
lethal strategies may fail because alpha coyotes, which are the
most likely social class to kill livestock, are the most resistant
to nonselective removal techniques. Recently, there has been
increased interest about selective removal, which focuses on
small spatial areas, specific classes of animals (i.e., alphas),
and limited timing of removal. The goal of this approach is
minimize the number of coyotes removed while maximizing
the reduction in depredation rates and length of the effect
(Conover, 2002).

Coyote social structure and demographics have been well
studied over a wide range of habitats throughout the United
States and Canada. Coyote population vital rates, dynamics,
and social structure vary with prey type and availability. Below
we briefly discuss coyote biological and social relationships
that are relevant to the construction of our model; for a thor-
ough review of coyote biology, ecology, and management, see
Knowlton et al. (1999).

Coyotes live in packs, are territorial, and have a strong
social hierarchical structure in which typically only the alpha
pair breeds for each pack (Camenzind, 1978; Gese et al., 1996b).
Packs and territories have an exclusive relationship with one
pack occupying and defending one territory (Camenzind, 1978;
Bekoff and Wells, 1986; Windberg and Knowlton, 1988). Terri-
tories are typically contiguous (Windberg and Knowlton, 1988;
Gese et al., 1989, 1996a,b), with each territory maintained by an
alpha pair (Gese and Ruff, 1997, 1998). Packs usually also con-
tain beta coyotes, which are typically related to the alpha pair,
and pups. The larger population also contains transient coy-
otes (Camenzind, 1978; Bekoff and Wells, 1986) that occupy the
interstitial area between several territories (Gese et al., 1988)
and generally do not produce offspring (Knowlton et al., 1999).
One of the biological mechanisms regulating coyote popula-
tion growth rates is litter size, which decreases as population
density increases (Todd et al., 1981; Todd and Keith, 1983). Two
other social factors implicated in mediating population regu-
lation are beta dispersal rates and transient mortality, which
are interrelated. As population density increases, pack sizes
reach a point where they no longer provide adequate resources
for the entire pack. Consequently, the proportion of betas
leaving territories to become transients increases (Gese et al.,
1996b), which increases transient density. Increased transient
density is thought to lead to increased transient mortality
rates (Mills and Knowlton, 1991), which in turn decreases, and
hence potentially regulates, population growth rates.

Virtually all decisions about predator management occur
in the face of incomplete data, a complex, often spatially and
socially structured environment, and in systems subject to
temporal variation. It can be costly and difficult to evaluate
the myriad of potential social, spatial, and temporal coyote
removal strategies. When it comes to coyote depredation and
sheep, the ultimate question is “Was the depredation rate
reduced by the control strategy?” The penultimate question,
which we address in this paper, is “Which strategy reduced
the number of potential livestock killers for the longest time?”
Modeling is a valuable heuristic tool to compare different
removal strategies. For these reasons, we created a realis-
tic, spatially explicit, individual-based, socially structured,
stochastic coyote population model.

This model is a direct descendant of an individual-based
stochastic coyote population model that incorporated social
structure that was constructed by Pitt et al. (2003). We used
parameter estimates and functional forms presented by Pitt et
al. (2003) in their individual-based coyote population model,
which were based mainly on estimates of coyote vital rates
from the Rocky Mountain region of the United States. We
consider this a ‘generic population’. Pitt et al. (2003) used
Swarm as their simulation environment (SDG, 2001) and mod-
eled individuals within packs hierarchically. With relatively
simple social and demographic rules, they realistically mod-
eled the dynamics of a 100-pack coyote population. Pitt et al.
(2003) adjusted model rules and calibrated parameter values
so that their output matched field studies of coyote population
dynamics and social structure, rather than doing a field vali-
dation. Pitt et al. (2003) model was non-spatial. However, the
application of control is spatial; that is coyotes can be removed
from spatially clustered locations (intensive removal over
small areas) versus random removals (less intensive removal
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over larger areas). Here, we began where Pitt et al. (2003) left
off; we used the basic structure, rules, and model parameter
values from their model, but made it spatially explicit and
added additional movement rules. Then, we used this model
to evaluate commonly used or promoted coyote control strate-
gies on coyote population dynamics and social structure.

2. The model

In this paper, we follow a standard protocol for describing
individual-based models (Grimm et al., 2006) because we agree
that “readers are better able to absorb information if it is pro-
vided in a familiar, meaningful structure” (Gopen and Swan,
1990). The purpose of this protocol is to facilitate understand-
ing and repeatability of individual-based simulation models
written across a variety of disciplines (Grimm et al., 2006).
We used the computer package IDL (Version 6.4, ITT Visual
Information Solutions, Boulder Co.) to develop a stochas-
tic, spatially explicit, socially structured (i.e., stage based),
individual-based model.

2.1. Purpose

The overall goal of this model is to heuristically evaluate differ-
ent spatially applied management actions, such as removing
coyotes from spatially clustered locations versus random
removals, on coyote population and social dynamics. From
the wildlife-damage perspective, we hope this model will
allow managers to find strategies that provide the results they
require with the minimum number of coyotes removed.

2.2. State variables and scales

We used four hierarchical levels in the model: individual,
territory (or pack), population, and management scenario.
Individual coyotes were classified by the state variables: iden-
tity number, age, sex, identity of the territory where the
individual lives, reproductive potential (sterile or fertile), and
social status. We defined alphas as coyotes >6 months old
who held a territory and reproduced. Betas were coyotes of >6
months old who were associated with a territory but did not
reproduce. Transients were coyotes >6 months old who did not
hold a territory and did not reproduce, and who moved among
several territories. Pups were coyotes ≤6 months old and were
associated with a territory. Herein, we consider pack and ter-
ritory to be synonymous in this model. That is, one pack was
exclusively associated with one territory, and all members of a
particular pack were also members of the associated territory.

Each territory was initialized to contain one pair (male and
female) of alpha coyotes and possibly betas and transients.
The simulated population consisted of all packs/territories
in the model. The spatial component was simulated using
square grid cells, in which each cell represented a coyote ter-
ritory. Because we did not use nearest neighbor statistics,
movement paths per se, or connectivity, we used the more
tractable square grids instead of hexagonal grids (Birch et
al., 2007). Spatial structure was accounted for by associating
each coyote with a territory, with their probability of moving
to another territory dependent on the coyote’s social status,

age, pack density, and the conditions of neighboring territo-
ries (e.g., whether neighboring territories were missing one or
both alphas).

2.3. Process overview and scheduling

We constructed the model to match the coyote biological
year using discrete time intervals of 1 month; each simu-
lation began in January. Within each month, modules are
processed so that intra-territory changes are handled prior
to inter-territory changes. Within each territory aging, birth
(if April), mortality, change in social status (i.e., beta → alpha,
beta → transient, and transient → alpha) were tracked. These
actions were followed by movement actions between terri-
tories, which included betas and transients moving to new
territories to become alphas, and transient simply moving
between territories (Fig. 1).

2.4. Design concepts

2.4.1. Emergence
Spatial population dynamics emerge from the combined
behavior of model agents (coyotes) as well as from differ-
ent management perturbations. All management strategies
are applied spatially (either spatially random or spatially
clumped) in the form of either coyote removal or sterilization.

2.4.2. Sensing
Each coyote is assumed to know, without error, their age, sex,
social rank, and associated territory. Furthermore, coyotes are
assumed to be able to sample, without error, their neighboring
territories for information such as the number of animals, and
each animal’s sex and social status.

2.4.3. Functional relationships
Within a pack, the number of offspring and probability of
becoming a transient (eviction) increased with pack size. For
the population, transient mortality increased with total tran-
sient density.

2.4.4. Stochasticity
All demographic parameters (i.e., vital rates) and social and
movement rules were based on probability distributions.
Stochasticity in model parameters represents demographic
variation. That is, the parameters were fixed and the stochas-
ticity is variation about the fixed parameters.

2.4.5. Observation
For model testing, the spatial distribution of individuals was
observed process-by-process, and then summarized and out-
put monthly. For model testing and evaluation of coyote
removal strategies, population level and spatial (local) pop-
ulation variables were recorded during a 5-year pre-control,
control, and post-control periods (for a total of 15 years).

2.5. Initialization and input

Because the model begins in January and coyotes are born in
April, all individuals enter the population at 8, 20, 32, 44, etc.
months. Alpha coyotes were required to be a minimum age of
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Fig. 1 – Flow diagram illustrating model processes and general scheduling of coyote population model. Initial spatial arrays
are based on user inputs including number of territories, average pack size, age, sex, social status parameters, and
management scenarios. Individual agents are coyotes. Packs and territories are synonymous. The box titled “agent “action”
loop by territory” occurs within each shaded box in the model flowchart.

32 months to prevent an unrealistically young breeding pop-
ulation and a realistic age structure within packs (i.e., alphas
older than betas). For this study, we used a 10 × 10 square grid
to represent 100 coyote territories. Each grid cell is assumed to
be the size of an average coyote home range. To mitigate edge
effects on model output (i.e., animals can leave the study area
but not come in), we buffered the number of territories in the
simulated study area by 1 additional “ring” of territories. Thus,
we tracked 144 territories (12 × 12 grid), but only summarized
data on the inner 100. No control was done in the buffer.

The initial seeding parameters for the population of coy-
otes were the same for all model runs. Each territory was
initially seeded with a pair of adult alphas, and possibly
beta and transient coyotes. The maximum number of resi-
dents in initial packs was 5, and the mean number was 4.
All coyote demographic and social parameters were common
across all management scenarios (Table 1), but stochastic-
ity was included to represent demographic variation. Using
transient mortality as an example, an equation represents
probability of transient mortality, which that is depen-
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Table 1 – Overview of model input variables, parameters, functions, and stochastic processes

Parameter/variable description Value/equation Stochastic processesa

User input at simulation initialization
Number of territories core output 100 (10 × 10)
Number of territories including buffer 144 (12 × 12)
Average resident pack size 4 (2 of which are always alphas) Uniform[3,5]
Percent of population that is resident 0.75
Sex ratio of betas 0.5
Sex ratio of transients 0.5
Min-max latency to fill alpha slot (months) 1–3 Uniform[1,3]

Vital rates
Mortality probability for adults 0.0100–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for transients [0.008 + 0.089(Ntrans/P)]–0.0003A + 0.00025A2 Uniform[0,1]–if < equation, animal dies
Mortality probability for pups 0.1 Uniform[0,1]–if < 0.1, animal dies
Birth rate 6.93–0.72Npack Normal[equation mean, 1]

Transition within territory
Pup to beta 6 months
Beta to transient 0.005Npack

2 Uniform[0,1]–if < equation, animal dies
Beta to open alpha position Betas get first chance before transients, depending

on age and sex; see Section 2.6
Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position Transients get chance if position not filled by beta,
depending on age and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transition and movement between territories
Beta to open alpha position in different
territory

Betas get first chance before transients, depending
on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient to open alpha position in
different territory

Transients get chance if position not filled by beta,
depending on location, age, and sex; see Section 2.6

Uniform[0,1]–if < 0.5, animal acquires
territory

Transient movement between territories Randomly chosen transient can move within local
neighborhood to territory with least transients; see
Section 2.6

Uniform[0,1]–if < 0.5, transient moves

a The stochastic process adds demographic variation to the model. For example, the term ‘Uniform[0,1]–if < equation animal dies’ represents
a Bernoulli trial; if the random number selected from the uniform distribution is less than the number produced by the equation, then the
animal dies, otherwise it lives. If there is no distribution then the variable is not stochastic.

dent on number of transients per pack (transient density):
ptm = [0.008 + 0.089(Ntrans/P)] − 0.0003A + 0.00025A2, where ptm

is the probability of transient mortality. If a randomly
selected number from a uniform distribution is less than
ptm, then the transient dies, which is represented as
‘Uniform[0,1]–if < equation, animal dies’ in Table 1. For all
model parameters except birth, which is describe below, we
used the Bernoulli random variables (i.e., Uniform[0,1]) as
indicator variables to determine whether a coyote transitions
during a particular time step, which is a month in the model
(Table 1).

2.6. Submodels

2.6.1. Mortality
We do not describe the logic behind the functions used for
demographic and social probabilities and rates in this paper
because they were described in detail by Pitt et al. (2003).
Stochasticity in mortality probabilities was added as demo-
graphic variation via Bernoulli trials (Table 1). The probability
of alpha and beta mortality per month was a quadratic func-
tion of a coyote’s age:

mad = 0.01 − 0.0003A + 0.00025A2

where A is age in years.

To prevent the immediate replacement of an alpha after
its death, we included a latency period in the replacement
matrix for both alpha males and females. This latency period
reflects the time needed to either find a replacement mate
when a single alpha dies or the competition between indi-
viduals when a territory breakdown occurs (i.e., both alphas
die and betas fail to take over territory). Thus, a latency
period was randomly selected between 1 and 3 months based
on a field study of alpha replacement (Blejwas et al., 2002).
Each month the latency period was counted down until it
equaled 0 and the open alpha position could be filled. In addi-
tion to being more biologically realistic, including a latency
period also more realistically allows control that takes place
during the mating season, a common depredation man-
agement strategy, to have an effect during the whelping
period.

The probability of transient mortality followed the same
function as resident adults, but was additively higher, depend-
ing on the average transient density per pack over the
simulated population:

mtrans =
[

0.008 + 0.089
(

Ntrans

P

)]
− 0.0003A + 0.00025A2

where Ntrans is total number of transients in the population,
P is the total number of packs in the population, and A is the
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age in years. The probability of pup mortality was constant:

mpup = 0.10

2.6.2. Birth
The number of offspring produced by a given pack was a linear
function of pack size:

b = 6.93 − 0.72Npack

where Npack was number of adults in the pack. Stochasticity
in the number of offspring produced was added differently
than for other vital rates. We used a normal distribution in
which the final number of offspring produced was drawn from
a normal distribution, with a mean (b) from the equation above
and a standard deviation of 1.0, that is, ∼N(b,1). We rounded
the number of offspring so that only whole numbers were used
in the model, and truncated so that any negative values were
set equal to zero.

2.6.3. Dispersal
We did not include long-distance dispersal explicitly. Rather,
we allowed betas to transition to transients (ejection) and
transients to move among a neighborhood of territories at
each time step as described below. This way, a transient could
make its way around all territories in a population, which is
a form of quasi-dispersal restricted to staying within the sim-
ulated area. The absence of long-distance dispersal is meant
to emulate the observed dynamics of coyote social structure
in which alpha individuals do not leave their territories once
they become “owners” and by which open territories are taken
by coyotes in neighboring territories.

2.6.4. Stage (social status) changes
There were four stage transition probabilities in the model.
Alphas could not change stage, but could be replaced by a
beta or transient of the same sex when they died. Thus, the 4
transition probabilities were pup to beta, beta to alpha, tran-
sient to alpha, and beta to transient. There were 2 levels of
stage changes; within and between territories. Within territory
changes occurred before changes that involved movement
(i.e., before between territory changes).

2.6.5. Alpha replacement from within territory
When there was an open alpha position, animals of the appro-
priate sex associated with the territory filled it in the order
of oldest to youngest beta, followed by oldest to youngest
transient associated with the territory at that time step. Each
individual at its turn had a probability of 0.5 of filling the open
alpha position.

2.6.6. Alpha replacement from outside its territory and
canonical movement
These transitions included a probability of movement
between territories. We used a random order to move through
all territories for each time step in the simulation to prevent
particular territories from always having first access to open
positions. We chose to model movement as movements “out”
of a territory, which we refer to as the focal territory, and into
an adjacent territory. We used a Moore neighborhood (i.e., 8

neighbors), which we refer to as the focal neighborhood, for
all local movement rules.

For each randomly chosen focal territory, the focal neigh-
borhood was checked for any open alpha positions that were
not filled by coyotes associated with the focal territory. If there
was no open alpha position, or if open alpha positions had an
associated latency value > 0, then there was no social status
change or movement. However, if there was an open alpha
position and a latency value of zero in the focal neighbor-
hood, then the opportunity to fill this position by animals in
the focal neighborhood was in the order of oldest to youngest
beta, followed by oldest to youngest transient. Each individ-
ual at its turn had a probability of 0.5 of filling the open alpha
position.

2.6.7. Transition of beta to transient (eviction)
The probability of betas being forced out of their territory, and
thus transitioning to transient status, was dependent on adult
(alphas and betas) pack density in the focal territory (N2

pack):

tevict = 0.005N2
pack

Although betas transition to transient status, movement from
their natal territory was handled in a separate step (see tran-
sient movement below).

2.6.8. Transient movement without social change
For each focal territory we randomly ordered the associated
transients to determine the order for movement processing.
Once ordered, for each transient animal, we queried the focal
neighborhood for the number of transients. The first randomly
chosen transient moved to the territory (cell) with the least
number of transients. If there were >1 territories tied for low-
est numbers of transients, then the transient was randomly
assigned to one of the tied territories. Each transient made ≤1
move per time step. We repeated this process for transients in
the neighborhood according to their randomly assigned order.
Transient movement occurred regardless of whether there
was an open alpha position in the neighborhood. Transient
coyotes had a probability of 0.5 of moving from one territory
to a neighboring territory during a given time step.

3. Simulation experiments

This study evaluated the response of spatial coyote population
dynamics to 6 different coyote control strategies. We ran the
model for 5 years pre-control, 5 years of control, and 5 years
post-control. We used a 5-year window because wildlife man-
agement plans and agency management plans often operate
on a 5-year time frame. In addition, 5 years was long enough
for model properties to emerge. We ran 100 simulations of each
strategy.

3.1. Management control strategies (input scenarios)

All management control strategies except no control and ster-
ilization were removals, which emulate lethal methods.

1. No control.
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2. Spatially random (nonselective): We removed 50% of the
pre-control population randomly across space over a 5-
month period (February–June). The total number of animals
removed was divided evenly across the 5 months. This
represents an area wide nonselective control technique
such as aerial gunning, trapping/snaring, or randomly dis-
tributed M-44 cyanide devices.

3. Selective spatially random: We removed 50% of the pre-
control alpha coyotes randomly across space over a
5-month period. The total number of alphas removed was
divided evenly across the 5 months. This represents area
wide selective lethal control such as livestock protection
collars, calling and shooting, and “denning” (i.e., a control
method whereby coyotes are called and shot during the
period when they have pups) strategies.

4. Sterilization spatially random: We sterilized 50% of the
pre-control population randomly across space over a 5-
month period. The total number of animals sterilized was
divided evenly across the 5 months. Because operational
examples of sterilization do not exist, we followed the
experimental protocol of sterilizing all animals regardless
of sex and social status (Bromley and Gese, 2001). Steriliza-
tion is assumed to only directly impact reproduction (i.e.,
not territoriality, mortality, dispersal, etc.).

5. Spatially clumped (nonselective): We removed 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. The total number of animals removed was
divided evenly across the 5 months. Stochastic behavior of
the model may result in the “control cluster” containing
slightly less than 50% of the population. In cases where
this occurred, 50% of the pre-control population could not
be removed and all animals in the “control area” were erad-
icated. This represents more intense nonselective control
methods intended to eradicate all coyotes from a particular
area.

6. Selective spatially clumped: We removed 50% of the pre-
control alpha coyotes from a spatially clustered area. We
divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a
contiguous block of 50% of the territories in the popula-
tion. That is, all removals were from a cluster comprised
of 50% of the territories. The total number of alpha coyotes
removed was divided evenly across the 5 months. This rep-
resents intense selective control methods such as calling
and shooting and denning that are intended to eradicate
all alpha coyotes from an area.

7. Sterilization spatially clumped: We sterilized 50% of the
pre-control population from a spatially clustered area.
We divided the spatial grid into quadrants and randomly
placed the “control cluster” into one of the randomly
selected quadrants to prevent the grid being in the same
place each simulation. This control cluster consisted of a

contiguous block of 50% of the territories in the population.
That is, all removals were from a cluster comprised of 50%
of the territories. Because operational examples of steril-
ization do not exist, we followed the experimental protocol
of sterilizing all animals regardless of sex and social status
(Bromley and Gese, 2001). Sterilization is assumed to only
directly impact reproduction (i.e., not territoriality, mor-
tality, dispersal, etc.). Similar to the spatial lethal control,
stochastic behavior of the model may result in the “control
cluster” containing slightly less than 50% of the popula-
tion. In cases where this occurred, complete sterilization
occurred inside the control cluster area.

3.2. Outputs

We wanted to provide a useful “fingerprint” (Grimm and
Railsback, 2005) of coyote population dynamics that sum-
marized data by territory and for the whole population. For
territory statistics, we reported the mean of pack size, number
of alphas per territory, and number of transients per territory
summarized by month and year. We primarily reported results
output from December following Pitt et al. (2003). December
was chosen as a month that represented the population with-
out the fluctuation caused by pups because pups were already
graduated to adults (i.e., recruited into the population).

For the whole population (i.e., all territories summed), we
reported total population size and percent alphas and tran-
sients. We also reported population recovery time, which we
defined as the point when the coyote population size rose
to ≥90% of the maximum population size in the pre-control
period, based on December population sizes. To evaluate man-
agement effectiveness, we calculated the average outputs
across the 5 years of pre-control, control, and post-control
time periods, which were then averaged across the realiza-
tions of the 100 simulations.

It is redundant to calculate mean pack size, which could
be estimated from total population size and number of packs,
which was always 100. However, were interested in the spa-
tial variation in pack size for the random versus clumped
control strategies. We did not present litter size because it is
somewhat misleading during control. That is, average litter
size appears to increase partly due to a reduction in density,
but partly as an artifact of reducing the denominator dur-
ing control in the equation (average litter size = number of
pups/number of coyotes).

3.3. Simulation results

Because our spatial model was based on Pitt et al. (2003)
model, we compared our outputs, for the no control scenario,
to ensure our spatial base model was equivalent with their
field-result matched non-spatial model. Our model outputs
matched those of Pitt et al. (2003); specifically, we had simi-
lar mean pack size (4.0), proportion transients (0.27), litter size
(4.4), and proportion of females breeding (0.43).

For the no control scenario, and during pre-control for
all scenarios, the monthly mean pack size fluctuated widely
within a year due to the birth of pups in April and their sub-
sequent high mortality rate (Fig. 2). However, when any single
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Fig. 2 – Comparison of mean monthly outputs to mean
yearly outputs from December for the non-control scenario.
Means were calculated for 100 core territories in a
10 × 10 grid, and averaged across 100 simulations.

month is compared from year-to-year, mean pack size (and
hence total population size), as well as the mean number of
each social class per territory, was stable (Figs. 2 and 3).

All control strategies resulted in a reduction in coyote den-
sity during the control period (Fig. 3). For lethal removals (not
sterilization), spatially clumped strategies resulted in greater
reductions in coyote density relative to randomly applied
strategies, but selective removals performed similarly to their
nonselective counterparts (Fig. 3). For all lethal strategies,
reductions in coyote density were temporary with coyote
population responding to pre-control levels during the post-
control period (Fig. 3). In contrast, sterilization resulted in
the lasting reductions that lasted throughout the post-control
period; that is the coyote population did not rebound during
the 5-year post-control period (Fig. 3). In contrast to lethal
removal, random sterilization preformed better than spatially
clumped sterilization. Random sterilization resulted in the
largest reduction in coyote numbers and the longest effect
(Fig. 3).

We used averages across the 5-year windows and recov-
ery times to quantify differences between control strategies.
During the control period, spatially clumped lethal con-
trol was more efficient than its random counterpart, as the
mean number of coyotes removed was 21–33% less (Table 2),
while delivering somewhat better results. That is, spatially
clumped lethal strategies had recovery times that were 1.5–2.6
years longer and reduced the total population size 5–16%
lower during the control period than their random counter-
parts (Tables 2 and 3). In addition, spatially clumped lethal
strategies reduced the number of alphas (calculated as total
population size × percent alphas) by 28–39% more during the
control period, compared to their analogous random strategies
(Table 2).

There was little difference in coyote population
results between the nonselective and selective strategies

(Tables 2 and 3). During the control period, the total pop-
ulation size was larger for selective lethal control, but the
number of alphas was lower compared to its random coun-
terpart (Tables 2 and 3). However, removal of alphas was more
efficient; for similar effects on coyote population outputs,
the number of coyotes removed was 10–25% less for selective
strategies compared to their random counterparts.

Sterilization strategies had comparable results to lethal
strategies during the control period, but had the largest impact
on coyote population numbers post-control (Table 2). The
recovery time for random sterilization was >5 years (end of
simulation time frame), which was >4 years longer than its
random lethal counterpart (Table 3), and total population size
was 79% less in the post-control period (Table 2). Most impor-
tantly, only sterilization strategies had a lasting effect to year
15 (Table 3). For the random sterilization scenario, both total
population size and percent (and hence number) of alphas
were still dramatically reduced (84 and 63%, respectively) 5
years after the end of the control period (Table 3). This was in
contrast to all other lethal scenarios that showed no effect
(≤3% reduction) by year 15 (Table 3). In contrast to lethal
removals, spatially clumped sterilization did not perform as
well as spatially random sterilization. The total population
size was reduced by 18%, which was greater than any lethal
strategy, but substantially less than the reduction for random
sterilization (Table 3). Moreover, similar to lethal strategies,
there was no decrease in the percentage of alphas in the 5
years after the end of the control period (Table 3).

4. Discussion

Recent coyote depredation models have become more com-
plex as the understanding of the coyote biological, ecological,
and social systems has matured and computing speed has
increased. Originally, simple analytic and stochastic popula-
tion models were used to illuminate coyote dynamics and
evaluate management strategies (Connolly and Longhurst,
1975; Windberg and Knowlton, 1988; Stoddart et al., 2001).
More recently (Pitt et al., 2003), constructed an individual-
based stochastic coyote population model that incorporated
social structure via pack rules. Although not externally vali-
dated, the good match of that model with field results indicate
that the model is viable for addressing management actions
(Grimm and Railsback, 2005). Because our model outputs
matched those of Pitt et al. (2003), we conclude that it too is
useful for addressing management actions.

4.1. Simulation results: management scenarios

There are three main coyote control comparisons illuminated
by the simulation output: random versus spatially clumped
strategies, nonselective versus selective strategies, and lethal
versus contraceptive strategies. We begin by comparing ran-
dom to spatially clumped strategies.

Model results suggest that the spatial strategy of inten-
sively removing coyotes from a reduced area is more efficient
than random removal and produces better results, especially
considering that it resulted in a greater reduction in the
number of alphas, the putative primary livestock killers. In
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Fig. 3 – Territory means from December of each year for coyote management scenarios. Means were calculated for 100 core
territories in a 10 × 10 grid, and averaged across 100 simulations.

addition, the reduction in coyote numbers lasted longer, which
is important to reducing control cost. These results were
somewhat unexpected; consequently, we took a closer look
at our results to understand why spatially clumped lethal
control had more dramatic effects. The relatively more inten-
sive, spatially clumped removal resulted in more pack sizes
near 0 during the control period (Fig. 4 top, points B and C)
compared to random removal (Fig. 4 bottom, points B and C).

More packs with sizes near 0 resulted in more packs with-
out alphas, which explained the effect on alphas. Because of
the movement rules, the territories, especially those near the
control corner, took longer to fill for spatially clumped removal
(Fig. 4 top, between points C and D on graph) than for random
removal (Fig. 4 bottom, between points C and D on graph). This
temporal effect is likely due to our movement rules which do
not allow instantaneous movement into non-neighborhood
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Fig. 4 – Spatial and temporal depiction of coyote management effects for lethal spatially clumped and lethal random control.
Output at (A) is for December just prior to the start of control, (B) is for the second year of control in the month before births
(i.e., 14 months after start of first control event), (C) is for December in the last year of control, and (D) is for the last
December of the simulation. Black squares represent 0 coyotes/territory and white represent 8 coyotes/territory, with >0 and
<8 coyotes/territory classified into 6 bins and shown as graduations of gray. Buffer territories are shown with a dot, along
the periphery of the 100 core territories.

territories; that is, it takes a couple time steps or more before
a transient coyote can move to an open territory that is not in
its direct neighborhood.

These results are generally concordant with Windberg
and Knowlton’s (1988) simulation model. Based on their
model results, Windberg and Knowlton (1988) concluded
that removal from a specific area would influence coyote
abundance over a much larger area. However, they still pro-
moted applying removal efforts over a broader area based
on the assumption that transient animals almost immedi-
ately occupy vacant territories, which results in small scale
removals being effective for only short time periods (Windberg

and Knowlton, 1988). Future simulations could evaluate the
length of time to recovery for various sizes of spatially
clumped removal strategies to more thoroughly evaluate the
relative effectiveness of spatially clumped strategies and tim-
ing of the filling of distant open territories.

In contrast to lethal methods, spatially clumped ster-
ilization was not as effective as random sterilization. For
sterilization to work, only 1 of the alpha pair needs to be steril-
ized. Because spatially clumped sterilization concentrated the
number sterilized into a focused area, both alphas were ster-
ilized most of the time. Consequently, random sterilization,
which spread the impact of control over the entire area, left
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Table 2 – Average number of coyotes treated (i.e., removed or sterilized) and annual coyote population values

Control scenario Total treated Pre-control period Control period Post-control period

Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%) Tot. pop. Alpha (%) Transient (%)

No control 0 553 35 27 546 36 28 549 36 28
Spatially random (nonselective) 869 553 35 27 307 63 13 539 36 27
Selective spatially random 772 554 35 27 384 51 20 547 36 28
Sterilization spatially random 889/473 555 35 27 298 69 14 111 93 2
Spatially clumped (nonselective) 691 553 35 27 291 48 25 494 38 27
Selective spatially clumped 514 553 35 27 321 37 26 452 39 27
Sterilization spatially clumped 1044/395 552 35 27 386 50 24 389 49 25

Pre-treatment period was years 1–5, control period was years 6–10, and post-control period was years 11–15. Total treated was the sum of coyotes treated for all 5-control years. All values are means
across the 5-year periods for December of each year, calculated from totals across 100 core territories, which were then averaged across 100 simulations. The two numbers for sterilization scenarios
show first the number of attempts and second the number actually sterilized. Because choice of coyote for treatment was random, some coyotes captured were already sterilized.

Table 3 – Long-term effects of control strategies (control was enacted for 5 years; year 6–10) on coyote population numbers

Control scenario Recovery time Year 5 Year 15 Difference (Years 15 to 5)

Mean
(month)

Std Total
pop.

Total
alpha

Total
transient

Total
pop.

Total
alpha

Total
transient

Total pop.
% change

Total alpha
% change

Total trans.
% change

No control 0 0 548 194 148 542 195 148 −1.1 0.5 0.0
Spatially random (nonselective) 9 6 547 194 147 552 195 154 0.9 0.5 4.8
Selective spatially random 3 5 549 195 148 551 195 153 0.4 0.0 3.4
Sterilization spatially random >60 0 550 194 148 87 72 6 −84.2 −62.9 −95.9
Spatially clumped (nonselective) 27 8 549 194 148 549 195 151 0.0 0.5 2.0
Selective spatially clumped 34 16 549 194 149 532 193 146 −3.1 −0.5 −2.0
Sterilization spatially clumped >60 0 546 194 147 447 194 116 −18.1 0.0 −21.1

Recovery time is defined as the return to 90% of the maximum of pre-treatment total population size. Totals were across 100 core territories, which were averaged across 100 simulations.
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more “non-breeding” territories because at least 1 of the alpha
pair was sterilized. Clumped sterilization had less impact sim-
ply because fewer territories were “non-breeding”.

In general, there was little difference on coyote population
dynamics between the effects of nonselectively removing coy-
otes or selectively removing alpha coyotes. The theory behind
selective removal is based on coyote social behavior. First,
research has confirmed that not all coyotes with access to live-
stock kill livestock (Conner, 1995); most depredations can be
attributed to territorial, dominant coyotes (Till and Knowlton,
1983; Sacks et al., 1999). Second, selective removal of suspected
livestock killers has been found to be more efficient at reduc-
ing lamb predation rates than nonselective removals (Blejwas
et al., 2002). Thus, although there may be minimal differences
between nonselective and selective removals on coyote pop-
ulation outputs, targeting alphas may be more effective at
reducing livestock depredations, an output not included in our
model. Finally, because selective removal of alphas was more
efficient, in that it required fewer animals killed compared to
their random counterparts, it may have less ecological impacts
and be more socially acceptable. We caution that, at present,
the logistical difficulty and expense of identifying alpha coy-
otes to target for removal may outweigh ecological and social
factors.

Our simulation model highlighted the large impact fertil-
ity control could have on population dynamics. In all metrics,
sterilization had the greatest impact of any management
scenario we evaluated, especially in the post-control period.
However, coyote sterilization has not been widely used to
reduce livestock depredation, due to cost and difficulty of
application (Bromley and Gese, 2001), although several studies
have indicated it may be a highly effective strategy. For exam-
ple, Till and Knowlton (1983) found removal of pups stopped
depredation on lambs, the main component of livestock loss.
Based on this finding, they hypothesized that sterilizing alpha
coyotes in the vicinity of depredation areas would be highly
effective because, in addition to abstaining from lamb killing,
sterilized coyotes may exclude other coyotes from killing in
their territories and could have a multi-year effect. Another
computer model on canids has also illustrated dramatic pop-
ulation declines with periodic (every 5 years), but not intensive
(20% population treated) fertility control for wolves (Haight
and Mech, 1997). In one of the few field studies on fertility con-
trol, Bromley and Gese (2001) found a dramatic 91% reduction
in the lamb kill rate between packs that had been sterilized
and control packs of intact coyotes, and this effect lasted
through the following year (80% reduction). Bromley and Gese
(2001) concluded that coyotes changed their predatory behav-
ior when pups were present, by increasing predation on lambs,
a non-native prey. From a management standpoint, our simu-
lations suggest sterilization can have a lasting effect on coyote
population and social dynamics. When considered in light of
the Bromley and Gese (2001) and if we assume that steril-
ization only impacts reproduction (i.e., territoriality does not
breakdown), which has not been shown over the time scale of
our modeling exercise, we conclude sterilization could be an
effective method for reducing livestock depredation.

Based on our simulations, sterilization appears the man-
agement strategy offering the largest and most lasting impact
on coyote population dynamics. If it is true that more coy-

otes lead to more depredations, sterilization is most effective
coyote management strategy. However, the cost issues associ-
ated with coyote sterilization, given, at present, coyotes need
to be captured and surgically sterilized, may be prohibitive. In
general, fertility control will not be an option until inexpen-
sive and coyote-specific delivery methods become available.
And, contraception or sterilization, delivered inexpensively
through baits or vectors is in its infancy as a technology
(Barlow, 2000). Thus, for the present, lethal control will pre-
dominate. Within the realm of lethal removal, simulation
results suggest a spatial strategy of intensively removing
coyotes from a reduced area requires fewer removals and pro-
duces a larger impact than random removal over a larger area.
Most importantly, the spatial strategy reduced a greater num-
ber of alphas, the putative primary livestock killers compared
to the random strategy. Therefore we conclude that steril-
ization, when it becomes practical, will be the most efficient
coyote management strategy for reducing coyote population
numbers. But, until sterilization becomes practical, we recom-
mend the strategy of spatially clustered removal of coyotes
in small areas, particularly in the areas where depredation
occurs.

4.2. Model behavior

There were a couple unexpected results associated with hav-
ing a buffer in the model. For example, new transients from
the buffer territories occasionally moved into the 100-territory
core study population via the movement rules. Also, some
coyotes were “lost” from the core study area and then later
“reappeared” from the buffer area. This is unlike most models
in which animals are lost through dispersal, or are reflected
back into the simulation area at the boundary. The buffer
was logistically easy to incorporate and seems a realistic fea-
ture of spatial models that should be included. However, the
downside is that it takes geometrically more time to run a
simulation for each ring of territories added. For relative com-
parison, the lethal random scenario on our system took 13 min
to run 1 simulation (180 time steps) for 100 (core) territories
and 43 min (3.3× longer) for 144 (core plus buffer) territories.
The jump in time mostly reflects the number of spatial queries
(e.g., assessing the focal neighborhood) and array updates
required for each individual and/or territory.

5. Conclusions

Because modeling is constrained by complexity limitations,
“the essence of successful modeling is valid simplification” or
reducing the complexity of the system while still ensuring the
model is valid within its objectives (Aumann, 2007). Adding
a spatial component to an already constructed socially struc-
tured population model added a layer that allowed realistic
evaluation of typical coyote management strategies. Namely,
we could compare, given similar numbers of coyotes removed,
the spatial strategy of intensive removal over a small area with
random removal over a large area. Similar simulation studies
have found space a necessary component of their models. For
example, spatially explicit models have been used to describe
the spread of scabies through a coyote population (Leung and
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Grenfell, 2003) and to evaluate different aphid control strate-
gies (Parry et al., 2006). In addition, the spatial component will
facilitate additions of future spatial components such as land-
scape factors or livestock and prey density. In particular, a
spatial component paves the way for comparison of differ-
ent livestock management techniques (e.g., rotated grazing
regimes versus stationary grazing regimes, different densi-
ties, etc.) on coyote predation rates. The addition of space, in
general, greatly increases the ability to evaluate typically used
coyote and livestock management strategies.

On the down side, the improvement in model realism
added many layers of rules, some of which would be diffi-
cult to test empirically. Much of the complexity in our model
came from movement rules. In particular, the rules describing
alpha replacement, especially in distant neighborhoods, are a
good example of the model’s additional complexity beyond its
non-spatial progenitor (Pitt et al., 2003). Moreover, because we
have worked on field studies of coyotes that included trap-
ping and radio- or GPS-collaring, we understand the expense
and difficulty acquiring empirical data for validation of move-
ment rules. That is, it would take years of daily observations
on perhaps 40–60 animals, coupled with frequently recorded
location data (e.g., from GPS collars), to determine the age and
status of every coyote in a neighborhood of territories, as well
as determining who, how, and when open alpha positions are
filled.

We view this model as a starting point, like Pitt et al.
(2003) model was for this model, to which prey and/or live-
stock, environmental, and economic components could be
added as one step in the continuing evaluation and develop-
ment of useful coyote strategies. In addition, there are many
other coyote management strategies that could be evaluated
using this model to identify further efficiencies. For example,
future work could evaluate effects of reducing the length of
the removal period, shifting the removal period, and reduc-
ing the area of spatially clumped control strategies. We hope
this model will assist in the development of management
strategies that minimize the number of coyotes removed while
maximizing the reduction in depredation rates and length of
the effect.
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Coyotes (Canis latrans) are vilified throughout
the western United States as insatiable livestock
killers. This impression is based on the fact that
coyotes are the most important predator of sheep,
goats, and cattle. Sheep producers attributed
39,800 sheep and 126,000 lamb deaths (valued at
$9.6 million) to coyotes in 1999; this was 61% of
losses they ascribed to predators and 22% of their
total losses (National Agricultural Statistics Service
[NASS] 2000c). Coyotes therefore ate their way
through 2.3% of the country’s 1999 sheep popula-

tion, which was estimated at 7.2 million individuals
(NASS 2000b). Coyotes were blamed for the deaths
of 21,700 goats in Arizona, New Mexico, and Texas
in 1999, out of a total population of 1.3 million.
This accounted for 35.6% of the total loss to preda-
tors, at an economic cost of $1.6 million (NASS
2000b, c). Predation was a minor cause of loss to
the cattle industry; coyotes killed less than 0.1% of
the United States’ total cattle population in 2000
(NASS 2000a, 2001). In 1995 only 2.7% of total cat-
tle losses were due to predation (and 1.6% of total
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Coyote depredation management:
current methods and research needs
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Abstract This paper examines the severity of livestock depredation by coyotes (Canis latrans),
reviews evidence implicating breeding (or “alpha”) coyotes in the majority of inci-
dents, evaluates currently used depredation control techniques, and suggests direc-
tions for future research.  Nonlethal control ranges from varied animal husbandry
practices to coyote behavioral modification or sterilization.  These methods show sig-
nificant promise but have not been proven effective in controlled experiments.
Therefore, many livestock producers rely on lethal control, and most employ nonse-
lective strategies aimed at local population reduction.  Sometimes this approach is
effective; other times it is not.  This strategy can fail because the alpha coyotes, most
likely to kill livestock, are the most resistant to nonselective removal techniques.  An
alternative is selective lethal control.  Livestock Protection Collars (LPCs) and coyote
calling are the primary selective lethal approaches.  However, LPCs do not have sup-
port from the general public due to the toxicant used, and the factors affecting the
selectivity of coyote calling have not been studied.  The greatest impediments to effec-
tive coyote depredation management currently are a scarcity of selective control
methods, our lack of understanding of the details of coyote behavioral ecology rela-
tive to livestock depredation and wild prey abundance, the absence of solid research
examining the effectiveness of different control techniques in a variety of habitats and
at multiple predation intensities, and the dearth of rigorous controlled experiments
analyzing the operational efficacy of selective removal versus population reduction.
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cattle losses were due to coyotes). Respiratory
problems, digestive problems, calving problems,
and weather each killed 6 to 17 times more cattle
than did coyotes (NASS 1996). Nevertheless, coy-
otes were the dominant cattle predator; they were
implicated in 65% of cattle losses due to predation
in 2000, or 8,000 cattle and 87,000 calves worth a
total of $31.8 million (NASS 2001).

Based on these statistics, coyotes are responsible
for over $40 million in damages to livestock pro-
ducers every year, with proportionally more dam-
age to sheep and goats than to cattle. While this
may seem negligible in the face of the $638 million
value of the United States sheep industry in 1999
and the $67 billion value of the United States cattle
industry in 2000 (NASS 2003), the livestock indus-
try traditionally operates on slim profit margins.
For example, a survey with 76 respondents (repre-
senting approximately 5% of United States lamb
meat production) revealed that net profits per ewe
were $3.70 in 1997, –$3.95 in 1998, and –$4.06 in
1999. During this period the annual proportion of
ranchers who lost money ranged from 36–64%
(United States International Trade Commission
2002). Losses of livestock due to coyote predation
can easily transform a narrowly profitable opera-
tion into an unprofitable one. The problem is com-
pounded by the fact that coyote damage is not
spread equally among producers. High losses at a
Montana ranch were documented by O’Gara et al.
(1983). These researchers reported 24% and 27% of
lambs lost to coyotes during a consecutive 2-year
period with minimal coyote control and a 13% loss
in the third year despite intensive control. In gen-
eral, large sheep operations tend to be harder hit by
depredation, with 10% of all sheep producers typi-
cally losing more than 20% of their lambs to coy-
otes (Wagner 1988). Producers generally choose to
protect their economic interests by controlling
their losses, including those related to predation.
Because coyote control is so prevalent in ranching
areas, it is worth examining the available data con-
cerning coyotes that kill livestock and then evaluat-
ing depredation management strategies in light of
this information.

Not all coyotes kill sheep
Many people believe that every coyote will kill

sheep if given the chance. For example,Timm and
Connolly (2001) blamed elevated levels of depre-
dation on increased predator abundance at the

University of California’s Hopland Research and
Extension Center (HREC). There is some evidence
that supports a relationship between coyote popu-
lation size and depredation levels, particularly
when wild prey is unavailable. Pearson and
Caroline (1981) observed that livestock predation
rates were highest during periods of low rainfall,
when prey populations presumably were at low
levels, and O’Gara et al. (1983) noted that predation
was highest when sheep arrived on their summer
range, which coincided with low rodent popula-
tions and coyote pup weaning. A nonsignificant
trend between coyote abundance indices and
sheep losses was found by Robel et al. (1981).

Stoddart et al. (2001) analyzed 6 years of data
during a black-tailed jackrabbit (Lepus californ-
icus) irruption and decline at an Idaho site. They
concluded that predation rates on ewes and lambs
were proportional to coyote density and that coy-
ote population reduction would therefore alleviate
sheep losses. However, this relationship was not
convincingly demonstrated. For example, total loss-
es were used as a proxy for losses due to coyotes,
under the assumption that nonpredation mortality
factors were constant during the study. Meanwhile,
other lines of evidence strongly indicate that only
certain coyotes kill sheep. Connolly et al. (1976)
studied the sheep-killing behavior of captive coy-
otes at HREC and reported that older males and the
females with which they were paired were highly
likely to attack and kill sheep, while younger males
rarely attacked sheep and unpaired females never
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killed sheep. When mated pairs attacked sheep, the
male almost always took the lead. A subsequent
series of field studies at HREC (Conner et al. 1998,
Sacks et al. 1999b, Blejwas et al. 2002) found that
breeding (or “alpha”) coyotes whose territories
overlapped sheep were the primary livestock
depredators and that nonbreeders rarely were asso-
ciated with sheep kills.

Till and Knowlton (1983) found that killing pups
of depredating alpha coyotes (denning) reduced
sheep kills by 88% in the week following removal
and that killing pups and the breeding pair reduced
sheep kills by 98%. These researchers suggested
that the need to provision pups caused breeding
coyotes to maximize foraging efficiency by focus-
ing on large and easily killed prey. They raised the
possibility that sterilized coyotes might abstain
from killing while maintaining exclusive territories
that prevent intrusion by other coyotes. One study
has shown a reduction in sheep depredation by
sterilized coyotes (Bromley and Gese 2001b). This
research was conducted in an area where sheep
had not been recently grazed, and each pack was
exposed to sheep for only 5–23 days per year.
While it was promising that the surgically sterilized
packs maintained their social structure for the 3-
year study (Bromley and Gese 2001a), it remains to
be seen whether sterilized coyotes will avoid
killing sheep that are available for longer periods.

The evidence from HREC suggests that domi-
nant, pair-bonded coyotes eventually will kill sheep
if they are available within the coyotes’ territory
year-round (Blejwas et al. 2002). At HREC, lambing
occurred in the winter, before pups were present,
yet the dominant coyotes still killed lambs (Sacks et
al. 1999b). The authors of this study suggested that
paired coyotes work cooperatively to attack larger
ungulate prey that they would not be able to han-
dle alone. These coyotes may start off with smaller
lambs in the winter and then work their way up to
adults as they gain experience. Alternatively, the
pressures of provisioning pups in the spring may
cause alpha coyotes to initially attack older lambs
and then adult sheep. Experience with older sheep
may then lead to a higher likelihood of coyotes
attacking young lambs when they become available
the following winter. Observations of coyote
attacks on wild ungulates (Gese and Grothe 1995)
support the notion that the breeding pair (and par-
ticularly the male) takes the lead in successful
ungulate attacks and that coyotes do cooperate
when making kills. It is reasonable to assume that

attacks on other ungulates,such as sheep,goats,and
calves, would be conducted in a similar manner.

The available evidence implicates breeders in the
vast majority of coyote-caused livestock losses. This
evidence does not preclude the possibility of an
effect of coyote density on depredation levels
because the number of breeders or their behavior
relative to sheep may vary with coyote population
density and wild prey abundance. For example,
regions with high coyote density typically are bet-
ter coyote habitat, with smaller territory sizes and
more breeders per unit area. Increases in depreda-
tion levels as wild prey populations decline could
be due primarily to an increase in livestock kills by
breeders (as opposed to the coyote population as a
whole).

Eradicating all coyotes in an area would certainly
stop coyote depredations, but this approach may
not be cost-effective and has potential ecosystem-
level repercussions, such as mesopredator release
(Crooks and Soulé 1999) and increased rodent pop-
ulations (Henke and Bryant 1999). Control meth-
ods will be most effective and ecologically sound
when they remove the threat posed by breeding
coyotes that live where livestock are pastured. The
best depredation management techniques would
be selective toward specific problem animals, effec-
tive at reducing livestock losses for an extended
period, have minimal environmental impact, be
socially acceptable to the general public, and cost
less than the losses they prevent.

Nonlethal depredation management
A number of animal husbandry techniques show

promise for meeting these criteria. Fences can be
built that, when properly maintained, are nearly
100% effective at preventing coyotes from access-
ing livestock (deCalesta and Cropsey 1978,
Conover 2002). Birthing in sheds, keeping herders
with livestock during the day, bedding animals near
people for the night, removing or burying carcass-
es, and lighting corrals where stock are kept at
night all have been suggested to reduce depreda-
tion (Davenport et al. 1973, Nass 1977,Tigner and
Larson 1977, Conover 2002). Guard animals may
effectively protect livestock, though not in all cir-
cumstances. Guard dogs commonly are used by
Europeans and native Americans, and the majority
of people who employ dogs to protect sheep and
goats report that they reduce predation (Black and
Green 1984, Green et al. 1984). Donkeys and lla-
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mas, which have a natural dislike for canids, also
have been successfully used as guard animals
(Conover 2002).

These husbandry techniques are selective, in that
they aim to prevent coyotes intent on killing live-
stock from contacting their prey, and they seem to
be effective in certain situations. The public gener-
ally approves of these methods because they are
nonlethal, selective, and do not cause serious eco-
logical damage. However, some do have ecological
impacts; for example, fencing may inhibit wildlife
movements (Knowlton et al. 1999), range quality
decreases in and around confined bedding grounds
(Davenport et al. 1973, Wagner 1988), and guard
dogs occasionally will harass wildlife (Black and
Green 1984). These husbandry practices also have
significant up-front and maintenance costs that
must be borne by the producer, ranging from mate-
rial costs for fencing and sheds to labor costs for
herding livestock and training dogs. Guard dogs
carry an additional risk, since up to 10% of them
eventually harass or kill livestock (Green et al.
1984).

An alternative class of nonlethal depredation
management techniques, behavioral modification,
has received considerable attention. The aversive-
conditioning (or “Clockwork Orange”) approach
involves using negative reinforcement to train indi-
vidual coyotes to avoid killing livestock. One
experiment with captive coyotes successfully
trained 3 of 4 individuals to avoid domestic rabbits
(Olsen and Lehner 1978). Another experiment
found that coyotes fitted with electronic shock col-
lars could be trained to avoid sheep (Andelt et al.
1999). Both of these studies documented behav-
ioral changes that lasted for over 4 months.
However, expenses involved in capturing and con-
ditioning all coyotes in an area that potentially
could depredate livestock undoubtedly exceeds the
benefits in the majority of situations. Recent
research at the National Wildlife Research Center
(Shivik and Martin 2000) could make aversive con-
ditioning more cost-effective by using sound-acti-
vated shock collars attached to coyotes when they
pass through snares; the collar would be activated
by special bells attached to livestock. Coyotes that
chased animals wearing the bells would be shocked
until they left the vicinity.

Another aversive-conditioning approach involves
using an emetic (such as lithium chloride) in sheep
carcasses and baits to train coyotes to avoid live
sheep. There is, however, no evidence that coyotes

actually generalize from the baits to live sheep, and
producers who tried this technique invariably
stopped using it because they felt it was not worth-
while (Conover and Kessler 1994).

Other behavioral modification strategies try to
frighten or repel coyotes away from their prey
without relying on a conditioning or training phase.
Lehner et al. (1976) tested over 45 potential olfac-
tory repellents and did not find any that produced
an avoidance reaction. They concluded that olfac-
tory repellents were likely to work only in combi-
nation with actual aversive conditioning. Other
researchers have used light or sound to scare coy-
otes. Linhart spent several years developing an
“electronic guard” incorporating a strobe light and
alarm (Linhart et al. 1984, 1992). He felt these
devices were effective for extended periods when
multiple guards were used. However, the first
experiment was uncontrolled and had several trials
(4 of 15) in which predation ceased for less than 4
weeks,and the second experiment was biased in its
presentation of loss reductions. Linhart (1992)
compared total losses during the entire summer
(10–12 weeks) for the year before experimental tri-
als with losses during the latter portion of the sum-
mer (<8–10 weeks) that guards were used. This
bias would be enhanced if losses decreased
through the summer as lambs got larger and breed-
ing coyotes stopped provisioning pups (O’Gara et
al. 1983).

Fright tactics like the electronic guard are vul-
nerable to habituation of coyotes to the stimuli
used. The devices may not be effective for more
than a few days, and they are usually not recom-
mended for reducing livestock depredation
(Koehler et al. 1990, Conover 2002). These tech-
niques might work better if guard device activation
was contingent on predator behavior instead of ran-
dom. When a device fires randomly, coyotes may
learn that activation has nothing to do with them.
If the device activates only when the coyote
approaches a particular pasture or engages in a cer-
tain behavior, the coyote is more likely to associate
activation of the device with its own actions (Shivik
and Martin 2000). Field tests of a Radio Activated
Guard (RAG) that was triggered by wolf (Canis
lupus) radiotransmitters had promising results
(Breck et al. 2002), and controlled trials with coy-
otes showed less habituation to behavior-contin-
gent alarms than to randomly fired alarms (Shivik
and Martin 2000). Behavior-contingent frightening
stimuli may become an attractive control option,
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particularly if the prohibitively priced ($3,800 US)
RAG could be made affordable by using inexpen-
sive motion or infrared sensors that would detect
uncollared predators.

Another nonlethal technique is sterilization of
alpha coyotes whose territories overlap sheep. This
may reduce depredation when sheep are only sea-
sonally grazed within coyote territories (Bromley
and Gese 2001b). However, reproductive inhibition
will not eliminate killing if ungulate predation
results from pair-bonding and cooperative foraging
rather than the need to provision pups (Sacks et al.
1999b). There currently are no chemical sterilants
proven safe and effective for coyotes that will not
interfere with territorial behavior, and there is no
reliable way to distinguish alphas from betas and
transients at the time of capture. Therefore, any
reproductive inhibition program would require the
capture and physical sterilization of all adult coy-
otes in an area.

Lethal coyote control: population
reduction

Because all of the aforementioned nonlethal coy-
ote control techniques require significant time and
initial expense on the part of livestock producers,
lethal control is more common. This is particularly
true when large numbers of sheep are grazed over
an extended area with rough terrain and cover that
favors coyotes;nonlethal methods often are imprac-
tical under these conditions. Lethal control also is
less expensive and less labor-intensive for many
producers, since they can supplement their own
efforts by calling in predator control specialists
who are paid through government sources.
However, lethal techniques can vary in their effica-
cy against problem coyotes and in their tendency
to affect nontarget species. Leghold traps, snares,
and cyanide ejectors (M-44s) can be used in ways
that are highly species-selective, by taking care to
use appropriate baits, equipment, and techniques.
These methods are not always effective at remov-
ing problem coyotes, though. Research at HREC in
north-coastal California (Sacks et al. 1999a) found
that young coyotes were particularly vulnerable to
M-44s and that older and alpha coyotes rarely were
trapped or snared during the winter lambing sea-
son when depredation losses peaked.

Aerial gunning of coyotes is highly species-selec-
tive, since shooters verify the target’s identity

before pulling the trigger. Aerial gunning often is
practiced in a population reduction or “preventa-
tive” mode, in which coyotes are shot in an area up
to 6 months prior to the arrival of sheep. Because
preventative aerial gunning is widely touted as an
effective management tool, it makes sense to criti-
cally evaluate the science upon which this claim is
based. The best available research on the efficacy of
this method (Wagner and Conover 1999) conclud-
ed that gunning significantly reduced lamb losses
the following summer. Unfortunately, this study
had several problems. Site selection was
pseudoreplicated; 6 of the 33 grazing allotments
were used 2 or 3 times, which violated the statisti-
cal assumption of independent replicates. In addi-
tion, the selection of treatment and control plots
appeared biased. Wagner and Conover (1999) pre-
sented data for 22 of the allotments that tested for
differences between treatment and control sites.
High variability in losses ensured there were no sig-
nificant differences in mean losses, yet sites that
were later gunned had lower confirmed yearly
lamb losses (2.9 versus 5.4), fewer lambs lost to all
causes (70 versus 100), and a smaller number of
ewes lost to all causes (28 versus 38). The statisti-
cal results also were artificially enhanced by a lack
of correction for multiple comparisons. Confirmed
lamb kills, estimated lamb kills, and lambs lost to all
causes were estimated from the same data set, and
the alpha level for significance should have been
reduced to 0.017. Using the revised alpha level, the
only significant result was the finding that gunned
allotments had fewer confirmed lamb kills than
control allotments. It is unclear whether this result
would have been statistically significant if site-selec-
tion bias and pseudoreplication were correctly
incorporated.

A concurrent study found “no consistent rela-
tionship between extent and intensity of aerial
hunting and lamb losses or the need for SPM”
(Wagner 1997:56), where SPM refers to summer
predation management with traps and shooting.
Wagner (1997) indicated that the lack of correla-
tion could be explained if gunning effort was
biased toward sheep units with more predation,yet
there was no correlation between lamb losses for
the previous year and the amount or extent of gun-
ning.

Traps, snares, M-44s, and preventative aerial gun-
ning are essentially aimed at reducing coyote pop-
ulation levels; they are nonselective methods used
to remove as many coyotes as possible. A study at
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HREC found no relationship between subsequent
lamb losses and the number of coyotes killed using
traps, snares, and M-44s (Conner et al. 1998).
Wagner (1988:113) said that the population reduc-
tion approach is “something of a sledge-hammer
one: If enough coyotes are shot, trapped, and
exposed to M-44s… their numbers can be reduced
and the chances are that the offending animal(s)
will be among those taken and the losses reduced.”
While this approach likely works to decrease live-
stock losses in many cases (e.g., Dorrance and Roy
[1976] discuss increased losses in the United States
after the 1972 toxicant ban), the general public dis-
approves of techniques that kill large numbers of
innocent animals,and this sentiment contributed to
California’s ban on leghold traps and M-44s in 1998
(California Fish and Game Code 1998). In addition,
overuse can decrease the efficacy of these tech-
niques (Sacks et al.1999a), and intensive lethal con-
trol affects coyote demographics. Exploited coyote
populations have a younger age structure, lower
survival, increased juvenile reproduction, larger lit-
ters, and smaller packs (Knowlton et al. 1999). If
populations are severely reduced, there also is the
potential of mesopredator release (Crooks and
Soulé 1999), in which small-carnivore populations
increase and negatively affect birds and small verte-
brates. Henke and Bryant (1999) found that when
coyote density was reduced by 50%, rodent and
black-tailed jackrabbit density increased, the abun-
dance of badgers (Taxidea taxus), bobcats (Lynx
rufus), and gray foxes (Urocyon cinereoargenteus)
increased, and rodent species diversity declined.

Lethal selective control
A few lethal control techniques seem to be selec-

tive toward depredating coyotes: livestock protec-
tion collars (LPCs) and techniques based on coyote
calling. Livestock protection collars are the most
specific; in one study the devices killed coyotes that
attacked sheep in 10 of 14 attacks (Burns et al.
1996). Livestock protection collars are rubber col-
lars that can be placed around the necks of sheep
or goats; each collar has 2 pouches filled with poi-
son. When a coyote attacks the throat of an animal
wearing a collar, one or both of the pouches usual-
ly are punctured and the attacker ingests the toxi-
cant (Conover 2002). Although any poison could
conceivably be used in an LPC, the only chemical
currently approved by the United States
Environmental Protection Agency is Compound

1080, or sodium monofluoroacetate. Compound
1080 is highly toxic to canids; 5 mg will kill a coy-
ote (Burns et al. 1986).

Livestock protection collars filled with
Compound 1080 have several drawbacks. The col-
lars are expensive (around $20 US each),the EPA lim-
its the number of collars that can be used in a given
area, collars must be closely monitored, and carcass-
es and spills must be treated as hazardous waste.
States are required to have registration, training, and
documentation programs before LPCs can be used,
and in 1999 only 7 states had these programs in
place (Timm and Connolly 2001, Conover 2002). In
addition, there are risks of accidental poisoning and
secondary toxicity from Compound 1080.

Accidental poisoning occurs when nontarget ani-
mals ingest poison that spills out of a ruptured collar.
One milliliter of fluid from an LPC exceeds the LD50
(the amount of poison that will kill 50% of individu-
als) of small scavenging birds, golden eagles (Aquila
chrysaetos), all canids,most mustelids,domestic cats,
and bobcats (Wagner 1988). A study examining the
potential for nontarget poisoning found that domes-
tic dogs were somewhat susceptible to poisoning,
and that scavenging magpies (Pica hudsonia) tend-
ed not to feed on contaminated material (Burns and
Connolly 1995). Because coyotes normally feed on
the flank, hindquarters, and viscera rather than the
neck (Wade and Bowns 1982), coyotes that scavenge
another animal’s kill also are unlikely to be poisoned.
Innocent coyotes are susceptible to poisoning if they
eat regurgitant from a poisoned coyote; in one study
the researchers believed that a coyote died in this
manner (Burns et al. 1986). Secondary toxicity
occurs when Compound 1080 levels are high
enough in a poisoned animal to affect other animals
that scavenge the carcass. When striped skunks
(Mephitis mephitis) and golden eagles were fed a
diet simulating toxin levels found in coyotes killed by
LPCs, all study animals reduced their food intake, and
half of the eagles showed sublethal signs of 1080 poi-
soning (Burns et al. 1991).

The other lethal techniques that show promise
for selecting depredating coyotes, denning and call-
ing and shooting, are both based on coyote calling.
Calling has been in use for decades (e.g., Alcorn
1946), and involves producing sounds that interest
coyotes enough for them to vocally respond or
approach. Calling techniques include imitating
coyote howls and prey by mouth, making sounds
with the help of small reed-based callers, or using
sophisticated electronic speakers that store a vari-
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ety of calls and can be operated by remote control.
Denning typically depends on vocal responses to
calling; these responses are used by trappers to pin-
point den sites. Once located, the den site is visit-
ed and pups or adults are killed; killing only the
pups has been shown to temporarily reduce coyote
depredations almost as much as killing the entire
pack (Till and Knowlton 1983). The combination of
calling and shooting is used by itself or in conjunc-
tion with denning; coyotes are shot when they
approach the site where a call was broadcast.
Calling is often used in conjunction with trained
dogs that enhance responsiveness to calls and help
damage-control specialists find active coyote dens
(Coolahan 1990). The selectivity of coyote calling
toward breeding males seems to vary depending on
the type of call used. Windberg and Knowlton
(1990), when they used rabbit distress calls to
attract coyotes, found that calling and shooting was
biased toward younger animals, but not sex-biased.
In contrast, Wagner (1997) found that calling and
shooting was strongly sex-biased when pup distress
calls,adult coyote calls,and trained dogs were used:
80 percent of coyotes shot were adult males
despite an apparently equal population sex-ratio.

Coyote calling has potential as a selective, effec-
tive, and inexpensive way of dealing with problem
animals. If used sparingly, denning and calling and
shooting have minimal population-level or environ-
mental effects; also, the public is more approving of
selective control measures than of poisons and indis-
criminate trapping and shooting (Reiter et al. 1999).
The selectivity of these methods needs to be evalu-
ated experimentally, and their use will remain limit-
ed without a more thorough understanding of how
coyotes respond to a variety of calls played in differ-
ent environmental conditions throughout the year.

A variety of common control methods can be used
selectively in certain situations. Traps, snares, and M-
44s can be set in locations that are more likely to be
visited by problem animals (e.g., around sheep bed-
ding grounds or coyote den sites); shooting can be
used to kill coyotes as they approach bedded flocks;
and aerial gunning can be used in conjunction with
coyote calling to remove coyote dens. It is likely
these techniques will work well for selective control,
but their efficacy remains to be demonstrated.

The future of coyote depredation
management research

Past and current research has improved our

understanding of coyote ecology and assisted in the
development of new and improved control meth-
ods, but this is not enough. New studies are need-
ed that will examine coyote behavior and the effi-
cacy of depredation management while following
strict experimental protocols under operational
conditions. These studies must be well designed,
with appropriate controls and randomization. This
level of rigor is rare in coyote depredation research,
primarily because it is difficult to convince produc-
ers to accept a random treatment assignment that
could require them to follow a strategy they feel is
inappropriate. Much of their resistance probably
could be overcome with the establishment of a
compensation fund for documented losses that
occur when producers participate in research.

We believe that research needs to continue and
expand along 4 fronts: studies aimed at developing
and improving depredation management tech-
niques; investigations of coyote ecology relative to
livestock and natural prey; comparative studies of
the efficacy of specific control methods; and exam-
ination of the relative costs and benefits of different
control strategies in different situations. Specific
ideas for research in each of these areas are out-
lined below. These experiments are not cheap or
easy, but they would go a long way toward improv-
ing the success and cost-effectiveness of coyote
depredation management.

Improved depredation management
techniques

This category includes separate phases for tech-
nique development and testing. Development
should begin with observations of coyote behavior
toward control devices and procedures. For exam-
ple, how do coyotes behave toward guard animals?
What do they do after a behavior-contingent guard
fires?  What are the conditions that increase the
responsiveness of dominant individuals to coyote
calling?  Which coyotes investigate traps set near
bedding grounds?  Observations and behavioral
experiments investigating how marked, free-rang-
ing coyotes behave toward various control meth-
ods are crucial for ensuring that techniques are as
effective as possible before expensive operational
tests are conducted.

Operational testing should incorporate 2 or 3
pairs of sites that are identical with respect to
important parameters (e.g., flock size, topography,
herding procedures, depredation levels, and previ-
ous and ongoing control efforts). One site in each
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pair should be randomly selected to receive the new
control method, and the treatment site should be
switched in the following year. Additional sets of
sites that differ for some of the important parame-
ters can be included in the experiment or pursued
as a separate experiment to determine how the con-
trol technique performs across a variety of depreda-
tion management conditions. A standardized proce-
dure for using the management technique and
measuring its success would be needed to allow for
comparisons of efficacy in different situations.

Investigations of coyote ecology
A long-term (>5 years) experiment is needed that

investigates the relationship between coyote popu-
lation density and depredation levels, examines
potential buffering by wild prey, and determines
whether depredation results from the actions of a
subgroup of the coyote population. This study
should be conducted at >2 sites, and planned to
coincide with natural variation in wild prey abun-
dance (e.g., a black-tailed jackrabbit population
irruption and crash, as in Stoddart et al. [2001]).
Accurate counts of livestock losses from coyotes
would be needed and could be facilitated by using
subcutaneous radiotransmitters on a subset of the
livestock so that causes of death of missing animals
can be estimated. Prey densities can be measured
using adequately calibrated line transects (for larg-
er prey like rabbits) and trapping grids for rodents.
Coyotes would not need to be captured for this
experiment; mark–recapture population estimates
can be obtained by analyzing DNA in coyote scats
collected along a grid of scat transects. The DNA
analysis also would allow for a determination of the
social structure, especially if the data were supple-
mented with DNA from pup scats at den sites. Scat
transects also would yield diet information and
approximate territory boundaries for coyotes in
the population; in addition, the scat DNA can be
compared with saliva DNA taken from wounds of
dead livestock (Williams et al. 2003) to identify
problem coyotes in the population.

Comparative efficacy of control methods
There currently is no solid data on the compara-

tive efficacy of various corrective (i.e., post-depre-
dation) lethal control methods,but this information
could be collected with the cooperation of depre-
dation management specialists. Participants would
collect predator DNA from saliva samples on dead
livestock, then carry out corrective control using

methods of their choosing. These methods could
include calling and shooting, denning, trapping
with snares or leghold traps, use of M-44s, or cor-
rective aerial gunning. As specialists kill coyotes in
the area, they would collect a DNA sample from
each carcass, note the control method, and record
their location. DNA from saliva swabs would be
matched to DNA from coyotes removed from the
same area to determine whether the livestock killer
was taken. This information would be supplement-
ed with geographic habitat and topography data,
plus information from livestock producers docu-
menting important covariates (e.g., whether live-
stock are present year-round, plus their numbers
and distribution). Finally, a cost-benefit analysis of
the various control techniques could be conducted
using additional information concerning the time
and physical resources used for control efforts.

Costs and benefits of different control
strategies

Several cost-benefit analyses suggest that lethal
coyote control is a cost-effective way of solving
depredation problems (Nass 1980, Pearson and
Caroline 1981, Bodenchuk et al. 2000). These analy-
ses were based on the same group of studies from
the 1970s that documented livestock losses in situa-
tions with and without lethal control. The studies
occurred in a variety of different habitats with mul-
tiple types of husbandry practices and differing base-
line predation levels. As Pearson and Caroline
(1981) noted, comparing these studies was not
strictly valid, but it did provide a reasonable starting
point for estimating the benefits of predator control.

The accuracy of these and other cost-benefit
analyses will be questioned until rigorous con-
trolled experiments produce reliable data about dif-
ferent control strategies. One potential experiment
would involve identifying 6 sites that are matched
for animal husbandry practices, ecological charac-
teristics, existing coyote control efforts, and live-
stock losses. At the start of the 3-year study, one-
third of the sites would receive no lethal control,
another third would receive selective control tar-
geted toward specific problem animals, and the
remaining sites would receive coyote population
reduction. Control methods would then be rotated
for the next year (e.g., of the 2 sites initially receiv-
ing no lethal control, 1 would receive population
reduction and the other would receive selective
control), and the remaining treatment for each site
would be applied in the final year. This counterbal-
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anced repeated-measures design should reduce any
potential carryover effect, in which the treatment
applied in one year affects the results for the fol-
lowing year (Zar 1999). Data collected would
include livestock losses and the costs and efficacy
of the different control strategies, and the analysis
would produce the first accurate assessment of the
benefits of lethal control for reducing livestock
losses. Replicating this experiment at other groups
of sites with different initial conditions would lead
to an accumulation of reliable data that livestock
producers and control agencies could use to deter-
mine the best depredation management strategy
for a given situation.
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ABSTRACT Evaluating anthropogenic mortality is important to develop conservation strategies for red wolf
(Canis lupus) recovery. We used 26 years of population data in a generalized linear mixed model to examine
trends in cause-specific mortality and a known-fate model in Program MARK to estimate survival rates for
the reintroduced red wolf population in North Carolina, USA. We found the proportion of mortality
attributable to anthropogenic causes, specifically mortality caused by gunshot during fall and winter hunting
seasons (Oct–Dec), increased significantly since 2000 and became the leading cause of red wolf death.
Mortality rates were greatest for red wolves <4 years of age, and we suspect inexperience with human
activities (e.g., hunting) likely caused younger wolves to be more susceptible to opportunistic killing by
hunters. Since 1987, the red wolf population steadily grew and peaked at an estimated 151 individuals during
2005 but declined to 45–60 by 2016. To reduce the negative effects of anthropogenic mortality and ensure
long-term persistence of red wolves, the United States Fish and Wildlife Service (USFWS) will need to
re-implement previous long-standing and proven management practices (e.g., Red Wolf Adaptive
Management Plan) on public and private lands and cease issuing take permits. The USFWS will also need to
establish an effective management response to mitigate gunshot mortality through stronger regulation of
coyote (Canis latrans) hunting and provide adequate ecologically and biologically supported regulatory
mechanisms to protect red wolves. Finally, the USFWS should enhance recovery by providing information
and education about red wolves to hunters and the general public. � 2016 The Wildlife Society.

KEY WORDS Canis rufus, conservation, hunting, mortality, population, red wolf, survival.

Fundamental to management strategies in conservation
biology is the connection between sources of mortality and
population size (Woodroffe et al. 2007, van de Kerk et al.
2013). Globally, large carnivore species have been subjected
to significant anthropogenic mortality, resulting in severe
population declines and range contractions (Treves and
Karanth 2003, Cardillo et al. 2004, Ripple et al. 2014). As a
result, many large carnivores exist as remnant populations
requiring legal protections and ongoing conservation to
persist in human-dominated landscapes (Linnell et al. 2001,
Musiani and Paquet 2004). In particular, intensive predator
control programs and excessive hunting reduced red wolves
(Canis rufus) to a single remnant population along the coastal
border of Louisiana and Texas by the mid-twentieth century
(Russell and Shaw 1971, Shaw 1975, U.S. Fish and Wildlife
Service [USFWS] 1990). This red wolf population was
intentionally extirpated from the wild during the 1970s by
the USFWS when recovery in situ was deemed unlikely

because of persecution, disease, poor habitat, and hybridiza-
tion with coyotes (Canis latrans; USFWS 1990, Hinton et al.
2013). Following the development of a captive red wolf
breeding program, the USFWS reintroduced wolves into
eastern North Carolina, USA during 1987 (USFWS 1990).
By 2007, the USFWS reported an increasing proportion of
red wolf deaths by anthropogenic sources and suggested that
wolf fatalities resulting from gunshots were most problem-
atic to recovery (USFWS 2007, Bartel and Rabon 2013).
Following the reintroduction of red wolves into eastern

North Carolina, a population and habitat viability assess-
ment (PHVA) conducted in 1999 predicted annual
population growth rate (l) increases of 20% from 2000 to
2010 with a carrying capacity of 150 individuals in the
designated Red Wolf Recovery Area (Kelly et al. 1999).
Annual tallies of red wolves fitted with radio-collars and pups
counted at dens conducted by the USFWS Red Wolf
Recovery Program (Recovery Program) peaked at 131 known
individuals in 2001 and then fluctuated between 90 and 125
until 2014 (USFWS 2007, 2014). Because the PHVA
reported red wolf hybridization with coyotes to be the
primary threat to recovery, the Red Wolf Adaptive
Management Plan (RWAMP) was initiated in 2000 to
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prevent coyote introgression into the wild red wolf
population (Stoskopf et al. 2005, Rabon et al. 2013,
Gese and Terletsky 2015, Gese et al. 2015). However, since
2004, the number of red wolves killed by gunshot increased
approximately 2.75 times when compared to years prior to
2004 (Bartel and Rabon 2013). As a result, recent concerns
regarding the wild population of red wolves have focused on
understanding sources of mortality affecting red wolf
population dynamics and their effects on long-term recovery,
and potential management strategies to reduce anthropo-
genic mortality (Sparkman et al. 2011; Hinton et al. 2015a,b;
Way 2014; Murray et al. 2015).
Two previous studies assessed effects of anthropogenic

mortality on the reintroduced red wolf population (Sparkman
et al. 2011, Murray et al. 2015). Sparkman et al. (2011)
suggested that anthropogenic mortality could have
additive effects on red wolf populations at low densities, but
non-breeding adults in the population could provide density-
dependent compensation by replacing breeders that were
killed. After reanalyzing the same dataset, Murray et al.
(2015) reported that red wolf demographics from 1999 to
2007were similar to those observed in stationary or increasing
wolf populations elsewhere. However, neither study
adequately addressed current trends in red wolf survival
because they lacked data collected since 2007 when the
RecoveryProgramreported that the average annual numberof
gunshot-related mortalities had increased significantly
(USFWS 2007, Bartel and Rabon 2013). Murray et al.
(2015) contended that current conditions were inadequate to
establish a viable self-sustaining red wolf population but
disagreedwith the suggestion ofHinton et al. (2013) formore
research to help improve recovery in eastern North Carolina.
We suggest that amore comprehensive assessment of redwolf
survival is required for several reasons.
First, most anthropogenic mortality was reported to occur

during fall and winter, which coincide with the red wolf
breeding season (USFWS 2007, Bartel and Rabon 2013).
Despite this, Murray et al. (2015) did not assess seasonal
variation in red wolf survival. Indeed, Hinton et al. (2015a)
reported that shooting deaths of red wolves during fall and
winter hunting seasons disrupted wolf breeding pairs,
allowed coyote encroachment into formerly held wolf
territories, and facilitated congeneric pair-bonding between
surviving wolves and transient coyotes, which resulted in
increased hybridization. Second,Murray et al. (2015) did not
account for survival of non-telemetered wolves (e.g., pups).
The Recovery Program has cross-fostered captive-born pups
into wild litters to augment genetic diversity and growth
rates of the wild red wolf population (Bartel and Rabon 2013,
Gese et al. 2015) and it is unknown whether captive-born
pups had survival rates similar with those born in the wild.
Finally, accurate estimates of annual population sizes for red
wolves require incorporating recapture rates of pups and age-
specific survival rates. To date, these data have not been
included in a comprehensive estimate of red wolf population
size over time. Therefore, a contemporary assessment of
survival, changes in causes of mortality of red wolves over
time, and abundance of red wolves in eastern North Carolina

is needed to better understand how variation in survival and
sources of mortality influence red wolf population size.
TheUSFWS is responsible for developing recovery plans to

address key threats to the survival of endangered species, such
as the red wolf (Hoekstra et al. 2002, Treves et al. 2015).
Indeed, the Endangered Species Act of 1973 (ESA) requires
the USFWS to document factors that imperil species
populations, conduct research to determine strategies to
eliminate those threats, and then implement those strategies
(Scott et al. 2010, Finkelstein et al. 2012). Anthropogenic
mortality and hybridization were identified as the 2 primary
threats to red wolves (Kelly et al. 1999, USFWS 2007,
Rabon and Bartel 2013). Despite measures taken to address
hybridization via the RWAMP (Stoskopf et al. 2005, Gese
and Terletzky 2015, Gese et al. 2015), the USFWS has not
addressed threats of anthropogenic mortality for red wolves.
Ultimately, understanding how causes of red wolf mortalities
change over time will allow the USFWS to respond with
effective management to reduce excessive mortality and
achieve population sizes essential to recovery. Our objective
was to assess population-level impacts of anthropogenic
mortality on the only wild population of red wolves.
Specifically, a primary purpose of our analysis was to predict
the probability of a given outcome (shooting deaths of red
wolves) at a given time (white-tailed deer [Odocoileus
virginianus] hunting season) for individual wolves. To
accomplish this, we assessed monthly and age-class specific
survival rates and identified factors influencing the timing
and occurrence of mortality.

STUDY AREA

The Red Wolf Recovery Area consisted of a 5-county area
(Beaufort, Dare, Hyde, Tyrrell, and Washington) in North
Carolina, including 4 national wildlife refuges (Alligator
River, Mattamuskeet, Pocosin Lakes, and Swanquarter), a
Department of Defense bombing range, and state-owned
lands that encompassed about 6,000 km2 (Fig. 1). Approxi-
mately 60–70% of the Recovery Area was privately owned
lands comprising agricultural croplands (i.e., corn, cotton,
soybean, winter wheat) andmanaged pine (Pinus spp.) forests.
Federal and state lands comprised mostly of coastal bottom-
land forests, pocosin, and fresh and saltwaterwetlands (Hinton
et al. 2015c). Further details of the study area can be found in
Hinton and Chamberlain (2010) and Hinton et al. (2015c).

METHODS

Field Data Collection
From 1987 to 2013, the Recovery Program annually trapped
wild red wolves to fit individuals with mortality-sensitive
radio-collars (Teleonics, Mesa, AZ, USA) and regularly
monitored radio-marked wolves until individuals died or
radio-collars stopped working. Red wolves were captured
using padded foot-hold traps (Victor no. 3 Softcatch,
Woodstream, Lititz, PA, USA). Detailed life-history data
permitted us to assign accurate ages to wolves. Red wolves
�8 months were not typically radio-collared if they were
below the minimum physical size to safely wear radio-collars
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and had the potential to increase in body mass (Hinton and
Chamberlain 2010, 2014). Although we used trapping data
to accomplish multiple objectives and trapping could not be
standardized temporally or spatially, we believe trapping
efforts that were part of the large-scale, long-term
monitoring efforts conducted across the 5-county Recovery
Area provided an adequate proxy for abundance of red wolves
in eastern North Carolina (Lovett et al. 2007, Stephens et al.
2015). Furthermore, standardized practices of monitoring
the reintroduced red wolf population (RWAMP; Rabon
et al. 2013) facilitated data collection in a relatively consistent
way to provide the context for interpreting observed changes
(Lovett et al. 2007, Gitzen et al. 2012). All methods used to
capture andprocess redwolveswere approvedby theLouisiana
State University Agricultural Institutional Animal Care
and Use Committee (Protocol Number AE2009-19) and
met guidelines recommended by the American Society of
Mammalogists (Sikes et al. 2011).
Recovery Program biologists conducted weekly radio-

telemetry flights as their primary means of monitoring
radio-collaredwolves.This allowed them to identify territories
and, during spring, locate dens and daybeds of radio-collared
females to count and process pups (Beck et al. 2009, Rabon
et al. 2013). From 2000 to 2013, after implementation of the
RWAMP, biologists took blood samples of red wolf pups
discovered during den checks to verify parentage andmaintain
a pedigree of the wild population (Miller et al. 2003, Brzeski

et al. 2014, Gese et al. 2015) and implanted passive integrated
transponder (PIT) tags in each pup subcutaneously to identify
non-collared red wolves captured during annual trapping
(Beck et al. 2009, Hinton and Chamberlain 2014). Collec-
tively, annual trapping and den work allowed the Recovery
Program to estimate population size, survival, and reproduc-
tion through a known count approach (USFWS 2007, Rabon
et al. 2013).
For radio-collared red wolves, the Recovery Program

identified mortality events through detection of a mortality
signalduringaerial telemetry surveys and recoveredcarcasses to
determine causes of mortality. Recovery Program biologists
recordedestimated timeofdeath, suspectedor confirmedcause
of death, location, and land ownership. If circumstances
surrounding the death appeared suspicious and biologists
suspected foul play, they contacted USFWS law enforcement
officers to collect additional evidence. For law enforcement
investigations, wolf carcasses were sent to the USFWS
National Forensics Laboratory (Ashland, OR, USA) for
necropsy and analysis. For other cases where initial cause of
death could not be determined, carcasses were transported
to the United States Geological Survey National Wildlife
Health Center (Madison, WI, USA) for necropsy. However,
citizens occasionally reported road-killed red wolves and
wolves mistakenly harvested as coyotes.
We examined capture and processing information, medical

history, and mortality reports for each red wolf mortality

Figure 1. North Carolina, USA, showing the location of the Red Wolf Recovery Area (hatched area) in the eastern portion of the state.
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event from October 1987 to September 2013. We classified
mortalities into 3 generalized categories: natural causes (i.e.,
disease or health-related, intraspecific strife), anthropogenic
(i.e., private trapping, vehicle collision, poison, suspected
or confirmed gunshot, other suspected illegal killing), or
unknown. We classified mortalities as unknown causes of
death if there was not enough biomaterial present to
determine cause of death (e.g., skeletal remains, hair mat
only), necropsy analyses were inconclusive, or multiple causes
of death were suspected and not confirmed by necropsy.
Mortalities caused by gunshot included suspected cases
where there was evidence of foul play (e.g., a cut or removed
radio-telemetry collar or bullet wounds), and confirmed cases
where there was evidence of bullet fragments through
radiographs or necropsy examinations. We confirmed
instances of poisoning by necropsy and toxicological analysis.
We excluded population monitoring activities (i.e., trapping
and den checks) as an anthropogenic source of mortality for 2
reasons. First, deaths caused by population monitoring
activities were intermittent, infrequent (4.7% of known
deaths), and mostly resulted from faulty genetic testing and
euthanizing of hybrids. Second, by not pooling all sources of
anthropogenic mortality, we avoided obscuring the relative
importance of other anthropogenic sources of mortality (e.g.,
gunshot, vehicle collisions) with mortalities caused during
monitoring efforts. We considered this approach important
for interpreting changes in causes of mortality for red wolves
because recommendations for reducing anthropogenic
sources of mortality caused by gunshots and vehicle collisions
are fundamentally different than those reducing mortalities
caused by population monitoring. Hereafter, we report
percentage of total mortality comprising each of the causes
described above.

Cause of Death Analysis
We evaluated changes in causes of mortalities of red wolf
carcasses recovered and summarized causes by year. For
consistency, we reported mortalities and causes of deaths
usingOctober 1 through September 30 as our biological year,
similar to the population estimates provided by the USFWS
(USFWS 2007). We calculated changes in the number of
mortalities of radio-marked red wolves recovered with
known causes of death for the entire data series (1987–2013)
with logistic regression models using PROC NLMIXED
(SAS 9.3, SAS Institute, Cary, NC, USA) in which fixed and
random effects were permitted to have a nonlinear
relationship to the proportion of red wolf deaths. We
considered models with constant, linear, and quadratic time
trends, plus we added a mean zero normally distributed
random effect of year on the logit scale to explain extra-
binomial variation around the trend line to the models. We
expected extra-binomial variation (over-dispersion) to occur
because logistic regression models are based on an underlying
binomial variation. Extra-binomial variation resulted from
heterogeneity and the lack of a perfect fit by our model.
Therefore, we modeled over-dispersion in our logistic
regression models and estimated the proportion of the 3
categories of mortality (i.e., natural, anthropogenic, and

unknown) through time. We selected models based on
Akaike’s Information Criterion for small samples (AICc),
Akaike weights (wi), and model deviance (Burnham and
Anderson 2002). We compared models including individual
covariates to the intercept-only model to determine if the
covariates improved fitted models. We considered the model
with the lowest AICc and the highest model weight as the
best model (Burnham and Anderson 2002).

Survival Analyses
We conducted 2 separate survival analyses because the
Recovery Program uses 2 types of population surveys to
monitor red wolves. Each spring, the Recovery Program
monitored radio-collared red wolves associated with breed-
ing territories (USFWS 2007, Gese et al. 2015, Hinton et al.
2015a). During spring den checks, Recovery Program
biologists located and PIT-tagged red wolf pups in breeding
territories by locating daybeds and dens of radio-collared
female breeders (Beck et al. 2009, Gese et al. 2015). As a
result, the USFWS estimated red wolf population during fall
seasons comprised a count of known radio-collared red
wolves and known PIT-tagged pups. Therefore, implanting
red wolf pups with PIT tags during annual den checks during
whelping seasons (Mar–May) allowed Recovery Program
biologists to later identify non-collared red wolves during
annual trapping efforts throughout the Recovery Area. These
mark-recapture encounters served as re-sighting data to
estimate annual survival of red wolf pups using a joint live-
dead analysis. When PIT-tagged red wolves were radio-
collared during annual trapping efforts, individuals were then
shifted to the known-fate analysis because routine monitor-
ing provided more frequent radio-telemetry data with higher
probabilities of encounters. Telemetry data made it possible
to estimate monthly variation in survival of juvenile and adult
red wolves.
Known-fate models are commonly used in telemetry

studies to estimate survival probability between sampling
occasions (White and Burnham 1999, Schwartz et al. 2006,
Gusset et al. 2008, Ackerman et al. 2014, Chitwood et al.
2015). For radio-collared red wolves, we calculated survival
rate estimates in Program MARK using a parameter
estimation analogous to the non-parametric Kaplan–Meier
product limit estimator (Kaplan and Meier 1958) through a
known-fate approach that employs binomial likelihood
functions over a specified interval and allows consideration of
individual and external covariates (White and Burnham
1999). Our known-fate model assumed that the process of
radio-collaring red wolves did not affect individual fates, that
fates among individuals were independent, that the
encounter probability was equal to 1, and that censoring
was unrelated to mortality (White and Burnham 1999). The
basic model used in our survival analysis was a logistic model
with a logit link. We defined October 1987 as the time of
origin of the study to obtain survival estimates.
Radio-telemetry flights were scheduled to occur twice a

week to monitor radio-collared red wolves. However,
inclement weather and other logistical constraints prevented
monitoring wolves for extended periods each year. Indeed,
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many red wolves were not found for greater than 2 weeks at a
time, and this introduced biases into our analysis as described
in Heisey et al. (2007). When time of death is not estimated
exactly, many tied death times result in the data, and
estimates are no longer valid. Therefore, we followed the
suggestion of Heisey and Patterson (2006) and used methods
for interval-censored data. The use of monthly intervals
accommodated the lack of information on exact time of
death and provided unbiased estimates of monthly and
annual survival.
We summarized capture data for all red wolves during

1987–2013 into monthly encounter histories based onWhite
and Burnham’s (1999) live-dead encounter format for entry
into Program MARK. This allowed for staggered data entry
of new red wolves and right-censoring of individuals to a
month when they were lost because of radio failure or other
reasons (Pollock et al. 1989, White and Garrott 1990). We
used data from censored individuals in the model up until the
time of censoring. Although cause of death for an individual
red wolf was not always known, knowing the interval in
which the animal died allowed us to use a known-fate model
(White and Burnham 1999). In cases where individuals were
not encountered during a subsequent interval, we estimated
time of morality as the midpoint between encounters. We
recorded red wolves as alive, dead, or censored for each
monthly interval.
We investigated the influence of individual and temporal

covariates on survival of radio-collared red wolves with all
possible models developed from combinations of year,
month, age, and sex. Structure for all models was additive,
with no interaction terms. We treated each year as an
attribute group in Program MARK, and estimated annual
survival as the product of the 12 monthly survival estimates.
We included age and sex as individual covariates to
investigate the potential influence of these factors on
survival. Temporal covariates included year and month.
We included month as a categorical effect and used
December as the reference category. We evaluated model
sets using AICc. We considered the model with the smallest
AICc and the largest Akaike weights (wi) to be the most
parsimonious. We did not conduct goodness-of-fit tests
because known-fate data types can be fit as a completely
saturated model leaving no degrees of freedom. The global
model considered in our survival analysis was also the
saturated model and no goodness-of-fit test was possible
because the saturated model left no degrees of freedom
(Schwartz et al. 2006). We calculated the relative deviance as
the difference in�2log (likelihood) of the current model and
�2log of the saturated model, in which the deviance is a
measure of the relative goodness of fit of each model (White
and Burnham 1999).
For non-collared red wolves marked with PIT tags, we used

the Burnham joint live-dead model in Program MARK to
estimate survival rates until recapture from their first year
through their fourth year of age (Burnham 1993, White and
Burnham 1999). Individuals entered our analysis via 1 of 3
origins: wild born, cross-fostered, and released. Most wild
born red wolves were encountered as pups in dens and then

marked with PIT tags. During annual trapping, wild born
red wolves were encountered a second time when fitted with
radio-collars. First encounters for wild born red wolves not
discovered as pups in dens occurred during annual trapping
when non-PIT tagged juveniles and adults were captured,
marked with PIT tags, and fitted with radio-collars. During
the initial phase of reintroduction, captive-born adult red
wolves and their pups (<6 months) were released from island
propagation sites into the wild (Phillips et al. 2003).
However, after the RWAMP was implemented in 2000,
captive-born red wolf pups were cross-fostered into wild
litters (Gese et al. 2015). In both situations, first encounters
occurred when pups were PIT tagged and introduced into
the wild. Like wild-born pups, second encounters for
released and cross-fostered pups occurred during annual
trapping efforts when they were recaptured and fitted with
radio-collars. When red wolf pups were recaptured and
radio-collared, they were entered into the known-fate model
described above.
With the Burnham joint live-dead model, both live

encounters and dead recoveries are used to estimate survival.
We set the site fidelity parameter (F) to 1 for allmodels (i.e., no
emigration from the study area). From the minimum AICc

model,weobtainedage-specific survival estimates (0–1and>1
years of age) for the combined origins. Using these survival
estimates, we constructed the probability of a redwolf living 1,
2, 3, and 4 years after being born, fostered, or released into the
wild population. The probability of surviving to 1 year of age
was the first-year survival estimate (Ŝ1). The probability of
survival to year 2 was the product of the first- and second-year
survival (Ŝ1Ŝ2). The probability of survival to year 3 was the
product of the first-year survival and the second-year survival

squared to provide a 3-year estimate (Ŝ1�ðŜ
2

2Þ), and similarly

for the fourth-year probability (Ŝ1�ðŜ
3

2Þ). We computed the

variances of these survival estimates with the delta method
using the formula below (age k¼ 0, 1, 2, 3), and used the
covariances of these estimates because themodel providing the
estimates had a sampling covariance between the estimates.

VarðŜ1Ŝ
k

2Þ ¼ Ŝ
2ðk�1Þ
2 2kŜ1Ŝ2CovðŜ1; Ŝ2Þ þ k2Ŝ

2

1VarðŜ2Þ þ Ŝ
2

2VarðŜ1Þ
� �

SEðS1Sk2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
VarðS1Sk2Þ

q

We estimated the population of pups that remained after
4 years by first determining the number of pups released in a
particular year minus the number with known fate that were
removed each year, either through capture and marking with
radio-collars, or else recovered dead. To estimate fate of pups
with unknown status, we applied the probability of survival to
estimate number of these unknown pups remaining alive at
each year:

L1 ¼ n4Ŝ1;L2 ¼ n3Ŝ1Ŝ2;L3 ¼ n2Ŝ1Ŝ
2

2; and L4 ¼ n1Ŝ1Ŝ
3

2

where La were the number of pups of age a¼ 1, . . ., 4, from
years 4, . . ., 1, with number of unknowns n4, n3, n2, and n1,
respectively. We computed the standard error of the
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estimated population of pups with unknown fates for each
year as

SEðL1 þ L2 þ L3 þ L4Þ ¼ ½2Ŝ1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ

ðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4ÞCovðŜ1; Ŝ2Þ

þðn1Ŝ
3

2 þ n2Ŝ
2

2 þ n3Ŝ2 þ n4Þ2VarðŜ1Þ

þŜ2

1ð3n1Ŝ
2

2 þ 2n2Ŝ2 þ n3Þ2VarðŜ2Þ�1=2

We investigated the influence of individual and temporal
covariates on survival of non-collared red wolves with a set of
candidate models developed from all combinations of
survival (S), age (a), origin (g), probability of carcass recovery
(r), recapture probability (p), time-specific survival (t), and
constant survival (.). We evaluated model sets using AICc.
We considered the model with the smallest AICc and the
largest Akaike weights (wi) to be the most parsimonious.
Because the global model considered in our survival analysis
was also the saturated model, no goodness-of-fit test was
possible (Schwartz et al. 2006).

Annual Population Sizes and Growth Rates
The USFWS used combined counts of PIT-tagged pups
and radio-collared individuals to estimate annual sizes of
the wild population. Obviously, not all red wolves were
accounted for because not all pups were found or
recaptured. These individuals were usually radio-collared
as juveniles and adults during subsequent annual trapping
efforts, but some were never captured. Therefore, we used
Burnham live-dead models to provide a more accurate
estimate of population size by calculating the survival rates
of PIT-tagged pups. Specifically, we first determined the
number of pups PIT tagged in a particular year and then
used probabilities of pups being alive 1, 2, 3, and 4 years
after release to apportion them out across the 4-year period.
We then subtracted the number of PIT-tagged wolves
radio-collared or recovered dead for each year. This left the
red wolves that were of an unknown status. We then applied
the probability of survival estimates from the Burnham live-
dead models to determine the number of unknowns
remaining alive each year. We added the number of
unknowns estimated to be alive for a given year into the
radio-collared population to obtain the population estimate.
The standard error of the population estimate for each year
was the product of the standard error for unknown red
wolves and the probability of surviving to that year.
Therefore, the standard error of the population estimate for
each year was the same as the standard error of unknowns
remaining because the number of living radio-collared
wolves was known without error (i.e., it had no variance).
We reported standard errors only for 2000–2013 because
more thorough attempts to find and investigate dens to
construct a red wolf pedigree began in 2000 (Miller et al.
2003, Brzeski et al. 2014, Gese et al. 2015). In other words,
accurate estimates of recapture rates for non-collared red
wolves occurred after the implementation of the RWAMP
when finding and marking red wolves and monitoring
breeding pairs became essential to limiting hybridization.

We compiled annual estimates of population size by year
(1 Oct–30 Sep) from 1987 through 2013 by summing the
number of known radio-collared wolves with the number of
estimated non-collared wolves remaining alive each year.We
then used our estimates of population size to calculate annual
population growth rate (l) for year n by dividing the
estimated population size in the year nþ1 by the population
size in year n.

RESULTS

From 1987 and 2013, we recorded 372 red wolf deaths and
identified cause of death for 300 (80.6%) of these wolves.
Anthropogenic causes of death accounted for 73% of red wolf
mortality, whereas natural causes comprised 27%. Of 219
human-caused deaths, 51% involved foul play (n¼ 112),
including gunshot (n¼ 88), poison (n¼ 11), and other
suspected illegal killings (n¼ 13). The proportion of
mortality attributable to anthropogenic causes increased
over time (Wald x2

1¼ 20.47, P< 0.001; Table 1 and Fig. 2).
We also observed an increasing trend of red wolf mortalities
attributed to gunshot over time (Waldx2

1¼ 13.96, P< 0.001;
Table 2 and Fig. 3). Vehicle collisions, capture by private

Table 1. Model selection results from the cause-specific mortality analysis
for evaluating anthropogenic mortality as a proportion of total mortalities
with known cause of death in red wolves in eastern North Carolina, USA,
1987–2013. For each model, we provide Akaike’s Information Criterion
(AICc), Akaike weights (wi), number of estimable parameters (K), and
deviance.

Model AICc DAICc K wi Deviance

Trend 104.91 0.00 2 0.46 100.39
Trendþ random effect 105.61 0.70 3 0.33 98.52
Trend2 107.46 2.55 3 0.13 100.38
Trend2þ random effect 108.38 3.47 4 0.08 98.48
Constantþ random effect 113.44 8.53 2 0.01 108.92
Constant 124.34 19.43 1 0.00 122.17
Year 1,510.02 1,405.11 26 0.00 54.02

Figure 2. Proportion of red wolf mortalities caused by humans relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.
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trappers, and management-related activities accounted for
34%, 8%, and 7% of red wolf mortalities attributed to
anthropogenic causes, respectively. Health-related cases
accounted for 70.4% of natural causes of death, whereas
intraspecific strife accounted for 29.6%.
From 19 to 2013, 537 red wolves were radio-collared.

Demographic data were available for 365 of 372 observed red
wolf mortalities and included 72 pups, 95 juveniles, and 198
adults. Our analysis indicated that month and age were the 2
most important factors influencing red wolf survival, whereas
year and sex were not important (Tables 3 and 4). The
estimated average age at time of death was 3.2 years; only 9
wolves survived past age 10. Mean monthly survival rates
were lowest from October through December (Fig. 4). Age-
specific annual survival rates ranged between 0.14 and 0.81
(Fig. 5). Maximum annual survival occurred at age 5 (0.81),
and 68% of red wolves died before age 4.
From 1987 to 2013, the annual probability of recapturing

and radio-collaring previously PIT-tagged red wolf pups
was 62% (n¼ 826). Only 18 carcasses of non-collared red
wolves (18 wild born) were recovered; there were never any
carcasses recovered for fostered pups. Three carcasses of
released pups were recovered. Of the candidate models,

survival estimated as a function of 2 age classes (pups and
ages 2–4 combined) was our top model (Tables 5 and 6). We
considered this the most plausible model because few red
wolves survived to 4 years of age without being recaptured
and fitted with radio-collars, so there were little data to
estimate separate survival rates for 3- and 4-year-old wolves
without radio-collars. Further, assuming constant survival
after the first year is biologically reasonable and simplifies the
computation of the number of non-collared red wolves
remaining alive in the wild population. Mean estimates for
first-year pup survival (Ŝ) calculated by year ranged 0.505–
0.721 and mean survival was 0.619� 0.056 for the entire
study period. For red wolves that survived their first year
(ages 2–4), mean survival by year ranged between 0.218 and
0.531 and mean survival was 0.360� 0.083. Within the top
model, recapture probability (p) was constant across origin
(i.e., wild born, fostered, released) and ages, whereas the
probability of recovering dead (r) differed by origin. The
main reason that survival estimates required a group effect
was because there were never any dead recoveries for the
fostered group. Although sample sizes for fostered and
released individuals were smaller than those born in the wild,
we detected no differences in survival among wild born,
fostered, and released wolves.
Red wolf population estimates generally increased through

time, peaking in 2005–2006 and then decreasing from 2007

Table 2. Model selection results from the cause-specific mortality analysis
for evaluating gunshot mortality as a proportion of anthropogenic mortalities
over time for red wolves in eastern North Carolina, USA, 1987–2013. For
each model, we provide Akaike’s Information Criterion (AICc), Akaike
weights (wi), number of estimable parameters (K), and deviance.

Model AICc DAICc K wi Deviance

Trend 70.56 0.00 2 0.74 66.04
Trend2 72.64 2.08 3 0.26 65.55
Trend2þ random effect 83.53 12.97 4 0.00 73.63
Trendþ random effect 88.04 17.48 3 0.00 80.95
Constant 88.78 18.22 1 0.00 86.62
Constantþ random effect 91.07 20.51 2 0.00 86.54
Year 1,509.04 1,438.48 26 0.00 53.04

Figure 3. Proportion of red wolf mortalities caused by gunshot relative to
overall mortality in eastern North Carolina, USA, 1987–2013. Observed
values and 95% confidence limits are represented by circles and the gray
shaded area, respectively.

Table 3. The top 5 candidate models and null model {S(.)} from the
known-fate analysis used to model survival (S) of radio-collared red wolves
in eastern North Carolina, USA, 1987–2013. For each model, we provide
the change in Akaike’s Information Criterion (DAICc), Akaike weights
(wi), number of estimable parameters (K), and the deviance.

Model K AICc DAICc wi Deviance

S(monthþ age2) 14 2,975.32 0.00 0.99 2,947.27
S(month) 12 2,992.29 16.97 0.01 2,968.25
S(monthþ sex) 13 2,993.35 18.02 0.00 2,967.30
S(age2) 3 2,993.83 18.51 0.00 2,987.83
S(monthþ age) 13 2,994.22 18.90 0.00 2,968.17
S(.) 1 3,015.64 40.32 0.00 3,013.64

Table 4. Summary of results from the best model in the known-fate
analysis of survival for radio-collared red wolves, North Carolina, USA,
1987–2013. Month was a categorical variable and December was the
reference category. Shown are b coefficients, standard error (SE), 95%
upper confidence interval (UCI), and 95% lower confidence interval (LCI).

Parameter b SE UCI LCI

Intercept 2.82 0.17 3.16 2.48
Jan 0.66 0.26 1.17 0.15
Feb 0.59 0.25 1.08 0.09
Mar 1.04 0.29 1.62 0.47
Apr 0.67 0.26 1.18 0.16
May 0.40 0.24 0.86 �0.07
Jun 0.85 0.28 1.39 0.31
Jul 1.01 0.29 1.58 0.43
Aug 1.02 0.29 1.59 0.44
Sep 0.79 0.27 1.32 0.26
Oct 0.19 0.23 0.64 �0.25
Nov 0.06 0.21 0.48 �0.36
Age 0.28 0.06 0.40 0.16
Age2 �0.03 0.01 �0.02 �0.04
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to 2013 (Fig. 6). Overall, annual growth rates (l) ranged
between 0.78 and 2.07 (Fig. 7). From 1998 to 2005, the red
wolf population increased from an estimated 90 to 151
wolves with an average annual l of 1.12. However, from
2005 to 2013, the red wolf population decreased from an
estimated 151 to 103 wolves with an average annual l of
0.96.

DISCUSSION

Recently, Murray et al. (2015) reported that gunshots were
consistently responsible for approximately 25% of red wolf
deaths from 1999 to 2014, and detected no effect of age on
red wolf survival from 1999 to 2007. However, our findings
indicate that the proportion of red wolf deaths caused by
gunshot increased significantly after 1999, survival rates were
lowest during fall and winter hunting seasons, and younger
red wolves were more susceptible to gunshot mortalities.
From 2000 to 2013, gunshots comprised 42% of identified
causes of red wolf deaths and the annual proportion of wolf
deaths caused by gunshot increased from approximately 25%
to 60% (Fig. 3). Our findings differ from those of Murray
et al. (2015) because their analysis compared mortalities

evaluated through examination of data from 1999 to 2007 to
summaries reported in USFWS quarterly and annual
progress reports during 2008–2014 (USFWS 2016), whereas
our study was a consistent analysis of actual field data from
1987 to 2013. We suggest that our estimates of population
size, survival, and patterns of mortality are more robust and
detailed than previous assessments because of the inclusion of
data collected since 2007.
Corresponding with the North Carolina fall and winter

hunting seasons, monthly survival rates for red wolves were
lowest during October–December (Fig. 4). Although
mortality rates were greatest for younger red wolves, we
observed no difference in survival between captive-born and
wild-born wolves; 68% of monitored wolves died before age 4
regardless of their origin. During the past 2 decades, the
coyote population has increased in eastern North Carolina
and they are subject to intensive control efforts via shooting
and trapping (Way 2014; Hinton et al. 2015a,b). Despite

Figure 4. Mean monthly survival rates of red wolves in eastern North
Carolina, USA, 1987–2013, indicating survival declines precipitously from
October through December. The 95% confidence limits are represented by
the error bars.

Figure 5. Annual age-specific survival rates of red wolves in eastern North
Carolina, USA, 1987–2013. The 95% confidence limits are represented by
the shaded area.

Table 5. Models considered for the survival analysis of non-collared red
wolves in North Carolina, USA, 1987–2013, using the Burnham joint live-
dead model in Program MARK. For each model, we provide Akaike’s
Information Criterion (AICc), the change in Akaike’s Information
Criterion (DAICc), Akaike weights (wi), number of estimable parameters
(K), and deviance. Model selection notation follows White and Burnham
(1999). S¼ probability of survival; a¼ number of age classes; g¼ origin
(wild born, fostered, and released); r¼ probability of recovering dead;
p¼ recapture probability, and F¼ probability of remaining in the sampling
area fixed to 1.

Model AICc DAICc wi K Deviance

{S(a2þ g) p(.) r(g) F¼ 1} 1,225.08 0.00 0.19 8 822.86
{S(a2) p(.) r(g) F¼ 1} 1,225.33 0.25 0.17 6 827.22
{S(a3þ g) p(.) r(g) F¼ 1} 1,225.45 0.37 0.16 9 821.17
{S(a3) p(.) r(g) F¼ 1} 1,225.58 0.50 0.15 7 825.42
{S(.) p(.) r(g) F¼ 1} 1,225.60 0.52 0.14 5 829.52
{S(g) p(.) r(g) F¼ 1} 1,226.18 1.10 0.11 7 826.02
{S(a4) p(.) r(g) F¼ 1} 1,227.55 2.48 0.06 8 825.34
{S(g) p(g) r(g) F¼ 1} 1,229.26 4.18 0.02 9 824.98
{S(.) p(.) r(.) F¼ 1} 1,229.62 4.54 0.02 3 837.62
{S(g) p(.) r(.) F¼ 1} 1,230.17 5.09 0.02 5 834.10
{S(g) p(g) r(.) F¼ 1} 1,233.22 8.14 0.00 7 833.05

Table 6. Parameter estimates obtained from the best model in the
Burnham joint live-dead analysis of survival (S) for non-collared red wolves,
North Carolina, USA, 1987–2013. Shown are b coefficients, standard error
(SE), 95% upper confidence interval (UCI), and 95% lower confidence
interval (LCI).

Parametera b SE UCI LCI

Sage 1 �0.75 0.71 0.64 �2.13
Sage 2 �1.81 0.86 �0.13 �3.49
Swild 1.24 0.72 2.65 �0.18
Sfostered 1.66 0.84 3.30 0.01
p 0.78 0.29 1.35 0.22
rwild �2.71 0.24 �2.23 �3.19
rfostered �17.11 1,684.74 3,284.99 �3,319.21
rreleased �0.51 0.73 0.92 �1.94

a Sage 1¼ survival for pups; Sage 2¼ survival for ages 2–4; Swild¼ survival for
wild born pups; Sfostered¼ survival for fostered pups; p¼ recapture
probability; rwild¼ probability of recovering dead wild born pups;
rfostered¼ probability of recovering dead fostered pups; rreleased¼ proba-
bility of recovering dead released pups.
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being the larger of the 2 species, shooting deaths of red
wolves typically occurred when hunters confused wolves for
coyotes (Hinton et al. 2013, 2015a,b; Newsome et al. 2015).
In particular, red wolf pups during fall are not fitted with
radio-collars, are similar to coyotes in body size (Hinton and
Chamberlain 2014), and are more likely to be misidentified
by hunters as coyotes. Consequently, we likely under-
estimated pup mortality caused by shootings because pups
were not radio-monitored and their mortalities may have
gone undetected.
Decreased survival rates in October–December are not

surprising considering other studies that observed significant
declines in eastern coyote survival during fall and winter
hunting seasons (Chamberlain and Leopold 2001, Van
Deelen and Gosselink 2006). Van Deelen and Gosselink
(2006) reported coyote survival declined precipitously during
fall when harvest of agricultural crops coincided with
hunting seasons, when inexperienced juvenile coyotes were
more susceptible to opportunistic killing by hunters.
Similarly, approximately 30% of the Recovery Area
comprised agricultural fields where agricultural activities
influenced availability of vegetative cover for red wolves

(Chadwick et al. 2010, Hinton and Chamberlain 2010,
Dellinger et al. 2013). Harvest of agricultural crops occurred
just prior to fall and winter hunting seasons, and extensive
loss of vegetative cover reduced refugia for red wolves during
a period of elevated human activity. Younger red wolves
likely suffered greater mortality than adults during this time
for 2 reasons. First, juveniles typically disperse from their
natal areas between September and March (Karlin and
Chadwick 2012) and are at greater risk of encountering
hunters in areas unfamiliar to them. Second, red wolf pups
encounter significant decreases in availability of vegetative
cover and increases in human activity for the first time.
During 1999, when the red wolf population was estimated

by the Recovery Program to comprise approximately 80
individuals, the PHVA predicted the wild population would
increase 20% each year from 2000 to 2010 and reach a
carrying capacity of approximately 150 individuals (Kelly
et al. 1999). Our population estimates tracked the PHVA
projections until 2005, when the red wolf population peaked
at an estimated 151 individuals. Since 2005, the population
has steadily declined to about 103 individuals in 2013.
Although numbers of mortalities were generally consistent
across years, causes of death have changed. Previously,
Phillips et al. (2003) noted that most mortalities of red
wolves resulted from accidental (i.e., vehicle strike) or natural
(i.e., intraspecific strife) causes. Since 2002, the proportion of
mortalities resulting from vehicle collisions has declined and
gunshots are now the leading cause of death.
The 2007 USFWS 5-year review noted that the red wolf

population was increasing with stable recruitment and adult
survival, but documented the initial 2006 decline corre-
sponding with an increase in shooting deaths. Notably, since
2004, the number of red wolves killed by gunshot has
increased approximately 2.75 times when compared to years
prior to 2004 (Bartel and Rabon 2013). Additionally, the
wild population experienced a gradual decline in annual
growth rates since 2004 (Fig. 7). Our survival models
indicated no change in survival rate of red wolves over time
(i.e., no year effect), indicating that the population declined
despite no change in yearly survival rates. Some compensa-
tory mechanisms are likely operating within the red wolf
population because the increase in anthropogenic mortality
coincided with a similar decrease in the occurrence of natural
mortality, and compensatory processes are routinely docu-
mented (Sinclair and Pech 1996, P�eron 2012). However,
because red wolves and coyotes are capable of hybridizing, we
suggest that reproductive interference by coyotes may explain
how the wolf population could decline despite no change in
yearly survival rates (Mallet 2005, Gr€oning and Hochkirch
2008). Hinton et al. (2015a) reported increased occurrence of
coyote encroachment and replacement of resident red wolves
after resident wolf breeders were killed by humans.
Consequently, when no red wolf mates were available,
surviving resident wolves paired with coyotes creating
congeneric breeding pairs responsible for hybridization.
Indeed, hybridization was considered a primary threat to the
persistence of the wild population and, in response, the
RWAMPwas developed and implemented to prevent coyote

Figure 6. Estimated annual population sizes of red wolves in eastern North
Carolina, USA, 1987–2013. Error bars indicate standard errors. Standard
errors were reported only for 2000–2013 because after 1999 dens were
investigated more thoroughly to sample blood from pups each spring to
verify and construct a red wolf pedigree (Miller et al. 2003). Standard errors
represent unknown red wolves in the wild population.

Figure 7. Estimated annual growth rates of red wolves in eastern North
Carolina, USA, 1987–2013.
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introgression via sterilization of coyotes paired with red
wolves (Stoskopf et al. 2005, Hinton et al. 2013, Gese and
Terletzky 2015, Gese et al. 2015). Regardless of whether
coyote mates are fertile or sterile, congeneric pairings with
coyotes represents lost reproductive effort by the red wolf
population (Brzeski et al. 2014, Hinton et al. 2015a).
Despite no change in annual survival rates, pairings between
surviving red wolf mates with encroaching coyotes prevented
wolf compensation of losses to anthropogenic mortalities via
reproduction. The Recovery Program likely softened the
decline in population size and annual growth rates of the wild
red wolf population via intensive management (i.e., replacing
sterilized non-wolf placeholders with wolves; Gese and
Terletzky 2015) and annual augmentation with captive-born
wolves (Bartel and Rabon 2013, Gese et al. 2015).
Regardless, human activities, either intentional (i.e., gun-
shot) or not (i.e., vehicle collision), have become the leading
cause of mortality for wild red wolves and are affecting size
and annual growth of the wild population.
Anthropogenic mortality was ultimately responsible for the

extirpation of red wolves and continues to limit growth of the
reintroduced population. Hinton et al. (2013) suggested that
increased research was necessary to tally general threats to red
wolves and ultimately understand mechanisms that could
facilitate a stable red wolf population in eastern North
Carolina. Murray et al. (2015) disagreed with this suggestion
by asserting that the RWAMP provided red wolves with
conditions allowing them to survive and produce young. They
believed conditions in easternNorthCarolinawere inadequate
to establish a sustainable redwolf population, and asserted that
research suggested by Hinton et al. (2013) could only prove
valuable in the broader context of wolf colonization in eastern
North America and endangered species recovery. Although
the RWAMP was successful in limiting coyote introgression
(Gese and Terletzky 2015, Gese et al. 2015), it was not
successful in providing conditions favorable for red wolf
survival.This is evidentwhen considering that shootingdeaths
of red wolves were correlated with a significant increase in
breeding pair disbandment (Sparkman et al. 2011, Hinton
et al. 2015a), disruption of wolf packs (Bohling and Waits
2015, Hinton et al. 2015a), and facilitation of coyote
encroachment and hybridization (Bohling and Waits 2015;
Hinton et al. 2015a,c) simultaneous with the decline in
annual red wolf population size and growth rates reported
herein. TheRWAMPwas implemented in 2000 to establish a
framework to limit hybridization between red wolves and
coyotes (Stoskopf et al. 2005, Gese et al. 2015), not to address
factors affecting red wolf survival such as excessive anthropo-
genicmortality (Way 2014;Hinton et al. 2015a,b). Therefore,
we suggest site-specific research focused on evaluating ways
to minimize threats is fundamental to understand how
survival and population sizes are expected to change as red
wolves experience deteriorating conditions. Specifically, we
suggest further studies are needed to better understand how
anthropogenic factors disruptmechanisms that facilitate stable
and reproductively isolated red wolf populations (Fredrickson
and Hedrick 2006; Hinton et al. 2013, 2015a; Fredrickson
2016). This is crucial for the USFWS to respond to threats

with effective management and promote recovery of the
eastern North Carolina population as mandated by the ESA
(Scott et al. 2010, Finkelstein et al. 2012).

MANAGEMENT IMPLICATIONS

Mortalities of red wolves via gunshot that occur during
hunting seasons will have to involve regulation of coyote
hunting to prevent intentional and accidental killing of red
wolves. A court-approved settlement agreement between the
North Carolina Wildlife Resources Commission (NCWRC)
and environmental groups appears to be the first step in
developing an effectivemanagement policy designed to reduce
anthropogenic mortality (Red Wolf Coalition; Defenders of
Wildlife; and Animal Welfare Institute vs. North Carolina
Wildlife Resources Commission; Gordon Myers, Executive
Director, North Carolina Wildlife Resources Commission
2014). For example, 10 fewer red wolves were killed via
gunshot during the 2 years following the settlement than the
preceding2years (7vs. 17shootingdeaths).Toreducenegative
effects of anthropogenic mortality and ensure long-term
persistence of red wolves, the USFWS will need to
re-implement previous long-standing and proven manage-
ment practices on public and private lands (e.g., Red Wolf
Adaptive Management Plan), define conditions for when
wolves will be removed from recovery areas, implement more
effectivemanagement strategies toaddresswolves causing such
conditions, and cease issuing take permits as a first line
response to dealing with said wolves (USFWS 2016). Equally
as important, the USFWS should establish an effective
management response to mitigate gunshot mortality through
stronger regulation of coyote hunting, develop or revise
regulatory mechanisms that are ecologically and biologically
supported to protect red wolves. Finally, the USFWS can
improve public perception of red wolves and mitigate
anthropogenic factors negatively affecting recovery through
tailored education and outreach programs for hunters and the
general public.
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a b s t r a c t

Interspecific competition can have a substantial impact on sympatric carnivore populations

and may threaten reintroduction attempts of threatened or endangered species. Coyotes

(Canis latrans) are the primary threat to recovery of red wolves (C. rufus) in the wild, through

hybridization and loss of the red wolf genotype and habitat occupancy that reduces space

available for wolf occupation. We built a stochastic simulation model (using data collected

from a recovering red wolf population in northeastern North Carolina as well as from the

literature) to examine spatial dynamics of sympatric red wolves and coyotes (independent

of habitat influences) and to elucidate the potential role of coyotes on wolf recovery and

reintroduction success. Survival of juvenile and adult wolves had the greatest impact on

wolf population size and likelihood of extinction. Introducing coyotes to the model had a

substantial negative impact on wolf numbers, and the model was highly sensitive to the

estimates of the competitive impact of coyotes on red wolves, through declines in wolf pro-

ductivity. We simulated coyote management from either removal (lower coyote survival) or

surgical sterilization (lower coyote reproductive rates) and found that both management

strategies increased viability of red wolf populations, especially during initial colonization.

Our results suggest that coyotes can inhibit red wolf reintroduction success through compet-

itive interactions, but that management of coyote populations can improve the probability

of successful wolf recovery. Additional information on spatial dynamics and dietary overlap

between coyotes and wolves in the recovery area is needed to further elucidate the current

and potential competitive impact of coyotes on red wolf populations.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Interspecific competition is a powerful force shaping species
assemblages and community structure. Potential competi-
tors may interact indirectly through exploitation of common
resources or directly through intraguild predation or spatial
displacement, thereby altering the habitat use of the competi-
tor (Polis et al., 1989; Palomares and Caro, 1999; Fedriani et al.,
2000; Kamler et al., 2003). Such interactions can threaten the

∗ Corresponding author. Tel.: +1 407 823 4334; fax: +1 407 823 5769.
E-mail address: jroth@mail.ucf.edu (J.D. Roth).

success of reintroduction of endangered species to their native
range (Moruzzi et al., 2003).

Reviews of sympatry in canids have examined how
resources and space are partitioned among competing species
(Johnson et al., 1996; Crabtree and Sheldon, 1999). Dynamic
changes in distribution and abundance of canids, combined
with reintroductions and removal efforts, have provided
opportunities to assess how changes in canid assemblages
affect the use of space and other resources among coexist-

0304-3800/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolmodel.2008.03.011
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ing carnivores (Carbyn, 1982; Dekker, 1983, 1989; Harrison et
al., 1989; Arjo and Pletscher, 1999). In general, these stud-
ies reveal that species with larger body size are dominant
over smaller species, although a numerical advantage in the
smaller species can override benefits of larger body size.
Smaller canids tend to avoid larger ones by spatial and tem-
poral habitat partitioning, which may not decrease dietary
overlap but may reduce agonistic (and potentially lethal) inter-
actions with the dominant competitor (Dekker, 1989; Arjo and
Pletscher, 1999; Tannerfeldt et al., 2002). These competitive
effects can be most easily detected between species that are
closest in size (Peterson, 1995).

The red wolf (Canis rufus) is an endangered species that
currently is found in the wild in a single carefully managed
population in eastern North Carolina (Phillips et al., 2003). Red
wolves were extirpated from the wild in the 1960s, when the
last remaining individuals were translocated to a captive facil-
ity and propagated through a captive breeding program that
continues to this day (Phillips et al., 2003). Red wolves were
reintroduced to North Carolina starting in 1987, and the wild
population has continued to expand during the last 20 years
(Stoskopf et al., 2005). Historically, red wolves ranged through-
out the southeastern United States and had little contact with
coyotes (C. latrans), which evolved in the central plains (Parker,
1995; Nowak, 2002). However, following eradication of both
red wolves and gray wolves (C. lupus) throughout much of
their range, coyotes expanded their distribution to encompass
most of the North American continent (Parker, 1995), includ-
ing much of the former range of red wolves. Coyotes currently
occupy portions of the red wolf recovery area, and hybridiza-
tion with coyotes is considered a serious threat to the recovery
effort (Miller et al., 2003; Phillips et al., 2003; Fredrickson and
Hedrick, 2006). However, coyotes also are potential competi-
tors with red wolves, being of comparable body size, feeding
on similar prey, and having comparable habitat and space
requirements as red wolves. Indeed, because aggressive inter-
actions have been observed between red wolves and coyotes
in areas where wolves have been reintroduced (Henry, 1995,
1998), interference competition likely plays an important role
in the dynamics of these species where they co-occur. There-
fore, an understanding of the potential effects of interspecific
competition on red wolf space use and population trends is
important from the perspective of successful reintroduction
of the species.

We investigated the competitive interactions between
sympatric red wolves and coyotes using a spatially explicit
stochastic simulation model. Stochastic simulation models
can be valuable for addressing conservation problems when
available data are scant and our understanding of the prob-
lem is incomplete (Starfield and Bleloch, 1991). Such models
can help clarify fundamental interactions and identify which
data are most critical to collect, and can serve to evaluate ben-
efits of various management scenarios even in the absence of
apparently crucial data (Starfield et al., 1995).

2. Background biology

Model structure and parameters were derived from infor-
mation gathered by the red wolf restoration program in

northeastern North Carolina (Phillips et al., 2003; U.S. Fish and
Wildlife Service, unpublished data) and from other published
information on coyotes, red wolves, gray wolves, and inter-
actions among these species. In this section we review the
relevant background biology upon which the model was based.

Wolf and coyote groups usually consist of an adult breeding
pair, their pups, and non-breeding subadults that are offspring
from the previous year (Mech, 1970; Nowak, 1999). These fam-
ily groups typically share a home range and defend an area
within that home range (Crabtree and Sheldon, 1999; Phillips
et al., 2003). Territory sizes of wolves and coyotes vary greatly
across large geographical areas and are most influenced by
local prey abundance and wolf or coyote density (Fuller and
Murray, 1998; Crabtree and Sheldon, 1999). In gray wolves,
home range size increases with pack size (Ballard et al., 1987;
Peterson et al., 1984). Regression analyses of data from gray
wolves in south-central Alaska found that each additional
pack member required a 17% increase in space over that
required by the breeding pair (Ballard et al., 1987).

Home ranges of 30 red wolf packs in northeastern North
Carolina averaged 111 km2 (range: 27–255 km2) in the early
2000s, compared to 99 km2 (range: 22–360 km2) in the early
1990s (T. Steury, unpublished data; home ranges were based
on the 95% isopleth of the pack utilization distributions esti-
mated using the kernel density method with a fixed kernel
size and a root-n bandwidth estimator; Worton, 1989; Wu and
Tsai, 2004; Hemson et al., 2005). Coyote home ranges typi-
cally range between 2 and 20 km2 (Crabtree and Sheldon, 1999)
and often exhibit overlap at the outer edges, but territorial
core areas generally do not show any overlap (Crabtree and
Sheldon, 1999; Chamberlain et al., 2000). Likewise, sympatric
coyotes and gray wolves, or red foxes and coyotes, may have
partial home range overlap even though core areas generally
are exclusive (Carbyn, 1982; Harrison et al., 1989; Arjo and
Pletscher, 1999; but see Paquet, 1991).

Coyotes and red wolves are monestrous, with a single lit-
ter usually being produced per social group (Crabtree and
Sheldon, 1999; Phillips et al., 2003). The reproductive rate
(probability of a given pack producing a litter) of red wolf
packs in northeastern North Carolina averaged 53% from
1988 to 2004, and litter sizes averaged 3.92 (n = 105), rang-
ing from 1 to 10 (U.S. Fish and Wildlife Service, unpublished
data). Coyote reproductive rates are slightly higher, given
that up to 80% of adult female eastern coyotes may breed
and bear young each year (Parker, 1995). Coyote litter size
at birth averages about 6 pups/year, with an even sex ratio
(Beckoff, 1977; Sacks, 2005) and appears to be relatively insen-
sitive to changes in prey abundance (Crabtree and Sheldon,
1999).

Because only one pair breeds within a wolf or coyote pack,
the incentive for other group members to disperse and estab-
lish their own territory is high. In coyotes, delayed dispersal
(until the second year) is more common in saturated popula-
tions where available territories may be few (Parker, 1995), and
therefore in low-density populations most individuals may
disperse during their first year. In gray wolves where the pop-
ulation is expanding, young wolves rarely remain with their
parental pack past breeding age (22 mo; Fritts and Mech, 1981).
Extra-territorial excursions beyond the established pack home
range prior to dispersal are common in gray wolves (Messier,



Author's personal copy

e c o l o g i c a l m o d e l l i n g 2 1 4 ( 2 0 0 8 ) 391–403 393

1985; Fuller, 1989), and dispersing gray wolves may occasion-
ally join a neighboring pack (Stahler et al., 2002).

Annual survival rates calculated from 408 radio-collared
red wolves in northeastern North Carolina (1987–2001) were
0.678, 0.793, and 0.806 for pups, yearlings, and adults, respec-
tively (D. Murray, unpublished data). Since pups were born in
spring and not collared until fall, early pup mortalities were
not included in this calculation, resulting in an overestimate of
pup survival. Survival of non-resident wolves is less than half
that of residents (D. Murray, unpublished data). For coyotes, pup
survival varies with human exploitation and may be 20–60% in
populations with low human-related mortality (Crabtree and
Sheldon, 1999). Adult mortality in unexploited coyote popula-
tions can range from 9 to 10% (Crabtree and Sheldon, 1999) to
40% (Knowlton, 1972).

Intraspecific strife is the most common natural cause
of death for red wolves (U.S. Fish and Wildlife Service,
2005). Interspecific aggression between similar-sized sym-
patric canids also is common, and larger-bodied canids can
be an important source of mortality for smaller canid species
in the same area (Carbyn, 1982; Dekker, 1983, 1989; Arjo and
Pletscher, 1999). Such dynamics can affect space use patterns,
social structure, and population size. Aggressive interactions
observed between red wolves and coyotes (Henry, 1995, 1998)
indicate that interference competition may influence dynam-
ics of these species where they co-occur.

Coyotes are about 2/3 the size of red wolves; body mass
ranges from 9 to 20 kg for coyotes and 20 to 36 kg for red wolves
(Beckoff, 1977; Nowak, 1999). Little is known about the diet
of either species in the area of sympatry in North Carolina,
although coyotes are known to have very diverse food habits
(Beckoff, 1977; Phillips et al., 2003).

3. Model description and assumptions

3.1. Purpose

The purpose of our model was to investigate factors that
could potentially affect red wolf space use patterns and
success of the recovery program, including presence of
coyotes and potential management activities designed to
control coyote populations. We also evaluated which model
parameters and assumptions had the largest effect on rein-
troduction success to help guide future field data collection
efforts.

3.2. State variables, scales, and scheduling

The model assumed a landscape of continuous space and
homogeneous habitat (initially 50 km × 50 km). Territories
were modeled as a circle because in such a homogeneous
landscape, a circular territory would be the most economi-
cally defensible (smallest perimeter/area ratio). The basic unit
of analysis in the model was the pack; pack members shared
a home range and defended a core area within it (Fig. 1). For
each pack, the model tracked group size and numbers in each
age class, but not individual animals. Thus, the state variables
(per group) included the species (wolf or coyote), number of
individuals in each age class (pups 0–1 years, yearlings 1–2

Fig. 1 – Simulated landscape of red wolf (open circles) and
coyote (shaded circles) territories in a homogeneous
habitat. Inner core areas (dotted lines) are defended.

years, adults >2 years), the territory center (x, y coordinate)
and radius.

We assumed an even sex ratio and explicitly included only
females in the model (as is customary for models of animal
populations, since only females produce offspring). The time
step of the model was one year, and the annual sequence of
events was reproduction, mortality, inter-pack conflict, disper-
sal, and maturation (Fig. 2), based on the annual timing of
these events in wild populations (U.S. Fish and Wildlife Ser-
vice, unpublished data). Each of these processes is described
more fully below. Exploitative (resource) competition was
implemented as a density-dependent effect on reproduction.
Interference competition between adjacent groups occurred
through expansion of territory size with an increase in group
size. Most simulations ran for 50 years.

3.3. Initialization, home range and territory size

At the beginning of each simulation a home range size and
location was determined for each member of the initial pop-
ulation (first red wolves, then coyotes). The radius of each
new wolf territory was randomly chosen between a minimum
and maximum corresponding to territory size of 25–255 km2.
Coyote territory sizes were determined similarly between 2
and 20 km2. Initial territory locations were determined ran-
domly, with the caveat that no territory could be partly or
fully off the available landscape. Territory locations were fur-
ther constrained such that no core area could overlap with
any part of any other territory. Core area was defined as a
smaller concentric circle within the territory, initially set at
22% of the area of the territory (the 50% kernel) for red wolves
and 18% for coyotes (Chamberlain et al., 2000; Steury et al.,
unpublished data). Thus, some territorial overlap could occur,
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Fig. 2 – Annual sequence of events in model.

but core areas were held exclusively by the resident group
(Fig. 1). Core overlap occurred if the centers of two territories
were closer than the minimum of two distances, d1 and d2,
where d1 = r1 + c2, d2 = r2 + c1, ri is the radius of territory i, and
ci is the radius of the core area of territory i. If core overlap
occurred between the new territory and any previously estab-
lished territory, a new size and location were randomly chosen
and tested for core overlap with all other groups. Founding
individuals were considered adults. After 40 failed attempts
to establish a territory without any overlap of core areas
(twice the dispersal endurance, defined below), the individ-
ual joined a previously established group of same species as a
yearling.

3.4. Reproduction and survival

We used a model derived from reproduction data collected
from free-ranging red wolves in northeastern North Car-
olina to calculate the probability of a given pack producing
a litter each year. Pack reproduction was not a function
of pack size (logistic regression, effect of pack size: �2

1 =
0.99, P = 0.32), but was affected by population size. Pack
reproduction decreased with increasing wolf population size
according to the following model (T. Steury, unpublished data):
ln(p/(1 − p)) = 1.107 − 0.017 × N, where p is the probability a
pack will successfully produce a litter that year and N is
the population size (logistic regression; effect of population
size: �2

1 = 4.24, P = 0.039; n = 198 pack-years; Fig. 3a). With this
model, the maximum pack reproductive rate is 75.2%. We
modeled coyote reproduction using the same function used
for red wolves but with a maximum reproductive rate of 80%
and a more slowly decreasing response to increasing popu-
lation size (ln(p/(1 − p)) = 1.386 − 0.013 × N; Fig. 3a), since their

Fig. 3 – Probability of (a) pack reproduction and (b) wolf
dispersal.

smaller body size and correspondingly lower resource require-
ments suggest that each additional coyote should have a lesser
density-dependent impact on reproduction.

If red wolves and coyotes overlap in resource use, the popu-
lation size used in this equation should actually be a function
of both species. We assumed that the competitive impact of
coyotes on red wolves was determined by a competition coef-
ficient (˛ < 1; Gotelli, 2001) such that N = 2(Nw + ˛Nc), where N
is the population size used in the pack reproduction equa-
tion, Nw is the number of female red wolves in the model,
and Nc is the number of female coyotes. To parameterize
the competition coefficient we considered only the impact of
resource exploitation, as overt conflict (interference compe-
tition) was included elsewhere in the model. If diet overlap
between species were 100% and energy requirements per unit
biomass were similar for both species, then ˛ should be ∼0.66
based on relative body size. Since dietary overlap is unknown,
the model initially assumed ˛ = 0.3. Although red wolves may
compete with coyotes for food or space, wolves also may
supplement coyote populations by providing carrion (Paquet,
1992; Wilmers et al., 2003). Therefore, we assumed that the net
competitive effect of red wolves on coyotes through resource
exploitation was 0.

For packs in the model that successfully reproduced, litter
size (of females) at birth was randomly chosen between 1 and
5 for wolves and 1 and 6 for coyotes. Following reproduction,
all individuals were subjected to a survival probability. The
model assumed wolf survival rates of 0.5 for pups and 0.8 for
yearlings and adults. Coyote pup survival was similar to that
of red wolves (0.5), and each yearling and adult coyote in the
model was initially given a 0.7 survival probability (Windberg,
1995).
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3.5. Inter-group aggression

We modeled intraspecific and interspecific aggression through
expansion and contraction of territory size with changes in
group size. Our model assumed that each individual (female)
added to a group would increase territory size by up to 17%
of the area required by a single female (the actual increase
for each individual was chosen randomly between 0 and 17%).
Likewise, losses due to dispersal or mortality decreased terri-
tory size by a similar amount.

If increases in territory size caused core overlap (as defined
above) between adjacent groups, the model assumed aggres-
sion between those groups and resulted in the death of at
least one individual. Aggression occurred prior to dispersal,
when group sizes were at a maximum and offspring would
have neared adult size. We simulated intraspecific as well as
interspecific conflict. The larger body size of red wolves should
give them an advantage in conflicts with coyotes, so the rela-
tive biomass of overlapping groups was used to determine the
outcome of the conflict in the model. Body mass ranges from
9 to 20 kg for coyotes and 20 to 36 kg for red wolves (Beckoff,
1977; Nowak, 1999), so the model randomly assigned a mass
between those ranges for each adult or yearling member of
interacting groups, and the sum total biomass of each group
(ignoring pups) determined the winner of the conflict (if the
biomass was equal, the group that recently expanded lost).
This same mechanism was used for adjacent groups of the
same species as well as different species. Losing groups suf-
fered the loss of one individual, and the territory size of that
group decreased by 9–17% of the territory size. If core areas of
the neighboring groups still overlapped, relative biomass was
again calculated, another mortality occurred, and territory
size of the losing group decreased correspondingly. This inter-
action continued until the core areas no longer overlapped or
all members of one group were killed.

3.6. Dispersal

We assumed that all members of a group, except one adult
female, potentially could disperse. We calculated red wolf dis-
persal probability using a model derived from data collected
in northeastern North Carolina (U.S. Fish and Wildlife Service,
unpublished data). The best logistic model, as determined using
AIC, was a function of age class, sex, pack size, and pack size2

(AIC = 740.03, n = 1041 wolves per year across 17 years; �AIC
for all other models >9.69). This best model (Fig. 3b) describ-
ing the probability that female of age class a dispersed (pa) was
ln(pa/(1 − pa)) = Ca + 0.25768G − 0.01369G2, where G is the group
size and Ca is a constant for that age class (pups = −2.936,
yearlings = −1.379, adults = −3.051). Therefore, to determine
potential dispersers in each simulation this probability was
calculated for every wolf except one adult female per group.

For coyote dispersal, we used a function derived by Pitt et
al. (2003) based on several observations that group size affects
the probability a coyote will disperse: pd = 0.05 × G2, where G is
total group size (males + females) and pd is the probability that
an individual disperses. Thus, assuming an even sex ratio, for
packs with >2 females the dispersal probability was 100% for
all but one resident. For packs with exactly two females, one
female had an 80% chance of dispersal and the other remained

in the current territory. In a group with one female there was
no dispersal.

We imposed an additional mortality rate on dispersers.
Disperser survival was 0.5 for red wolves and 0.6 for coyotes
(F. Knowlton, U.S. Department of Agriculture, personal com-
munication). We randomly determined the order of dispersal
among all surviving dispersers of each species in all groups,
to prevent bias in the amount of space available to a potential
disperser of either species or any group.

A dispersal attempt occurred as follows: direction of disper-
sal was chosen randomly; size of the disperser’s new territory
was determined randomly between the minimum and max-
imum for that species; initial dispersal distance was chosen
randomly between the minimum possible distance (old ter-
ritory radius plus the radius of the new core area) and an
additional distance past that minimum equal to the diame-
ter of the new territory. If no core overlap occurred between
the new territory and any existing territory of either species,
the territory became established at that location. If overlap of
core areas did occur, the disperser could not settle there and
had to seek a new unoccupied area. The only exception was
if the core area overlap occurred between a dispersing wolf
and a single coyote. Then, the coyote was usurped by the wolf
and the coyote became nomadic. Otherwise, a new random
direction and distance were chosen from the current location
(or from the natal territory if the location was off the edge of
the available habitat) and the new location was again com-
pared with occupied territories. This process continued until
the disperser either colonized a new territory or exhausted its
endurance (i.e., the number of new locations tested exceeded
some maximum, initially set at 20). Thus, the disperser could
travel a long distance from the natal territory. This dispersal
strategy created a neighborhood effect such that areas near-
est the natal territory would be colonized first, if possible. This
method also effectively allowed dispersal, dispersal distance,
and group size to become density-dependent. A disperser that
was unable to find an unoccupied area before exhausting its
endurance was added to a pre-existing group (of same species)
at random.

After dispersal, any coyotes forced to become nomadic by
dispersing red wolves were subjected to an additional mor-
tality factor equivalent to dispersal mortality. For simulations
including immigration by coyotes, a predetermined number of
immigrants were added to the nomads. The model attempted
to find a new territory for these nomads using the same pro-
cedure as for dispersers. If an unoccupied area was not found
after a predetermined number of attempts (twice dispersal
endurance), the nomad joined another coyote group at ran-
dom.

3.7. Model simulations

Each simulation (a particular combination of parameter val-
ues) was replicated 1000 times. The aggregated variables
calculated for each species at the end of each replicate
included population size, number of groups, mean group
size, mean territory size, year the population reached 50
females (if it did), and year of extinction (if extinct). Since
the model included females only, actual population size and
group size would be approximately double what is reported
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below. Additional aggregated variables calculated each year
of each replicate included average dispersal rate (number of
dispersers per pack), dispersal distance, and deaths due to
agonistic interactions.

We initially explored the model with only red wolves
present to ensure that it conformed with known dynamics
and space use patterns of red wolves. We explored the effect of
several parameters in the model to determine which assump-
tions had the greatest impact on model outcomes. Simulating
all possible combinations of values for each parameter would
involve a parameter space much too large for a systematic
investigation, so we chose several values of each parameter of
interest to represent plausible scenarios based on our under-
standing of canid biology.

We then investigated the impact of coyotes on red wolf
populations under two scenarios; in the first case we started
with a small founding wolf population of five females and
tracked its likelihood of becoming established in the pres-
ence of coyotes; in the second we assumed 50 female wolves
became established in the absence of coyotes and we inves-
tigated the impact of coyotes immigration and settlement
into the area. Since adding a second species to the model
has a multiplicative effect on the parameters that could be
investigated, we restricted our analysis to a select number
of parameters to explore plausible scenarios under which
canids may interact. These decisions about plausible param-
eter values and scenarios to investigate were based on the
literature, our own experience, and discussions with and
feedback from the red wolf recovery team (Stoskopf et al.,
2005).

4. Results

4.1. Single-species simulations

We ran the model using the default parameter set (Table 1)
for 5, 10, 20, 30, 50, and 100 years to illustrate the relation-
ships among the output variables (Fig. 4). As wolf numbers
increased, habitat became saturated and thereby decreased
mean home range size, as dispersers seeking large territories
became less likely to find sufficient space than those seek-

Fig. 4 – Simulation output using default parameter values
in Table 1. Each point is the mean of 1000 replicates; error
bars are 1 SE (rarely visible). Home range is in km2 and
dispersal distance in km. The number of wolves killed per
pack by agonstic interactions (killed), the proportion of
packs that reproduced (reproduced), and the number of
dispersers per pack (dispersed) are averaged over all years
for all 1000 replicates.

Table 1 – Initial (default) parameter set used in simulations; 2500 km2 habitat available, 50 years

Parameter Typea Wolf value Coyote value

Range of territory sizes (km2) Random 25–255 2–20
Core area (% of territory) Fixed 22 18
Per capita change in home range size (%) Random 0–17 0–17
Initial population size (females) Fixed 5 5
Maximum probability of producing a successful litter Fixed 0.71 0.8
Range of litter sizes (female pups only) Random 1–5 1–6
Pup survival Probability 0.5 0.5
Adult/yearling survival Probability 0.8 0.7
Disperser survival Probability 0.5 0.6
Maximum dispersal attempts before joining another group Fixed 20 20
Body mass (kg) Random 9–20 20–36

a Random = the value was determined randomly between a minimum and maximum; fixed = value remained constant throughout a given
simulation; probability = parameter interpreted as a probability.
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Table 2 – Sensitivity of model output (red wolves only) to several parameter estimates

Parametera Value Populationb Home
rangeb

Packsb Pack
sizeb

Dispersersc Distancec Killedc Extinctions

Initial size of population 5 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
10 48.5 49.4 22.4 2.2 0.21 18.3 0.55 0
20 48.6 49.1 22.5 2.2 0.20 19.1 0.63 0
50 49.0 48.2 22.8 2.2 0.20 19.7 0.66 0

100 49.0 47.9 22.9 2.2 0.20 19.7 0.56 0

Area (km2) 900 31.3 37.2 10.8 2.9 0.25 9.5 0.30 0
1600 41.2 43.3 16.8 2.5 0.23 13.9 0.41 0
2500 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
3600 52.0 58.7 26.0 2.0 0.20 19.3 0.49 0
6400 56.4 75.6 30.4 1.9 0.20 20.0 0.43 0

10000 58.1 88.1 32.1 1.8 0.20 19.1 0.34 0

Home range minimum 15 52.0 40.0 25.6 2.0 0.21 16.5 0.48 0
25 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
50 40.4 74.8 16.1 2.5 0.22 17.6 0.43 1

Per capita change in home range 0% 49.6 56.8 22.4 2.2 0.21 17.7 0.00 1
8% 48.3 54.9 21.9 2.2 0.21 17.6 0.26 1

17% 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
25% 47.7 47.1 22.2 2.2 0.21 17.1 0.65 0
34% 46.8 45.0 21.9 2.1 0.21 16.8 0.79 0
50% 45.9 42.4 21.5 2.1 0.21 16.3 1.01 1

Pup survival 0.2 6.5 62.8 3.9 1.2 0.09 4.9 0.04 295
0.3 26.1 65.5 13.9 1.9 0.12 11.4 0.17 23
0.4 39.5 55.5 19.4 2.1 0.20 15.4 0.34 2
0.5 47.9 50.5 22.0 2.2 0.21 10.4 0.48 0
0.6 53.9 47.9 23.6 2.3 0.22 19.5 0.59 1
0.7 59.0 46.0 24.8 2.4 0.24 54.1 0.71 0

Adult/yearling survival 0.5 6.6 54.6 3.3 1.3 0.19 6.6 0.08 363
0.6 19.5 70.9 9.4 2.0 0.21 10.9 0.18 61
0.7 33.7 59.9 16.1 2.1 0.21 14.6 0.34 5
0.8 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
0.9 66.1 44.1 28.4 2.3 0.21 19.3 0.55 0

Disperser survival 0.25 35.3 64.0 14.9 2.4 0.12 10.8 0.29 1
0.50 48.1 50.4 22.1 2.2 0.21 17.4 0.47 1
0.75 55.8 44.8 26.5 2.1 0.30 19.5 0.57 0

Dispersal attempts (max) 1 30.4 57.5 10.1 3.1 0.25 12.9 0.11 2
5 40.7 54.7 16.2 2.5 0.23 15.4 0.26 1

10 44.8 52.3 19.2 2.4 0.22 16.4 0.36 1
20 47.9 50.5 22.0 2.2 0.21 17.3 0.48 0
40 50.8 49.1 24.8 2.1 0.21 18.0 0.60 0

100 53.3 47.4 27.7 1.9 0.20 18.6 0.74 1

a Values of other parameters listed in Table 1. Default values in bold.
b Mean of 1000 replicates at the end of 50 years. Home range is km2.
c The number of dispersers per pack, dispersal distance (km), and number of wolves killed by intraspecific aggression are averaged over each

year in all replicates. Extinctions are the number of replicates in which the population went extinct.

ing smaller territories. Pack reproductive rates also decreased
as the population grew, and dispersal distance and intraspe-
cific agonistic interactions increased. Extinctions were highly
unlikely, occurring in <0.1% of the simulations using the
default parameter set.

We examined the relationship between output variables by
correlating 50-year simulations using our default parameter
set. All outputs were correlated (p < 0.0001). At the end of 50
years, population size was positively correlated with number
of groups (Pearson r = 0.602) and group size (r = 0.526), but num-
ber of groups and group size were negatively correlated with
each other (r = −0.352). Home range size was negatively corre-

lated with population size (r = −0.211) and number of groups
(r = −0.571), as a smaller mean territory size allowed more
groups to fit the landscape, but home range size was posi-
tively correlated with group size (r = 0.365). Thus, we concluded
that basic model dynamics followed general patterns observed
among free-ranging canid populations.

We next explored model sensitivity to changes in several
parameter values (Table 2). Increasing founding population
size from 5 up to 100 (over twice what could be supported
in the habitat) had little effect on output after 50 years other
than increasing mean dispersal distance by up to 1.4 km,
increasing number of wolves killed by intraspecific aggression



Author's personal copy

398 e c o l o g i c a l m o d e l l i n g 2 1 4 ( 2 0 0 8 ) 391–403

by up to 37% (but still <1 per year), and slightly increasing
population size (Table 2). Increasing habitat availability and
decreasing space requirements (minimum home range size)
had similar qualitative effects on the wolf population; number
of wolves, packs, and wolves killed annually by intraspecific
aggression all increased, while pack size decreased (Table 2).
However, a >10-fold increase in available habitat (from 900 to
10,000 km2) less than doubled wolf numbers, with the increase
in wolf numbers after 50 years leveling off for the largest areas.
Home range and dispersal distance increased with amount of
habitat available, but decreased with lessened space require-
ments. Larger amounts of additional space required for each
individual added to the pack (per capita change in home
range) had the greatest effect on number of wolves killed by
intraspecific aggression (Table 2), with the increased aggres-
sion between adjacent packs resulting in smaller populations
(up to 4 fewer wolves) with smaller mean home ranges
(>14 km2 smaller).

Final population sizes were most strongly affected by
changes in survival. Increased survival of pups, adults, and
dispersers all increased the number of wolves and packs, up
to a nearly 10-fold increase across the range of survival rates
examined, thereby decreasing home range size (Table 2). Pack
size increased with survival of pups and adults (doubling over
the range of pup survival rates examined), but decreased with
increasing disperser survival (Table 2). Extinctions were much
more common with low pup and adult survival, with a 36%
extinction rate at the lowest adult survival examined (50%).
No changes in other demographic parameters had a substan-
tive effect on the extinction probability of the wolf population
(Table 2).

Dispersal persistence (maximum number of new loca-
tions each disperser tested for overlap with existing core
territories) was the parameter for which the least empirical
evidence exists in the single-species simulations. As disper-
sal persistence increased, dispersers moved farther from the
natal range (up to 6 km) and wolf numbers increased by
up to 75%. Thus, habitat became increasingly saturated as
dispersers were more likely to find vacant habitat to colo-
nize. The increased colonization success reduced the mean
pack size from >3 females to <2 females across the range
of values examined and reduced territory size by ∼10 km2

(Table 2).

4.2. Two-species simulations

We investigated the impact of coyotes on red wolf popula-
tions under two scenarios; in the first case we started with
a small founding wolf population of 5 females and tracked
its likelihood of becoming established in the presence of coy-
otes; in the second we assumed 50 female wolves became
established in the absence of coyotes and we investigated
the impact of coyotes immigration and settlement into the
area. Since adding a second species to the model has a multi-
plicative effect on the parameters that could be investigated,
we restricted our analysis to a select number of parame-
ters to explore plausible scenarios under which canids may
interact.

Coyotes had a marked effect on red wolves in both a
small founding population and a large established population.

Adding coyotes lowered the number of wolves and wolf packs
by >40% and increased mean wolf home range size by 9–12%
(Table 3). The effect of coyotes on small and large wolf popu-
lations differed very little, although red wolf extinction rates
were slightly higher with a small founding wolf population,
especially with high coyote numbers (up to 0.8%). However,
further increases in the number of coyotes had little effect
on model output for either species (Table 3). Increasing the
amount of available habitat increased the number and home
range size of wolves, with wolf numbers nearly doubling as
available habitat increased from 900 to 3600 km2 and then lev-
eling off with additional increases in area (Table 3). Coyote
numbers and home range also increased with available habi-
tat, but to a lesser degree. With only small areas of habitat
available, extinction rate of wolves increased in the presence
of coyotes (up to 1.4%).

The simulation results were quite sensitive to assumptions
of the competitive impact of coyotes on red wolves (Table 3).
As coyotes competed more strongly with wolves (˛ increased
up to 0.6), wolf numbers declined to 18% of the population size
assuming no competition (˛ = 0) and probability of extinction
increased to nearly 15%. Coyote immigration also affected wolf
populations (Table 3). As the annual number of coyote immi-
grants increased from 0 to 20, numbers of wolves decreased
linearly (by 4–5 wolves with every 10 additional coyotes) and
the wolf extinction rate increased to 3.4% in small found-
ing populations. Wolf populations that were already large
prior to the influx of coyotes were less susceptible to extinc-
tion due to coyote immigration, although their numbers still
declined. Coyote numbers increased with additional immi-
grants at the same rate regardless of initial number of wolves
(Table 3).

4.3. Coyote management

We investigated how coyote populations could be manipu-
lated to enhance red wolf reintroduction by evaluating the
efficacy of management options. To enhance the need for
management, we included immigration of 5 coyotes per year
and increased the competitive impact of coyotes on red wolves
to 0.4.

One management option is to remove coyotes from the
reintroduction area. Although the success of coyote removal
attempts in North America has been limited (Parker, 1995),
increased coyote mortality through human intervention could
limit numbers and thereby allow a red wolf population
increase. We simulated human-related coyote mortality by
decreasing survival of adult and yearling coyotes, starting
with a population of either 5 or 50 females of each species.
Decreasing coyote survival to 10% decreased coyote num-
bers to 40% of the pre-management population size, which
more than doubled wolf numbers (Table 4). The impact
on red wolves was even greater when a small founding
population was simulated, with a 2.3-fold increase in num-
bers and a drop in the extinction probability from 3.2%
to nearly zero (Table 4). Coyote extinctions were prevented
in these simulations by the annual influx of new immi-
grants.

Surgical sterilization of coyotes has also been used as a
management tool for coyote populations (Bromley and Gese,
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Table 3 – Model outputa with coyotes included

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Initial coyote population
size (5 wolves)

0 48.1 50.4 22.1 1 0.0

5 27.1 55.7 13.5 2 80.4 6.8 66.0 0
10 27.2 56.0 13.4 0 80.0 6.9 65.7 0
20 26.5 56.2 13.3 6 80.2 6.9 65.8 0
50 26.6 56.0 13.3 8 80.6 6.9 66.0 0

Initial coyote population
size (50 wolves)

0 48.9 48.3 22.8 0 0.0

5 28.8 53.0 14.4 0 79.6 6.8 65.1 6
10 28.3 52.7 14.3 0 79.7 6.9 65.4 0
20 28.6 52.7 14.4 0 80.5 6.9 66.0 0
50 28.3 53.2 14.2 0 80.1 6.8 65.8 0

Area available (km2) 900 15.5 38.0 6.0 14 73.8 5.0 56.3 3
1600 22.9 46.2 10.3 5 77.5 6.1 62.0 2
2500 27.3 55.5 13.6 1 79.9 6.9 65.5 0
3600 29.7 65.3 15.7 0 81.5 7.3 67.8 0
6400 31.8 82.7 17.6 1 84.1 7.8 70.2 0

10000 31.6 92.7 17.6 3 85.4 8.0 71.8 0

Competition coefficient 0 46.4 46.8 20.7 1 77.2 6.5 62.2 3
0.1 39.8 48.9 18.4 2 77.9 6.6 63.1 1
0.2 33.6 51.8 16.1 1 78.9 6.8 64.3 3
0.3 27.1 55.7 13.5 2 80.4 6.8 66.0 0
0.4 20.9 59.8 10.8 10 81.0 7.0 66.8 2
0.5 14.1 62.7 7.6 32 82.5 7.2 68.5 1
0.6 8.1 57.5 4.5 149 83.8 7.2 70.2 2

Coyote immigrants/year
(5 wolves)

0 27.1 55.7 13.5 2 80.4 6.8 66.0 0

1 26.7 55.7 13.3 1 83.2 6.9 68.8 0
5 24.1 57.2 12.2 6 92.3 7.0 78.7 0

10 21.7 58.7 11.2 11 102.5 7.0 89.9 0
20 16.4 63.2 8.7 34 121.8 6.9 111.5 0

Coyote immigrants/year
(50 wolves)

0 28.5 52.3 14.3 0 80.0 6.9 65.6 4

1 27.7 53.0 14.0 0 82.6 6.9 68.2 0
5 25.5 55.0 13.0 0 92.2 7.0 78.5 0

10 23.1 56.4 12.0 1 102.2 6.9 89.4 0
20 18.8 61.8 10.0 2 121.5 6.8 110.9 0

a Population size, home range, and number of packs are the mean of 1000 replicates of the model run for 50 years. Extinctions are the number
of replicates in which the population went extinct.

b Default values in bold.

2001a,b), and has been used opportunistically in the context of
reducing introgression of coyote genes in the North Carolina
red wolf population (U.S. Fish and Wildlife Service, unpub-
lished data; Stoskopf et al., 2005). We simulated sterilization
by reducing maximum reproductive rate of coyotes from our
default value of 0.8. Starting with populations of either 5 or
50 of each species, we decreased maximum coyote reproduc-
tive rate (probability of producing a litter) every year for 50
years. The impact of coyote sterilization was similar to that
of coyote removal (Table 4). Dropping the maximum coyote
reproductive rate to 20% decreased coyote numbers to 27% of
their pre-management levels in both small and large initial
populations, which increased wolf numbers 2.5- and 2.3-fold
in small and large initial populations, respectively (Table 4).
Red wolf extinction risk was again highest (3.1%) in small pop-
ulations with high coyote reproductive maxima, but decreased
to zero with sufficient decrease in coyote reproduction
(Table 4).

5. Discussion

Under the assumptions of these models, the mere presence of
coyotes on the landscape reduced red wolf population viabil-
ity. However, the strength of the coyote impact on red wolves
was particularly sensitive to assumptions of the degree of
resource exploitation (i.e., competition coefficient) between
the two species. In our model, the degree to which coy-
otes usurp resources used by red wolves determined their
effect on red wolf reproduction, and therefore population
growth. We assumed that resource competition was the mech-
anism by which coyotes would have the greatest impact on
wolf reproduction, and simulated this impact using a simple
competition coefficient similar to that used in several other
competition models (e.g., Gotelli, 2001).

The competition coefficient represents per capita effect of
one species on another’s population growth rate (Gotelli, 2001).
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Table 4 – Effect of managementa, simulated by adjusting coyote survival and reproductive rates

Parameterb Value Red wolves Coyotes

Population
size

Home
range

Packs Extinctions Population
size

Home
range

Packs Extinctions

Adult survival (5 wolves, 5
coyotes)

0.1 35.8 53.5 17.3 1 37.0 8.0 29.5 0

0.3 31.1 55.0 15.3 0 49.2 7.8 39.4 0
0.5 25.0 57.4 12.6 7 67.0 7.6 54.8 0
0.7 15.5 60.8 8.2 32 94.2 7.2 81.0 0

Adult survival (50 wolves,
50 coyotes)

0.1 36.2 51.4 17.6 0 37.2 8.0 29.7 0

0.3 32.0 52.4 15.8 0 49.7 7.8 39.7 0
0.5 26.2 55.0 13.3 0 67.2 7.5 55.0 0
0.7 17.9 60.3 9.5 3 93.6 7.2 80.1 0

Max reproductive rate (5
wolves, 5 coyotes)

0.2 40.0 53.8 19.1 0 24.9 8.0 23.2 0

0.4 34.8 55.6 17.0 2 40.3 7.7 36.0 0
0.6 27.4 58.9 13.7 3 61.5 7.4 53.5 0
0.8 15.9 62.2 8.5 31 93.9 7.2 80.7 0

Max reproductive rate (50
wolves, 50 coyotes)

0.2 40.9 51.6 19.8 0 25.1 8.0 23.4 0

0.4 35.7 53.2 17.7 0 40.6 7.7 36.2 0
0.6 28.0 55.9 14.2 0 61.5 7.5 53.5 0
0.8 17.8 60.0 9.5 5 93.2 7.2 79.9 0

a Each output is the mean of 1000 replicates of the model run for 50 years, with ˛ = 0.4 and 5 coyote immigrants per year. Extinctions are the
number of replicates in which the population went extinct (initial population sizes in parentheses).

b Default values in bold.

Competition coefficients have been estimated in the field
based on dietary overlap alone (MacArthur and Levins, 1967) or
including feeding rates and relative availability of food types in
the environment (Schoener, 1983; Spiller, 1986). These meth-
ods of estimating competition coefficients reflect consumptive
competition, which occurs when food is limited and individu-
als reduce another’s intake of food via exploitation (Schoener,
1983). Interaction coefficients between species have also been
estimated using regression models based on either census of
population sizes at one point in time over many sites (static
models) or population changes over time (dynamic models)
to examine whether per capita changes in one species are
associated with the abundance of other species (Pfister, 1995;
Shenbrot and Krasnov, 2002). The dynamic approach may indi-
cate exploitative competition, whereas the static approach
could reflect negative interspecific spatial association (inter-
ference; Shenbrot and Krasnov, 2002). Coyotes could affect
red wolf populations through both mechanisms of compe-
tition, either through consuming limited food sources or by
occupying space and thwarting the establishment of ter-
ritories by dispersing red wolves. However, very few field
data are available for determining the strength of either
mechanism and the resulting impact of coyotes on red wolf
populations.

Understanding the impact of coyotes on red wolves
through resource exploitation, and therefore effectively
parameterizing the competition coefficient in our models,
requires information on the diet of each species in the recov-
ery area. Studies of the diets of sympatric carnivores often
detect appreciable dietary overlap, with varying degrees of

dietary partitioning (Dibello et al., 1990; Kitchen et al., 1999;
Neale and Sacks, 2001; Thornton et al., 2004; Azevedo et al.,
2006; but see Thurber et al., 1992). Available data on red wolf
diets in the recovery area indicate that deer, raccoons, and
rabbits are consumed primarily, although food habits vary
with wolf age and habitat (Phillips et al., 2003). Information
on coyote diets in the area is lacking, but coyotes are con-
sidered to be opportunistic, generalist predators that typically
consume a wide variety of food sources, including small mam-
mals (rodents and lagomorphs), ungulates, and fruits (Beckoff,
1977). Their use of these various food sources varies season-
ally and spatially with changes in food abundance (Andelt
et al., 1987; Neale and Sacks, 2001) and may also change
with age or group size (Gese et al., 1988, 1996). As such,
coyotes may exploit a wider range of resources than other
sympatric carnivores (Fedriani et al., 2000). Although canid
biologists usually concentrate on determining levels of inter-
ference between sympatric canids, exploitation competition
underlies the evolution of interference behavior (Peterson,
1995) and likely continues to be important for coexisting
species. Thus, diet estimation of red wolves and coyotes
in areas of sympatry, as well as allopatric populations in
similar habitats, deserves close attention. Such estimates
could be derived through a combination of fecal analysis
and measurements of stable isotope ratios of hair from cap-
tured wolves, coyotes, and their prey (Urton and Hobson,
2005).

Our model assumed that dispersing wolves could always
usurp a territory held by a single (female) coyote. However, coy-
ote group sizes averaged around 1.2 females, indicating that
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wolves were prevented from occupying space held by some
coyote groups. The model also assumed that an expanding
coyote group could usurp a neighboring red wolf pack of a
single female if coyote numerical advantage outweighed wolf
size advantage. Lowering coyote dispersal likely would have
increased coyote group sizes in the model and exacerbated
their impact on wolf populations through both of these mech-
anisms. Information on the dominance interactions between
coyotes and red wolves and how often individuals of one
species are displaced by the other is imperative for better
understanding the importance of interference competition
by coyotes on red wolves. Specific field data that are needed
include home range overlap between the two species, patterns
of colonization of vacant areas, and the impact of territorial
coyotes on dispersing wolves.

Although our model assumed a homogeneous habitat,
habitat heterogeneity can affect territory size, space use, and
density of wolves and coyotes (Gese et al., 1988; Fuller and
Murray, 1998; Phillips et al., 2003). Habitat heterogeneity can
also induce density-dependent reproduction because poorer-
quality territories are occupied as population size increases
(Dhondt et al., 1992). The impact of coyotes on red wolf pop-
ulations may be lower if the larger red wolves can exclude
coyotes from the highest quality habitats, at least prior to the
habitat becoming saturated. Indeed, the ability of a larger-
bodied species to exclude a smaller competitor, which is
usually assumed to exploit resources more efficiently, from
resource patches is thought to enable coexistence of com-
petitors that differ in body size (Basset and DeAngelis, 2007).
However, in a landscape already fully colonized by coyotes,
newly reintroduced red wolves may have greater difficulty
securing the highest quality habitats, and habitat heterogene-
ity could exacerbate the effects of coyotes on reintroduction
success.

The relationship between territory size and population size
detected in the model is consistent with field observations
of gray wolves. To accommodate future reproduction, a wolf
pair must either establish a territory much larger than they
require to sustain themselves or else later expand their terri-
tory to accommodate increased energy demands (Peterson et
al., 1984; Mech and Boitani, 2003). Wolf pairs colonizing unoc-
cupied habitat could establish a large territory and maintain it
as the pack grew, whereas those trying to establish territories
in a saturated landscape must start with a smaller area and
expand as needed (Mech and Boitani, 2003). Several examples
exist of large, new wolf territories being established in areas
of low density and thereafter remaining at a constant size as
the pack grew or later declined (see Mech and Boitani, 2003).
However, as space is filled and habitat becomes saturated,
individual pack territories can shrink by 17–68% (Fritts and
Mech, 1981). Although we did not find a relationship between
pack size and territory size in the field data from the red wolf
recovery area (U.S. Fish and Wildlife Service, unpublished data),
most of those data were obtained from an expanding popula-
tion. Thus, the production of smaller home ranges with high
populations and many packs observed in the model seems
consistent with patterns detected among free-ranging wolves
described in the literature.

Despite uncertainties in some of our parameter estimates,
red wolves always responded negatively to the presence of

coyotes in our simulations. We assumed no hybridization
occurred between red wolves and coyotes, but given that
body size of hybrids is closer to that of wolves, the impact
of non-wolf competition may be aggravated in an environ-
ment where hybridization is possible. Our results suggest
that management of coyotes by removal (lower survival) or
sterilization (lower fecundity) could aid in red wolf recovery,
but further elucidating the competitive interactions between
wolves and coyotes in the removal area will help refine
management activities to improve their effectiveness. Since
competitive impacts could include resource exploitation or
territorial exclusion, information on diet and behavioral inter-
actions between the two species appears most critical.
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Abstract Sterilization of wild canids is being used

experimentally in many management applications. Few

studies have clearly demonstrated vasectomized and tubal-

ligated canids will retain pair-bonding and territorial

behaviors. We tested whether territory fidelity, space use,

and survival rates of surgically sterilized coyote (Canis

latrans) packs were different from sham-operated coyote

packs. We captured and radio-collared 30 coyotes in

December 2006. Sixteen of these animals were sterilized

via vasectomy or tubal ligation, and 14 were given sham-

surgeries (i.e., remained intact). We monitored these

animals using telemetry and visual observations through 2

breeding seasons and 1 pup-rearing season from December

2006 to March 2008. Mean pack size was not significantly

different between sterile and intact coyote packs. We found

no difference in home range size between sterile and intact

coyotes. We found differences in home range and core area

overlap between sterile and intact coyote packs in some

seasons; however, this difference may have existed prior to

sterilization. Home range fidelity was not significantly

different between sterile and intact coyotes. All coyotes

had higher residency rates during the breeding season, with

no differences between sterile and intact coyotes. Survival

rates were correlated with biological season, but there were

no differences in survival rates between sterile and intact

coyotes. We concluded that surgical sterilization of coyotes

did not affect territory fidelity, survival rates, or home

range maintenance.

Keywords Carnivore � Coyotes � Home range �
Sterilization � Survival � Territory fidelity

Introduction

Sterilization of canids is being tested for various manage-

ment purposes including population control of native and

non-native species, predation control, and to reduce genetic

introgression with other canids (Haight and Mech 1997;

Kelly et al. 1999; Spence et al. 1999; Bromley and Gese

2001a; Saunders et al. 2002). Surgical sterilization in par-

ticular is a promising management approach for these

objectives because hormonal systems remain intact with

vasectomy and tubal ligation. Canid reproductive strategies

(e.g., monogamy and pseudopregnancy in subordinate pack

members) and physiology (e.g., monestrum and prolonged

proestrus and estrus) favor pair and pack cohesion (Asa

1997). Without hormonal signals, these characteristics may

not be preserved (Asa 1995). For most management pur-

poses, retaining social structure of the pack is critical

(Bromley and Gese 2001a, b). If the social structure of a

sterilized pack fails, then a vacant territory becomes open

to colonization by intact animals (Asa 1995; Mech et al.

1996; DeLiberto et al. 1998; Gese 1998).

Mech et al. (1996) vasectomized 5 wolves (Canis lupus)

to determine if sterilization was a viable method for con-

trolling population size. They determined the vasectomized

wolves’ social behaviors were not altered (i.e., the males

maintained pair bonds and territories). Due to the success

(i.e., pack size remained the same or decreased) of this

study, sterilization is one of several proposed methods to
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control wolf populations (Haight and Mech 1997). In

Canada, wolves had been implicated in the decline of

caribou (Rangifer tarandus) and moose (Alces alces) calf

survival (Spence et al. 1999). Due to public concern of the

use of lethal control, fertility control was tested as an

alternative to manage wolves (Spence et al. 1999). To

determine the applicability of such a tool, territorial

behaviors were examined. They found sterilized wolves

maintained pair bonds and remained in their territories

(Spence et al. 1999).

The sheep industry in the United States has a long his-

tory of conflict with coyotes (Canis latrans) preying on

domestic livestock (Wagner 1988). Ranchers and wildlife

management agencies utilize various lethal methods to

reduce coyote predation on livestock and wildlife species

(Knowlton et al. 1999). The public repeatedly is concerned

over the use of lethal management (Arthur 1981; Kellert

1985; Andelt 1987; Messmer et al. 2001). One alternative

to reduce predation on sheep is surgical sterilization of

coyotes (Knowlton et al. 1999). Bromley and Gese (2001a)

sterilized coyotes and found an eight-fold reduction in

coyote predation on domestic sheep. This technique is

effective because it reduces the energetic needs of the pack

during pup rearing (Bromley and Gese 2001a). Bromley

and Gese (2001b) further demonstrated the sterile coyotes’

territorial and pack affiliative behaviors were not modified.

Coyotes are considered a social canid (Bekoff and Gese

2003; Gese 2004). The basic social unit is the adult,

heterosexual pair, referred to as the alpha pair. Coyotes

form heterosexual pair bonds that may persist for several

years, but not necessarily for life. Courtship behavior begins

2–3 months before copulation. Coyotes may maintain pair

bonds and whelp or sire pups up to 10–12 years of age

(Gese 1990). Associate animals may remain in the pack and

possibly inherit or displace members of the breeding pair

and become alphas themselves. Associates participate in

territorial maintenance and pup rearing, but not to the extent

of the alpha pair (Gese 2004). Other coyotes exist outside

the resident packs as transient or nomadic individuals.

Transients travel alone over larger areas and do not breed,

but will move into territories when vacancies occur. One

factor that may affect coyote sociality is prey size or prey

biomass. In populations where rodents are the major prey,

coyotes tend to be in pairs or trios (Bekoff and Gese 2003).

In populations where ungulates are available, large packs of

up to 10 individuals may form (Gese et al. 1996a, b, c).

Coyotes are territorial with a dominance hierarchy within

each resident pack (Gese et al. 1996a, c; Gese 2004). Ter-

ritoriality mediates the regulation of coyote numbers as

packs space themselves across the landscape in relation to

available food and habitat. The dominance hierarchy

influences access to food resources within the pack (Gese

et al. 1996a, b, c). Resident coyotes actively defend

territories with direct confrontation, and indirectly with

scent marking and howling (Gese 2001, 2004). Only packs

maintain and defend territories (Gese 2001, 2004; Bekoff

and Gese 2003). Fidelity to the home range area is high and

may persist for many years (Kitchen et al. 2000). Shifts in

territorial boundaries may occur in response to loss of one

or both of the alpha pair (Gese 1998). Dispersal of coyotes

from the natal site may be into a vacant or occupied territory

in an adjacent area, or they may disperse long distances.

Generally, pups, yearlings, and non-breeding adults of

lower social rank disperse (Gese et al. 1996a). Dispersal

seems to be voluntary as social and nutritional pressures

intensify during winter when food becomes limited (Gese

et al. 1996a). Dispersal by juveniles usually occurs during

autumn and early winter.

Although sterilization has been used in a few canids, only

Bromley and Gese’s (2001b) study has demonstrated that

free-ranging coyotes maintained territorial and breeding-

pair behaviors. If coyote sterilization continues to be used as

a management tool, it is important to validate that territorial

maintenance and pair-bonding behaviors are retained across

various circumstances (Asa 1995) and environments. With-

out this assurance, intact animals could displace sterile packs

and threaten the success of the management action (Till and

Knowlton 1983; Asa 1995; Mech et al. 1996; DeLiberto et al.

1998). As part of a study to test whether coyote sterilization

could increase pronghorn (Antilocapra americana) fawn

survival (Seidler 2009), we also tested the hypothesis that

sterilization would not affect territory fidelity, survival rates,

and home range maintenance of coyotes. Using similar

methodologies, we examined the same parameters as

Bromley and Gese (2001b), including home range size,

home range and core area overlap, home range fidelity, pack

size, and survival rates of sterile versus intact coyotes. Sci-

entific theory is advanced through repeated studies (Ford

2000; Gauch 2003). Since Bromley and Gese (2001b) was

the only study examining the effects of sterilization on

coyote behavior and survival rates, additional studies in

different environments are needed to increase our under-

standing of the effects of reproductive control on coyote

behavior and broaden our scope of inference. Our study was

conducted in a shortgrass prairie and native prey ecosystem,

while the study by Bromley and Gese (2001b) was conducted

in the sage-brush steppe with a mixture of domestic livestock

and native prey species.

Materials and methods

Study area

We conducted this study on the 1,040-km2 Piñon Canyon

Maneuver Site (PCMS) in Las Animas County, Colorado.
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The study area within the PCMS was defined by the home

range boundaries of the radio-collared coyotes. Mean ele-

vation on the PCMS was 1,520 m, mean temperature ran-

ged from 1 �C in January to 24 �C in July (Shaw and

Diersing 1990), and mean annual precipitation was

305 mm (Milchunas et al. 1999). Harvest of coyotes was

not permitted during the study. Nearly 60 % of the PCMS

was shortgrass prairie dominated by blue grama (Bouteloua

gracilis), galleta (Hilaria jamesii), and western wheatgrass

(Agropyron smithii) (Shaw et al. 1989). Many shrub com-

munities occurred within the grassland communities along

alluvial fans, waterways, and slopes, and included black

greasewood (Sarcobatus vermiculatus), fourwing saltbush

(Atriplex canescens), Bigelow sagebrush (Artemisia bigel-

ovii), winterfat (Krascheninnikovia lanata), small soap-

weed (Yucca glauca), and tree cholla (Opuntia imbricata).

Woodland communities dominated the canyons and breaks,

and were composed of one-seeded juniper (Juniperus

monsperma) and pinyon pine (Pinus edulis).

Capture and monitoring of coyotes

We captured coyotes using aerial net-gunning (Barrett et al.

1982; Gese et al. 1987). Animals captured in the southern

portion of the study area were sterilized, while animals

captured in the northern portion of the study area were sham-

sterilized (i.e., animals were sham-operated but remained

intact). The boundaries of the two areas were 4 km apart and

both areas were similar in climate, topography, vegetation,

and prey availability. We used this clustered experimental

design in an effort to swamp a single area with the treatment

simulating actual management practices. Due to the uncer-

tainty of capturing the breeding individuals, we sterilized

both males and females from each pack.

Captured animals were blind-folded and muzzled, then

transported to a licensed veterinarian. Animals were sexed

and weighed with a spring scale to the nearest 0.1 kg to

determine the initial drug dosage and then sedated with a

combination of tiletamine and zolazepam (dosage 10 mg/kg).

Continued anesthesia to maintain the anesthesia plane

during surgery and processing were with a combination of

tiletamine and zolazepam plus xylazine (dosage 2 mg/kg).

Temperature, pulse, and respiration were monitored every

10 min. The surgical procedure for the tubal ligation

(Howe 2006) involved a 2- to 3-cm incision along the mid-

line of the abdomen, exposing the horns of the uterus, and

locating the ovary and oviduct. The oviduct was clamped

and then tied off 1 cm either side of the clamp. A 1-cm

section of the oviduct was then cut and removed. The ovary

and uterus were then returned to the normal positions in the

body cavity. The incision was then closed via three sepa-

rate suturing procedures involving the peritoneum, subcu-

taneous tissues, and skin.

Surgical vasectomy involved bilateral removal or

occlusion of the portion of the ductus deferens (Howe

2006). The vasectomy was performed through a 1- to 2-cm

incision located in the inguinal area. Following skin and

subcutaneous incision, the spermatic cords were identified,

separated, and exteriorized. Manipulation of the testicle

identified the spermatic cord and ductus deferens.

Following isolation of the ductus deferens, a segment of the

ductus was then removed and both of the severed ends of

the ductus ligated. The incision was then closed via three

separate suturing procedures involving the peritoneum,

subcutaneous tissues, and skin.

Following the surgical procedure, each coyote was aged

by visual inspection of tooth wear (Gier 1968), ear-tagged,

and radio-collared. We reversed the effects of the xylazine

with the antagonist yohimbine (dosage 0.15 mg/kg) after

the surgery was completed. An analgesic (butorphanol;

dosage 0.4 mg/kg) was administered immediately follow-

ing surgery for post-operative pain management. We

applied ophthalmic ointment to prevent corneal desicca-

tion. Animals held overnight were monitored for any post-

operative complications. The following morning, animals

were inspected and then returned to their respective sites of

capture. Control animals (intact coyotes) underwent a sham

surgery following the exact same procedures without the

final tying of the tubes (thereby remaining reproductively

intact), so that all else (including the surgery) was con-

trolled. This method (sterile vs. control) has previously

been documented to show no impact to subsequent sur-

vival, dispersal, and behaviors of surgically sterilized

coyotes (Bromley and Gese 2001b). Close monitoring of

all animals released into the wild following surgery showed

no complications or deaths due to the surgical procedures.

Research protocols were approved by the Institutional

Animal Care and Use Committees at the USDA/National

Wildlife Research Center (QA-1350) and Utah State Uni-

versity (IACUC #1269).

To determine with greater certainty that treated coyote

packs were sterile (i.e., we captured and sterilized one or

both of the breeding pair), we conducted howling surveys

(Harrington and Mech 1982; Fuller and Sampson 1988)

and searched for dens and pups of radio-collared individ-

uals. Howling surveys were conducted during June to mid-

August, with personnel going to high points, howling, and

recording whether the response included pups. In addition,

visual observations of radio-collared individuals allowed us

to gain information on pup presence. Any pack found to

have pups was considered intact.

Determination of pack size

We compared pack sizes between sterile and intact packs

using the observed minimum pack size. We made multiple
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visual observations of radio-collared individuals to count

associated pack members. Field personnel would home-in

on a radio-collared animal, attempting to approach animals

from downwind in a stealthy manner to reduce disturbance

of additional pack members that may be present. Group

size, location, and pup presence were noted. We did not

include pups in pack size estimations, but estimated pre-

whelping pack size (Gese et al. 1989).

Home range size and overlap

We acquired telemetry locations primarily at dawn and

dusk to obtain point locations during the highest activity

periods (Andelt and Gipson 1979). We attempted to locate

animals every 2 days. We calculated locations using C3

compass bearings in Program LOCATE (Pacer, Truro,

Nova Scotia, Canada). All home ranges were computed

using only locations with an error polygon\0.10 km2. We

calculated home range size using the 95 % fixed kernel

(FK) density estimator and core area with the 50 % FK

density estimator in ArcGIS 9.2 (Environmental Systems

Research Institute, Redlands, CA, USA) with the Hawth’s

Tools extension (Hawth’s Analysis Tools); bandwidth was

set to h = 1,000. We calculated home range estimates

(home range size and overlap) for two breeding seasons

(breeding season 1: December 2006–March 2007; breeding

season 2: October 2007–March 2008), and one pup-rearing

season (April–September 2007).

We compared percent overlap among adjacent packs for

the 95 and 50 % FK contours using analysis of variance

(ANOVA). We used only adjacent packs to calculate per-

cent overlap, including adjacent packs with zero overlap.

Packs were considered adjacent if their home range

boundaries were \2 km apart; this figure represents the

radius of the smallest home range and was the minimum

area we used to exclude the potential presence of a home

range in which the pack members were not radio-collared.

We made comparisons of home range overlap among

adjacent sterile–sterile packs, intact–intact packs, and

sterile–intact packs. Tests for differences between each pair

were performed with a Tukey’s Honestly Significant

Difference (HSD) test. All statistical tests were performed

using SPSS 10.0.5 (SPSS, Chicago, IL, USA).

Home range fidelity

Familiarity of the home range, and therefore territory

fidelity, is important in reducing the vulnerability of coy-

otes to human persecution (Knowlton et al. 1999). We

tested home range fidelity of resident coyotes using known

fate models in Program MARK (White and Burnham

1999); animals were censored after dispersal. We defined

dispersal as the movement of an animal from its point of

origin to where it reproduces or would have reproduced if it

had survived and found a mate (Howard 1960). We com-

pared models of residency rates between sterile and intact

coyotes with Akaike’s Information Criterion (AIC; Akaike

1973) corrected for small sample size bias (DAICc;

Burnham and Anderson 2002). We grouped coyotes by

treatment (sterile or intact) and encounter occasions were

expressed as 15 1-month intervals. Because treatment was

of primary interest, all models included this variable.

Hypotheses tested included residency varying by treatment

alone, treatment and 4-month season, or treatment and

1-month time interval (Table 1: models 1, 2, 3). For

examining home range fidelity, we used 4-month seasons

based on biological changes in coyote behavior, including

the breeding season (December–March), pup-rearing sea-

son (April–July), and dispersal season (August–November;

adapted from Gese and Ruff 1998). We also tested a model

which examined the interactive effect between treatment

and time (the most parameterized model, Table 1: model

4). We censored transient animals from the analysis unless

and until they became established as residents later in the

study.

Survival rates

We examined survival rates of intact and sterile coyotes

because, if sterilization changed coyote behavior and they

dispersed, these animals would become more vulnerable to

human persecution (Windberg and Knowlton 1990;

Table 1 Model selection for residency rates of sterile (n = 15) and intact (n = 12) coyotes, Piñon Canyon Maneuver Site, Colorado, December

2006–March 2008

Model no. Model structure AICc DAICc AICc weights Model likelihood Ka Deviance Evidence ratio (w1/wi)

2 {R(treatment ? season)} 62.583 0.000 0.686 1.000 5 14.630 1.00

1 {R(treatment)} 64.151 1.568 0.313 0.457 2 22.344 2.19

3 {R(treatment ? time)} 76.242 13.659 0.001 0.001 16 4.761 927.04

4 {global R(treatment 9 time)} 103.889 41.306 0.000 0.000 30 0.000 NAb

a Number of parameters
b Evidence ratios could not be calculated because model weight was = 0
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Windberg 1996; Harris and Knowlton 2001). We compared

estimates of survival rates between sterile and intact coy-

otes in Program MARK using known fate analysis (White

and Burnham 1999). We compared models of survival rates

using DAICc (Akaike 1973; Burnham and Anderson 2002).

Coyotes were grouped by treatment and models included

three covariates: gender, age class, and weight. We ana-

lyzed survival over 15 1-month occasions. We created

models based on gender, age class, weight, coyote season,

or monthly time interval and always included the variable

treatment since this was our variable of interest (Table 2:

models 1–6). Except a global model (Table 2: model 7), all

hypothesized models were restricted to additive models

due to limited sample size.

Results

Pack size

We captured and radio-collared 30 coyotes. We sterilized

16 (mean age 3.3 years, range 1–8 years old) animals from

the southern portion of the study area and sham-operated

14 (mean age 2.5 years, range 1–8 years old) coyotes from

the northern portion; ages were not different between the

two areas (P = 0.12). Defined home ranges contained 1–2

radio-collared individuals. During the first breeding season,

we documented 8 sterile and 10 intact home ranges. During

the subsequent pup-rearing season, we defined 8 sterile and

9 intact home ranges. We documented 6 sterile and 8 intact

home ranges during the second breeding season. Mean

pack size of sterile packs (2.3 ± 0.3; 95 % CI) was not

significantly different than intact coyote packs (2.10 ± 0.3;

t9 = 0.607, P = 0.554).

Home range size and overlap

Home range sizes were not different between sterile and

intact coyote packs during any of the three seasons. During

the first breeding season, mean home range sizes of intact

(n = 10) and sterile (n = 8) coyote packs were 24.0 ± 3.8

(95 % CI) and 22.3 ± 3.9 km2, respectively (t16 = 0.601,

P = 0.556; Fig. 1a). During the pup-rearing season, home

range sizes of intact (n = 9) and sterile (n = 8) coyote

packs were 26.4 ± 6.8 km2 and 24.7 ± 4.4 km2, respec-

tively (t15 = 0.405, P = 0.692; Fig. 1b). During the sec-

ond breeding season, home range sizes of intact (n = 7)

and sterile (n = 6) coyote packs were 20.6 ± 4.9 and

22.0 ± 4.0 km2, respectively (t11 = -0.421, P = 0.682;

Fig. 1c).

Home range overlap was expressed as a proportion of

total home range area. During the first breeding season,

mean overlap between adjacent sterile home ranges was

0.251 ± 0.081 (95 % CI) and mean overlap between

adjacent intact home ranges was 0.139 ± 0.076. Mean

overlap between adjacent sterile and intact home ranges

was 0.060 ± 0.069. During the first breeding season, core

areas of adjacent sterile home ranges had a mean overlap of

0.033 ± 0.032 (SD). Core areas of adjacent intact home

ranges overlapped by 0.001 ± 0.001 and core areas of

adjacent sterile–intact home ranges had no overlap. We

found differences in overlap of adjacent sterile core areas

compared to adjacent intact core areas (P = 0.020). This

relationship appeared to be mainly due to the overlap of

core areas between only 2 sets of sterile home range pairs

(Fig. 1a). We did not find any other differences in overlap

during the first breeding season (Table 3a).

Mean home range overlap during the pup-rearing season

among adjacent sterile home ranges (0.266 ± 0.073 95 %

CI) was different from the mean overlap among adjacent

intact home ranges (0.113 ± 0.061; P = 0.006). Differ-

ences in overlap among adjacent sterile home ranges and

adjacent sterile–intact home ranges were also significant

(0.057 ± 0.074, P = 0.007). However, there was no evi-

dence of difference in the overlap among adjacent intact

home ranges and adjacent sterile–intact home ranges

(P = 0.639). Core area overlap during the pup-rearing

season was also different among adjacent sterile home

Table 2 Model selection for survival rates of sterile and intact coyote (n = 30), Piñon Canyon Maneuver Site, Colorado, December 2006–

March 2008

Model no. Model AICc Delta AICc AICc weights Model likelihood Ka Deviance Evidence ratio

1 {S(treatment)} 47.907 0.000 0.336 1.000 2 43.876 1.00

5 {S(treatment ? season)} 48.377 0.471 0.266 0.790 5 38.224 1.27

3 {S(treatment ? age)} 49.536 1.629 0.149 0.443 3 43.474 2.26

4 {S(treatment ? kg)} 49.871 1.965 0.126 0.374 3 43.810 2.67

2 {S(treatment ? sex)} 49.923 2.016 0.123 0.365 3 43.861 2.74

6 {S(treatment ? time)} 65.058 17.151 0.000 0.000 15 33.795 5,606.83

7 {global S(treatment 9 time)} 94.335 46.429 0.000 0.000 30 29.239 NA

a Number of parameters
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ranges (0.028 ± 0.030) and adjacent intact home ranges

(no overlap, P = 0.043). No other differences in core area

overlap were found (Table 3b).

Mean overlap of adjacent sterile home ranges

(0.208 ± 0.074 95 % CI) during the second breeding sea-

son was different from adjacent intact home ranges

(0.012 ± 0.017, P \ 0.001). We also found a difference

among mean overlap of adjacent sterile home ranges and

adjacent sterile–intact home ranges (no overlap). We found

no differences in overlap during the second breeding sea-

son (Table 3c).

Because age could affect overlap, we tested for differ-

ences in ages between sterile and intact coyotes. We found no

difference in mean age between sterile and intact coyotes

(t28 = -0.976, P = 0.337). We found no differences

between sample sizes used to define home ranges for sterile

and intact coyotes (first breeding season: t16 = -0.429,

P = 0.674; pup-rearing season: t15 = -0.249, P = 0.807;

second breeding season: t13 = -0.147, P = 0.885) which

may also influence home range overlap. We also found no

correlation between location sample sizes used to determine

home range and percent overlap of home ranges (first

breeding season: R2 = 0.013, F53 = 0.676, P = 0.415;

pup-rearing season: R2 = 0.013, F45 = 0.601, P = 0.442;

second breeding season: R2 = 0.017, F29 = 0.480,

P = 0.494).

Fig. 1 Plots of 95 and 50 %

fixed kernel estimates of

individual coyote home ranges

during a breeding season

2006–2007, b pup-rearing

season 2007, and c breeding

season 2007–2008, Piñon

Canyon Maneuver Site,

Colorado. Sterile home ranges

are represented by

cross-hatching

Table 3 Tukey’s Honestly Significant Difference comparison of

home range and core area overlap between sterile and intact coyote

home ranges during the first breeding season, pup-rearing season, and

second breeding season, Piñon Canyon Maneuver Site, Colorado,

December 2006–March 2008

Season Area Group

comparison

P

1st breeding 95% home range Sterile–intact 0.118

Sterile–sterile 0.181

Intact–intact 0.734

50 % core Sterile–intact 0.020

Sterile–sterile 0.343

Intact–intact 0.999

Pup-rearing 95 % home range Sterile–intact 0.006

Sterile–sterile 0.007

Intact–intact 0.639

50 % core Sterile–intact 0.043

Sterile–sterile 0.200

Intact–intact 0.999

2nd breeding 95 % home range Sterile–intact \0.001

Sterile–sterile 0.011

Intact–intact 0.982

50 % core area Sterile–intact 0.312

Sterile–sterile 0.733

Intact–intact 0.999
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Home range fidelity

Six radio-collared coyotes (20 %) dispersed during the

study. Three of these dispersals occurred during the pup-

rearing season and 3 during the dispersal season. No radio-

collared coyotes dispersed during the breeding seasons.

The best model for coyote residency was {R(treat-

ment ? season)} (Table 1: model 2). This model was 2.2

times as plausible as the second-best model {R(treatment)}

(Table 1: model 1). Models 3 {R(treatment ? time)} and 4

{R(treatment 9 time)} were not well supported by the data

(evidence ratios 927.04 and NA, respectively; Table 1).

Residency was highest during the breeding seasons and

dropped during the pup-rearing and dispersal season

(Fig. 2). Model averaging showed that derived residency

rates (the probability of remaining a resident through the

duration of the study) were not different between sterile

(r̂ ¼ 0:779, 95 % CI 0.496–0.927) and intact (r̂ ¼ 0:738,

95 % CI 0.432–0.913) coyotes (z = 0.239, P = 0.406).

Survival rates

We analyzed survival rates of 17 male and 13 female coy-

otes; 8 males and 8 females were sterilized. Four coyotes

perished during the study: 3 due to gunshot wounds, 1 due to

unknown causes. Many of the models used to analyze coyote

survival rates were competitive. The first 5 models were

within\2.016 DAICc values from each other, indicating that

all 5 were plausible (Burnham and Anderson 2002). The

best-fit model, {S(treatment)} (Table 2: model 1), suggested

sterile coyotes had lower survival rates than intact coyotes

(sterile: ŝ = 0.805, 95 % CI 0.540–0.936; intact: ŝ = 0.923,

95 % CI 0.608–0.989). The second-ranked model,

{S(treatment ? season)} (Table 2: model 5), showed an

increasing trend in survival over the seasons and higher

survival in intact coyotes, but the confidence intervals

between the groups overlapped (Fig. 3). Model averaged

derived estimates of survival rates (i.e., probability of sur-

viving the duration of the study) of sterile and intact coyotes

were not different (sterile: ŝ = 0.809, 95 % CI 0.544–0.938;

intact: ŝ = 0.924, 95 % CI 0.611–0.990). When we calcu-

lated statistics for the third-, fourth-, and fifth-ranked mod-

els, {S(treatment ? age)}, {S(treatment ? weight)}, and

{S(treatment ? sex)}, we found the covariates were not

significant (P [ 0.280). Other models had DAICc values

[2.016. In a post hoc analysis, {S(�)} (coyote survival rate is

not influenced by any variables) was ranked as the top model

and {S(season)} was ranked second.

Discussion

As sterilization becomes more widely used in canid

research and management practices, we must confirm ter-

ritorial maintenance and pair-bonding behaviors are being

retained. Without these behaviors, the social structure of the

pack will dissolve leading to an unguarded, open territory,

and management efforts could fail. We found no evidence

to suggest territorial behaviors among coyotes were altered

by sterilization. Pack size, home range size, home range

fidelity, and coyote survival rates were not significantly

different between sterilized and sham-operated coyotes. We

did find sterile packs exhibited greater home range overlap

than intact packs, but it is unknown whether this was due to

the effects of sterilization.

Similar to our results, sterile red fox vixens had increased

home range overlap compared to non-sterile vixens (Saun-

ders et al. 2002). In contrast, coyotes in Utah did not display

differences in home range overlap between sterile and intact

packs (Bromley and Gese 2001b). Average overlap between

coyote territories in Utah was 21 %, greater than the overall

average overlap in our study (14 %). Possibly, sterile coyote
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packs on the PCMS were more tolerant of overlap than intact

coyote packs. We also tested for age and location sample

size differences between the sterile and intact packs

to account for the differences in overlap. Younger, low-

ranking pack members disperse when resources are not

abundant (Gese et al. 1996a). If coyotes in the sterile group

were younger than coyotes in the intact group, and location

sample sizes were not large enough to accurately detect pre-

dispersal forays, then we might mistake these forays for

home range overlap. However, we did not find differences in

age classes, dispersal rates, or location sample sizes between

the groups suggesting that pre-dispersal forays were not

occurring differentially between sterile and intact coyotes.

Varying location sample sizes were also not correlated to the

degree of overlap.

Additionally, 2 dispersers in the second breeding season

of previously resident coyotes in the intact area may

account for differences observed between home range

overlap in this season. One of the dispersers was an adult

male coyote located in the center of the intact part of the

study area. His initial home range had contributed to

overlap in previous seasons. His dispersal coincided with

the expansion of adjacent coyote pack home ranges into his

previous home range area and may have been the result of

displacement (Carbyn 1981). However, the expansion of

the neighboring pack’s home range was not enough to

compensate for the lost overlap. Given consistently high

overlap in the sterile home ranges and dispersal events

which reduced overlap in the intact home ranges, we

believe the disparity in home range overlap was not

prompted by sterilization, but most likely had high pre-

existing overlap among home ranges in that area.

Home range fidelity of coyotes varied by season and

declined during the pup-rearing and dispersal seasons. Pack

sizes gradually decline after whelping due to dispersals of

non-breeding associated pack members (Bekoff and Gese

2003). We found no evidence that dispersal rates were

influenced by sterilization. This corroborates with Bromley

and Gese’s (2001b) results; they found no difference between

residency rates of sterile and sham-operated animals.

Although our results suggested many variables were

important to coyote survival rates, sterilization had no

significant influence. In addition, a post hoc analysis

incorporating the model {S(�)} (coyote survival rate was

not influenced by any of the variables), ranked this model

at the top when run with the previously described models,

further suggesting none of the other variables explained the

true effects. Indeed, a Wald’s test confirmed them as not

significant. Season, as modeled as a coyote biological

interval, may have been influential on coyote survival rates.

An additional post hoc analysis ranked the model {S(sea-

son)} as second only to {S(�)}. However, we must also

consider confounding variables such as human persecution.

Three of 4 coyote mortalities were caused by gunshot and

the fourth mortality suggested human involvement (i.e., the

carcass was found \4 m from a gravel road). Although

shooting of coyotes was not permitted during the study, 3

of these mortalities were detected during or shortly after

military maneuvers involving armed personnel.

Results from this study add to the small body of

knowledge we have regarding the effects of sterilization on

wild canids. We did not find any results that were in con-

tradiction to other studies on coyotes or wolves. One

component lacking in all peer-reviewed studies of coyote

sterilization is an assessment of the long-term stability of

territorial and social behaviors following sterilization.

Mech et al. (1996) monitored vasectomized wolves for

7 years, but the sample size was small and females were

not sterilized. Zemlicka (1995) monitored sterilized captive

coyotes for 1 year, while Bromley and Gese (2001b) fol-

lowed the sterile coyotes for 3 years. Despite functioning

endocrine systems, after multiple years of no reproductive

success sterile coyotes could sever their pair-bond and

search for a more successful mate. Hence, we recommend a

study of sterile free-ranging coyotes following treated and

untreated animals into senescent years. With a long-term

study, dispersal by ‘‘breeding’’ individuals (dominant ani-

mals which had been sterilized) due to a lack of repro-

ductive success may be detected. Also, by following sterile

and intact coyotes to senescence, changes in survival rates

may be detected. Because home range overlap of red fox

vixens was reported (Saunders et al. 2002) and this study

found possible pre-existing home range overlap in sterile

coyotes, disruption of territory boundaries may warrant

further exploration. Tolerance of trespassers into territories

may complicate interpretation of experimental results and

could result in failed measures for canid management.
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Abstract

Despite ethical arguments against lethal control of wildlife populations, culling
is routinely used for the management of predators, invasive or pest species, and
infectious diseases. Here, we demonstrate that culling of wildlife can have unforeseen
impacts that can be detrimental to future conservation efforts. Specifically, we
analyzed genetic data from eastern wolves (Canis lycaon) sampled in Algonquin
Provincial Park (APP), Ontario, Canada from 1964 to 2007. Research culls in 1964
and 1965 killed the majority of wolves within a study region of APP, accounting
for approximately 36% of the park’s wolf population at a time when coyotes were
colonizing the region. The culls were followed by a significant decrease in an eastern
wolf mitochondrial DNA (mtDNA) haplotype (C1) in the Park’s wolf population,
as well as an increase in coyote mitochondrial and nuclear DNA. The introgression
of nuclear DNA from coyotes, however, appears to have been curtailed by legislation
that extended wolf protection outside park boundaries in 2001, although eastern
wolf mtDNA haplotype C1 continued to decline and is now rare within the park
population. We conclude that the wolf culls transformed the genetic composition
of this unique eastern wolf population by facilitating coyote introgression. These
results demonstrate that intense localized harvest of a seemingly abundant species
can lead to unexpected hybridization events that encumber future conservation
efforts. Ultimately, researchers need to contemplate not only the ethics of research
methods, but also that future implications may be obscured by gaps in our current
scientific understanding.

Introduction

Although lethal sampling of wildlife for ecological experi-
mentation was common up until the second half of the 20th
century, the emergence of a stronger environmental ethic in
recent decades has rendered the practice generally indefen-
sible (Farnsworth and Rosovsky 1993; Minteer and Collins
2005; Vucetich and Nelson 2007). Culling of wildlife as a
management tool, however, is routinely used to (1) increase
the population size of desirable game species (Thirgood et al.
2001; Boertje et al. 2010; Schneider et al. 2010); (2) pro-
tect vulnerable endemic or domestic species from predators
(Conner et al. 2008; Smith et al. 2010) or invasive exotics
(Genovesi 2005); (3) impede disease transmission (Wasser-
berg et al. 2009; Lachish et al. 2010), or (4) acquire basic eco-
logical knowledge for establishing sustainable harvest quotas

(Morishita 2006) or effective conservation (Sillett et al. 2004).
These methods are usually controversial, sprouting passion-
ate counter arguments based on scientific and ethical consid-
erations (e.g., Minteer and Collins 2005; Clapham et al. 2007;
Vucetich and Nelson 2007).

The influence of human activities on the evolutionary tra-
jectory of wildlife is widespread (see the January 2008 Spe-
cial Issue of Molecular Ecology). Altered landscapes, climate
change, invasive species, and direct harvest are shaping the
genetic potential of species worldwide (Smith and Bernatchez
2008). In recent years, the impact of human-caused mortal-
ity on the genetic composition of populations has received
much attention because exploitation fosters evolutionary al-
terations that may increase the risk of extinction (Stockwell
et al. 2003; Burney and Flannery 2005), induce rapid evo-
lution of life-history traits (Coltman et al. 2003; Allendorf

c© 2011 The Authors. Published by Blackwell Publishing Ltd. This is an open access article under the terms of the Creative
Commons Attribution Non Commercial License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited and is not used for commercial purposes.
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and Hard 2009; Darimont et al. 2009), increase hybridiza-
tion (Rhymer and Simberloff 1996), and impact behavioral
dynamics in kin-based social groups (Gobush et al. 2008; Rut-
ledge et al. 2010a). There is little doubt that intense harvest,
especially over long time periods, results in genetic alterations
that can be detrimental to populations and ecosystems (Al-
lendorf et al. 2008). For example, when barriers to gene flow
break down, genetic changes can result from hybridization
between rare endemic and closely related invasive species,
thereby impeding implementation of effective conservation
policy (Allendorf et al. 2001), and increasing risk of extinc-
tion (Rhymer and Simberloff 1996). Although genetic effects
of harvesting on wildlife are becoming well documented, the
long-term impact that culling of seemingly abundant species
has on genetic structure and conservation of populations is
rarely considered.

Molecular genetic monitoring of populations over time
is a powerful approach to facilitate an understanding of ge-
netic changes in populations impacted by harvesting, par-
ticularly for small populations of threatened species (Allen-
dorf et al. 2008; Coltman 2008). Interpreting genetic data
within the context of demographic history is also critical to
accurately explain genetic change (e.g., Jackson et al. 2008).
Wolves across North America have been subjected to intense
eradication efforts that have limited their genetic variabil-
ity and evolutionary potential (Leonard et al. 2005), pro-
moted coyote (C. latrans) expansion eastward (see Rutledge
et al. 2010b), and increased coyote hybridization with eastern
wolves (C. lycaon) (Kays et al. 2010; Way et al. 2010) and red
wolves (C. rufus) (Fredrickson and Hedrick 2006; note that
C. lycaon and C. rufus are suggested as the same species by
Wilson et al. 2000).

Seemingly limited to regions in and around Algonquin
Provincial Park (APP; Rutledge et al. 2010c), eastern wolves
(Fig. 1) are particularly susceptible to hybridization because
of their shared evolutionary history with coyotes in North
America (Wilson et al. 2000; Rutledge et al. 2010b) and their
ability to bridge gene flow between gray wolves and coyotes
(Rutledge et al. 2010c). In addition, eradication efforts over
the past 400 years have substantially reduced the population
size of eastern wolves (Boitani 2003), making them partic-
ularly susceptible to introgression from expanding coyotes
due to an absence of suitable mates and the tendency for
genes to flow asymmetrically from the more abundant into
the more rare species (Grant et al. 2005). Patterns of intro-
gression associated with human-caused reduction in popula-
tion size have been noted in red wolves that hybridize exten-
sively with coyotes (Fredrickson and Hedrick 2006) and Van-
couver Island gray wolves that have introgressed dog genes
(Muñoz–Fuentes et al. 2010).

Unlike gray wolves in the west, eastern wolves readily hy-
bridize with coyotes (Rutledge et al. 2010c), and it has been
suggested that high mortality of APP wolves could lead to
gene swamping by coyotes (Theberge and Theberge 2004)
that are ill-suited to occupy the niche of an apex predator
and exert substantial top–down limitation of large ungu-
late prey species (i.e., deer and moose) due to their small
size (e.g., Carbone et al. 1999). If intense harvesting of east-
ern wolves in APP results in increased hybridization with
neighboring coyote populations, trophic interactions may be
decoupled or otherwise altered. There has also been some
suggestion that disruption to pack social structure asso-
ciated with harvest pressure (Rutledge et al. 2010a) and
breeder loss (Brainerd et al. 2008) could increase eastern wolf

Figure 1. Eastern wolf (Canis Lycaon)
photographed at Brule Lake in Algonquin
Provincial Park. Photograph by Michael Runtz
used with permission.
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Figure 2. Map of Ontario, Canada. Dark gray area is Algonquin Provincial Park (APP) where samples were collected for this study over a 43-year
period. Other samples used in this study include gray wolf–eastern wolf hybrid animals from northeastern Ontario (NEON; checkered oval) and
coyote–eastern wolf hybrid animals from south of APP Park along the Frontenac Axis (FRAX; gray oval). Coyote population size indices for Figure 3
were taken from Wildlife Management Unit (WMU) 64B (black star).

hybridization with coyotes when harvest occurs during
breeding season.

Although wolves in APP, Ontario Canada (Fig. 2) are a
morphologically and genetically differentiated group of ap-
proximately 200–300 eastern wolves that share a common
evolutionary lineage with coyotes and red wolves (Wilson
et al. 2000; Kyle et al. 2006, 2008; Rutledge et al. 2010b, d),
prior to the year 2000, they were thought to be a gray wolf
subspecies (C. lupus lycaon) that at the time was abundant
across Ontario. Within the park, wolves have survived a long
history of control efforts dating back to the park’s establish-
ment in 1893. Prior to the mid-1960s, wolves were actively
poisoned, snared, and shot by park rangers in an effort to bol-
ster game populations. Between 1909 and 1958, an average of
49 wolves per year (range 11–128) were killed in APP (Pim-
lott et al. 1969). In 1959, harvesting ceased within the park
so that researchers could study an unexploited population of
wolves. To conclude that study, researchers culled 80 wolves
in 1964 and another 26 in 1965 in an effort to understand the
reproduction and age structure of the population (Pimlott
et al. 1969). The harvested wolves constituted the majority of
wolves within the study area (population size estimate for the
2849 km2 study area was 90–110; Pimlott et al. 1969) and ac-

counted for approximately 36% of the park’s wolf population
at the time (population size estimate for the total park [7725
km2] = 1 wolf/26 km2 = 297 wolves [Pimlott et al. 1969]).
Since the end of the research project in 1965, wolves have been
protected within the park, although human-caused mortal-
ity of migratory park animals still accounted for ∼60% of
all wolf mortality in the eastern half of the park (Forbes and
Theberge 1996; Theberge and Theberge 2004) until Decem-
ber 2001 when wolf protection was extended to all townships
surrounding the park (Rutledge et al. 2010a).

Although wolf harvest in the first half of the 20th cen-
tury presumably impacted the population size and altered
the original genetic makeup of wolves within the park, the
timing of the research culls in the mid-1960s is important
because it occurred at a time when coyotes were becoming
well established in the area. Prior to the 1960s, introgres-
sion from coyotes may have occurred, but was likely lim-
ited because the first coyote confirmed in southern Ontario
was recorded in Thedford, Lambton County in 1919 (Nowak
1979) and densities near APP would have been relatively low
until the beginning of the 1960s when coyote populations
expanded rapidly north, east, and south (Moore and Parker
1992) in response to new habitat made available through land

c© 2011 The Authors. Published by Blackwell Publishing Ltd. 21
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Figure 3. Trend in coyote observations in the Ottawa Valley region over the past 70 years. Value for 1939 is based on no coyotes reported in the
Ottawa Valley prior to 1940 (Pimlott 1961). Data from 1999 to 2009 is calculated from coyote observations in Wildlife Management Unit (WMU) 64B
of the Ottawa Valley reported by deer hunters on posthunt report cards. Dashed line and double slash indicate period of missing data.

clearing and wolf extirpation (Kyle et al. 2006; Kays et al.
2010). Estimates of coyote abundance in Wildlife Manage-
ment Unit 64B (Fig. 2) southeast of APP suggest a trend of
increased density (Fig. 3). Therefore, there was presumably
limited potential for coyote introgression into APP wolves
during the first half of the 20th century, although immi-
gration of wolf-like animals, either gray wolf–eastern wolf
hybrids from northeastern Ontario or other Algonquin-type
animals living in the park periphery, was likely common at
the time. To explore the long-term impacts that wildlife culls
can have on conservation, we analyzed genetic data acquired
from eastern wolf samples collected in APP over a 43-year
period (1964–2007), and interpreted genetic changes within
the context of wolf and coyote demographic history in and
around APP. Ultimately, this research demonstrates that al-
though intense localized killing of an apparently abundant
species may seem innocuous under the accepted scientific
framework of the time, it may have lasting, and unforeseen,
conservation implications.

Methods

Sample collection and DNA extraction

APP wolf samples used in this study were collected
over 43 years in the different time periods: 1964–1965
(hereafter referred to as Historic Harvested [HH64–65]),
1987–1999 (hereafter referred to as Contemporary Harvested

[CH87–99]), and 2002–2007 (hereafter referred to as Con-
temporary Protected [CP02–07]). Details regarding sample
collection and DNA extractions for the CH87–99 samples
can be found in Grewal et al. (2004) and for CP02–07 details
are provided in Rutledge et al. (2010c). For HH64–65 sam-
ples, DNA was extracted from teeth samples removed from
40 skulls of adult and yearling wolves trapped and killed in
APP during 1964 and 1965 (Pimlott et al. 1969). Given that
boiling water maceration was used to clean these skulls, we
attempted to extract DNA from the dried blood found in-
side intact canines and molars to improve the probability
of obtaining larger fragments of DNA. Sample processing
and DNA extractions were carried out in a laboratory area
dedicated to the extraction of low-template DNA from his-
toric and ancient samples at Trent University. The ancient
DNA laboratory enforces strict protocols to minimize risk
of contamination from contemporary sources. Filter tips or
disposable transfer pipettes were used throughout the ex-
traction process, and multiple negative controls were used to
track reagent contamination.

Exterior surfaces of the teeth were decontaminated with
a 1:9 DECON solution (Fisher Scientific, Ottawa, ON) to
remove any foreign DNA and then rinsed with DNAase-
free water (Gibco, Invitrogen, Burlington, ON). Teeth were
crushed with a hammer to expose the inner vasculature and
the dried blood from inside each tooth was placed in 400-
μl 1× lysis buffer (4 M urea, 0.2 M NaCl, 0.5% n-lauroyl
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sarcosine, 10 mM CDTA [1, 2-cyclohexanediamine], 0.1 M
Tris-HCl, pH 8.0) and incubated at 37◦C overnight (12–
18 h). Then 50 μl of Proteinase K (600 mAU/mL) was added
to each sample followed by incubation at 55◦C overnight
with rotation. Samples were then stored at 37◦C up to 2
days to ensure complete digestion. Samples were extracted
by standard phenol–chloroform methods adjusted for small
volumes (Sambrook and Russell 2001). Extracts were then
concentrated over Amicon Ultra 0.5 mL Centrifugal Filters
(Millipore, Billerica, MA) and stored at –20◦C until amplified
with polymerase chain reaction (PCR).

DNA quantification, amplification,
sequencing, and genotyping

Details regarding samples from CH87–99 and CP02–07 can
be found in Grewal et al. (2004) and Rutledge et al. (2010c),
respectively. HH64–65 samples were quantified by amplifi-
cation of microsatellite primer cxx172 with PCR conditions
described in Rutledge et al. (2010c) and 2 μl of DNA ex-
tract. To minimize effects of PCR inhibitors, 0.2 μg of bovine
serum albumin (BSA) was added to all reactions. In addition,
1.5 Units of Taq DNA polymerase (Invitrogen) were added to
each reaction to account for 35 PCR cycles. Amplified prod-
uct was visualized on an ethidium bromide stained agarose
gel, and fluorescence was compared to a positive control with
500 pg of DNA in the reaction with the software Quantity
One (Bio-Rad, Mississauga, ON) to ensure that samples used
in subsequent microsatellite reactions had at least 500 pg of
DNA in each reaction and alleviate scoring errors due to al-
lelic dropout (Rutledge et al. 2009 and references therein).
The control sample was prepared outside the ancient DNA
laboratory and added to the PCR machine immediately prior
to the start of the reaction process. We followed this protocol
for positive controls for all reactions so that amplification
could be tracked, but risk of contamination was minimized.
At all times during amplification and analysis, the positive
control was handled after all other samples had been pro-
cessed. For those samples where at least 500 pg of DNA could
be put into a PCR, a multiplex reaction of 35 cycles with mi-
crosatellite primers cxx253, cxx147, cxx410, cxx442 and sim-
plex reactions with microsatellite primers cxx225 and cxx172
were run to acquire individual genotypes. Reaction condi-
tions and primer references are described in Rutledge et al.
(2010c). For direct comparison, DNA from the CH87–99
wolf samples were amplified at these same six microsatellite
loci and similarly scored.

For HH64–65 males (as identified in field notes) with suffi-
cient target DNA, four Y chromosome microsatellite regions
were amplified with primers MS34A, MS34B, MS41A, and
MS41B (Sundqvist et al. 2001) with 40 cycles under condi-
tions described in Rutledge et al. (2010c). DNA from the PCR
product was precipitated with a standard ethanol precipita-

tion and labeled fragments were separated on an AB3730
(Applied Biosystems, Carlsbad, CA). All autosomal and Y
chromosome alleles were scored in GeneMarker 7.1 (SoftGe-
netics, State College, PA) and checked manually according to
strict internal standards of peak height and morphology.

A 343- to 347-bp fragment of the mitochondrial DNA
(mtDNA) control region was amplified from 2 ul of stock
DNA with primers AB13279 and AB13280 (Wilson et al.
2000) under the following conditions: initial denaturation
at 94◦C for 5 min followed by 40 cycles of 94◦C for 30 sec,
60◦C for 30 sec, 72◦C for 30 sec. Final extension was at 72◦C
for 2 min followed by storage at 4◦C. Amplified product was
visualized on an ethidium bromide stained agarose gel and
samples with sufficient DNA were prepared with Exonucle-
ase 1 (M0293S) and Anarctic Phosphatase (M0289S) (New
England BioLabs Inc., Ipswich, MA) followed by sequenc-
ing with a Big Dye Terminator Kit (Applied Biosystems) in
both forward and reverse directions on an AB3730. Con-
sensus sequences of 343 bp were generated from contigs as-
sembled from forward and reverse sequences in Sequencher
4.9 (GeneCodes Corporation, Ann Arbor, MI). All sequences
were checked manually to ensure accurate base calling by the
software.

Analyses

Mitochondrial DNA and Y microsatellite haplotypes were as-
signed based on previously published nomenclature (Wilson
et al. 2000; Rutledge et al. 2010c) and compared to previ-
ously published data for the CH87–99 (Grewal et al. 2004),
and CP02–07 (Rutledge et al. 2010c). Due to widespread
hybridization between eastern wolves and coyotes, it is diffi-
cult to make species designations to some haplotypes. Where
there is discrepancy in the literature, both potential species
origins are listed (for further discussion see Wheeldon et al.
2010; Rutledge et al. 2010c). To determine if the proportion
of eastern wolf haplotype C1 had decreased in APP since the
mid-1960s, we performed randomization tests of 1000 iter-
ations with replacement in the statistical software package R
2.9.0 based on 23 sampling events of C1 from the CH87–99
and CP02–07 datasets.

Only those samples from the mid-1960s that had suffi-
cient target DNA and amplified at four or more loci (n =
17) were used in subsequent microsatellite analyses. Data
included in microsatellite analyses include those generated
here (HH64–65 and CH87–99) as well as previously pub-
lished data from CP02–07, gray wolf–eastern wolf hybrids
from northeastern Ontario (NEON), and eastern coyotes
from southern Ontario along the Frontenac Axis (FRAX)
(see Rutledge et al. 2010c). In the HH64–65 dataset, 23%
of samples had missing allele scores at cxx442 and 35% had
missing allele scores at cxx147. Combined, 23% of samples
had missing scores at both loci. To identify the impact of
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including loci with missing data in estimates of differenti-
ation, we graphed Fst and Jost’s Dest measures of genetic
differentiation of the three APP time periods (HH64–65,
CH87–99, and CP02–07) and NEON to FRAX at all six loci,
then excluding cxx147 (five loci), and finally excluding locus
cxx147 and cxx442 (four loci; Appendix A1). Trends were
similar for all comparisons although including all six loci in
some cases gave slightly more conservative estimates of dif-
ferentiation. Therefore, we included all loci in subsequent
analyses.

Measures of observed and expected heterozygosity, num-
ber of alleles, and private alleles were calculated in GenAlEx
6.3 (Peakall and Smouse 2006), as were standard measures
of genetic distance (Fst) and tests of significant differences
between populations based on 999 permutations. Jost’s Dest

(Jost 2008) was also calculated in SMOGD (Crawford 2010;
accessed June 22, 2010) because Fst values do not always re-
flect true differentiation based on shared alleles (Jost 2008).
To assess changes in nuclear gene flow over time between
APP animals and those of NEON and FRAX, we (1) assessed
Fst and Jost’s Dest comparisons, (2) conducted Bayesian clus-
tering analysis in Structure 2.2 (Falush et al. 2007), (3) used
principal components analysis (PCA) in R 2.9.0, and (4) im-
plemented a logistic regression analysis in R 2.9.0. Details
regarding determination of the number of clusters and the
parameter settings for the Structure analysis, as well as PCA
analysis of the microsatellite dataset are described in Rut-
ledge et al. (2010c). In general, the number of clusters (K)
in Structure was determined by assessing a plot of the log
probability of the data (Mean LnP(K)) and a plot of the
second-order rate of change of the likelihood function (�K)
(Evanno et al. 2005) such that they were congruent with bi-
ological meaning. For the Structure analysis, we estimated
the number of clusters with no a priori assignment under
the F model for correlated allele frequencies with 5,000,000
MCMC steps and a burn-in of 250,000 for five runs each of
K = 1–8. Subsequent to optimal K determination, we con-
ducted 10 runs for K = 3 and averaged assignment scores
(Q) (which represent the posterior probability of member-
ship to each cluster) over the 10 runs. PCA was conducted in
the adegenet package (Jombart 2008) of R (R Development
Core Team 2008). For the logistic regression analysis, coyote-
influenced animals (as described below) were coded as “1”
and eastern wolf animals were coded as “0” to determine
changes in coyote influence in APP during the three time pe-
riods. Similarly, in a separate logistic regression to determine
changes in gray wolf influence, gray wolf animals were coded
as “1” and eastern wolves were coded as “0” to determine
changes in gray wolf influence in APP (comparing influence
in mid-1960s to that of 2000s since there was no gray wolf
influence noted in the 1980/90s). We identified an animal as
a coyote-influenced animal if QFRAX ≥ 0.2 and a gray wolf in-
fluenced animal if QNEON ≥ 0.2 (based on the understanding

that a first-generation hybrid backcrossed to a “pure” strain
would result in an assignment score of 0.75, and on a hybrid
simulation based power analyses for our ability to detect hy-
brids implemented in the adegenet package [Jombart 2008]
in R 2.9.0 [unpublished data]). Hybrid influence scores were
assigned as the dependent variable and the time period was
assigned as the independent variable with HH64–65 as the
reference dataset. Q-values distributed across all three groups
were only found in CP02–07 (n = 12) and these samples were
excluded from the logistic regression analysis because assign-
ment scores split across all populations can be an indication
that the source population has not been sampled rather than
representing influence from all populations.

Simulations

Coalescent simulations generate the genomes of individuals,
moving backwards in time, under a defined demographic
scenario with the assumption that the coalescent process
(Kingman 1982) for neutral markers will be determined by
the population and demographic history. Using coalescent
simulations, one can determine the distribution of genetic
summary statistics under a given demographic scenario and
determine if the observed data fall within or outside of the ex-
pected distribution (e.g., Gray et al. 2008; Banks et al. 2010).
In our analysis, an alternate explanation for the unexpected
change in differentiation between eastern wolves in APP and
coyotes in FRAX is genetic drift acting between sampling pe-
riods, rather than the impacts of harvesting. We therefore
used coalescent simulations to establish a distribution of ex-
pected change in differentiation between APP wolves and
FRAX coyotes through time under a demographic model,
which does not include any impacts of the harvest. If the ob-
served patterns were outside of this distribution, it is proba-
ble that genetic drift alone is not responsible for the observed
patterns.

Under our demographic model (Table 1; Fig. 4), eastern
wolves and coyotes split between 150,000 and 300,000
years ago (T.split) (Wilson et al. 2000) and were separated
until 100 years ago when the first coyotes were reported in
southern Ontario (Nowak 1979). Separately, eastern wolves
remained at a constant population size (N.wolf.anscest) of
64,500–90,200 individuals (estimated by multiplying the
historic range throughout the eastern temperate forests
(2,578,425 km2; CEC 1997) by an estimated density of
eastern wolves (0.025–0.035/km2; Rutledge et al. 2010a)
until 250–500 years in the past (T.decline) when European
settlers came to North America and eastern wolf populations
started to decline toward their current estimated population
size (N.wolf.current) in and around APP of 500–1000
individuals (this value includes the Park population esti-
mate of 300 [Rutledge et al. 2010a] plus individuals that
occur outside of the park boundaries). The ancestral
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Table 1. Coalescent simulation parameters.

Parameters Min Max

N. wolf.current 200 400
N.coyote.current 22,800 34,600
N.coyote.bot 25 50
N.wolf.ancest 25,800 36,080
N.coyote.ancest 478,000 726,000
T.stable 50 100
T.decline 250 500
T.bot 100 100
T.split 150,000 300,000
∗Gene flow 0.001 0.05
Mutation 1.1 × 10–3 3.9 × 10–3

∗Proportion of wolf population coming from coyote population. Popula-
tion range estimates used in coalescent simulations aimed at modeling
the demographic history of eastern wolves and coyotes. Population size
values (N) are effective population sizes, and time values (T ) are in years
(number of generations × 5-year generation time). All parameter es-
timates varied within a uniform distribution. See text and Figure 1 for
details of the demographic model.

coyote population size (N.coyote.ancest) of
956,800–1,453,000 (estimated by multiplying the size of
their historic range in the Great Plains [3,543,875 km2; CEC
1997] by an estimated density of coyotes [0.27–0.41/km2;
Berger and Conner 2008]) was also modeled to remain
stable until 100 years ago (T.bot) when a small number of
individuals (Kays et al. 2010) (N.coyote.bot; estimated at
50–100) founded the population in southern Ontario and
expanded to their current estimated size (N.coyote.current)
of 45,600–69,300 (estimated by multiplying estimated
coyote density by the size of the Mixed Woods Plains
ecoregion in Ontario and Quebec [168,913 km2; Wiersma
2007]). After this founding population arrived, we allowed
constant asymmetric gene flow (0.1–5%) from coyotes in
FRAX into wolves in APP. For the model parameters, we
estimated effective population sizes by dividing the estimated

population size by average pack size (wolves = 5 [Loveless
2010]; coyotes = 4 [Way 2003]) and multiplying by two
breeders per pack (Table 1). We assumed a strict stepwise
mutation model with a mutation rate varying between 1.1 ×
10–2 and 3.9 × 10–3 based on Canis microsatellite mutation
rate estimates (Parra et al. 2010).

The coalescent simulations were generated with Serial Sim-
Coal (Anderson et al. 2005) within ABCtoolbox (Wegmann
et al. 2010), which was used to vary the demographic pa-
rameters. Because Serial SimCoal allows for populations to
be sampled at various time periods, we sampled the simu-
lated wolf population (based on the midpoint of the sampling
period) at 40 years in the past (HH64–65), 10 years in the
past (CH87–99), and the current generation (CP02–07), and
calculated Dest (Jost, 2008) between each of these samples
and a sample from the simulated coyote population (Dest 1,
Dest 2, and Dest 3, respectively). Sample sizes were consistent
with observed data and Dest was calculated with a modified
python script of SMOGD version 1.2.5 (Crawford, 2010).
We wanted to determine if the change in differentiation was
different than expected under the assumed demographic sce-
nario, so we calculated the relative change in difference from
HH64–65 to CH87–99 (�Da) as

�Da = Dest1 − Dest2
(

Dest1+Dest2
2

)

and the relative change in differentiation from CH87–99 to
CP02–07 (�Db) as

�Db = Dest2 − Dest3
(

Dest2+Dest3
2

) .

A value of 0 represents no change in differentiation;
values > 0 suggests a decrease through time and values < 0
suggest an increase through time. Subsequently, we compared
the observed relative change to the distribution produced
from the 10,000 simulations to determine if the observed
change was likely in the absence of harvest pressure.

Figure 4. Assumed model of population and
demographic history for eastern wolves and
coyotes in eastern North America. See Table 1
for parameter estimates and text for description
of the model.
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Results

The frequencies of mtDNA haplotypes changed over time
(Table 2). Comparison of mtDNA haplotype names to those
found in other studies is provided in Appendix A2. Random-
ization tests indicate that there was a significant decrease in
the proportion of C1 eastern wolf haplotypes since the mid-
1960s (HH64–65 mean = 0.478; CH87–99 mean = 0.119,
SD = 0.065; CP02–07 mean = 0.0238, SD = 0.032). We were
only able to obtain complete Y microsatellite profiles for two
animals sampled from the mid-1960s, and both had eastern
wolf haplotype AA (Table 2). Partial profiles were determined

Table 2. Mitochondrial DNA (mtDNA) and Y microsatellite haplotypes
from Algonquin Provincial Park (APP) during the three different sampling
periods.

mtDNA haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

C1 Eastern Wolf 11 12 3
C3 Eastern Wolf 0 0 1
C13 Eastern Wolf 1 5 1
C17 Eastern Wolf 1 9 8
C22 Gray Wolf 0 4 9
C14 Coyote 9 35 65
C19 Coyote 0 18 33
C16 Coyote 0 1 0
C9 Coyote/Eastern Wolf∗ 1 18 7

Total (n) 23 102 127

Y microsatellite haplotypes

Haplotype Species affiliation HH64–65 CH87–99 CP02–07

AA Eastern Wolf 2 30 26
BB Eastern Wolf 0 13 14
CC Gray Wolf 0 2 0
CD Coyote/Eastern Wolf∗ 0 4 2
CE Gray Wolf 0 1 2
DC Gray Wolf 0 1 0
EF Gray Wolf 0 1 3
CR Coyote/Eastern Wolf∗ 0 0 1
GP Coyote/Eastern Wolf∗ 0 0 1

Total (n) 2 52 49

Data for Contemporary Harvested 1937–1999 (CH37–99) are from Gre-
wal et al. (2004) and data for Contemporary Protected 2002–2007
(CP02–07) are from Rutledge et al. (2010b). Randomization tests (see
text) indicate values of the eastern wolf mtDNA haplotype C1 are signif-
icantly lower in the 1980/90s (CH87–99) and 2000s (CP02–07) than in
the mid-1960s (HH64–65). Sample size is small for the HH64–65 Y mi-
crosatellites due to difficulty in amplifying the regions on these histonic
samples. Additional partial Y microsatellite profiles for the HH64–65
time period are available In Appendix A3. ∗Widespread hybridization be-
tween western coyotes and eastern wolves has resulted in uncertainty
regarding the species affiliation of these haplotypes. For a discussion see
Wheeldon et al. (2010) and Rutledge et al. (2010b).

for nine other animals from the mid-1960s: seven had hap-
lotype A for locus MS34, one had haplotype A for MS41,
and one only amplified at one locus that was consistent with
a probable A haplotype for MS34 (Appendix A3). Based on
known Y chromosome haplotypes (Wilson et al. In Review),
there are only three possible haplotypes for these partial pro-
files: AA, AQ, or EA (see Appendix A3). Since neither AQ,
which occurs in Nebraska coyotes, nor EA, which occurs in
Texas coyotes, are known to occur in Ontario (Wilson et al.
In Review), it is likely that at least 10 of the 11 animals
profiled have an eastern wolf haplotype AA. Given the high
proportion of missing genotypes, however, we did not pur-
sue further analysis or interpretation of the Y microsatellite
data.

Heterozygosity in APP was high across all three time pe-
riods and was similar to surrounding regions; the number
of effective alleles was also similar across time periods and
populations (Table 3). Both Fst and Jost’s Dest values showed
the closest relationship between coyotes in FRAX and eastern
wolves in APP occurred during the 1980/90s, whereas in the
mid-1960s these two populations were more differentiated;
differentiation increased from the 1980/90s to the 2000s but
did not reach mid-1960s values (Table 4).

Analysis of the autosomal microsatellite data with Struc-
ture and PCA identified three main clusters in the dataset,
with the three APP clusters having overlapping profiles
(Figs. 5 and 6), although the HH64–65 data were more tightly
clustered in the PCA (Fig. 6). As in other analyses of simi-
lar datasets (e.g., Rutledge et al. 2010c), the �K peak at K
= 2 represents the major division between Eurasian-evolved
(Old World) gray wolves and North American-evolved (New
World) species. The high �K values at K = 3 and K = 4
provide more subtle clustering information of more recently
diverged groups. As shown in Figure 5, K = 4 is not bio-
logically informative, thus K = 3 is suggested as the optimal
number of clusters for this dataset.

Differences among the three Algonquin datasets were not
readily obvious from these analyses. Results of the logistic
regression, however, indicate a significant increase in the pro-
portion of coyote-like animals in APP from the mid-1960s
to the 1980/90s (parameter estimate = 2.223; SE = 1.081;
df = 2, 171; P = 0.0397) but not from the mid-1960s to
the 2000s (parameter estimate = 1.674; SE = 1.053; df =
2, 171; P = 0.112) (Fig. 7). Odds of finding a coyote-like
animal were 9.1 times higher in the CH87–99 dataset than
HH64–65, but only 5.3 times higher in the CP02–07 data.
In contrast, there was a significant decrease in the number
of gray wolf influenced animals in the park over time. In
the CH87–99 dataset, there were no animals sampled with
genetic influence from NEON and logistic regression of the
HH64–65 compared to the CP02–07 suggest a significant de-
crease (parameter estimate = –1.567; SE = 0.692; df = 1;
P = 0.0236). Odds of sampling a gray wolf influenced animal
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Table 3. Comparison of genetic diversity among populations.

Population Sample size (n) Ho (SE) He (SE) Na (SE) Ne (SE)

NEON 51 0.686 (0.054) 0.628 (0.045) 5.667 (0.558) 3.021 (0.566)
HH64–65 17 0.693 (0.078) 0.678 (0.027) 4.833 (0.401) 3.214 (0.251)
CH87–99 41 0.748 (0.024) 0.727 (0.012) 7.000 (0.683) 3.695 (0.154)
CP02–07 128 0.672 (0.026) 0.722 (0.026) 7.000 (0.730) 3.753 (0.331)
FRAX 38 0.763 (0.048) 0.755 (0.030) 6.167 (0.543) 4.385 (0.525)

Ho = observed heterozygosity, He = expected heterozygosity, Na = number of alleles, Ne = number of effective alleles, SE = standard error,
NEON = northeastern Ontario, HH64–65 = Historic Harvested samples collected in Algonquin Provincial Park (APP) between 1964 and 1965,
CH87–99 = Contemporary Harvested samples collected in APP between 1987 and 1999, CP = Contemporary Protected samples collected in APP
between 2002 and 2007, FRAX = Frontenac Axis. Values are based on six microsatellite loci.

Table 4. Genetic distance between populations.

Population NEON HH64–65 CH87–99 CP02–07 FRAX

Four loci
NEON n/a 0.403 0.264 0.298 0.354
HH64–65 0.166 (0.001) n/a 0.010 0.002 0.160
CH87–99 0.130 (0.001) 0.012 (0.073) n/a 0.006 0.078
CP02–07 0.125 (0.001) 0.007 (0.130) 0.003 (0.170) n/a 0.159
FRAX 0.154 (0.001) 0.066 (0.001) 0.041 (0.001) 0.058 (0.001) n/a

Five loci
NEON n/a 0.232 0.229 0.269 0.330
HH64–65 0.145 (0.001) n/a 0.022 0.012 0.165
CH87–99 0.119 (0.001) 0.024 (0.007) n/a 0.001 0.057
CP02–07 0.117 (0.001) 0.022 (0.002) 0.002 (0.241) n/a 0.130
FRAX 0.145 (0.001) 0.071 (0.001) 0.035 (0.001) 0.051 (0.001) n/a

Six loci
NEON n/a 0.246 0.239 0.269 0.274
HH64–65 0.161 (0.001) n/a 0.028 0.020 0.149
CH87–99 0.124 (0.001) 0.039 (0.001) n/a 0.000 0.047
CP02–07 0.118 (0.001) 0.035 (0.001) 0.001 (0.308) n/a 0.112
FRAX 0.138 (0.001) 0.080 (0.001) 0.032 (0.001) 0.047 (0.001) n/a

Values are based on 4, 5, or 6 autosomal micosatellite loci. Fst is below horizontal and Jost’s Dest is above horizontal. P-values for Fst comparisons (in
parentheses) are based on 999 permutations in the AMOVA option of GenAlEx. NEON = northeastern Ontario, HH64–65 = Historic Harvested samples
collected in Algonquin Provincial Park (APP) between 1964 and 1965, CH87–99 = Contemporary Harvested samples collected in APP between 1987
and 1999, CP = Contemporary Protected samples collected n APP between 2002 and 2007, FRAX = Frontenac Axis.

were reduced by a factor of 0.21 in CP02–07 compared to
HH64–65.

Simulations

The observed relative change in population differentiation
between HH64–65 and CH87–99 (�Da) was 1.04, which
was within the range, but greater than 93% (P = 0.06) of
the coalescent simulations (Fig. 8), suggesting that differ-
entiation between coyotes and wolves decreased more than
expected under the defined demographic model. Conversely,
the observed relative change between CH87–99 and CP02–07
(�Db) was –0.80 and lower than 95% (P = 0.05) of the simu-
lations, suggesting the observed magnitude of gene flow from
FRAX to APP was smaller than expected under constant mi-
gration across time periods.

Discussion

Killing of wolves during the mid-1960s in APP appears to
have influenced the genetic composition of the Park’s wolf
population. Although researchers at the time could not have
predicted these outcomes, it seems likely that extensive culling
of wolves prompted the few remaining wolves in the Park
to mate with individuals from the expanding coyote popu-
lation. The subsequent decline of an eastern wolf mtDNA
haplotype and introgression of coyote mitochondrial and
nuclear DNA correlates well with the demographic history
of the two species, and coalescent simulations suggest these
outcomes were unlikely in the absence of harvest pressure.
The genetic consequences of this hybridization have com-
plicated eastern wolf conservation and may continue to do
so in regions where APP wolves disperse into unprotected
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Figure 5. Number of Canis clusters inferred
from six autosomal microsatellites. Top figure
shows mean log probability of the data
(dashed line) and the second-order change of
the likelihood function (�K) (solid line) as a
means of inferring the number of clusters in
the data. Arrows indicate “population”
divisions, APP = Algonquin Provincial Park. At
K = 2, the major division between Old World
evolved animals (gray wolves) and New World
evolved animals (eastern wolves and coyotes)
occurs. At K = 3, eastern coyotes separate
and APP animals from all three time periods
cluster together. K = 4 hints at a division
within Algonquin animals, but this division is
difficult to interpret biologically and should be
treated with caution. Overall, K = 3 is the
most likely number of clusters.

areas where coyotes flourish (e.g., Quebec and southern
Ontario).

The exact impacts and biological mechanisms of the
mtDNA exchange are unclear, but a similar turnover of
mtDNA haplotypes associated human-caused gray wolf ex-
tirpation followed by recolonization and subsequent dog in-
trogression has been noted in Vancouver Island gray wolves
(Muñoz–Fuentes et al. 2010). Similar to the situation on Van-
couver Island, hybridization between eastern wolves and coy-
otes in APP may have occurred due to an Allee effect (Allee
1931) resulting from a lack of conspecific mates for eastern
wolves associated with small population size when wolf har-
vest was high. Like the situation on Vancouver Island, main-
taining large population sizes and minimizing human-caused
mortality will be important for minimizing potentially dele-
terious effects of hybridization. For eastern wolves in APP,
affording protection for wolves in connected, suitable east-
ern wolf habitat between the Park and surrounding regions
will be important for promoting gene flow among eastern
wolves that will maximize genetic variability on which nat-

ural selection can act. Although nuclear genetic diversity of
APP wolves was maintained over time, their nuclear genetic
signature is now closer to the mid-1960s state than it was
in the 1980/90s when park animals were genetically more
similar to eastern coyotes. We attribute this genetic restora-
tion to the implementation of a ban in 2001 on wolf hunting
and trapping in the townships surrounding the park where
high human-caused wolf mortality occurred for wolves mi-
grating outside park boundaries (Forbes and Theberge 1996;
Theberge and Theberge 2004). Thus, expanded protection
may have promoted the natural recovery of a historic genetic
state. This rebound is important because genetic influence
from the smaller coyote may be detrimental to the viability
of the wolf population in the current park ecosystem where
moose are the most common ungulate prey (Quinn 2004;
Loveless 2010), and larger body size is positively related to
predatory efficiency when hunting large ungulates (Carbone
et al. 1999; MacNulty et al. 2009).

We have shown that intensive eastern wolf culls may ex-
acerbate hybridization with coyotes. These results may have
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Figure 6. Centered, scaled PCA analysis of six autosomal microsatellite
loci from the five different groups. Population 1 in blue = northeastern
Ontario (NEON), 2 in black = Algonquin Provincial Park (APP) from mid-
1960s (Historic Harvested 1964–1965 [HH64–65]), 3 in green = APP
from the 1980/90s (Contemporary Harvested 1987–1999 [CH87–99]),
4 in red = APP from the 2000s (Contemporary Protected 2002–2007
[CP02–07]), and 5 in orange = Frontenac Axis (FRAX).

implications for other closely related species that have been
brought together by landscape changes and expansion of
nonendemics. Wolves have been extirpated across most of
their original range in North America with dramatic conse-
quences for wolf viability and ecosystem health. For exam-
ple, extirpation has led to widespread loss of genetic diversity
within wolf populations thus reducing their adaptive evolu-
tionary potential (Leonard et al. 2005), and ecosystems have
suffered considerably in the absence of top predators that
effectively regulate ungulate populations (Beschta and Rip-
ple 2009; Licht et al. 2010). The impacts of overharvesting
are widespread across species. It is a global problem that has
left small, remnant populations of amphibians, birds, mam-
mals, and fish susceptible to extinction through hybridiza-
tion with closely related, more abundant, invasive species
(Rhymer and Simberloff 1996). In the face of increasing habi-
tat alteration, invasion of nonendemic species, and climate
change, the mapping of evolutionary processes over time is
of utmost importance for wildlife conservation (Smith and
Bernatchez 2008). As demonstrated here, utilizing historic
samples for long-term genetic monitoring of populations is
essential for tracking changes in the evolutionary trajectory
of a population and implementing effective conservation and
management strategies, especially for exploited populations
(Allendorf et al. 2008; Coltman 2008; Darimont et al. 2009).

Figure 7. Proportional representation of wolves in APP in the three dif-
ferent time periods assigned in Structure as (A) Algonquin Provincial
Park (APP; Q ≥ 0.8 to APP); (B) influenced by hybridization with east-
ern coyotes from Frontenac Axis (APP-FRAX; 0.8 ≥ Q ≥ 0.2 to FRAX);
(C) strongly assigned to FRAX (FRAX; Q ≥ 0.8 to FRAX); (D) influenced
by hybridization with gray wolf–eastern wolf hybrids from northeast-
ern Ontario (APP-NEON; 0.8 ≥ Q ≥ 0.2 to NEON); (E) assigned with
Q ≥ 0.2 to all three populations (APP-NEON-FRAX). HH64–65 = Historic
Harvested samples collected between 1964 and 1965; CH87–99 = Con-
temporary Harvested samples collected between 1987 and 1999; CP =
Contemporary Protected sampled collected between 2002 and 2007.

Above all, our results demonstrate that intense localized
harvesting of species thought to be numerous and widespread
can have unexpected outcomes that threaten conservation of
species and naturally functioning ecosystems. The advanced
molecular genetic techniques now used for studying wildlife
populations were unheard of in the 1960s and no one could
have predicted the impacts that such an experimental design
could have on a population. Although the research methods
used in the 1960s would fail to meet current ethical guide-
lines, targeted culling is still common practice for managing
wildlife under various scenarios (Genovesi 2005; Karki et al.
2007; Wasserberg et al. 2009; Lachish et al. 2010; Smith et al.
2010). For example, lethal control of gray wolves (C. lupus)
is currently used to increase the size of ungulate popula-
tions in Alaska, USA (Boertje et al. 2010), and in Alberta,
Canada (Schneider et al. 2010) where both total wolf harvest
and areas of intense harvest (>45 wolves/1000 km2) have in-
creased over the past 22 years (Robichaud and Boyce 2010).
Similarly, lethal methods are routinely used for coyote con-
trol, with intense “spatially clumped” harvest suggested as
more effective than random removal across a broad spatial
scale (Conner et al. 2008). Coyotes are generally regarded as
vermin, and wolves are often perceived as a major threat to
ungulate populations; both of these viewpoints were similarly
applied toward wolves in APP prior to 1965.
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Figure 8. Kernel density plots of the relative change in Jost Dest be-
tween coyotes in the Frontenac Axis (FRAX) and wolves in APP from, (A)
Historic Harvested 1964–1965 (HH64–65) to Contemporary Harvested
1987–1999 (CH87–99) and (B) CH87–99 to Contemporary Protected
2002–2007 (CP02–07), for 10,000 coalescent simulations (see text for
details of simulations). Values of 0 represent no change in differentiation,
values > 0 represent a decrease, and values < 0 represent an increase.
Dotted vertical line shows the observed change.

Our results suggest the potential for ecological assump-
tions to be incomplete and that culling and other seemingly
harmless, invasive methods, even when applied to abundant
“pest” species, may have unexpected, lasting conservation
implications. Whether for the purpose of game species man-
agement, protection of endemics, population size estimates,
or collecting basic ecological knowledge, exploring nonlethal
alternatives could minimize unanticipated impacts to an-
imal populations and thus reduce the burden on wildlife
managers. By following guidelines and principles of eco-
logical ethics as outlined by a growing number of scientists
(Farnsworth and Rosovsky 1993; Minteer and Collins 2005;
Vucetich and Nelson 2007; Paquet and Darimont 2010), sam-
pling methods are less likely to result in unanticipated neg-
ative impacts. In this way, we can avoid leaving behind a
legacy of complications for future conservation biologists
and wildlife managers.
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Appendix A1. Comparison of genetic distance values (Fst

and Dest) based on 4. 5. and 6 microsatellite loci. All
populations are compared to eastern coyotes from the
Frontenac Axis (FRAX). Data were complete for 4 loci of all
populations, but for 5 loci, HH64–65 was missing 23% of
data at locus cxx442 and for 6 loci it was also missing
35% at locus cxx147. NEON = gray-eastem wolf hyorids
from northeastern Ontario; HH64–65 = Historic Harvested
sampled in Algonquin Provincial Park (APP) between
1964–55: CHB7–99 = Conternporary Harvested sampled
in APP between 1987–99: CP02–07 = Contemporary
Protected sampled between 2002–07. Data for FRAX,
NEON and CP02–07 are from Rutledge et al. (2010c).

Appendix A2. Comparison of haplotypes with the published litrature.
(a) Leonard & Wayne 2008; (b) Koblmüller et al. (2009); (c) Wilson et al.
(2000); (d) Hailer & Leonard (2008); (e) Rutledge et al. (2010d).

Sample ID Sequence length (bp) mtDNA Haplotypes

6345/64 343 GL10, GL17, GL18a; C13c; Ccr10e

6242/65 343 GL12a; C17e; Ccr11e

6347/64 343 GL13a; Ia33d; C14c; Ccr09e

6342/64 343 GL13a; Ia33d; C14c; Ccr09e

6244/65 343 GL13a; Ia33d; C14c; Ccr09e

6257/65 343 GL13a; la33d; C14c; Ccr09e

6288/65 343 GL13a; Ia33d; C14c; Ccr09e

6252/65 343 GL13a; Ia33d; C14c; Ccr09e

6254/65 343 GL13a; Ia33d; C14c; Ccr09e

6250/65 343 GL13a; Ia33d; C14c; Ccr09e

6290/64 343 GL13a; Ia33d; C14c; Ccr09e

6246/65 342 GL16a; Ia18?; C9c; Ccr29e

6352/64 343 GL1a; Ia19b; C1c; Ccr12e

6315/64 343 GL1a; Ia19b; C1c; Ccr12e

6240/65 343 GL1a; Ia19b; C1c; Ccr12e

6307/64 343 GL1a; Ia19b; C1c; Ccr12e

6311/64 343 GL1a; Ia19b; C1c; Ccr12e

6256/65 343 GL1a; Ia19b; C1c; Ccr12e

6253/65 343 GL1a; Ia19b; C1c; Ccr12e

6241/65 343 GL1a; Ia19b; C1c; Ccr12e

6283/65 343 GL1a; Ia19b; C1c; Ccr12e

6346/64 343 GL1a; Ia19b; C1c; Ccr12e

6269/64 299 GL1a; Ia19b; C1c; Ccr12e

Appendix A3. Y-microsatellite scores for Historic Harvested samples
collected between 1964–65 (HH64–65), Haplotypes are assigned based
on previously published literature (see Rutledge et al. 2010b). Several
values are missing due to the difficulty in amplifying MS41 in these his-
toric samples. However, the only known haplotype combinations where
values are missing are indicated. It is probable that MS41 haplotypes with
missing alleles (marked ∗) are A haplotypes because the other possibility
is AQ (Wilson et al. In Review) that occurs in Nebraska coyotes and is
not known to occur in Ontario. Similarly, it is probably that the one ∗∗

is A because the only other known alternative is E which occurs in Texas
coyotes and red wolves (Wilson et al. In Review) and is not known to
occur in Ontario.

Sample MS34 MS41 Y
ID MS34A MS34B Haplotype MS41A MS41B Hapotype Haplotype

6240/65 172 180 A 212 212 A AA
6285/65 172 180 A 212 A, Q∗ A?
6244/65 172 180 A 212 − A, Q∗ A?
6307/64 172 − − − − − ?
6311/64 172 180 A − − − A?
6309/64 172 180 A − − − A?
6253/65 172 180 A − − − A?
6241/65 − − A, E∗∗ 212 212 A ?A
6252/65 172 180 A 212 − A, Q∗ A?
6242/65 172 180 A − − − A?
6283/65 172 180 A 212 212 A AA
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ABSTRACT 

Surgical Sterilization of Coyotes to Reduce 

Predation on Pronghorn Fawns 

by 

Renee Seidler, Master of Science 

Utah State University, 2009 

Major Professor: Eric M. Gese 
Department: Wildland Resources 

 Coyote (Canis latrans) predation accounts for the majority of neonatal pronghorn 

(Antilocapra americana) mortality in many areas and may influence local population 

declines. Current techniques used to manage coyote predation on wildlife species 

generally focus on lethal control methods. However, these methods may be controversial 

to the general public. Coyote sterilization is an alternative predation control method 

which is more acceptable to the public and has been shown to be effective in reducing 

sheep predation. We hypothesized that surgical sterilization of coyotes may increase 

pronghorn fawn survival; in the same way it reduces coyote predation on domestic sheep. 

Sterilization reduces the energetic need to provision coyote pups, which may decrease the 

predation rate on fawns by sterile coyotes.  We employed tubal ligation and vasectomy of 

captured coyotes to maintain pair bonds and territoriality.  We monitored pronghorn 

fawns by radio telemetry for one year pre-treatment and coyotes and pronghorn fawns 

one year post-treatment. We also examined the effects of sterilization on coyote territorial 



 

 

iv
maintenance and survival. Survival of fawns captured in sterile coyote home ranges was 

higher than survival of fawns captured in intact home ranges (P = 0.078). We also found 

that fawn survival was consistently higher in the northern part of the study site (P = 

0.081). A severe winter followed by a wet spring in 2007 did not reduce fawn survival 

and may have increased fawn survival (P = 0.364); however, our sample sizes did not 

allow us to detect significance in this relationship. Our results also supported the 

hypothesis that sterilization, while keeping hormonal systems intact, did not change 

coyote territorial behaviors. Sterile coyote packs were the same size as intact packs (P = 

0.554). Sterile and intact coyote packs maintained similar home range sizes in all seasons 

tested (P ≥ 0.556). We found differences between home range and core area overlap of 

sterile and intact packs in some seasons, but this trend appeared to exist before the 

coyotes were treated. Residency rates were similar for sterile and intact coyotes (P = 

0.406). We recommend coyote sterilization as a tool to boost pronghorn fawn survival in 

areas where fawn survival is a critical factor in pronghorn population persistence. 

Because these techniques have been tested under few circumstances, we recommend 

careful monitoring in future coyote sterilization programs. 

(101 pages) 
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 Chapter 2, The effects of coyote sterilization on pronghorn fawn survival, will be 

submitted to the Journal of Wildlife Management. Coauthors will be Eric Gese and Mary 

Conner. Chapter 3, The effects of tubal ligation and vasectomy on coyote home range 

maintenance, will also be submitted to the Journal of Wildlife Management. The sole 

coauthor will be Eric Gese.
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CHAPTER 1 

INTRODUCTION 

 Pronghorn (Antilocapra americana) are a species endemic to North America and 

are the sole surviving member of the family Antilocapridae (Byers 1997a). Pronghorn 

evolved to escape the fastest predators of the Pleistocene period and remain the fastest 

land mammal in North America. In addition to swiftness, pronghorn evolved complex 

behavioral adaptations to avoid predation (Byers 1997a). Neonates not yet fast enough to 

escape predators, rely on the ability to hide from predators between nursing bouts. This 

hiding strategy, coupled with the doe’s behavior, may fool predators regarding the 

location or presence of fawns; however, high mortality of fawns due to predation still 

occurs (Byers 1997a, Gregg et al. 2001, Dunbar and Giordano 2003). 

Coyotes (Canis latrans) are well-adapted for searching for hidden pronghorn 

fawns because they are designed for tireless trotting and exhibit cooperative social 

behavior during hunting (Byers 1997a). Typically, pups need to be provisioned in May 

and June, when pronghorn fawns are born. A pronghorn fawn represents approximately 

1.5-2.25 days worth of the energy requirements for a coyote (Byers 1997a). When 

coyotes are provisioning pups, caloric demands increase and larger prey items can 

provide a greater source of energy than smaller alternative prey (i.e., rodents; Bekoff and 

Gese 2003). Fawns can be an order of 16-120 times larger in mass than a rodent (mass 

estimates are based on Neotoma and Peromyscus species) and 1.3 times larger than a 

black-tailed jackrabbit (Lepus californicus). According to Byers (1997a: 54), “the annual 

production of pronghorn fawns represents an energy bonanza available to coyotes during 

a short season when additional food is essential.” 
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Pronghorn fawn mortality generally ranges from 40-80% in North America 

(Byers 1997a) with Von Gunten (1978) reporting fawn mortality as high as 90% in 

Montana. In Alberta over a two-year period, 67% of fawn mortality was due to predation 

and 78% of this predation was due to coyotes (Barrett 1984). Average yearly fawn 

mortality on the National Bison Range in Montana was 87% and decreases in fawn 

mortality were correlated with the number of coyotes removed (Byers 1997a). On the 

Hart Mountain National Antelope Refuge, Oregon, 60-85% of pronghorn fawn 

mortalities were attributed to coyote predation (Dunbar and Giordano 2003). Coyotes 

were responsible for at least half of the predation events in Wind Cave National Park, 

South Dakota (Jacques et al. 2007). In southeastern Colorado on the Piñon Canyon 

Maneuver Site, coyote predation accounted for 79% of fawn mortality over 4 years 

(Gerlach and Vaughan 1990). After coyote control in 1987 and 1988, fawn mortality was 

significantly reduced (Gerlach and Vaughan 1990). 

High coyote-caused fawn mortality has the potential to lower recruitment of 

fawns into the adult population, thereby contributing to local population declines. 

Predator management directed at boosting fawn survival can be difficult to implement. 

Non-lethal coyote control techniques, i.e., husbandry practices, fencing, frightening 

devices, guard animals, and repellents (Knowlton et al. 1999), often used to discourage 

livestock depredation, are generally costly in money, time, and effort (Gese et al. 2005). 

Coyotes often habituate to these deterrents and their tolerance may increase with limited 

alternative prey or the presence of pups. In addition, because game species are usually not 

confined to fenced pastures, implementing non-lethal techniques in wildlife management 

situations can be impractical due to animal movement and dispersion. 
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Lethal control of coyotes has been employed as a management tool to boost 

native ungulate populations where the coyote is the cause of low fawn survival and 

potentially low fawn recruitment (Kie et al. 1979, Neff et al. 1985, Smith et al. 1986, 

Byers 1997b). Although short-term benefits have been documented, lethal control may 

not be biologically or economically effective over the long term. For instance, control 

efforts on Anderson Mesa, Arizona, effectively reduced the coyote population over a 3-

year period from 1981-1983 (Smith et al. 1986) and resulted in a concomitant increase in 

the pronghorn population size by >400%. This increase was the result of greater fawn 

survival and recruitment and evidence suggested that the higher survival was correlated 

with coyote control. In addition, the year after coyote removal ceased, fawn:doe ratios 

declined from 0.67 in 1983 to 0.47 in 1984 and 0.26 in 1985, which suggests that 

continued application of lethal coyote control would be necessary to maintain this 

pronghorn population at management level goals. However, yearly application of lethal 

control could be financially costly. Wagner and Conover (1999) estimated that aerial 

gunning of coyotes would cost $185/coyote and trapping and killing from the ground 

would cost $805/coyote. 

 Management agencies choosing to employ lethal coyote control to boost 

ungulate numbers also run into political and social resistance. The general public 

contends that lethal control of coyotes is an unacceptable strategy for predation 

management (Knowlton et al. 1999). In 1996 and 1998, the Predator Defense and the 

Oregon Natural Desert Association legally prevented Hart Mountain National Antelope 

Refuge from using lethal control of coyotes to boost pronghorn fawn survival (Belsky 

1999). The U.S. Fish and Wildlife Service was attempting to solve the 29% decline in 
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pronghorn numbers coupled with a <1:100 fawn:doe ratio in July, 1995 (Dunbar et al. 

1999). Similarly, Friends of Animals and Predator Defense halted lethal control of 

coyotes on the Julia Butler Hansen Refuge, Washington, in 1998 (U.S. Fish and Wildlife 

Service 1998). The goal on this refuge was to boost Columbian white-tailed deer 

(Odocoileus virginianus leucurus) fawn survival, which is a federally-listed endangered 

species. In 2002, after being denied the ability to remove coyotes, fawn survival was 

considered too low to contribute to overall increases in the population (Ricca et al. 2002). 

As an alternative to lethal control of coyotes, Bromley and Gese (2001a) focused 

on biological mechanisms to alter predatory behaviors of coyotes. They followed the vein 

of Till and Knowlton (1983) who explored the possibility of reducing domestic sheep 

depredations by removing coyote pups from the dens of sheep-killing coyotes. In the 

week following treatment (pup removal), they found the total number of predation 

incidents decreased by >87% when pups were removed from dens of sheep-killing adult 

pairs. No changes in predation incidents were seen in the control group where sheep-

killing coyotes did not have their pups removed from the den. Although data were 

collected for only a short period following treatment, the results suggest that adult 

coyotes killed fewer sheep when they did not have pups to feed. 

Consequently, Bromley and Gese (2001a) sterilized coyotes to prevent 

reproduction. They hypothesized that without pups, the energetic demands of the alpha 

pair would decrease and, hence, so would depredations on domestic sheep. They used 

tubal ligation and vasectomy to sterilize coyotes, leaving hormonal systems intact. Over 

the 3-year study, non-sterile coyote packs with pups killed 6 times more sheep than 

sterile packs without pups. In addition, the surgically sterilized coyotes had higher 
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survival rates, remained pair-bonded and territorial, and sterile dyads had a significantly 

higher association score than sham-operated dyads in the second year (Bromley and Gese 

2001b). Given sterile coyotes retained their territorial behavior, it is likely they will 

exclude non-sterile, reproductive coyotes through territory defense. In a comparison of 

costs versus benefits, this study suggested that surgical sterilization of coyotes is a cost 

effective means of reducing domestic lamb loss due to coyote depredation, even after one 

year of application (Bromley and Gese 2001a, b). 

We hypothesized this same sterilization technique could increase pronghorn fawn 

survival where coyote predation is a significant contributor to fawn mortality. Because 

surveys have shown fertility control is more acceptable among the general public than 

traditional lethal techniques (Arthur 1981, Kellert 1985, Andelt 1987, Messmer et al. 

2001), we believed this to be an important non-lethal alternative to explore. We 

conducted our study on the Piñon Canyon Maneuver Site in southeastern Colorado, 

where coyote predation on fawns was historically high in the absence of coyote control 

(Firchow 1986, Gerlach and Vaughan 1990). Our questions were twofold: 1) Do tubal 

ligation and vasectomy of coyotes increase pronghorn fawn survival? and 2) Do 

surgically sterilized coyotes exhibit normal social behaviors and biology; specifically, do 

sterilized pairs associate the same as intact pairs and do sterilized coyotes remain 

members of a pack at the same rate as intact coyotes? If evidence confirms increases in 

fawn survival and no change in coyote behaviors when coyotes are sterilized, then 

surgical sterilization could be an effective option for wildlife managers. Sterilization 

offers the advantages of biological and economical effectiveness as well as public 

acceptance. 
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CHAPTER 2 

THE EFFECTS OF COYOTE STERILIZATION ON PRONGHORN FAWN 

SURVIVAL1 

 
 Abstract. Sterilization of coyotes (Canis latrans) has been shown to reduce 

predation of domestic sheep. We investigated whether sterilizing coyotes would similarly 

reduce predation on pronghorn (Antilocapra americana) neonates in southeastern 

Colorado. In a study from May 2006 to March 2008, we radio-collared 71 pronghorn 

fawns to determine survival rates and causes of death. During the first year of the study, 

all coyotes were intact. During the second year, we captured and sterilized coyotes in the 

southern half of the study area, while coyotes in the northern half were given sham 

sterilizations. In addition, we surveyed the availability of alternative prey and examined 

the influence of snowfall and precipitation on fawn survival and small mammal detection. 

Using the known fate model in Program Mark, we constructed models that included a 

treatment effect, plus year, area, alternative prey, and individual covariates to estimate 

fawn survival. Fawn survival was higher for fawns captured in sterile coyote home ranges 

than for fawns captured in intact coyote home ranges (P = 0.078). Subtle differences in 

locale affected fawn survival; fawn survival was higher in the north than in the south in 

both years (P = 0.081). Lagomorph abundance was not influential on fawn survival (P = 

0.293) nor was rodent abundance (P = 0.264), but increased vegetation may have 

impaired prey detection probabilities. We did not detect any relationship between fawn 

survival and fawn gender, fawn birth weight, fawn birth date, fawn age, or coyote density 

                                                 
 
1 Co-authored by Eric Gese and Mary Conner. 
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(P > 0.110). Although in the second year of the study we experienced record winter 

conditions, this did not reduce fawn survival and may have contributed to increased fawn 

survival (P = 0.364). Our results indicate that sterilization of coyotes may be a useful tool 

for wildlife managers to reduce coyote predation on pronghorn fawns. 

 
INTRODUCTION 

 Coyotes (Canis latrans) are considered an abundant and expanding native species 

in much of North America (Garrott et al. 1993, Goodrich and Buskirk 1995). Their 

population expansion has been enhanced by altered landscapes and the loss of top 

carnivores (Gompper 2002, Berger and Gese 2007). Coyotes can have considerable 

effects on prey populations and in particular, the effects of coyote predation on ungulate 

neonate survival can be significant (Linnell et al. 1995). Where ungulate populations are 

declining or critically low, limited fawn recruitment can affect the persistence of local 

populations (Bright and Hervert 2005, Berger et al. 2008). Under these circumstances, 

coyote management may be required to sustain ungulate populations. For instance, in 

Grand Teton National Park, Wyoming, a tenuous balance exists between a declining 

pronghorn (Antilocapra americana) population and development along their migration 

corridor (Berger 2003). Mitigation in the form of immediate coyote control may help to 

preserve this population while conservation efforts address long-term stability. However, 

traditional control methods cannot be used in a national park. As another example, 

Sonoran pronghorn (A. a. sonoriensis) in Arizona face an estimated 23% probability of 

extinction in <100 years (Bright and Hervert 2005). In 2002, only 21 animals were 
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estimated to occur. Coyote control in areas of fawn birthing could increase chances of 

fawn recruitment into the population (Smith et al. 1986, Bright and Hervert 2005).   

 Predation of North American ungulate neonates can be the primary cause of 

mortality in many ungulate populations, on average accounting for 67% of total mortality 

(Linnell et al. 1995). Coyotes are especially adapted for pronghorn fawn predation (Byers 

1997). Studies have shown coyote-caused mortality of pronghorn neonates to exceed 

75% of total mortality (Gerlach and Vaughan 1990, Dunbar and Giordano 2003). The 

latter population had fawn:doe ratios in mid-July of <1:100 (Dunbar and Giordano 2003). 

Losses such as these may not sustain declining pronghorn populations, despite efforts in 

habitat preservation or ecosystem restoration (Goodrich and Buskirk 1995). 

 Management of coyote predation is complex and generally involves employment 

of several techniques (Knowlton et al. 1999). In the wild where protection of game 

species or species of concern is the goal, management becomes a greater challenge due to 

unrestricted animal movements, extent of the landscape, cost of the effort, and lack of 

public support. Management techniques that gain more public acceptance (such as animal 

husbandry, guard animals, repellents, or aversive conditioning; Mitchell et al. 2004) are 

impractical and often impossible in these settings. Lethal control of coyotes is frequently 

the only method available for managers to cope with predation. However, lethal control is 

a source of controversy to the public (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001) and in some cases may not be biologically effective (Ballard et al. 2001).

 Till and Knowlton (1983) showed removing coyote pups from a den reduced 

predation on domestic sheep over a short-time interval. They hypothesized that the lack 

of pups reduced the energetic needs of the pack, thus reducing predation on larger food 
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items. Corroborating evidence from Sacks et al. (1999) showed the offending coyotes 

responsible for sheep predation were breeding, territorial animals and recommended 

control efforts be focused on these individuals. After Zemlicka (1995) demonstrated 

sterilization of captive coyotes did not affect social or territorial behaviors, Bromley and 

Gese (2001a) introduced coyote sterilization as an alternative method to coyote removal 

for protection of domestic sheep. They found surgical sterilization of coyotes reduced 

predation on domestic lambs by up to eightfold. In addition, Conner et al. (2008) 

simulated several management scenarios for lethal and non-lethal control of coyote-

livestock predation. They determined that coyote sterilization was the most effective 

strategy to reduce coyote numbers and so may be the most practical method to reduce 

predation. 

 Surgical sterilization is less objectionable to the public and has the potential to be 

more successful biologically because it can persist for several years. Lethal control has to 

be applied annually. The surgical technique used in previous studies kept the endocrine 

systems intact (ovaries and testes remained in the animals) and preserved social 

behaviors. Sterilized wild coyote pairs continued to defend their territory against 

neighboring coyotes (Bromley and Gese 2001b). In addition, they showed this 

management technique to be economically feasible (Bromley and Gese 2001a). 

 If predation can be reduced on domestic lambs with this technique, then it may 

have the potential to work in a wildlife application as well. We tested the hypothesis that 

surgical sterilization of coyotes would reduce predation on pronghorn fawns in 

southeastern Colorado. We evaluated baseline pronghorn fawn survival and cause-

specific mortality during the first year, and then sterilized coyotes during the second year 
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on approximately half the study site. Subsequently, we compared fawn survival and 

cause-specific mortality in the treatment area and the control area where coyotes were 

given sham surgeries. Survival estimates of fawns were also compared between the first 

(pre-treatment) and second (post-treatment) years. We examined levels of alternative 

prey availability and relative coyote density in addition to other individual fawn 

covariates in the survival analysis. 

 
METHODS 

Study site 

 We conducted this research on the 1,040-km2 Piñon Canyon Maneuver Site 

(PCMS) in Las Animas County, Colorado. The study area encompassed the home-range 

boundaries of radio-collared coyotes and the locations of radio-collared fawns involved 

in the study (approximately 350 km2). Average elevation on the PCMS was 1520 m, 

average temperatures ranged from 1ºC in January to 24ºC in July (Shaw and Diersing 

1990), and mean annual precipitation was 305 mm at the nearest long-term weather 

station in Delhi, Colorado (Milchunas et al. 1999). Harvest of coyotes was not permitted 

for the duration of the study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 

sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 
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(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. Areas that had been burned were defined as natural or prescribed 

fires occurring either during or after 2004. 

 
Capture and monitoring of fawns 

 We observed solitary pronghorn does during the fawning season with spotting 

scopes in order to locate hidden fawns (Autenrieth and Fichter 1975). Newborn fawns 

were permitted to bond with their mother for >4 hours before capture. We captured fawns 

by hand or with a long-handled salmon net, then blindfolded and handled them with latex 

gloves. We outfitted fawns with ≤75 g expandable radio-collars with a 6-hour mortality 

mode and precise event transmitter (Advanced Telemetry Systems, Isanti, Minnesota). 

The transmitter was programmed to convey the amount of time elapsed post-mortality 

mode. We measured fawn mass with a spring scale and sling, and noted the presence and 

state of the umbilicus (Byers and Moodie 1990), sex, and health of fawns. Research 

protocols were approved by the Institutional Animal Care and Use Committees at the 

USDA/National Wildlife Research Center (QA-1350) and Utah State University (IACUC 

#1269). 

 We monitored fawns daily from the ground with telemetry through July, weekly 

through August, and monthly through March of the following year. We located 

mortalities immediately and the body, if present, and surrounding area was carefully 

examined. We classified predation events as coyote, eagle, or unknown, based upon 
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tracks, scat, hair, hemorrhage patterns, and caching characteristics (O’Gara 1978, Wade 

and Bowns 1984, Acorn and Dorrance 1998). We collected DNA evidence from fatal 

puncture wounds on carcasses that had evidence of hemorrhaging (Blejwas et al. 2006). 

When doubt remained about the species of predator responsible for the mortality, we 

attempted to identify the species through genotyping (Wildlife Genetics International, 

Nelson, BC, Canada). Unless otherwise noted, all statistics were calculated in SPSS 

10.0.5 (SPSS Inc., Chicago, IL). 

 
Capture and monitoring of coyotes 

 Coyotes were sterilized in December 2006 in half the study site in a Before-After, 

Control-Impact (BACI) study design (Stewart-Oaten et al. 1986, Gotelli and Ellison 

2004). We attempted to capture all coyotes present in the study area with a net-gun fired 

from a helicopter (Barrett et al. 1982, Gese et al. 1987). We sterilized animals captured in 

the southern portion of the study area, while animals captured in the northern portion of 

the study area were sham-operated. We transported captured animals by vehicle or 

helicopter to a central processing location. A veterinarian sterilized females by tubal 

ligation and males by vasectomy. All animals otherwise received the same treatment: 

they were given a combination of a sedative and dissociative, incised and sutured, radio-

collared, allowed to recover, and released at the capture site within 24 hours. 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from the pack were 

detected with telemetry. Packs with pups were considered intact. 

 Visual observations of radio-collared individuals allowed us to gain information 

on pup presence as well as minimum group sizes. We conducted these surveys 8 June 

2007 to 5 December 2007. One to two people would home in on a radio-collared coyote 

on foot. We attempted to approach animals from downwind in a stealthy manner to 

reduce disturbance of potential additional pack members that may have been present. We 

noted coyote group size, location, and the presence of pups. We estimated pre-whelping 

coyote density by dividing the minimum pack size observed by the pack’s home-range 

size (Gese 2001). 

 
Home range analysis 

 We monitored coyotes with telemetry from December 2006 to March 2008, 

primarily at dawn and dusk to obtain locations during the highest activity periods (Andelt 

and Gipson 1979). Telemetry was performed using a hand-held antenna and receiving 

unit from a vehicle. Locations were attempted every two days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). To reduce estimation 

errors when assigning fawn capture locations to specific coyote home ranges, we only 

used locations with 95% error areas ≤0.10 km2 and we did not include extra-territorial 

forays as part of the home range. The mean telemetry error was 328 ± 97.133 (95%CI) m 

based on 14 blind tests on randomly placed radio-collars. The average 95% error area 

estimated for reference collars was 26,419 m2. We used data locations gathered from 

April 2007 to September 2007 to define seasonal pack home ranges used in assigning 
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pronghorn fawns to sterile or intact coyote packs. We chose this time period to include 

the coyote pup-rearing season when energetic needs for the pack were highest and 

pronghorn fawns were vulnerable to predation. 

  We used observation-area curves (Odum and Kuenzler 1955) to determine 

whether we had enough locations to adequately estimate seasonal home ranges for radio-

collared coyotes. The curves reached an asymptote at an average of 22 locations (for 

curves which reached an asymptote). Since some curves (7/17) had not reached an 

asymptote with all locations gathered that season, some home range boundaries may have 

been underestimated. 

 We plotted home ranges of coyote packs with the ArcMap (ArcGIS 9.2- 

Environmental Systems Research Institute, Inc., Redlands, CA) extension, Hawth’s Tools 

3.27. We used the fixed kernel density estimator (Worton 1989) with point locations to 

describe resident pack home ranges because it is less biased to small sample sizes and 

outliers (Millspaugh and Marzluff 2001). We used a 95% contour to describe a pack’s 

home range (Shivik and Gese 2000). To determine bandwidths, we adapted an ad hoc 

method which prevents undersmoothing, is relatively unaffected by sample size, and 

reduces Type I errors (J. G. Kie, unpublished data). Initially, we plotted home ranges 

using h = 1000 and then incrementally reduced the bandwidth by 10% until we had the 

smallest bandwidth that did not create disjoint polygons and did not contain lacuna. 

Additionally, because we wanted home ranges to not only be contiguous but also reflect 

ground-truthed observations, we up-smoothed the bandwidth if long, narrow channels 

persisted in the home range that were not justified by topographic or anthropogenic 

features. We also up-smoothed the bandwidth if an unjustified gap was amid two 
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contiguous home ranges. In this case, we used the same methods as before, but 

increased each home range bandwidth involved in the gap by 10% until the gap was 

closed with minimal overlap. 

 We calculated the amount of each habitat type present in each coyote pack home 

range to compute indices for alternative prey available to each coyote pack. Vegetation 

layers were provided by the Directorate of Environmental Compliance and Management 

(DECAM), Fort Carson, Colorado, as geospatial data. These layers were merged into four 

habitat types: grassland, shrubland, woodland, or burn. Coyote pack home ranges were 

clipped over the habitat layers in ArcGIS to estimate the amount of each habitat type 

present within each pack’s home range. 

 
Estimation of available alternative prey 

 We conducted surveys to determine the relative abundance of rodents and 

lagomorphs available within each coyote pack home range. We used small mammal 

trapping grids and spotlight surveys in June and July of both years. We used 7.6 x 7.6 x 

25.4 cm Sherman live traps baited with chicken-scratch-grain mix and peanut butter to 

catch small mammals. Traps were set in a 5 x 7 grid design with 10 m spacing across all 

four different habitat types in a nested design of three replicates per habitat in the north 

half and south half of the study area. Traps were run for three consecutive nights. We 

checked the traps each morning and captured animals were marked, recorded, and 

released. To calculate the rodent index, all catchable species were grouped by genus and 

the median mass for each species (Fitzgerald et al. 1994) was then averaged across all 

species captured in that genus. The average mass was then multiplied by the total number 
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of unique individuals of that genus captured on each grid. A rodent index value was 

assigned to each habitat type as rodent kg/km2. We then extrapolated the rodent index to 

each coyote home range based upon the amount of each habitat type in the home range 

(Bromley and Gese 2001a). 

 Lagomorph spotlight surveys (Smith and Nydegger 1985) were conducted in 

replicates of three per habitat type over three consecutive nights. Cottontail (Sylvilagus 

audubonii) and black-tailed jackrabbit (Lepus californicus) numbers were counted per 

kilometer for each habitat type and replicates were averaged together. The mean number 

of lagomorphs/km was multiplied by the average mass of the species and used to assign a 

lagomorph index value to each habitat type. These index values were then extrapolated 

into each coyote home range. 

 
Fawn survival analysis 

 We estimated semi-monthly fawn survival rates over five time intervals (14 May 

to 31 July) using known fate models in Program MARK (White and Burnham 1999). 

This program estimates model parameters using the numerical maximum likelihood 

techniques of Akaike’s Information Criterium (AIC, Akaike 1973). We compared 

differences between models using the change in AIC corrected for small sample size bias 

(∆AICc, Burnham and Anderson 2002). We used the logistic (logit-link) function when 

running our models in order to express the probability of survival as a linear function of 

the explanatory variables. 

 Due to small sample sizes, a priori models were carefully designed to avoid 

detection of spurious correlations (Burnham and Anderson 2002). Survival rates for 
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unequal time intervals (18, 15, 15, 15, 16 days, sequentially) were standardized to semi-

monthly rates for comparison (White and Burnham 1999) and encounter histories were 

censored for the year the fawn was not monitored (i.e., fawns captured in 2006 had 

encounter history formats of LDLDLDLDLD0000000000 and fawns captured in 2007 

had encounter history formats of 0000000000LDLDLDLDLD). We then grouped the 

data by area (north or south). Our models included eight covariates: fawn sex, birth 

weight (kg), estimated age at capture (days), birth date, treatment (intact or sterile), 

relative coyote density, lagomorph relative abundance index, and rodent relative 

abundance index. We assigned values for the last four covariates based upon the coyote 

home range in which the fawn was captured. If a fawn was captured outside of any 

known coyote home range, then it was assigned an average coyote, rodent, and 

lagomorph index value. 

 Because the primary goal of our study was to evaluate the effect of coyote 

sterilization on pronghorn fawn survival, we included the sterilization treatment effect in 

every model. This allowed us to determine a parameter estimate for treatment using 

model averaging (White et al. 1999). The sterilization treatment effect was modeled by 

the covariate called treatment which separated fawns captured in the south into sterile and 

intact treatments. To minimize the number of models, we constructed models of fawn 

survival in a 3-phase process. First we constructed models with just temporal effects.  

Survival of fawns over a 79-day period should show variance between semi-monthly 

intervals as the fawns’ vulnerability to predation changes (Barrett 1978, Von Gunten 

1978). To model hypothesized temporal differences in survival, we ran the following 4 

models: a linear time trend model based on the hypothesis that fawn survival increases 
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after birth, a non-linear time trend model (i.e., a threshold model using the natural 

logarithm) based on the hypothesis that fawn survival increases to a maximum value then 

plateaus, a model which held the first three and the last two time intervals equal based on 

the hypothesis that survival increases in stages as fawns age, and a model which allowed 

the first 3 time intervals to vary but held the last two intervals constant based on the 

hypothesis that survival is variable when fawns are the youngest and most vulnerable to 

predation (Table 2-1, models 3 - 6).   

 Once we had established the appropriate temporal component of the models, we 

combined the best time model of fawn survival with area and year effects (Table 2-1, 

models 7-9).  The area effect was considered different from treatment because, although 

we attempted to capture and sterilize coyote packs throughout the entire southern portion 

of the study site, some fawns in the south were not captured within a radio-collared 

coyote home range and so could not be assigned to the treatment regime.   

 For the last phase of model building, we added all other covariates to the best 

model from phase 1 and 2.  We included the fawn covariates sex, birth weight, age, and 

birth date to address important variation known to occur in other fawn survival studies 

(Fairbanks 1993, Byers 1997, Gregg et al. 2001; Table 2-1, models 10-13). Estimated age 

at capture was calculated using a constant for growth rate derived from Byers (1997). We 

used the formula: 

 

estimated age at capture = (weight at capture – mean of known birth weights) / 0.2446. 

 

Known birth weights were taken from fawns known to have been born the day of capture. 

We knew <1-day old fawns because either we witnessed their birth or they had a wet 
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umbilicus (Byers and Moodie 1990). Birth weight was then estimated using the fawn’s 

estimated age.  Lastly, because fawn survival could be related to predator-prey factors, 

we also added coyote density, lagomorph abundance index, and rodent abundance index 

(Table 1, models 14-16) covariates to the best model from phase 1 and 2.  Due to a 

significant difference between alternative prey index estimates in the two years, we 

always included year in models with an alternative prey covariate. Using real and derived 

model averaged estimates, we performed a z-test for differences in survival rates to 

compare significance between areas and years. A Wald’s test (Agresti 1990) was used to 

determine significance of covariates. 

 
Weather 

 Weather patterns may influence fawn production and survival. Maternal condition 

has been shown to be an important correlate with fawn survival in many ungulate species 

and severe winters may reduce maternal condition (Verme 1977, Guinness et al. 1978, 

Andersen and Linnell 1998). Due to record snowfall events in the second winter of our 

study, we compared weather parameters between the two years. Estimates of 

precipitation in the north and south were compared within each year to investigate 

potential influences on fawn survival. We used data from the U.S. Geological Survey 

weather stations on the PCMS to compare 2006 and 2007 spring precipitation; monthly 

totals from 12 meteorological stations were averaged. The nearest recorded snowfall data 

to the PCMS were from the National Weather Service in Trinidad, Colorado (50 km 

southwest of the PCMS). These data were used to compare monthly snowfall amounts 

between the two winters. 
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RESULTS 

Coyote home ranges and densities 

 We captured 30 coyotes and outfitted them with transmitters. Nine coyotes from 7 

resident (areas <35 km2) home ranges in the north were captured and sham sterilized 

(Figure 2-1). We captured and sterilized 15 coyotes from 10 resident home ranges in the 

south; 2 of the sterile packs were later assigned to the intact treatment regime due to 

suspected presence of pups (Figure 2-1). In one of these packs, 2 males were captured 

and sterilized, but pups were later heard during June howling surveys. In another pack, a 

single female had been captured and upon sterilization she was found to be senescent. 

Her age was approximated to be 7+ years both by tooth wear and because she had a 

friable uterus. Although she remained a resident in her home range for the duration of the 

study, the potential for another reproductive female in her pack prompted us to treat the 

home range as intact. While most of our pup-presence efforts were focused on the 

sterilized coyote packs, we occasionally surveyed the sham packs for pups as well in 

order to validate our methods. Coyote pups were confirmed in 3 of the 7 intact sham-

operated packs. 

 Four radio-collared coyotes (two intact and two sterile) were transient (their home 

range encompassed multiple resident home ranges) and one sterile and two intact resident 

coyotes began dispersals in the summer of 2007. One intact coyote could not be 

accurately tracked due to her home range being off the study area. Four radio-collared 

coyotes died during the study. Three mortalities were due to gunshot and one was due to 

unknown causes during dispersal. 
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 We used 485 locations (x̄  = 28.53 ± 5.00 (95%CI) per home range) to define 

seasonal pack home ranges. The total area considered sterile was 125.1 km2. Mean home 

range area of all radio-collared coyotes was 16.13 ± 3.38 (95%CI) km2 and the mean 

minimum pack size was 2.19 ± 0.20 (95%CI) coyotes. Coyote densities were not 

different in the north (0.15 ± 0.05 (95%CI) coyotes/km2) and south (0.18 ± 0.04 

coyotes/km2, t14 = -0.816, P = 0.428) areas of the study site. 

 
Alternative prey indices 

 Alternative prey indices decreased in the second year. Lagomorph relative 

abundance index was 22.70 ± 4.69 (95%CI) kg/km in 2006 compared to 4.96 ± 1.56 

kg/km in 2007 (t20 = 7.034, P ≤ 0.001). Rodent relative abundance index was 1235.18 ± 

228.12 kg/km2 in 2006 and 282.22 ± 70.82 kg/km2 in 2007 (t20 = 7.819, P ≤ 0.001). We 

detected no difference in overall availability of alternative prey between the north and 

south (lagomorph index, t32 = -0.349, P = 0.730; rodent index, t32 = 0.038, P = 0.970). 

 
Fawn survival 

 We captured and radio-collared 31 fawns in 2006 and 40 fawns in 2007 (Figure 2-

1). Coyote predation was the primary cause of death in both years. In 2006, 26 fawns 

died or lost their collars by July. In the north, most deaths were due to coyote predation, 

followed by unknown predation, then eagle predation (Table 2-2). In the south, most 

deaths were also due to coyote predation, followed by unknown predation, then unknown 

causes. DNA analysis attributed the cause of death to coyote predation in one out of two 

questionable mortalities. 
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 In 2007, 25 fawns died or lost their collars by July. In the north, most deaths 

were due to coyote predation, followed by unknown causes (Table 2-2). In the intact area 

in the south, most deaths were due to coyote predation and a few to unknown causes. In 

the sterile area, most deaths were due to coyote predation, followed by unknown causes. 

DNA analysis attributed cause of death to coyote predation in four out of five 

questionable mortalities. We failed to detect a difference in the frequency of fawns killed 

by coyotes when analyzed by year (χ
2
1 = 0.579, P = 0.447, Pearson’s chi-square), area 

(χ2
1 = 0.002, P = 0.963), or treatment (χ2

1 = 0.019, P = 0.889). 

 The best model of fawn survival, S{(t4=t5)+area+treatment}, was only slightly 

better than many other models tested (Table 2-3, model 7). Based upon a criterion of 

∆AICc < 2 (Burnham and Anderson 2002), five models were competitive (Table 2-3, 

models 7, 9, 10, 11, and 13). Not counting treatment, which was in every model, all 

competing models included area and semi-monthly time interval (modeled as varying in 

the first three intervals but constant in the last two; Table 2-3). 

 Based on model averaged values (White et al. 1999), the probability of a fawn 

surviving the duration of the study in the north (0.183, 95%CI = 0.071-0.396) was higher 

than the probability of a fawn surviving the duration of the study in the south (0.034, 

95%CI = 0.008-0.139, z = 1.744, 2-sided z-test, P = 0.080). This pattern was consistent 

between the years (Figure 2-2A, B). Model averaged parameter estimates for year 

showed fawn survival in 2006 to be the same as fawn survival in 2007 (β = 0.110 ± 

0.635, 1-sided Wald test, P = 0.364). 

 Model averaged fawn survival was higher for fawns captured in treated (sterile) 

coyote home ranges when compared to fawns captured in untreated (intact) coyote home 
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ranges in the south (β = 0.904 ± 1.247, 1-sided Wald test, P = 0.078). To more 

thoroughly evaluate the effect of treatment using model averaged values, we ran our set 

of models with user-specified treatment values of zero and one (Figure 2-2A, B). Overall, 

survival was higher in the north control area than in the south control area. In spite of this 

difference, increased survival on the treatment area was evident; that is, survival on the 

south treatment area increased substantially more than on the south control area in 2007 

(Figure 2-2B). None of the other covariates tested were statistically significant (P > 

0.110, 1-sided Wald test). 

 We also calculated model averaged cumulative summer survival rates of fawns in 

each area for 2006 and 2007 by treatment (Figure 2-3). After declining over the first 2 

time intervals, the probability of fawn survival stabilized in the third week of June. In 

2006 at the end of the 79-day period, cumulative summer survival rates of fawns were 

0.16 in the south and 0.39 in the north. In 2007, cumulative summer survival rates of 

fawns were 0.18 for southern control fawns, 0.43 for northern control fawns, and 0.44 for 

southern treatment fawns. 

 
Weather 

 During severe winter weather, pronghorn malnutrition and fetal resorption can 

increase (Martinka 1967, Barrett 1982) which may lead to low fawn survival for neonates 

born to does that survive to parturition the following spring. Because weather patterns 

were remarkably different in the two years of this study, the covariate year, which 

showed an insignificant yet increasing fawn survival trend between the years, could be 

viewed as a proxy for weather in our fawn survival analysis. In the winter of 2005-06, the 
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highest recorded monthly snowfall in Trinidad was 35.56 cm in January with a total 

snowfall of 78.74 cm over the winter (Figure 2-4). In the winter of 2006-07, snowfall in 

Trinidad peaked in December with 125.73 cm and total winter snowfall was 205.99 cm. 

This was the highest snowfall amount recorded in December and the second highest total 

winter snowfall on record since 1947 (Western Regional Climate Center, Reno, NV). In 

the spring of 2006, 21.59 cm of snow fell in March. In spring 2007, the latest snowfall 

recorded was 20.32 cm in April. 

 Precipitation in the spring and summer months on the PCMS also showed 

variation between the two years (Figure 2-5). In 2006, heavy rain did not fall until July, 

well after the peak of fawning season. From our survival estimates, this was also beyond 

the period of fawns’ vulnerability to mortality. In 2007, heavier rain patterns occurred in 

April, May, and June contributing to a subsequent increase in vegetative cover across the 

study area (R. Seidler, personal observation; Figure 2-6). However, we found no 

difference in mean precipitation amounts between the north (1.21 ± 0.10 (95%CI) cm) 

and south (1.16 ± 0.16 cm) in 2006 (t10 = 0.462, P = 0.654) nor in 2007 (north = 0.99 ± 

0.11 cm, south = 1.13 ± 0.15 cm, t10 = 1.573, P = 0.147). 

 
DISCUSSION 

Was sterilization of coyotes correlated with increased fawn survival? 

 Coyote predation on domestic sheep was reduced up to 8-fold when coyotes were 

experimentally sterilized (Bromley and Gese 2001a). Given the success of Bromley and 

Gese’s study (2001a), we hypothesized that sterilized coyotes would prey less on 

pronghorn fawns than intact coyotes. Thus, we designed an experiment to evaluate 
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whether pronghorn fawn survival could be increased via experimental sterilization of 

coyotes. The applicability of such a tool could alleviate pressures on pronghorn 

populations that are at critical thresholds while reducing public concerns about lethal 

management of coyotes. In the face of the many factors that influence fawn survival, we 

found a significant treatment effect. Over the course of a summer, cumulative fawn 

survival was 2.4 times higher for fawns captured in treatment areas compared to fawns 

captured in control areas. 

 There are undoubtedly many factors influencing fawn survival on the PCMS. We 

investigated the variables we believed would be most influential on coyote predation 

rates. Since the predator-prey relationship between coyotes and pronghorn is potentially 

quite different than between coyotes and domestic sheep, it was important to quantify the 

influence of intrinsic and extrinsic factors such as fawn sex, birth weight, birth date, age 

at capture, coyote density, alternative prey abundance, and weather. We found local area 

and coyote sterilization (treatment) to be the most influential covariates on fawn survival 

rates. We found no significant correlations between the other covariates and fawn 

survival rates. 

 Pronghorn have been present in North America since the Pleistocene and have 

likely been sympatric with coyotes since the evolution of Canis latrans (Kurtén and 

Anderson 1980). Because coyote predation on pronghorn reflects an evolved relationship 

unlike the predatory relationship with domestic sheep, we had concern that sterilization 

of coyotes may not change ungulate neonate predation. Coyotes also may have different 

hunting strategies dependent upon the behavioral response of the prey which could 

influence management efforts. Sheep have been bred to be docile and may even flee in 
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the presence of coyotes, stimulating an attack response from the predator (Connolly et 

al. 1976, Lehner 1976). In contrast, pronghorn neonates remain bedded and motionless in 

the threat of coyote predation (Byers and Byers 1983). Does with fawns are observant of 

nearby coyotes until the coyote comes too close to their fawn’s bed site, at which point 

she will defensively charge the coyote (Byers 1997; R. Seidler, personal observation). 

Given the vastly different predatory strategies employed with these prey, it is an 

important finding that coyote sterilization can increase fawn survival. 

 The significance level of our results suggests that our conclusions should be 

interpreted cautiously. More importantly, our study represents only one replicate and it 

could be that we sampled an unusual population. However, given that we observed a 

substantial effect (Fig. 2-2 and 2-3) and that treatment was significant at α = 0.10 even 

with the number of parameters included in our models and the relatively low number of 

fawns in the analysis, it is our opinion that this result is biologically significant. In 

addition, our estimates of fawn survival reflect biologically relevant population changes 

(i.e., cumulative fawn survival rates in the south more than doubled from 0.18 to 0.44 for 

fawns captured in sterile coyote home ranges); an increase which could influence fawn 

recruitment and provide important demographic changes for pronghorn populations 

considered critical. We evaluated whether the changes in fawn survival on the PCMS 

were reflected in fawn recruitment. At the end of our semi-monthly fawn survival 

analysis (31 July), 8/22 southern fawns captured in 2007 were alive; 9/18 fawns were 

alive in the north. In December of 2007, 6/22 fawns captured in the south were still alive 

and 6/18 fawns captured in the north were still alive (2 northern animals were censored 

due to collar failure). In February 2008, all 6 fawns were still alive in the south. All but 1 
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animal in the north was censored due to collar failure; the remaining fawn was still alive 

in February. 

 
The influence of other variables 

 Although the relationship was not significant, we found a positive correlation 

between fawn survival and alternative prey abundance; specifically, lagomorph 

abundance. We were only able to see this relationship by modeling prey abundance with 

year present in the same model because overall prey indices dropped from 2006 to 2007 

while fawn survival rates increased. By modeling these variables together, we found 

higher alternative prey abundance was correlated with higher fawn survival rates. The 

lack of significance in these results may be due to small sample sizes of small mammals 

or differences in detection probability in the second year. 

 The observed decreases in alternative prey abundance may be due to the severe 

winter in 2006-07. Stoddart (1985) described severe winter conditions (unusually low 

temperatures, high snow accumulation, high wind velocities) over a <3-day period, which 

resulted in the mortality of 34% of 59 instrumented jack rabbits. Many of the carcasses 

were still intact, suggesting the cause of death was related to the weather. 

 Alternatively, severe winter weather may have created apparent decreases in 

alternative prey abundance on the PCMS in 2007 due to decreased detectability during 

our surveys. Increased vegetation height and density on the PCMS was noted after heavy 

winter snows and a wet spring. Tall, dense vegetation could make it difficult to detect 

small mammals during surveys. Dense vegetation can make it difficult for some rodent 

species to travel (Rowland and Turner 1964, Rosenzweig and Winakur 1969). If rodents 
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are moving shorter distances, their trap-ability will decrease during surveys. This would 

be reflected in mark-recapture studies as decreased density estimates. In addition, 

spotlight surveys for lagomorphs can also be compromised by issues of visibility. 

Lagomorphs may have been easier to detect in 2006 because the vegetation was lower in 

height and less dense. If alternative prey abundances were actually higher in 2007 (and 

went undetected), increases in alternative prey abundance might then act as a buffer for 

pronghorn fawns (Stoddart et al. 2001, Bartel and Knowlton 2005). Hamlin et al. (1984) 

found that coyote populations were highest when fawn mortality was lowest. 

 Of the covariates we tested, fawn birth weight, birth date, and age at capture, none 

were statistically important in our models. We found that subtle differences in local areas 

(i.e., between the north and south) influenced fawn survival. We attempted to account for 

these differences by comparing average precipitation amounts between the north and 

south, but found no differences. Although both the north and south were comprised 

primarily of grassland species, the distributions of vegetation types within the grasslands 

in the two areas were different (B. Smart, personal communication). Predominant species 

in the north (i.e., western wheatgrass and needle-and-thread (Stipa comata)) tend to grow 

taller than predominant species in the south (i.e., grama species) potentially influencing 

fawn survival. In addition, a recent burn regime had been used in the south part of the 

study area in 2004-2006, and not in the north. Although fires are often used to improve 

shortgrass prairie habitats to benefit species such as pronghorn (Yoakum 1979, Wright 

and Bailey 1982, Courtney 1989), recent burns could compromise immediate fawn 

survival by reducing canopy cover. Canopy cover has been shown to be an important 

correlate in fawn survival (Barrett 1984, Alldredge et al. 1991). We attempted to compare 
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fawn survival between fawns which were captured in burn areas and fawns which were 

not. The sample size of fawns captured in burn areas was small (n = 6) and we were not 

able to detect a difference in 115-day survival rates (t69 = 0.647, P = 0.520), however the 

means indicated a trend toward lower survival for fawns captured in burned areas (burn: 

mean = 0.17 ± 0.33 (95%CI); non-burn: mean = 0.29 ±0.11). 

 We found that fawn survival was lowest in the second semi-monthly time interval 

and that after the first 6 weeks of life, the probability of fawn survival increased to 100%. 

This is supported by previous studies which have shown fawn mortality to be highest at 

ages 11-20 days (Von Gunten 1978, Barrett 1978, Byers 1997). We found no difference 

in survival between male and female fawns. This is similar to other studies which 

reported no difference between the sexes (Fairbanks 1993, Byers 1997). In the Greater 

Yellowstone Ecosystem, female fawn survival was higher than male fawn survival 

(Berger et al. 2008). 

 Although extreme winter weather can adversely affect fawn survival by affecting 

the condition of the doe (Verme 1977), the extreme snowfalls of 2006-07 in southeastern 

Colorado did not reduce fawn survival on the PCMS. In fact, fawn survival following the 

winter of 2006-07 was higher in both the north and south than fawn survival in the same 

areas the previous year (although not statistically significant). Because the effect of 

treatment was of most importance to us, we concentrated our capture efforts on treatment 

animals and focused our analyses on the effect of treatment. This focus probably masked 

a real influence of weather changes over the years. The winter snowfall and spring 

precipitation likely boosted fawn survival in 2007 directly by increasing vegetation 

biomass. Coyotes probably initially use visual cues to detect pronghorn fawns (Wells 
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1978) and high vegetation would make it difficult for them to find fawns (Barrett 1981). 

Increased vegetation would also provide important forage for lactating does (Smyser et 

al. 2005), subsequently increasing fawn survival. 

  Our study results were not as clear as Bromley and Gese’s (2001a) study in Utah 

(i.e., they reported a significance level of P = 0.026 when comparing kill-rates between 

intact and sterile packs). This may be due to sample size variation or it may be due to the 

differing dynamic of coyote predation and different prey types (e.g., domestic versus 

native). Further research may be able to elucidate the relationship between coyotes and 

native prey and determine if there is a more tightly coupled dependency between coyotes 

and neonatal ungulates versus domestic sheep. Future studies should focus on differences 

in coyote behaviors given different prey types. 

 
Study limitations 

 We chose not to randomize our treatment area based on coyote home ranges. 

Instead, we selected one contiguous area to treat. We believe this was the best way to test 

our hypothesis because if the treatment had been randomly applied we would have been 

presented with the issue of fawns moving across the landscape through treated and non-

treated areas. In addition, a broad spectrum application of coyote sterilization best 

simulated what would be conducted in a true management setting. We also did not use a 

fawn’s mortality location in order to test the effects of the covariates because not all 

fawns died in this study. If we had used mortality locations (instead of fawn capture 

locations), then all the fawns that had survived would have been assigned average values 

for covariates, biasing our sample.  
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 Our statistical power could have increased with a larger sample size and longer 

study duration but we were limited by our ability to capture coyotes and fawns. And 

although the extraordinary winter in 2006-07 provided important insight into pronghorn 

ecology in southeastern Colorado, it may have influenced our ability to interpret the 

effects of coyote sterilization on pronghorn fawn survival. Because fawn survival rates 

changed between the 2 years, there may have been an interaction between some of the 

covariates that we were not able to detect (i.e., the severe winter may have influenced our 

ability to accurately assess alternative prey abundances). 

 
Management implications 

 We recommend coyote sterilization be considered as a tool to boost pronghorn 

fawn survival in areas where fawn survival is a critical factor in pronghorn population 

persistence. This non-lethal tool is especially applicable in situations where lethal 

management of coyotes is controversial, unacceptable, or not an option. Costs to perform 

this technique (helicopter captures + sterilization = $900/coyote) are not very different 

from estimates made to trap and kill coyotes ($805; Wagner and Conover 1999). The fact 

that sterilization lasts the lifetime of the coyote offers promise of lower costs than lethal 

control over the long-term. 

 We do not recommend the use of coyote sterilization alone to boost pronghorn 

numbers where populations are critically low. The importance of multiple or concurrent 

management strategies in reducing coyote predation or increasing prey survival has been 

demonstrated many times. Management should also continue to use the current successful 
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tools to boost fawn survival, such as habitat enhancement. Careful monitoring of any 

program which uses these techniques will be insightful for future management. 
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Figure 2-2. Model averaged pronghorn fawn survival rates (± 95%CI) in semi-monthly 
intervals for 79-days, (A) before treatment in 2006, and (B) after treatment in 2007, 
Piñon Canyon Maneuver Site, Colorado. Note in (B) that 3 survival curves are present; 
upper curve represents 2 survival curves, south treatment, 2007, and north, 2007. 
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Figure 2-3. Model averaged estimates of cumulative summer fawn survival for the north 
and south study areas in 2006 and 2007, Piñon Canyon Maneuver Site, Colorado. 



 

 

51

0

20

40

60

80

100

120

140

Ju
l

Sep
Nov

Ja
n

Mar
M

ay

Month

S
n

ow
fa

ll 
(c

m
)

2005-2006

2006-2007

 

Figure 2-4. Snowfall amounts for the winter of 2005-2006 and 2006-2007, Trinidad, 
Colorado (data provided by the National Weather Service).
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Figure 2-5. Monthly precipitation averaged across 12 stations (± 95%CI) on the Piñon 
Canyon Maneuver Site, Colorado (data provided by the U.S. Geological Service).
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A.  

B.  

Figure 2-6. Photos taken from similar locations on the Piñon Canyon Maneuver Site, 
Colorado on (A) 15 July 2006 and (B) 26 June 2007. 
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CHAPTER 3 

THE EFFECTS OF TUBAL LIGATION AND VASECTOMY ON COYOTE HOME 

RANGE MAINTENANCE2 

 
 Abstract. Sterilization of wild canids is being used experimentally in many 

management applications. Few studies have clearly demonstrated that vasectomized and 

tubal ligated canids will retain pair-bonding and territorial behaviors. We tested whether 

behaviors of surgically sterilized coyote packs were different from sham-sterilized coyote 

packs. We captured and radio-collared 30 coyotes in December 2006. Sixteen of these 

animals were sterilized via vasectomy or tubal ligation, 14 were given sham-surgeries. 

We monitored these animals using telemetry and visual observations through 2 breeding 

seasons from December 2006-March 2008. Pack sizes were the same for sterile and intact 

coyotes (P = 0.554).  We found no difference in home range size between sterile and 

intact coyotes (P ≥ 0.556).  We found differences in home range and core area overlap 

between sterile and intact coyote packs in some seasons, however it is likely this 

difference was pre-existing before treatment. Home range fidelity was the same for sterile 

and intact coyotes (P = 0.406).  All coyotes had higher residency rates during the 

breeding season, with no differences between sterile and intact coyotes. Survival rates 

were correlated with biological season, but may have been confounded by human 

presence on the site; there were no differences between sterile and intact coyote survival 

rates. We conclude that surgical sterilization of coyotes did not affect pair-bonding or 

home range maintenance. 

                                                 
 
2 Co-authored by Eric Gese. 
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INTRODUCTION 

 Sterilization of canids is being tested for various management purposes including 

population control of native and non-native species, predation control, and to reduce 

genetic introgression with other canids (Haight and Mech 1997, Kelly et al. 1999, Spence 

et al. 1999, Bromley and Gese 2001a, Saunders et al. 2002). Surgical sterilization in 

particular is a promising approach because hormonal systems remain intact with 

vasectomy and tubal ligation. Canid reproductive strategies (e.g., monogamy and 

pseudopregnancy in subordinate pack members) and physiology (e.g. monestrum and 

prolonged proestrus and estrus) favor pair and pack cohesion (Asa 1997). Without 

hormonal signals, these characteristics may not be preserved (Asa 1995). For most 

management purposes, retaining social structure of the pack is critical. If the social 

structure of a sterilized pack fails, then a vacant territory becomes open to colonization 

by intact animals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 

1998, Gese 1998). 

 In 1987 and 1988, Mech et al. (1996) vasectomized 5 wolves (Canis lupus) to 

determine if sterilization of wolves was a viable method for controlling population sizes. 

They determined that the vasectomized wolves’ social behaviors were not altered. 

Subsequently, state management agencies predicted that wolf control may be necessary 

where wolves colonize close to human settlement. Due to the success of this study, wolf 

sterilization is one of several proposed methods to control populations in the Lake 

Superior region (Haight and Mech 1997). 

 In the Yukon, Canada, wolves had been implicated in the decline of caribou 

(Rangifer tarandus) and moose (Alces alces) calf survival (Spence et al. 1999). Due to 
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the economic costs, effort, and public concern of the use of lethal control, fertility 

control was tested as an alternative tool to manage wolves (Spence et al. 1999). In studies 

to determine the applicability of such a tool, territorial behaviors were again examined. 

Using aerial telemetry, the study reported that the sterilized wolves maintained pair bonds 

and remained in their territories (Spence et al. 1999). 

 Red foxes (Vulpes vulpes) in Australia are an introduced species from Europe and 

have had destructive impacts on native fauna (Saunders et al. 1995). Native mammals 

lack the appropriate anti-predator behaviors and, hence, are susceptible to fox predation 

(Kinnear et al. 1988). In addition, the foxes may pose a threat to livestock producers 

(Saunders et al. 2002). Consequently, female foxes were experimentally sterilized. The 

sterile vixens retained pair-bonding and territorial behaviors, although they became more 

tolerant of home range overlap (Saunders et al. 2002). 

 The sheep industry in the western United States has a long history of conflict with 

coyote (Canis latrans) predation (Wagner 1988). When warranted, ranchers and wildlife 

management agencies utilize various lethal methods to control coyote predation on 

livestock and wildlife species (Knowlton et al. 1999). The public, concerned with animal 

rights, continually voices concern over the use of lethal management (Arthur 1981, 

Kellert 1985, Andelt 1987, Messmer et al. 2001). One alternative method being 

considered to reduce predation on sheep is surgical sterilization of coyotes (Knowlton et 

al. 1999). Bromley and Gese (2001a) sterilized coyotes in Utah and found that they could 

reduce coyote predation on domestic sheep by up to eight-fold. This technique is thought 

to be effective because it reduces the energetic needs of the pack (Till and Knowlton 
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1983, Bromley and Gese 2001a). Bromley and Gese (2001b) further demonstrated that 

the sterile coyotes’ territorial and pack affiliative behaviors were not modified. 

 Coyote sterilization is also being used as part of an endangered species recovery 

program in the eastern United States. In North Carolina, red wolf (Canis rufus) recovery 

is being threatened by genetic introgression with coyotes. Coyotes and red wolves can 

hybridize (Nowak 1992) which jeopardizes the persistence of the red wolf gene pool 

(Fredrickson and Hedrick 2006). After consideration by the U.S. Fish and Wildlife 

Service and The Conservation Breeding Specialist Group (Kelly et al. 1999), coyotes 

were sterilized in various areas across the recovery zone (Beck 2005). Sterilization has 

reduced the incidences of coyotes breeding with red wolves, while maintaining a space 

for the future placement of newly released red wolves (Beck 2005). 

 Although sterilization has been used in many canid species, only Bromley and 

Gese’s (2001b) study has demonstrated that free-ranging coyotes will maintain territorial 

and breeding-pair behaviors. If coyote sterilization continues to be used as a management 

tool, it is important to validate that territorial maintenance and pair-bonding behaviors are 

retained across different circumstances (Asa 1995). Without this assurance, intact animals 

can displace sterile packs and threaten the success of the management practice (Till and 

Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto et al. 1998, Gese 1998). As part 

of a study to test whether coyote sterilization could increase pronghorn fawn survival 

(Chapter 2), we tested the hypothesis that coyote sterilization will not affect home range 

maintenance. We examined similar behavioral criteria as Bromley and Gese (2001b). We 

compared pack size of sterilized coyotes to intact coyotes. We also evaluated home range 

size and overlap as well as home range fidelity. We used the home range as our 
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measurement of space use instead of the territory because we did not collect any data 

that we believed would constitute a territorial analysis (i.e., we did not make visual 

observations of coyote behaviors such as urinating, defecating, or howling at territory 

boundaries) and the methods we used were designed to match previous studies. Finally, 

we made a comparison of survival rates between sterile and intact animals. We were not 

able to compare association indices between treatment groups due to a small sample size 

of intact coyote pairs. 

 
METHODS 

Study site 

 We conducted this study on the 1,040 km2 Piñon Canyon Maneuver Site (PCMS) 

in Las Animas County, ~50 km northeast of Trinidad, Colorado. The study area within 

the PCMS encompassed the home range boundaries of radio-collared coyotes involved in 

the study. Average elevation on the PCMS was 1520 m, average temperatures ranged 

from 1ºC in January to 24ºC in July (Shaw and Diersing 1990), and mean annual 

precipitation was 305 mm at the nearest long-term weather station in Delhi, Colorado 

(Milchunas et al. 1999). Harvest of coyotes was not permitted for the duration of the 

study. 

 Nearly 60% of the PCMS was identified as shortgrass prairie dominated by blue 

grama (Bouteloua gracilis), galleta (Hilaria jamesii), and western wheatgrass (Agropyron 

smithii) (Shaw et al. 1989). Many shrub communities occurred within the grassland 

communities along alluvial fans, waterways, and slopes. These included species of black 

greasewood (Sarcobatus vermiculatus), fourwing saltbush (Atriplex canescens), Bigelow 
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sagebrush (Artemisia bigelovii), winterfat (Krascheninnikovia lanata), small soapweed 

(Yucca glauca), and tree cholla (Opuntia imbricata). Woodland communities were 

composed primarily of one-seeded juniper (Juniperus monsperma) and pinyon pine 

(Pinus edulis) mixed with grassland or shrubland species. Woodlands dominated the 

canyons and breaks. 

 
Capture and monitoring of coyotes 

 We captured coyotes in December 2006 using a net-gun fired from a helicopter 

(Barrett et al. 1982, Gese et al. 1987). Animals captured in the southern portion of the 

study area were sterilized, while animals captured in the northern portion of the study 

area were sham-sterilized. We used this clustered experimental design in an effort to 

swamp a single area with the treatment and to simulate actual management practices 

(Chapter 2). We transported captured animals by vehicle or helicopter to a central 

processing location. A veterinarian sterilized females by tubal ligation and males by 

vasectomy. All animals otherwise received the same treatment: they were given a 

combination of a sedative and dissociative, incised and sutured, radio-collared, allowed to 

recover, and released at the capture site within 24 hours. Research protocols were 

approved by the Institutional Animal Care and Use Committees at the USDA/National 

Wildlife Research Center (QA-1350) and Utah State University (IACUC #1269). 

  To determine with greater certainty that treated coyote packs were indeed sterile, 

we conducted howling surveys and searched for dens and pups of radio-collared 

individuals. Howling surveys were conducted regularly from 4 June 2007 to 13 August 

2007, with 1-2 teams going to high points, howling, and recording whether the response 
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included pups or not. Concurrently, all radio-collared individuals from nearby packs 

were detected with telemetry. Visual observations of radio-collared individuals allowed 

us to gain information on pup presence as well as minimum group sizes. We considered 

packs with pups as intact. 

 
Pack size 

 We compared pack sizes between sterile and intact packs using the minimum 

pack size observed. We made multiple visual observations of radio-collared individuals 

to count associated pack members. Packs were surveyed from 8 June 2007 to 5 December 

2007. One or two people would track a radio-collared animal on foot. We attempted to 

approach animals from down wind in a stealthy manner to reduce disturbance of potential 

additional pack members that may have been present. Group size, location, and pup 

presence were noted. We did not include pups in pack size estimations; we used pre-

whelping pack size estimates. 

 
Home range size and overlap 

 We performed telemetry primarily at dawn and dusk to obtain point locations 

during the highest activity periods (Andelt and Gipson 1979) using a hand-held antenna 

and receiving unit. We attempted to locate animals every 2 days. We calculated locations 

using ≥3 bearings in Program LOCATE (Pacer, Ltd., Truro, N.S.). All home ranges were 

computed using locations with error <0.10 km2. We calculated home range size using the 

95% fixed kernel (FK) density estimator and core area with the 50% FK density estimator 

in ArcGIS 9.2 (Environmental Systems Research Institute, Inc., Redlands, CA) with the 
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Hawth’s Tools extension (Hawth’s Analysis Tools). Bandwidths were set to h = 1000 

for consistency and each home range and core area was calculated separately. Due to 

limited location sample sizes, we calculated estimates for 3 seasons: first winter 

(December 2006-March 2007), summer (April 2007-September 2007), and second winter 

(October 2007-March 2008). 

 We compared percent overlap among adjacent packs for the 95% and 50% FK 

contours using analysis of variance (ANOVA). We used only adjacent packs to calculate 

percent overlap, including adjacent packs with zero overlap. Packs were considered 

adjacent if their home range boundaries were <2 km apart. This figure represents the 

radius of the smallest home range and was the minimum area we used to exclude the 

potential presence of a home range in which the pack members were not radio-collared. 

We made comparisons of home range overlap among adjacent sterile-sterile packs, intact-

intact packs, and sterile-intact packs. Tests for differences between each pair were 

performed with a Tukey’s honestly significant difference (HSD) test. All statistical tests 

were performed using SPSS 10.0.5 (SPSS Inc., Chicago, Illinois, USA). 

 Because availability of alternative prey could affect the percentage of tolerated 

overlap between coyote home ranges, we monitored rodent and lagomorph abundance 

and applied an index for each to all coyote home ranges. We used small mammal 

trapping grids run for three consecutive nights in four different habitat types (grasslands, 

shrublands, woodlands, and burned areas) to estimate rodent abundance. An average 

mass was calculated based upon the unique individuals captured and the median mass for 

each species (Fitzgerald et al. 1994). These estimates were then extrapolated to each 

coyote home range given the amount of habitat types in that home range. Lagomorphs 
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were surveyed using spotlight surveys conducted in replicates of three per habitat type 

over three consecutive nights. An average mass was calculated using the number of 

lagomorphs seen/km times the mean mass of the species. These estimates were then also 

extrapolated to each coyote home range given the amount of habitat types in that home 

range. A regression was then performed using the amount of available alternative prey 

(rodents or lagomorphs) and the amount of coyote home range overlap. 

 
Home range fidelity 

 We tested home range fidelity of resident coyotes using known fate models in 

Program MARK (White and Burnham 1999). Animals were censored after dispersal. We 

compared models of residency rates between sterile and intact coyotes with Akaike’s 

Information Criterium (AIC, Akaike 1973) corrected for small sample size bias (∆AICc, 

Burnham and Anderson 2002).  

 We grouped coyotes by treatment (sterile or intact) and encounter occasions were 

expressed as 15 1-month intervals. Because treatment was of primary interest, all models 

included this variable. Hypotheses tested included residency varying by treatment alone, 

treatment and 4-month season, or treatment and 1-month time interval (Table 3-1, models 

1, 2, and 3). We based 4-month seasons on biological changes in coyote behavior, 

including the breeding season (December-March), pup-rearing season (April-July), and 

dispersal season (August-November; adapted from Gese and Ruff 1998). We also tested a 

model which examined the interactive effect between treatment and time (the most 

parameterized model, Table 3-1, model 4). We censored animals which were transient 
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when captured from the analysis unless and until they resettled as residents later in the 

study. 

 
Survival 

 We compared estimates of survival rates between sterile and intact coyotes in 

Program MARK using the numerical maximum likelihood model approach and known 

fate analysis (White and Burnham 1999). We compared models of survival rates using 

∆AICc (Akaike 1973, Burnham and Anderson 2002). Coyotes were grouped by treatment 

and models included 3 covariates: gender, age, and weight. We analyzed survival over 15 

1-month occasions. We created models based on gender, age, weight, coyote season, or 

monthly time interval and always included the variable treatment since this was our 

variable of interest (Table 3-2, models 1-6). Except a global model (Table 3-2, model 7), 

all hypothesized models were restricted to additive models due to a limited sample size.  

 
RESULTS 

Pack size 

 We captured and radio-collared 30 coyotes across the PCMS. We sterilized 16 

animals from the southern portion of the study area and sham-operated 14 from the 

northern portion. Defined home ranges contained 1-2 radio-collared individuals because 

we were not consistently able to capture pairs. The first winter and summer seasons we 

defined 8 sterile home ranges. After the dispersal season, we defined 6 sterile home 

ranges in the second winter. We defined 10 intact home ranges in the first winter, 9 in the 

summer, and 8 in the second winter. Most of the control (intact) coyote home ranges 
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contained sham-operated coyotes. Two of the control home ranges contained sterilized 

coyotes but due to the detection of pups in these packs, we considered them intact. Mean 

pack size of sterile coyotes (2.3 ± 0.3 (95%CI)) was similar to the mean pack size of 

intact coyotes (2.10 ± 0.3; t9 = 0.607, 2-sided t-test, P = 0.554). 

 
Home range size and overlap 

 Home range sizes were not different between sterile and intact coyotes in any 

season. In the first winter season, mean home range size of intact (n = 10) and sterile (n = 

8) coyotes was 24.0 ± 3.8 (95%CI) km2 and 22.3 ± 3.9 km2, respectively (t16 = 0.601, 2-

sided t-test, P = 0.556; Figure 3-1A). In the summer, home range size of intact (n = 9) 

coyotes was 26.4 ± 6.8 km2 and sterile (n = 8) coyotes was 24.7 ± 4.4 km2 (t15 = 0.405, 2-

sided t-test, P = 0.692; Figure 3-1B). In the second winter season, home range size of 

intact 7) and sterile (n = 6) coyotes was 20.6 ± 4.9 km2 and 22.0 ± 4.0 km2, respectively 

(t11 = -0.421, 2-sided t-test, P = 0.682; Figure 3-1C). Equal variances were assumed in all 

cases by Levene’s test (P ≥ 0.082). 

 All overlaps of home ranges were expressed as a proportion of total home range 

area, not an area per se. In the first winter season, mean overlap between adjacent sterile 

home ranges was 0.251 ± 0.081 (95%CI) and mean overlap between adjacent intact home 

ranges was 0.139 ± 0.076. Mean overlap between adjacent sterile and intact home ranges 

was 0.060 ± 0.069. During the first winter season, core areas of adjacent sterile home 

ranges had an average overlap of 0.033 ± 0.032 (SD). Core areas of adjacent intact home 

ranges overlapped by 0.001 ± 0.001 and core areas of adjacent sterile-intact home ranges 

had no overlap. We found differences in overlap of adjacent sterile core areas compared 
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to adjacent intact core areas (P = 0.020). This relationship appears to be mainly due to 

the overlap of core areas between only 2 sets of sterile home range pairs (Figure 3-1A). 

We did not find any other differences in overlap in the first winter season (Table 3-3A). 

 Mean summer home range overlap among adjacent sterile home ranges (0.266 ± 

0.073 (95%CI)) was different from the mean overlap among adjacent intact home ranges 

(0.113 ± 0.061; P = 0.006). Differences in overlap among adjacent sterile home ranges 

and adjacent sterile-intact home ranges were also significant (0.057 ± 0.074, P = 0.007). 

However, there was no evidence of difference in the overlap among adjacent intact home 

ranges and adjacent sterile-intact home ranges (P = 0.639). Core area overlaps in the 

summer were also different among adjacent sterile home ranges (0.028 ± 0.030) and 

adjacent intact home ranges (no overlap, P = 0.043). No other differences in core area 

overlap were found in the summer (Table 3-3B).  

 Mean overlap of adjacent sterile home ranges (0.208 ± 0.074 (95%CI)) in the 

second winter season was different from adjacent intact home ranges (0.012 ± 0.017, P < 

0.001). We also found a difference among mean overlap of adjacent sterile home ranges 

and adjacent sterile-intact home ranges (no overlap, P = 0.011). No other differences in 

overlap in the second winter season were found (Table 3-3C). 

 Because age differences may influence dispersal which could affect apparent 

overlap, we also tested for differences in age between sterilize and intact coyotes. We 

found no difference in age between sterile and intact coyotes (t28 = -0.976, P = 0.337) nor 

did we find a difference between sample sizes used to define home ranges for sterile and 

intact coyotes (first winter: t16 = -0.429, P = 0.674, summer: t15 = -0.249, P = 0.807, 

second winter: t13 = -0.147, P = 0.885) which may also influence home range overlap. 
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We also found no correlation between home range sample size and percent overlap of 

home ranges (first winter: R2 = 0.013, F53 = 0.676, P = 0.415, summer: R2 = 0.013, F45 = 

0.601, P = 0.442, second winter: R2 = 0.017, F29 = 0.480, P = 0.494). 

 In order to better determine what may have caused differences in overlap between 

sterile and intact home ranges, we performed a regression of alternative prey availability 

against home range overlap. Relative rodent abundance was not strongly correlated with 

home range overlap (R2 = 0.135, F = 2.340, P = 0.147), nor was relative lagomorph 

abundance (R2 = 0.000, F = 0.001, P = 0.974). 

 
Home range fidelity 

 Six coyotes (20%) dispersed during the study. Three of these dispersals occurred 

during the pup-rearing season and 3 during the dispersal season. No dispersals occurred 

during the breeding seasons. 

 The best fit model for coyote residency was R{treatment+season} (Table 3-4, 

model 2). This model was 2.2 times as plausible as the second-best model R{treatment} 

(Table 3-4, model 1). Models 3 (R{treatment+time}) and 4 (R{treatment*time}) were not 

very likely candidates (evidence ratios = 927.04 and NA, respectively, Table 3-4). 

Residency was highest during the breeding seasons and dropped during the pup-rearing 

and dispersal season (Figure 3-2). Model averaging showed that derived residency rates 

(the probability of remaining a resident through the duration of the study) were not 

different between sterile (r̂ = 0.779, 95%CI = 0.496-0.927) and intact (r̂ = 0.738, 95%CI 

= 0.432-0.913) coyotes (z = 0.239, 1-sided z-test, P = 0.406). 
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Coyote survival rates 

 We analyzed survival rates of 17 male and 13 female coyotes. Eight of the males 

and eight of the females were sterilized. Ages (as assessed by tooth-wear; Gier 1968) 

ranged from 1-7 years old and weights ranged from 8.16-16.33 kg. Four coyotes perished 

during the study: 3 due to gunshot wounds, 1 due to unknown causes. 

 Many of the models used to analyze coyote survival rates were competitive. The 

first 5 models were within <2.016 ∆AICc values from each other, indicating that all 5 

were plausible (Burnham and Anderson 2002). The best-fit model, S{treatment} (Table 

3-5, model 1), suggested that sterile coyotes had lower survival rates than intact coyotes, 

but statistics did not support this hypothesis (sterile: ŝ = 0.805, 95%CI = 0.540-0.936, 

intact: ŝ = 0.923, 95%CI = 0.608-0.989, z = -0.940, 1-sided z-test, P = 0.174). The 

second-ranked model, S{treatment+season} (Table 3-5, model 5), showed an increasing 

trend in survival over the seasons and higher survival in intact coyotes, but the 

confidence intervals between the groups overlapped (Figure 3-3). Model averaged 

derived estimates of survival rates (i.e., the probability of surviving the duration of the 

study) of sterile and intact coyotes were not different (sterile: ŝ = 0.809, 95%CI = 0.544-

0.938; intact: ŝ = 0.924, 95%CI = 0.611-0.990; z = -0.926, P = 0.177). When we 

calculated statistics for the third-, fourth-, and fifth-ranked models, S{treatment+age}, 

S{treatment+weight}, and S{treatment+sex}, we found the covariates were not 

significant (P > 0.280). Other models had ∆AICc values > 2.016. 
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DISCUSSION 

 As surgical sterilization becomes more widely used in canid research and 

management practices, we must confirm that territorial maintenance and pair-bonding 

behaviors are retained. Without these behaviors, the social structure of the pack will 

dissolve leading to an unguarded, open territory and management efforts would fail. We 

found no evidence to suggest that territorial behaviors among coyotes were altered by 

sterilization. Pack size, home range size, home range fidelity, and coyote survival rates 

were the same for sterilized and sham-operated coyotes. We did find that sterile packs 

exhibited greater home range overlap than intact packs, but it is questionable whether this 

was due to the effects of sterilization. 

 Similar to our results, sterile red fox vixens also displayed increases in home 

range overlap when compared to non-sterile vixens (Saunders et al. 2002). In contrast, 

coyotes in Utah did not display differences in home range overlap between sterile and 

intact packs (Bromley and Gese 2001b). Average overlap between coyote territories in 

Utah was 21%, greater than the overall average overlap in our study (13.8%). It appeared 

that sterile coyote packs on the PCMS were more tolerant of home range overlap than 

intact coyote packs. However, the degree of home range overlap that we found within the 

sterilized coyote packs appears to have existed at the time the animals were sterilized. 

 Overlap in the sterilized home ranges was greatest during the first winter and 

summer seasons. It then declined in the second winter season, but there were no real 

differences between any of the seasons (F2,47 = 0.426, P = 0.656, ANOVA). This 

consistent temporal trend implies that greater overlap was typical for the treatment area 

before we captured and sterilized coyotes. We also tested for age and location sample 
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size differences between the sterile and intact packs to try and account for the 

differences in overlap. Younger, low-ranking pack members disperse when resources are 

not abundant (Gese et al. 1996). If coyotes in the sterile group were younger than coyotes 

in the intact group and location sample sizes were not large enough to accurately detect 

pre-dispersal forays then we might mistake these forays for home range overlap. 

However, we did not detect differences in dispersal rates between the groups. Further, we 

found no difference in age between the groups nor did we find a difference between 

sample sizes used to define home ranges for the 2 groups suggesting that pre-dispersal 

forays were not occurring differentially between sterile and intact coyotes. Varying home 

range sample sizes also did not account for differences in overlap of home ranges. 

 Potentially, food resources were better is sterile home ranges (Atwood and Weeks 

2003), however we found no correlation between alternative prey availability and coyote 

home range overlap. Perhaps kinship was higher (Kitchen et al. 2005) in the sterilized 

area allowing for greater home range overlap, but we did not test for this. Additionally, 

two dispersals in the second winter of previously resident coyotes in the intact area may 

account for differences observed between home range overlap in this season. One of the 

dispersers was an adult male coyote that was located in the center of the intact part of the 

study area. His initial home range had contributed to overlap in previous seasons. His 

dispersal was associated with the expansion of adjacent coyote pack home ranges into his 

previous home range area and may have been the result of displacement (Carbyn 1981, 

Gese et al. 1996). However, the expansion of the neighboring pack’s home range was not 

enough to compensate for the lost overlap. Given consistently high overlap in the sterile 

home ranges and dispersal events which reduced overlap in the intact home ranges, we 



 

 

70
believe that the disparity in home range overlaps was not prompted by sterilization, but 

most likely had high pre-existing overlap among home ranges in that area. 

 Home range fidelity of coyotes varied by season and declined during the pup-

rearing and dispersal seasons. This is not surprising; pack sizes gradually decline after 

whelping due to dispersals of non-breeding associated pack members (Bekoff and Gese 

2003). We found no evidence that dispersals were influenced by sterilization. This 

corroborates with Bromley and Gese’s (2001b) results; they found no difference between 

residency rates of sterile and sham-operated animals. 

 Although our results suggested many variables were important to coyote survival, 

sterilization had no significant influence. In addition, a post hoc analysis using the model 

S{.} (coyote survival rate was not influenced by any of the variables), ranked this model 

at the top when run with the previously described models,  further suggesting none of the 

other variables captured the true effects. Indeed, the Wald’s test confirmed them as 

insignificant. Season, as modeled as a coyote biological interval, may have been 

influential on coyote survival. A further post hoc analysis ranked this model (S{season}) 

as second only to S{.}. However, we must also consider confounding variables such as 

human persecution. Three of four coyote mortalities were caused by gunshot and the 

fourth mortality suggested human involvement. This mortality was discovered >12 km 

from its home range and >2 km off the PCMS. This death was recorded as “unknown 

causes” because the carcass was too decayed, but it was discovered <4 m from a gravel 

road, implicating human-related causes. Although shooting of coyotes was not permitted 

during the study, 3 of the 4 mortalities were detected during or shortly after military 

maneuvers involving armed personnel. 
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 Results from this study add to the small body of knowledge that we have 

regarding the effects of sterilization on wild canids. We did not find any results that were 

in contradiction to other studies on coyotes or wolves. One component that is lacking in 

all peer-reviewed studies of coyote sterilization is an assessment of the long-term stability 

of territorial and social behaviors following sterilization. Mech et al. (1996) monitored 

vasectomized wolves for seven years, but their sample size was small and females were 

not sterilized. Zemlicka (1995) monitored sterilized captive coyotes for 1 year and 

Bromley and Gese (2001b) followed their sterilized coyotes for 3 years. Despite 

functioning endocrine systems, it is possible that after multiple, sequential years of no 

reproductive success sterile coyotes could sever their pair-bond and search for a more 

successful mate. Hence, we recommend a study of sterilized, free-ranging, male and 

female coyotes which follows treated and untreated animals into senescent years. With 

this method, dispersals by “breeding” individuals (dominant animals which had been 

sterilized) due to a lack of reproduction may be detected. Also, by following sterile and 

intact coyotes to senescence, changes in survival rates may be detected. Because home 

range overlap of red fox vixens was reported (Saunders et al. 2002) and this study found 

apparently pre-existing home range overlap in sterile coyotes, disruption of territory 

boundaries may be an important avenue to explore further. Tolerance of trespassers into 

territories may complicate interpretation of experimental results and could result in failed 

measures for canid management. 
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Table 3-3. Tukey's Honestly Significant Difference comparison of home range 
and core area overlap between sterile and intact coyote home ranges on the 
Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008. 

A. First Winter Group Comparison P
Sterile-Intact 0.118

95% Home Range: Sterile-Both 0.181
Intact-Both 0.734

Sterile-Intact 0.020
50% Core Area: Sterile-Both 0.343

Intact-Both 0.999

B. Summer Group Comparison P
Sterile-Intact 0.006

95% Home Range: Sterile-Both 0.007
Intact-Both 0.639

Sterile-Intact 0.043
50% Core Area: Sterile-Both 0.200

Intact-Both 1.000

C. Second Winter Group Comparison P
Sterile-Intact <0.001

95% Home Range: Sterile-Both 0.011
Intact-Both 0.982

Sterile-Intact 0.312
50% Core Area: Sterile-Both 0.733

Intact-Both 1.000
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Figure 3-2. Coyote residency rates (± 95%CI) from the top model, R{treatment+season}, 
in 4-month coyote season increments for sterile and intact coyotes on the Piñon Canyon 
Maneuver Site, Colorado, December 2006-March 2008. 
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Figure 3-3. Coyote survival rates (± 95%CI) from the second-ranked model, 
S{treatment+season}, in 4-month coyote season increments for sterile and intact coyotes 
on the Piñon Canyon Maneuver Site, Colorado, December 2006-March 2008.
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CHAPTER 4 
 

SUMMARY 

 Coyote (Canis latrans) management in the U.S. has a long and contentious history 

that began with the settling of the West (Reynolds and Tapper 1996). Initial efforts to 

reduce predation on livestock focused on lethal control of canid populations (Reynolds 

and Tapper 1996). Today, public outcry challenges the use of lethal control and solicits 

more humane management practices (Arthur 1981, Kellert 1985, Andelt 1987, Messmer 

et al. 2001). However, methods which are used in confined agricultural settings such as 

animal husbandry, guard dogs, and aversive conditioning (Mitchell et al. 2004) are not 

practical with wild, free-ranging ungulates. Recently, coyote predatory behaviors toward 

sheep have been changed using surgical sterilization (Bromley and Gese 2001a). This 

approach is more acceptable to the public (Arthur 1981, Kellert 1985, Andelt 1987, 

Messmer et al. 2001) and has the potential to be more effective than lethal control 

(Conner et al. 2008) because it leaves territorial coyote packs essentially guarding a pup-

less, sterile home range (Bromley and Gese 2001b). The lack of pups in sterile coyote 

packs is believed to be the mechanism which has reduced predation on domestic sheep 

(Till and Knowlton 1983, Knowlton et al. 1999, Bromley and Gese 2001a). 

 Key to the implementation of sterilization is that the coyotes’ hormone systems 

remain viable. Without functional physiological stimuli, coyotes are likely to lose 

motivation to maintain pair-bonds and territorial behaviors (Asa 1995). If these behaviors 

are not maintained, then intact coyotes are likely to displace the pup-less pack, defeating 
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the management goals (Till and Knowlton 1983, Asa 1995, Mech et al. 1996, DeLiberto 

et al. 1998, Gese 1998). 

 Surgical sterilization of canids is being contemplated under several management 

scenarios. Studies have focused on population reduction, sterilization as a model for 

immunocontraception, prevention of genetic introgression, and reducing predation on 

livestock (Haight and Mech 1997, Kelly et al. 1999, Bromley and Gese 2001a, Saunders 

et al. 2002). In some of these situations, the goal was a simple reduction in population 

size (Haight and Mech 1997, Saunders et al. 2002). But there is also evidence that 

surgical sterilization can change the predatory behaviors of canids. In Utah, sterile coyote 

packs killed 8-fold fewer sheep than intact coyote packs (Bromley and Gese 2001a). The 

results of this study led us to hypothesize that surgical sterilization of coyotes may also 

reduce predation on ungulate neonates; a circumstance where management typically has 

only been able to practice lethal control. We chose to focus our efforts on pronghorn 

(Antilocapra americana) fawn survival due to high fawn mortality rates associated with 

coyote predation (Gerlach and Vaughan 1990, Linnell et al. 1995, Byers 1997, Dunbar 

and Giordano 2003). 

 Our study was designed in such a way as to compare not only changes in 

pronghorn fawn survival between a treatment and control group, but to also compare 

changes in fawn survival between years before and after treatment. This approach 

allowed us to detect a difference in fawn survival rates that existed between the north 

(0.183, 95%CI = 0.071-0.396) and south areas (0.034, 95%CI = 0.008-0.139) and was 

apparent in both years (z = 1.744, P = 0.080). Knowing that one area (the south) had 

lower survival rates, we applied treatment there. Additionally, we accounted for 
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variability in the system (fawn gender, fawn birth weight, fawn age, fawn birth date, 

coyote density, and alternative prey abundance) in an attempt to find the most 

parsimonious model to represent ecological reality. 

 Since our experiment was conducted in a free-range setting (i.e., not in captivity), 

we had to account for variables which could not be controlled. In fitting data to a set of 

models, a balancing act is played between reducing bias and reducing variance (Burnham 

and Anderson 2002). The most parsimonious model will fall somewhere in between. The 

number of parameters included in our suite of models affects the fit of our data. As we 

increased the number of parameters (variables), we decreased the bias in our estimates. 

However, this comes at the cost of increasing variance in our estimates. It is perhaps the 

case that we struck the balance in favor of low bias, as our level of confidence in our 

estimates was marked with some uncertainty. However, given the amplitude of the 

difference in estimates (cumulative survival of fawns captured in intact coyote home 

ranges was 0.18 and cumulative survival of fawns captured in sterile coyote home ranges 

was 0.44), we believe that coyote sterilization has a relevant effect on pronghorn fawn 

survival. If coyote predation on fawns generates additive mortality in a pronghorn 

population that is struggling to persist, then this technique holds important prospects. 

 In addition to the importance of treatment effects, it is critical to test that coyotes 

maintain their territorial behaviors. Without this, packs likely will not defend a home 

range and the area will fall to occupation by intact coyotes. Because only one study has 

previously shown that sterile coyotes will maintain a home range, the importance of 

confirming the retention of pair-bond and territorial behaviors was apparent. Some of our 

findings did not clearly demonstrate the maintenance of home ranges in sterile coyotes: 
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we found greater home range and core area overlap between sterile packs than intact 

packs in some seasons. However, we do not believe these results were the effects of 

sterilization. The home range and core area overlaps in the sterile packs were consistent 

from the beginning of the study, indicating that this pattern likely existed before 

experimental treatment was applied. Hence, we believe that these differences between 

sterile and intact packs were characteristic of the packs before they were sterilized. Other 

than these discrepancies, all other measured characteristics between the treatment and 

control group were the same. Pack sizes were the same for sterile and intact coyotes and 

home range sizes remained consistent through all 3 seasons and were the same between 

the sterile and intact packs. Residency and survival rates for sterile and intact coyotes 

were also similar. 

 Our results suggest that sterilization of coyotes could be a useful tool to reduce 

predation on free-ranging pronghorn fawns. Trends in public opinion demonstrate a need 

for non-lethal alternatives when managing wildlife. Currently, the only practical non-

lethal method to reduce predation in these situations is through reproductive interference. 

When ungulate populations are low or persistence is threatened, several management 

techniques may be needed to preserve the local population. Careful analysis of the 

situation may conclude that predation management is necessary. When lethal control is 

unacceptable or ineffective, surgical sterilization is a practical alternative. 
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Abstract
Little information exists on coyote (Canis latrans) space use and habitat selection in the

southeastern United States and most studies conducted in the Southeast have been carried

out within small study areas (e.g.,�1,000 km2). Therefore, studying the placement, size,

and habitat composition of coyote home ranges over broad geographic areas could provide

relevant insights regarding how coyote populations adjust to regionally varying ecological

conditions. Despite an increasing number of studies of coyote ecology, few studies have

assessed the role of transiency as a life-history strategy among coyotes. During 2009–

2011, we used GPS radio-telemetry to study coyote space use and habitat selection on the

Albemarle Peninsula of northeastern North Carolina. We quantified space use and 2nd- and

3rd-order habitat selection for resident and transient coyotes to describe space use patterns

in a predominantly agricultural landscape. The upper limit of coyote home-range size

was approximately 47 km2 and coyotes exhibiting shifting patterns of space use of areas

>65 km2 were transients. Transients exhibited localized space use patterns for short dura-

tions prior to establishing home ranges, which we defined as “biding” areas. Resident and

transient coyotes demonstrated similar habitat selection, notably selection of agricultural

over forested habitats. However, transients exhibited stronger selection for roads than resi-

dent coyotes. Although transient coyotes are less likely to contribute reproductively to their

population, transiency may be an important life history trait that facilitates metapopulation

dynamics through dispersal and the eventual replacement of breeding residents lost to

mortality.

Introduction
Similar to other Canis species, coyotes establish and hold territories to ensure optimal repro-
ductive fitness through group living [1–4]. However, not all coyotes defend territories and biol-
ogists studying coyote ecology often classify them according to their space use as residents and
transients [5–8]. Resident coyotes are individuals (breeders, juveniles, and pups) belonging to a
pack and in possession of a territory that exhibit passive (i.e., scent marking) and aggressive
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(i.e., physical conflict) behaviors to exclude conspecifics [9,10]. Conversely, transient coyotes
do not maintain territories and exhibit nomadic movements with no fidelity for any one area
[5,8]. Researchers have traditionally focused on resident animals when studying space use of
coyotes because residents make up the breeding portion of populations. Until recently, resi-
dents have been easier to study because their site fidelity and predictable movement patterns
favor traditional telemetry techniques (i.e., very high frequency [VHF]) that require intensive
field effort to locate study animals. Conversely, space use by transient coyotes has rarely been
assessed because transients traverse expansive areas and are difficult to track without global
positioning system (GPS) and satellite technology. A number of studies have noted the pres-
ence of coyotes with nomadic behaviors that traverse expansive areas and are difficult to moni-
tor via VHF radio-telemetry [6,11–13]. For example, Andelt [6] reported that coyotes
considered to be transients in his study were located<50% of the time within their study area
and Chamberlain et al. [11] reported 33% of coyotes with VHF radio collars had permanently
left their study area. Despite these logistical challenges, several studies have documented and
assessed space use patterns of transient coyotes [6,7,14], but fewer have assessed both space use
and habitat selection [8,15].

Coyote space use has been routinely studied and study area sizes ranged from approximately
30 km2 [6] to approximately 3,000 km2 [16]. Many well-referenced studies have been con-
ducted within study areas about 1,000 km2 or less [6–8,17–19]. Because coyotes are highly
mobile, patterns of space use and habitat selection within relatively small study areas can only
provide part of the total knowledge into the spatial ecology of coyotes. Recently, Hinton et al.
[20] described unique, localized space use during long-distance movements by 3 transient coy-
otes. They referred to intermittent, localized space use exhibited by transients as “biding” areas
because those patterns may represent attempts by transients to assess areas and establish home
ranges. Although Hinton et al. [20] reported anecdotal findings, their study indicated that
assessing transient space use and habitat selection over broad geographic areas may provide
important insights into how coyotes seek out and acquire territories.

Previous studies examining space use and habitat selection of coyotes concluded that tran-
sients are likely subordinate individuals who may actively avoid territories of residents and
occupy suboptimal habitats not used by residents [5,7,8,15]. Additionally, Camenzind [5] sug-
gested that transients serve as a surplus of individuals that are periodically recruited into the
resident, reproductive segment of the population. These insights demonstrate that space and
reproductive opportunities are limiting resources for coyotes. However, the ephemeral nature
of space use that results from continuous exchanges of territorial ownership among individuals
in coyote populations has been difficult to assess. Understanding these spatiotemporal dynam-
ics is particularly important because they may contribute to life history characteristics of coy-
otes that permit populations to expand and persist in human-altered landscapes.

Extensive movements by transients involve decisions by individuals that contribute to key
aspects of coyote ecology such as competition, foraging behavior, and habitat selection, which,
in turn, influence population structure and processes over broad geographic areas. Because
estimates of density, dispersal, and survival may be biased within small study areas [21,22], we
define a minimum geographic extent as�2,500 km2. In the eastern United States, this large
extent is important to capture actual dispersal ability of large Canis species and thus for proper
classification of coyote social status [20,23]. Coyotes in eastern North Carolina are sympatric
with endangered red wolves (Canis rufus) and both species are managed and monitored by the
United States Fish and Wildlife Service (USFWS) Red Wolf Recovery Program (Recovery Pro-
gram) on the Albemarle Peninsula to prevent hybridization and facilitate red wolf recovery
[24,25]. Because Recovery Program biologists radio monitor both coyotes and red wolves
throughout the Albermarle Peninsula, the approximately 6,000 km2 Red Wolf Recovery Area

Space Use by Resident and Transient Coyotes
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offers a large study area in the Southeast to evaluate the ecology of resident and transient
coyotes.

Our understanding of key traits that facilitate coyote adaptation to diverse ecosystems
throughout North America remains incomplete because studies examining the ecology of tran-
sient coyotes are limited. Understanding how coyote populations structure themselves on the
landscape and which landscape characteristics facilitate coyote movements is critical for mak-
ing reliable inferences about coyote ecology. Here, we compare space use and habitat selection
by resident and transient coyotes to describe how coyotes exploit space. Our first objective was
to quantify the size of areas used by resident and transient coyotes and describe the habitat
composition of those areas. Our second objective was to assess differences in resident and tran-
sient habitat selection and develop resource-selection functions (RSFs) to map relative proba-
bility of habitat use by coyotes within the Recovery Area.

Materials and Methods
Our study was conducted on the Albemarle Peninsula in the northeastern region of North
Carolina (Fig 1). The study area included approximately 6,000 km2 of federal, state, and private
lands comprising a row-crop agricultural-bottomland forest matrix with little change in eleva-
tion (<50 m). Agricultural crops (i.e., corn, cotton, soybean, and winter wheat) and managed
pine (Pinus spp.) composed of approximately 30% and 15% of the land cover, respectively.
Other prominent land-cover types were coastal bottomland forests and pocosin (peatlands
with a low [1–4 m] and dense evergreen shrub layer; 35%), herbaceous wetlands and saltwater
marshes (5%), open water (5%), and other minor land-cover types (10%). The climate was typi-
cal of the mid-Atlantic: 4 distinct seasons, nearly equal in length, with an annual precipitation
averaging between 122 to 132 cm. Summer climate was typically hot and humid with daily tem-
peratures ranging from 27°C to over 38°C and winters were relatively cool with daily tempera-
tures ranging between -4° to 7° C.

As part of long-term monitoring and management of red wolves and coyotes on the Albe-
marle Peninsula, the Recovery Program conducted annual trapping during autumn and winter
to capture and fit individual red wolves and coyotes with radio collars. Our field study assisted
annual trapping efforts from 2009 through 2011 to capture coyotes and red wolves. Coyotes

Fig 1. Map of the Albemarle Peninsula of northeastern North Carolina with primary habitat types
during 2009–2011.

doi:10.1371/journal.pone.0132203.g001
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were not a listed or protected species and the permitting authority for their capture and release
was the North Carolina Wildlife Resources Commission. However, red wolves were listed as
critically endangered by the International Union Conservation of Nature’s (IUCN) red list of
threatened species and we operated under a cooperative agreement with the USFWS that per-
mitted us to trap under special handling permits issued to the Recovery Program to trap and
handle red wolves. This study, including all animal handling methods, was approved by the
Louisiana State University Agricultural Center Institutional Animal Care and Use Committee
(Protocol Number AE2009-19) and meets the guidelines recommended by the American Soci-
ety of Mammologists [26]. Permission to access private lands for trapping occurred under
memorandum of agreements (MOAs) between individual landowners and the Recovery Pro-
gram. We access private lands of landowners without existing MOAs by contacting those indi-
viduals to receive permission to trap their lands.

We captured coyotes using padded foot-hold traps (Victor no.3 Softcatch, Woodstream
Corporation, Lititz, Pennsylvania, USA) from October through May, 2009–2011. Coyotes were
typically restrained using a catchpole, muzzle, and hobbles. Although most coyotes were not
anesthetized, several were chemically immobilized with an intramuscular injection of ketamine
HCl and xylazine HCl to inspect inside the mouth for injuries. Coyotes were sexed, measured,
weighed, and aged by tooth wear [27], and a blood sample was collected. We categorized coy-
otes>2 years old as adults, 1–2 years old as juveniles, and<1 year old as pups. Coyotes on the
Albemarle Peninsula were reproductively sterilized by the USFWS to prevent introgression
into the red wolf population [24,25]. Coyotes were taken to a local veterinary clinic for surgical
sterilization where males and females were reproductively sterilized by vasectomy and tubal
ligation, respectively. This process keeps hormonal systems intact to avoid disrupting breeding
and territorial behavior [28,29]. Prior to release at the original capture sites, we fit coyotes with
a mortality-sensitive GPS radio collar (Lotek 3300s, Newmarket, Ontario, Canada) scheduled
to record a location every 4 hours (0:00, 04:00, 08:00, and so on) throughout the year.

The Recovery Program monitored radio-collared red wolves and coyotes 2 times a week
from aircraft to identify red wolf and coyote territories on the Albemarle Peninsula. Resident
pairs of coyotes were identified as radio-collared individuals of breeding age (�2 years old)
who were temporally and spatially associated with one another and defending a territory for
�4 months. When trapping was not feasible after radio-collared coyotes established territories,
we confirmed the presence of a mate via field inspection for sign (i.e., visual observations and
tracks) of another individual over the course of several weeks. To avoid autocorrelation, we
only fit one coyote in each pair of residents with a GPS radio-collar. We classified radio-col-
lared coyotes as transients when they were solitary and not associated with other radio-collared
coyotes and displayed extensive movements throughout the Albemarle Peninsula.

To reflect the anthropogenic effects of agricultural practices on the landscape, we divided
each year into 2 6-month seasons based on agricultural activity: growing (1 March–31 August)
and harvest (1 September–28 February). We estimated space use of resident and transient coy-
otes by fitting dynamic Brownian bridge movement models (dBBMMs) to the time-specific
location data to estimate the probability of use along the full movement track of each coyote
[30], using R package moveud [31] in Program R [32]. Brownian bridge movement models use
characteristics of an animal’s movement path among successive locations to develop a utiliza-
tion distribution of an animal’s range. Because many factors influence telemetry error and
recent studies suggest telemetry error for GPS radio collars range between 10–30 m [33], we
used an error estimate of 20 m for all locations. Our error estimate was calculated based on rec-
ommendations and assumptions outlined in Byrne et al. [34]; we chose a moving window size
of 7 locations (equivalent to 14 hours) with a margin of 3 locations for full tracks of each ani-
mal to reflect temporal shifts in coyote movements related to photoperiods. For residents, we
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considered 95% and 50% contour intervals as home ranges and core areas, respectively.
Because transients do not maintain and defend territories, we did not refer to transient space
use as home ranges and core areas. Instead, we considered 95% and 50% contour intervals for
transients as transient ranges and biding areas [20], respectively. We used t-tests to investigate
changes in the area of space use among seasons.

We estimated predominant landscape features from a digitizedlandscape map of vegetative
communities developed by the North Carolina Gap Analysis Project [35]. We collapsed vegeta-
tive communities estimated by McKerrow et al. [35] into 4 general habitat classes with a 30-m
resolution. For the habitat selection analysis, we divided the landscape into agriculture, coastal
bottomland forest, pine forest, and wetlands (e.g., herbaceous wetlands, marshes, and pocosin).
Because coyotes are known to use roads and forage along edges, we also developed road and
agricultural-forest edge layers [36]. We created distance raster maps for habitat classes, roads,
and agricultural-forest edges (hereafter edges) using the ‘Euclidean Distance’ tool in the Spatial
Analyst toolbox in (ArcGIS 10; Environmental Systems Research Institute Inc., Redlands, Cali-
fornia) to calculate the distance from every 30 m pixel to the closest landscape feature [37, 38].
We used analysis of variance (ANOVA) and Tukey tests [39] for multiple comparisons to
determine if habitat composition of home ranges, core areas, transient ranges, and biding areas
differed.

We used RSFs to examine relationships between landscape features and coyote establish-
ment of home ranges on the landscape (2nd-order selection) [40] and to examine relationships
between landscape features and coyote use within their home ranges (3rd-order selection) fol-
lowing Design II and III approaches suggested by Manly et al. [41]. For 2nd-order selection, we
used individual animals as our sampling units and measured resource availability at the popu-
lation level. For 3rd-order selection, we used individual animals as our sampling units and
resource availability was measured for each animal. Despite the presence of territorial red
wolves on the Albemarle Peninsula and active management by the Recovery Program to reduce
red wolf-coyote hybridization, coyotes were found throughout the entire peninsula. We used
distance-based variables to assess habitat selection to eliminate the need to base inference on
subjectively chosen reference categories [37]. Therefore, we inferred “selection” when known
(used) locations were closer to resource features than were random (available) locations and
“avoidance” was inferred when known locations were farther from resource features than ran-
dom locations. We used a binomial approach to estimate resource-selection functions by com-
paring characteristics of known locations to an equal number of random locations within the
Albemarle Peninsula study area (2nd-order selection) and within home ranges and transient
ranges (3rd-order selection) of coyotes [41]. We used generalized linear mixed models with a
logistic link to compare habitat selection between resident and transient coyotes. We included
random intercepts for individual coyotes in each model to account for correlation of habitat
use within individuals and the unbalanced telemetry data. We modeled resource selection
using the R package ‘lme4’ [42] with a binary (0 = available, 1 = used) response variable. Prior
to modeling, we rescaled values for all distance-based variables by subtracting their mean and
dividing by 2 standard deviations [38,43].

We designed 5 candidate models for coyote occurrence guided by 4 a priori general hypoth-
eses to develop RSFs: (1) Coyotes require cover and shelter found primarily in forests. (2) Coy-
otes favor linear landscape characteristics, such as edges and roads. (3) Coyotes prefer open,
treeless habitats, such as agricultural fields. (4) Coyotes avoid wetland habitats. We used an
information-theoretic approach to assess models by calculating Akaike’s information criterion
for small sample sizes (AICc) [44,45] and used ΔAICc to select which models best supported
habitat selection. First, we used all resident and transient locations from our telemetry data,
included main effects for all fixed predictor variables, and considered interactions between a
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coyote status variable (resident = 1, transient = 0) and each landscape feature variable to inves-
tigate potential differences in selection between resident and transient coyotes. Second, we sub-
setted resident and transient locations and constructed separate models to derive 2nd- and 3rd-
order selection coefficients for each landscape feature without interactions. We included all
landscape features described above in our global models sets because correlation between indi-
vidual predictor variables was low or modest (all r< 48%).We conducted model validation of
the best model using k-fold cross-validation and then tested for predictive performance using
area under the curve (AUC) [46–49]. This cross-validation is based on partitioning the data
into k bins and performing k iterations of training and validation in which a different bin of the
data is held out for validation, while remaining k–1 bins are used for the training set. We used
10 folds (k = 10) to estimate performance of RSF models. Area under the curve of a receiver
operating characteristic (ROC) curve represents the relative proportions of correctly and incor-
rectly classified predictions over a range of threshold levels by plotting true positives versus
false positives for a binary classifier system.

Results
During 2009–2011, we fit 28 coyotes with GPS radio collars for monitoring. During this period,
the Red Wolf Recovery Program also radio monitored 12 sterile coyote pairs (comprising
about 20 radio-collared coyotes) each year. Each year, approximately 20 radio-collared coyotes
were not associated with known packs or breeding pairs and were assumed to be transients.
Monitoring data collected after release indicated 14 coyotes were residents and 14 were tran-
sients. Eight (57%) transient coyotes eventually established residency during the study. Mean
(±SE) mass and age of coyotes monitored were 14.0 kg ± 0.4 and 2.5 yrs ± 0.2, respectively.
Mass (t26 = 2.75, P = 0.010) and age (t26 = 2.23, P = 0.034) of resident coyotes were greater than
transients (Table 1). Additionally, body measurements of coyotes sampled for this study were
consistent with body measurements reported in Hinton and Chamberlain [50]. Mean resident
home-range size (t45 = 0.03, P = 0.981) and resident core area (t45 = 0.26, P = 0.797) of coyotes
did not differ between seasons (Table 1); resident home-range sizes ranged from 13.4 km² to
47.3 km². Although we detected no seasonal differences in the size of transient biding areas
(t17 = 1.07, P = 0.296), our data suggest transient ranges were greater during the harvest season
of agricultural crops (Table 1; t17 = 1.86, P = 0.080). Transient-range sizes ranged from 64.5 km²
to 633.4 km².

Table 1. Mean (± SE) bodymass, age, and space use of resident and transient coyotes in northeastern North Carolina during 2009–2011.

Size of area used (km²)

Growing1 Harvest2 Composite3

Coyote status Mean mass (kg) Mean age (yr) 95%4 50%5 95% 50% 95% 50%

Resident 14.7 ± 0.4 2.7 ± 0.2 24.1 ± 2.3 4.0 ± 0.5 25.0 ± 2.8 4.0 ± 0.4 27.2 ± 2.0 4.2 ± 0.4

Transient 12.3 ± 0.7 1.6 ± 0.5 212.5 ± 58.0 11.6 ± 4.1 296.9 ± 55.0 21.7 ± 3.9 307.9 ± 44.9 20.6 ± 3.2

1Growing season space use was defined as areas used during March through August.
2Harvest season space use was defined as areas used during September through February.
3Composite space use was defined as the total area used.
495% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident home ranges and transient

ranges.
550% probability contour calculated from dynamic Brownian bridge movement models used to estimate the sizes of resident core areas and transient

biding areas.

doi:10.1371/journal.pone.0132203.t001
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Resident home ranges, resident core areas, transient ranges, and transient biding areas of
coyotes comprised mostly agriculture, coastal bottomland forest, and pine forest (Fig 2).
Home-range sizes of residents were negatively correlated with the percentage of agricultural
habitats found within home ranges (r2 = 0.32, P = 0.003; Fig 3). We detected no difference in
the proportion of habitat that comprised these 4 area measurements (resident home ranges,
resident core areas, transient ranges, transient biding areas) for agriculture (F3, 72 = 1.66,
P = 0.184), coastal bottomland forest (F3, 72 = 1.87, P = 0.142), and pine forest (F3, 72 = 0.81,
P = 0.490; (Fig 2). Core areas used by resident coyotes contained proportionally less wetland
than home ranges, transient ranges, and biding areas (F3, 72 = 5.51, P = 0.002).

We used distance to 6 landscape features (agriculture, coastal bottomland forest, pine forest,
wetland, edge, and roads) to develop RSFs and map relative probability of habitat use by tran-
sient and resident coyotes separately. Model fit improved substantially by accounting for resi-
dency status and fitting interactions between resource variables and residency status to
explicitly test for differences in habitat selection between residents and transients, providing
support that coyote status affects resource selection (Tables 2 and 3). We created 4 subset mod-
els that included 2nd- and 3rd-order selection for resident and transient coyotes (Table 4). With
the exception of pine forest, all other covariates were important predictors of transient occur-
rence at the landscape level in which transients selected agriculture and roads, and avoided
coastal bottomland forest, wetlands, and edges (2nd-order selection; Table 5). Agriculture and
roads were the only important predictors for transient 3rd-order selection (Table 6). All covari-
ates were important predictors of resident habitat selection at the landscape level (2nd-order
selection; Table 5). Agriculture, coastal bottomland forest, wetlands, edge, and roads were
important predictors at the home-range level (3rd-order selection; Table 6). Although residents
selected for all landscape features except pine forests at the landscape level, residents selected
pine forests and avoided wetlands and roads at the home-range level (Tables 5 and 6). Our k-

Fig 2. Habitat availability and habitat proportions of space used by resident and transient coyotes in northeastern North Carolina during 2009–
2011. Asterisks above the bars represent statistical differences among areas within habitat classes (P < 0.05, Tukey’s test). Study area proportions are
shown for reference.

doi:10.1371/journal.pone.0132203.g002

Space Use by Resident and Transient Coyotes

PLOS ONE | DOI:10.1371/journal.pone.0132203 July 6, 2015 7 / 17



fold cross-validation correctly classified 88% of the resident locations for the selection model
comparing resident and transient locations. Similarly, k-fold cross-validation correctly classi-
fied 80% and 76% of the locations for the best 2nd- and 3rd-order selection models for resident
coyotes, respectively, whereas 77% of the locations for the best 2nd- and 3rd-order selection
models for transient coyotes were correctly classified. Model performances of the best models
for transient and resident coyotes ranged from poor to fair. The area under the curve value for
the selection model comparing residents to transients was 78%. Area under the curve values
were 73% and 63% for 2nd- and 3rd-order selection models of residents, respectively. Area
under the curve values were 69% and 61% for 2nd- and 3rd-order selection models of transients,
respectively.

Spatially, differences in habitat selection between residents and transients revealed substan-
tial heterogeneity in the response to the agricultural-forest habitat matrix of the Albemarle
Peninsula (Figs 4 and 5). Compared to transients, resident coyotes showed greater selection for
agriculture, coastal bottomland forest, and edge and lower selection for roads (Tables 5 and 6).

Discussion
Our findings indicate that transient individuals may play a crucial role in dynamic space-use
patterns of coyotes. Similar to other studies [7,11,51], our results indicate that approximately
70% of coyotes in eastern North Carolina are likely residents whereas the remaining 30% are
transients. Transients consisted of younger and smaller individuals than residents and this may
indicate that most transients are dispersing juveniles. However, as breeding pairs and packs are
disrupted via natural or anthropogenic sources, older individuals who previously were

Fig 3. Home-range sizes of resident coyotes regressed against the percentages of agricultural
habitats within home ranges (r2 = 0.39, P < 0.001).

doi:10.1371/journal.pone.0132203.g003

Table 2. Comparison of model fit among the null model, andmodels with and without interactions used to test hypotheses about coyote resource
selection at 2nd and 3rd order in northeastern North Carolina, 2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc), differ-
ences among AICc (ΔAIC), and the conclusion regarding whether there was strong support for the interaction.

Order of selection Models k AICc Deviance ΔAIC Conclusions

2nd Interactions (Resident x each variable) 14 90,512 90,464 0.00 Interactions strongly supported

No interactions 8 93,910 93,889 3,398

Null 2 105,753 105,749 15,241

3rd Interactions (Resident x each variable) 14 101,970 101,922 0.00 Interactions strongly supported

No interactions 8 103,088 103,067 1,118

Null 2 105,178 105,174 3,208

doi:10.1371/journal.pone.0132203.t002
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residents may become transient as well. For instance, after coyote 505M (Fig 6) established a
home range, he was displaced by a neighboring red wolf pack and was a transient for approxi-
mately 15 weeks until establishing a second territory with a female red wolf. Under the direc-
tion of the Recovery Program, 505M was removed during October 2011 so the female red wolf
would be available to potential red wolf mates. Indeed, approximately 4 weeks later, a male red
wolf moved in and formed a breeding pair with the female red wolf (USFWS, unpublished
data).

Throughout North America, coyote home-range sizes typically vary between 2.5 and 70 km2

and the home-range sizes we documented for eastern North Carolina are typical of those
reported in other studies (see Table 22.4 in Bekoff and Gese [52] and Table 21 in Leopold and
Chamberlain [53]). Home ranges of coyotes in our study ranged between 13 and 47 km2 and
did not exceed 47 km2, indicating that coyotes may have an upper limit to the areas they can
effectively exploit and defend as territories. Although regional variability in coyote home-range
sizes can be attributed to adjustments of space use patterns to local environmental conditions,
the minimum and maximum size of coyote home-ranges is likely driven by metabolic costs,
which varies with body mass [54,55]. Coyotes can only defend a finite area while maintaining
an optimal foraging strategy commensurate with the distribution and availability of prey in
their territories [56,57]. Home ranges of resident coyotes were stable and did not vary between

Table 3. Summary of results from generalized linear mixedmodels with for 2nd- and 3rd-order resource selection models for coyotes in northeast-
ern North Carolina during 2009–2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

Order of Selection Model variables β SE 95% CI z P

2nd-Order Intercept -0.430 0.053 -0.532, -0.327 -8.19 <0.001

Agriculture -0.522 0.050 -0.620, -0.425 -10.50 <0.001

Coastal bottomland forest 0.096 0.022 0.054 0.139 4.46 <0.001

Pine 0.042 0.024 -0.006, 0.089 1.73 0.083

Wetland 0.098 0.021 0.056, 0.140 4.56 <0.001

Edge 0.220 0.046 0.130, 0.310 4.78 <0.001

Road -0.599 0.027 -0.652, -0.545 -21.88 <0.001

Agriculture x Resident -2.339 0.083 -2.502, -2.176 -28.11 <0.001

Coastal bottomland forest x Resident -0.533 0.028 -0.588, -0.478 -18.96 <0.001

Pine x Resident 0.440 0.032 0.378, 0.502 13.97 <0.001

Wetland x Resident 0.203 0.028 0.149, 0.258 7.23 <0.001

Edge x Resident -0.349 0.067 -0.481, -0.218 -5.21 <0.001

Road x Resident 0.207 0.034 0.141, 0.273 6.15 <0.001

3rd-Order Intercept -0.051 0.070 -0.188, 0.085 -0.736 0.462

Agriculture -0.250 0.026 -0.301, -0.199 -9.638 <0.001

Coastal bottomland forest -0.032 0.019 -0.070, 0.006 -1.668 0.0954

Pine -0.044 0.019 -0.081, -0.007 -2.302 0.021

Wetland 0.025 0.020 -0.014, 0.064 1.269 0.204

Edge -0.032 0.025 -0.080, 0.017 1.280 0.201

Road -0.168 0.015 -0.198, -0.138 -11.02 <0.001

Agriculture x Resident -0.936 0.047 -1.028, -0.844 -19.93 <0.001

Coastal bottomland forest x Resident -0.130 0.026 0.001, 0.001 5.78 <0.001

Pine x Resident -0.038 0.024 -0.010, 0.086 1.55 0.122

Wetland x Resident 0.063 0.027 0.010, 0.116 2.34 0.020

Edge x Resident -0.049 0.042 -0.130, 0.032 -1.18 0.239

Road x Resident 0.301 0.019 0.263, 0.338 15.53 <0.001

doi:10.1371/journal.pone.0132203.t003
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seasons, suggesting that coyotes may not adjust home-range size to immediate demand but
rather potential demand. In other words, coyotes are likely aware of potential changes in the
environment prior to establishing residency and acquire enough space to accommodate sea-
sonally varying needs and resource availability.

Instability (i.e., shifting patterns) of space use and use of areas greater than 65 km2 were
characteristic of transient coyotes. Despite their wide-ranging (64.5 km² to 633.4 km²) space-
use patterns, many transients exhibited localized movements (i.e., clusters of locations) for sev-
eral weeks that averaged about 21 km2 and those areas appeared analogous to home ranges in
both size and habitat composition. We referred to them as biding areas [20] and 7 of 8 (88%)
residents who were initially transients established home ranges in or nearby their biding areas
(Fig 6). We suggest this behavior may provide benefits to coyote populations because it
increases survivorship of transients via familiarity of areas they roam, allow transients to assess
potential areas prior to establishing home ranges, and, when opportunities arise, replace resi-
dents upon death. However, this relationship requires further investigation. Territorial behav-
ior in coyotes involves a strategy to increase reproductive success among residents holding
space [58]. Although this prevents transients from reproducing, transiency is likely an impor-
tant trait that allows populations to recover rapidly after suffering drastic and extensive

Table 4. Summary of generalized linear mixedmodels for predicting coyote habitat use in four groups corresponding to different hypotheses of
landscape features potentially affecting 2nd- and 3rd-order habitat selection by transient and resident coyotes in northeastern North Carolina,
2009–2011. Shown are Akaike’s Information Criteria for small sample sizes (AICc) and differences among AICc (ΔAIC).

Status Order of selection Model k AICc Deviance ΔAIC

Transient 2nd Full model 8 25,599 25,578 0

No wetlands–AG1+CB2+PI3+ED4+RD5 7 25,614 25,596 14

No forests–AG+WL6+ED+RD 6 25,615 25,601 16

No agriculture–CB+PI+WL+ED+RD 7 25,704 25,690 108

No linear features–AG+CB+PI+WL 6 26,239 26,224 639

Resident 2nd Full model 8 64,822 64,806 0

No wetlands–AG+CB+PI+ED+RD 7 65,106 65,088 279

No linear features–AG+CB+PI+WL 6 65,253 65,237 427

No forests–AG+WL+ED+RD 6 65,842 65,829 1016

No agriculture–CB+PI+WL+ED+RD 7 66,917 66,899 2090

Transient 3rd No wetlands–AG+CB+PI+ED+RD 7 24,052 24,034 0

Full model 8 24,053 24,031 1

No forests–AG+WL+ED+RD 6 24,060 24,045 8

No agriculture–CB+PI+WL+ED+RD 7 24,143 24,126 91

No linear features–AG+CB+PI+WL 6 24,150 24,135 98

Resident 3rd Full model 8 75,693 75,671 0

No wetlands–AG+CB+PI+ED+RD 7 75,712 75,694 19

No forests–AG+WL+ED+RD 6 75,772 75,757 79

No agriculture–CB+PI+WL+ED+RD 7 75,836 75,821 143

No linear features–AG+CB+PI+WL 6 76,654 76,636 961

1 Agriculture
2 Coastal bottomland forest
3 Pine forest
4 Agriculture-forest edge
5 Roads
6 Wetlands

doi:10.1371/journal.pone.0132203.t004
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mortality. This may be particularly important for coyote populations to persist where they are
heavily exploited. For example, 7 coyotes monitored in this study replaced resident coyotes and
red wolves that were killed during the study [59].

Relationships between agriculture and forest habitat and coyote space use in northeastern
North Carolina are similar to those reported for studies in the Northeast and indicate general
selection for open, treeless environments [60–62]. Coyotes typically centered territories on
edges of agricultural fields and forests with higher percentages of agriculture in the interior
(i.e., core areas) as forest habitat increased in outer fringes. During harvest season (autumn
through winter), coyotes typically loafed in forest habitats within 50–300 m of edges adjacent
to agricultural fields and roads. As winter wheat reached heights of approximately 0.5 m during
the growing season (spring through summer), coyotes abandoned forest habitats to loaf in

Table 5. Parameter estimates for 2nd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

2nd-Order Model variables β SE 95% CI z P

Transient Intercept -0.040 0.023 -0.090, 0.007 -1.71 0.088

Agriculture -0.522 0.050 -0.619, -0.425 -10.53 <0.001

Coastal bottomland forest 0.091 0.022 0.049, 0.0133 4.25 <0.001

Pine 0.041 0.024 -0.006, 0.088 -1.72 0.085

Wetland 0.091 0.046 0.049, 0.132 4.26 <0.001

Edge 0.221 0.046 0.131, 0.310 4.82 <0.001

Road -0.594 0.027 -0.648, -0.541 -21.95 <0.001

Resident Intercept -0.673 0.032 -0.742, -0.611 -20.81 <0.001

Agriculture -2.888 0.067 -3.020, -2.758 -43.21 <0.001

Coastal bottomland forest -0.437 0.018 -0.472, -0.402 -24.30 <0.001

Pine 0.477 0.020 0.437, 0.517 23.43 <0.001

Wetland -0.299 0.018 0.228, 0.335 16.47 <0.001

Edge -0.131 0.049 -0.229, -0.036 -2.68 0.007

Road -0.390 0.020 -0.428, -0.351 -19.86 <0.001

doi:10.1371/journal.pone.0132203.t005

Table 6. Parameter estimates for 3rd-order resource selection functions for radio-collared coyotes in northeastern North Carolina during 2009–
2011. Shown are β coefficients, standard error (SE), 95% confidence intervals (CI), z-scores, and P-values.

3rd-Order Model variables β SE 95% CI z P

Transient Intercept -0.477 0.750 -2.183, 1.091 -0.64 0.525

Agriculture -0.253 0.026 -0.304, -0.202 -9.64 <0.001

Coastal bottomland forest -0.034 0.021 -0.074, 0.007 -1.64 0.101

Pine -0.059 0.020 -0.097, -0.021 -3.01 0.003

Wetland 0.030 0.021 -0.011, 0.072 1.44 0.151

Edge -0.031 0.025 -0.080, 0.018 -1.23 0.219

Road -0.159 0.016 -0.190, -0.129 -10.05 <0.001

Resident Intercept -0.707 0.293 -1.345, -0.124 -2.42 0.016

Agriculture -1.180 0.039 -1.257, -1.103 -30.07 <0.001

Coastal bottomland forest -0.161 0.018 -0.196, -0.125 -8.85 <0.001

Pine -0.016 0.015 -0.046, 0.014 -1.02 0.307

Wetland 0.087 0.018 0.051, 0.123 4.73 <0.001

Edge -0.066 0.034 -0.131, 0.001 -1.96 0.050

Road 0.139 0.012 0.115, 0.162 11.53 <0.001

doi:10.1371/journal.pone.0132203.t006
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wheat fields when available and then shifted to corn later in the season as wheat was harvested
(J. Hinton, personal observation). Home ranges were smaller where agriculture became the pre-
dominant habitat type (Fig 3), whereas the opposite pattern occurred for forested habitats. For
example, the smallest home-range size (13.4 km2) was that of a female coyote, which contained
approximately 56% agricultural and 30% forested habitat. Of her 1,987 GPS locations, approxi-
mately 87% occurred in agriculture. In contrast, the home range of a female coyote with the
largest home-range size (47.3 km2) consisted of approximately 10% agricultural and 70% for-
ested habitat. Of her 2,296 GPS locations, approximately 35% were in agriculture.

Although habitat compositions of space used by resident and transient coyotes were similar,
patterns of habitat selection differed. Direct comparison between residents and transients
revealed that both selected for agriculture but coastal bottomland forest and edges were
selected more by residents whereas transients were more likely to show selection for roads.

Fig 4. Relative probability of 3rd-order habitat selection by resident coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g004

Fig 5. Relative probability of 3rd-order habitat selection by transient coyotes across the Albemarle
Peninsula in northeastern North Carolina during 2009–2011.

doi:10.1371/journal.pone.0132203.g005
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Consequently, resident coyotes tended to establish territories in predominantly agricultural
areas whereas transient coyotes appeared to center their movements and biding areas proxi-
mate to these same habitats via road networks (Fig 5). Indeed, models of 3rd-order selection
indicated only agriculture and roads were important for predicting transient habitat use.

Use of roads was a primary difference in habitat use between residents and transients at the
3rd-order selection level. Coyote populations are adept at exploiting anthropogenic landscape
features [36,63], and we suggest the use of roads by transients may be related to 2 important
aspects of transient ecology. First, roads may provide benefits to transient coyotes through effi-
cient movements that improve foraging opportunities and reduce energetic costs related to
shifting and expansive space use. The use of roads may also permit transients to move effi-
ciently through unsuitable habitat (i.e., inundated forested habitats and wetlands). For exam-
ple, coyote use of bridges to cross waterways has been observed [63]. Indeed, we documented
several of the transient coyotes crossing bridges [20]. Second, most contact between transient
and resident coyotes likely occur through passive and indirect interactions (i.e., scent marking).
As observed in gray wolves (Canis lupus; [64,65]) and red wolves [66], roads and linear corri-
dors may enhance line of sight and olfactory senses of Canis species and facilitate detection of
conspecifics and their territorial boundaries. However, use of roads are known to expose

Fig 6. Transient locations and estimated home ranges of coyotes 505M and 613M in eastern North
Carolina.Coyote 505M was monitored as a transient from 16 April 2009 until 31 May 2009. Coyote 505M
established a territory approximately 1 June 2009 and maintained it until 27 October 2009 when he was
displaced by a neighboring red wolf pack. Coyote 613M was monitored as a transient from 7 January 2011
until 4 April 2011. Coyote 613M established a territory approximately 5 April 2011 after the resident red wolf
pack dissolved after the death of a breeder. Coyote 613Mwas monitored as a resident from 5 April 2011 until
16 August 2012 when his GPS collar failed.

doi:10.1371/journal.pone.0132203.g006
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coyotes to increase risks of mortality and how coyotes make trade-offs between costs and bene-
fits associated with using roads will need to be further assessed [38].

The extent of study areas can make it difficult to understand the probability of occurrence
of coyotes on the landscape. Although our probability maps of predicted habitat selection
reveal distinct gradients of habitat suitability on the Albemarle Peninsula, our AUC scores
were low. Low AUC values indicate the ability of the habitat models to discriminate between
coyote and random locations was limited, but do not necessarily imply low model accuracy
[67]. We believe our low AUC values do not imply low model accuracy because coyotes are
generalists and AUC values for species with broad requirements tend to be low to denote their
widespread distribution [66]. Second, models of 2nd-order selection had greater AUC values
than 3rd-order models, indicating the effect that geographic extent can have on AUC values. In
this case, random locations used in 2nd-order selection models were typically much further
from areas of confirmed use (e.g., resident home ranges and transient ranges) than those used
in 3rd-order selection models. Consequently, random locations in 2nd-order selection orders
were more distinct in their characteristics than those in 3rd-order selection and were better pre-
dicted (i.e., greater model discrimination). In other words, by simply increasing the geographic
extent to areas beyond those occupied by radio-collared coyotes we artificially increased our
AUC values. Therefore, it is likely that we could not assess true accuracy of different models
because 2nd- and 3rd-order selection models differed in the total extent analyzed [67].

Although transient coyotes are commonly perceived as subordinate individuals who are
excluded to suboptimal space unoccupied by residents [5,7,8,15], our knowledge about the role
of transients in coyote ecology remains limited. Because territories are also transitory and
space is frequently gained and lost by individuals, coyotes, irrespective of age and social status,
can become transient through a number of causes. When released from their territories, coy-
otes are capable of traversing over large areas because of their relatively large body size, physiol-
ogy, and overall need to move in response to ecological demands. Therefore, behaviors
associated with transiency involve important decisions by individuals that permit coyotes to
seek out new territories and breeding opportunities broadly across the landscape. During our
study, transient coyotes typically replaced lost mates of residents. When residents lost mates,
we documented surviving residents permitting several transients of the opposite sex into their
territories to select a new mate. Once a new mate was selected, the resident coyote regained
exclusive control of the territory. Because of these observations, we assumed biding areas of
transients may represent attempts of transients to establish territories through mate selection.
As a result of dynamic space use patterns documented in our study, we believe transiency may
be an important life history trait because it facilitates metapopulation dynamics through dis-
persal and replacement of resident breeders [68–70]. Coyotes have become an apex predator
throughout eastern North America and our findings provide insights into the potential role of
transients in coyote ecology.

Acknowledgments
We particularly appreciate the support of the U.S. Fish andWildlife Service Red Wolf Recovery
Program, specifically R. Bartel, A. Beyer, C. Lucash, F. Mauney, M. Morse, R. Nordsven, and D.
Rabon. We thank Weyerhaeuser Company for providing access to their properties. The find-
ings and conclusions in this article are those of the authors and do not necessarily represent the
views of the U.S. Fish and Wildlife Service or Weyerhaeuser Company. Any use of trade, prod-
uct, or firm names is for descriptive purposes only and does not imply endorsement by the U.S.
Government. We thank E. Beever for review of this manuscript for the U.S. Geological Survey’s
Fundamental Science Practices.

Space Use by Resident and Transient Coyotes

PLOS ONE | DOI:10.1371/journal.pone.0132203 July 6, 2015 14 / 17



Author Contributions
Conceived and designed the experiments: JWHMJC FTVM. Performed the experiments:
JWH. Analyzed the data: JWH. Contributed reagents/materials/analysis tools: JWHMJC
FTVM. Wrote the paper: JWHMJC FTVM.

References
1. Bekoff M, Diamond J, Mitton JB (1981) Life-history patterns and sociality in Canids: body size, repro-

duction, and behavior. Oecologia 50: 386–390. doi: 10.1007/BF00344981

2. Geffen E, Gompper ME, Gittleman JL, Luh HK, MacDonald DW,Wayne RK (1996) Size, life-history
traits, and social organization in the Canidae: a reevaluation. American Naturalist 147: 140–160. doi:
10.1086/285844

3. Gittleman JL (1989) Carnivore group living: comparative trends. In: Gittleman JL, editor. Carnivore
behavior, ecology, and evolution. Berlin: Springer. pp. 183–207.

4. Kleiman DG (2011) Canid mating systems, social behavior, parental care and ontogeny: are they flexi-
ble? Behavioral Genetics 41: 803–809. doi: 10.1007/s10519-011-9459-0

5. Camenzind FJ (1978) Behavioral ecology of coyotes on the National Elk Refuge, Jackson, Wyoming.
In: Bekoff M, editor. Coyotes: biology, behavior, and management. New York: Academic Press. pp.
267–294.

6. Andelt WF (1985) Behavioral ecology of coyotes in south Texas. Wildlife Monographs 94: 3–45.

7. Gese EM, Rongstad OJ, MyttonWR (1988) Home range and habitat use of coyotes in southeastern
Colorado. Journal of Wildlife Management 52: 640–646. doi: 10.2307/3800923

8. Kamler JF, Gipson PS (2000) Space and habitat use by resident and transient coyotes. Canadian Jour-
nal of Zoology 78: 2106–2111. doi: 10.1139/z00-153

9. Bekoff M, Wells MC (1980) Social ecology of coyotes. Scientific American 242: 130–148.

10. Gese EM (2001) Territorial defense by coyotes (Canis latrans) in Yellowstone National Park, Wyoming:
who, how, where, when, and why. Canadian Journal of Zoology 79: 980–987. doi: 10.1139/z01-054

11. Chamberlain MJ, Lovell CD, Leopold BD (2000) Spatial-use patterns, movements, and interactions
among adult coyotes in central Mississippi. Canadian Journal of Zoology 78: 2087–2095. doi: 10.1139/
z00-154

12. Gehrt SD, Anchor C, White LA (2009) Home range and landscape use of coyotes in a metropolitan
landscape: conflict or coexistence? Journal of Mammalogy 90: 1045–1057. doi: http://dx.doi.org/10.
1644/08-MAMM-A-277.1

13. Schrecengost JD, Kilgo JC, Ray HS, Miller KV (2009) Home range, habitat use and survival of coyotes
in western South Carolina. American Midland Naturalist 162: 346–355. doi: http://dx.doi.org/10.1674/
0003-0031-162.2.346

14. Sacks BN, Jaeger MM, Neale JCC, McCullough DR (1999) Territoriality and breeding status of coyotes
relative to sheep predation. Journal of Wildlife Management 63: 593–605. doi: 10.2307/3802648

15. Kamler JF, BallardWB, Lemons PR, Gilliland RL, Mote K (2005) Home range and habitat use of coy-
otes in an area of native prairie, farmland and CRP fields. American Midland Naturalist 153: 396–404.
doi: http://dx.doi.org/10.1674/0003-0031(2005)153[0396:HRAHUO]2.0.CO;2

16. Arjo WM, Pletscher DH (1999) Behavioral responses of coyotes to wolf recolonization in northwestern
Montana. Canadian Journal of Zoology 77: 1919–1927. doi: 10.1139/z99-177

17. BowenWD (1982) Home range and spatial organization of coyotes in Jasper National Park, Alberta.
Journal of Wildlife Management 46: 201–216. doi: 10.2307/3808423

18. Holzman S, Conroy MJ, Pickering J (1992) Home range, movements, and habitat use of coyotes in
southcentral Georgia. Journal of Wildlife Management 56: 139–146. doi: 10.2307/3808801

19. Person DK, Hirth DH (1991) Home range and habitat use of coyotes in a farm region of Vermont. Jour-
nal of Wildlife Management 55: 433–441. doi: 10.2307/3808971

20. Hinton JW, Chamberlain MJ, van Manen FT (2012) Long-distance movements of transient coyotes in
eastern North Carolina. American Midland Naturalist 168: 281–288. doi: http://dx.doi.org/10.1674/
0003-0031-168.2.281

21. Baker M, Nur N, Geupel GR (1995) Correcting biased estimates of dispersal and survival due to limited
study area: theory and an application using wrentits. The Condor 97: 663–674. doi: 10.2307/1369175

22. Hackshaw A (2008) Small studies: strengths and limitations. European Respiratory Journal 32: 1141–
1143. doi: 10.1183/09031936.00136408 PMID: 18978131

Space Use by Resident and Transient Coyotes

PLOS ONE | DOI:10.1371/journal.pone.0132203 July 6, 2015 15 / 17



23. Karlin M, Chadwick J (2012) Red wolf natal dispersal characteristics: comparing periods of population
increase and stability. Journal of Zoology 286: 266–276. doi: 10.1111/j.1469-7998.2011.00876.x

24. Gese EM, Knowlton FF, Adams JR, Beck K, Fuller TK, Murray DL, et al. (2015) Managing hybridization
of a recovering endangered species: The red wolfCanis rufus as a case study. Current Zoology 61:
191–205.

25. Hinton JW, Chamberlain MJ, Rabon DR (2013) Red wolf (Canis rufus) recovery: a review with sugges-
tions for future research. Animals 3: 722–744. doi: 10.3390/ani3030722

26. Sikes RS, GannonWL, the Animal Care and Use Committee of the American Society of Mammalogists
(2011) Guidelines of the American Society of Mammalogists for the use of wild mammals in research.
Journal of Mammalogy 92: 235–253. doi: http://dx.doi.org/10.1644/10-MAMM-F-355.1

27. Gier HT (1968) Coyotes in Kansas. Kansas State College, Agricultural Experiment Station Bulletin
393: 1–118.

28. Bromley C, Gese EM (2001) Surgical sterilization as a method of reducing coyote predation on domes-
tic sheep. Journal of Wildlife Management 65: 510–519. doi: 10.2307/3803104

29. Seidler RG, Gese EM (2012) Territory fidelity, space use, and survival rates of wild coyotes following
surgical sterilization. Journal of Ethology 30: 345–354. doi: 10.1007/s10164-012-0330-4

30. Kranstauber B, Smolla M (2013) Move: Visualizing and analyzing animal track data (R package version
1.1.387) Available: http://cran.r-project.org/web/packages/move/index.html.

31. Collier B (2013) Moveud: Creates dynamic Brownian bridge movement model individual time-step utili-
zation distributions (R package version 1.0.) Available: http://www.rnr.lsu.edu/bret/.

32. R Core Team (2013) R: A language and environment for statistical computing. Vienna: R Foundation
for Statistical Computing.

33. Frair JL, Fieberg J, Hebblewhite M, Cagnacci F, DeCesare NJ, Pedrotti L (2010) Resolving issues of
imprecise and habitat-biased locations in ecological analyses using GPS telemetry data. Philosophical
Transactions of the Royal Society B: Biological Sciences 365: 2187–2200. doi: 10.1098/rstb.2010.
0084 PMID: 20566496

34. Byrne ME, McCoy JC, Hinton JW, Chamberlain MJ, Collier BA (2014) Using dynamic Brownian bridge
movement modeling to measure temporal patterns of habitat selection. Journal of Animal Ecology: doi:
10.1111/1365-2656.12205

35. McKerrow AJ, Williams SG, Collazo SG (2006) The North Carolina Gap Analysis Project: Final report.
Raleigh: North Carolina Cooperative Fish andWildlife Research Unit.

36. Tigas LA, Van Vuren DH, Sauvajot RM (2002) Behavioral responses of bobcats and coyotes to habitat
fragmentation and corridors in an urban environment. Biological Conservation 108: 299–306. doi: 10.
1016/S0006-3207(02)00120-9

37. Benson JF (2013) Improving rigour and efficiency of use-availability habitat selection analyses with sys-
tematic estimation of availability. Methods is Ecology and Evolution 4: 244–251. doi: 10.1111/2041-
210x.12006

38. Benson JF, Mahoney PJ, Patterson BR (2015) Spatiotemporal variation in selection of roads influences
mortality risk for canids in an unprotected landscape. Oikos. doi: 10.1111/oik.01883

39. Zar JH (1999) Biostatistical analysis. 4th edition. Delhi: Pearson Education. 663 p.

40. Johnson DH (1980) The comparison of usage and availability measurements for evaluating resource
preference. Ecology 61: 65–71. doi: http://dx.doi.org/10.2307/1937156

41. Manly BF, McDonald LL, Thomas DL, McDonald TL, Erickson WP (2002) Resource selection by ani-
mals: statistical analysis and design for field studies. 2nd ed. Kluwer Academic, Boston, Massachu-
setts, USA.

42. Bates D, Maechler M, Bolker B, Walker S (2014) lme4: Linear mixed-effects models using Eigen and
S4. (R package version 1.1–7) Available: http://cran.r-project.org/web/packages/lme4/index.html.

43. Gelman A (2008) Scaling regression inputs by dividing by two standard deviations. Statistics in Medi-
cine 27: 2865–2873. doi: 10.1002/sim.3107 PMID: 17960576

44. Burnham K.P., and Anderson D.P. 2007. Model selection and multimodel inference: a practical informa-
tion-theoretical approach. 2nd edition. New York, NY: Springer-Verlag. 488 p.

45. Hurvich CM, Tsai CL (1989) Regression and time series model selection in small samples. Biometrika
76: 297–307. doi: 10.1093/biomet/76.2.297/

46. Boyce MS, Vernier PR, Nielsen SE, Schmiegelow FKA (2002) Evaluating resource selection functions.
Ecological Modelling 157: 281–300. doi: 10.1016/S0304-3800(02)00200-4

47. Hirzel AH, Le Lay G, Helfer V, Randin C, Guisan A (2006) Evaluating the ability of habitat suitability
models to predict species presences. Ecological Modelling 199: 142–152. doi: 10.1016/j.ecolmodel.
2006.05.017/

Space Use by Resident and Transient Coyotes

PLOS ONE | DOI:10.1371/journal.pone.0132203 July 6, 2015 16 / 17



48. Johnson CJ, Nielsen SE, Merrill EH, McDonald TL, Boyce MS (2006) Resource selection functions
based on use-availability data: theoretical motivation and evaluation methods. Journal of Wildlife Man-
agement 70: 347–357. doi: http://dx.doi.org/10.2193/0022-541X(2006)70[347:RSFBOU]2.0.CO;2

49. Pearce J, Ferrier S (2000) Evaluating the predictive performance of habitat models developed using
logistic regression. Ecological Modelling 122: 225–245. doi: 10.1016/S0304-3800(00)00322-7

50. Hinton JW, Chamberlain MJ (2014) Morphometrics of Canis taxa in eastern North Carolina. Journal of
Mammalogy 95: 855–861. doi: http://dx.doi.org/10.1644/13-MAMM-A-202

51. Windberg LA, Knowlton FF (1988) Management implications of coyote spacing patterns in southern
Texas. Journal of Wildlife Management 52: 632–640. doi: 10.2307/3800922

52. Bekoff M, Gese EM (2003) Coyote (Canis latrans). In Feldhamer GA, Thompson BC, Chapman JA, edi-
tors. Wild mammals of North America: biology, management, and conservation. 2nd edition. Balti-
more: John Hopkins University Press. pp 467–481.

53. Leopold BD, Chamberlain MJ (2001) Carnivorous furbearers. In Dickson JG, editor. Wildlife of southern
forests: habitat and management. Washington: Hancock House Publishers. pp 248–277.

54. Gompper ME, Gittleman JL (1991) Home range scaling: intraspecific and comparative trends. Oecolo-
gia 87: 343–348. doi: 10.1007/BF00634589

55. McNab BK (1963) Bioenergetics and the determination of home range size. American Naturalist 97:
133–140.

56. Basset A (1995) Body size-related coexistence: an approach through allometric constraints on home-
range use. Ecology 76: 1027–1035. doi: 10.2307/1940913

57. Swihart RK, Slade NA, Bergstrom BJ (1988) Relating body size to the rate of home range use in mam-
mals. Ecology 69: 393–399. doi: 10.2307/1940437

58. Gaston AJ (1978) The evolution of group territorial behavior and cooperative breeding. American Natu-
ralist 112: 1091–1100.

59. Hinton JW (2014) Red wolf (Canis rufus) and coyote (Canis latrans) ecology and interactions in north-
eastern North Carolina [Doctoral Dissertation]. Athens: University of Georgia.

60. Crête M, Ouellet J, Tremblay J, Arsenault R (2001) Suitability of the forest landscape for coyotes in
northeastern North America and its implications for coexistence with other carnivores. Ecoscience 8:
311–319.

61. Gosselink TE, Van Deelen TR, Warner RE, Joselyn MG (2003) Temporal habitat partitioning and spa-
tial use of coyotes and red foxes in east-central Illinois. Journal of Wildlife Management 67: 90–103.

62. Van Deelen TR, Gosselink TE (2006) Coyote survival in a row-crop agricultural landscape. Canadian
Journal of Zoology 84: 1630–1636. doi: 10.1139/z06-170

63. Way JG (2009) Observations of coywolves, Canis latrans x lycaon, crossing bridges and using human
structures on Cape Cod, Massachusetts. Canadian Field-Naturalist 123: 206–209.

64. James ARC, Stuart-Smith AK (2000) Distribution of caribou and wolves in relation to linear corridors.
Journal of Wildlife Management 64: 154–159. doi: 10.2307/3802985

65. Whittington J, St. Clair CC, Mercer G (2005) Spatial responses of wolves to roads and trails in mountain
valleys. Ecological Applications 15: 543–553. doi: http://dx.doi.org/10.1890/03-5317

66. Dellinger JA, Proctor C, Steury TD, Kelly MJ, VaughanMR (2013) Habitat selection of a large carnivore,
the red wolf, in a human-altered landscape. Biological Conservation 157: 324–330. doi: 10.1016/j.
biocon.2012.09.004

67. Lobo JM, Jiménez-Valverde A, Real R (2008) AUC: a misleading measure of the performance of pre-
dictive distribution models. Global Ecology and Biogeography 17: 145–151. doi: 10.1111/j.1466-8238.
2007.00358.x

68. Abbott KC (2011) A dispersal-induced paradox: synchrony and stability in stochastic metapopulations.
Ecology Letters 14: 1158–1169. doi: 10.1111/j.1461-0248.2011.01670.x PMID: 21812882

69. Hanski I, Gilpin M (1991) Metapopulation dynamics: brief history and conceptual domain. Biological
Journal of the Linnean Society 42: 3–16. doi: 10.1111/j.1095-8312.1991.tb00548.x

70. Taylor AD (1990) Metapopulations, dispersal, and predator-prey dynamics: an overview. Ecology 71:
429–433. doi: 10.2307/1940297

Space Use by Resident and Transient Coyotes

PLOS ONE | DOI:10.1371/journal.pone.0132203 July 6, 2015 17 / 17



University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
USDA National Wildlife Research Center - Staff
Publications

U.S. Department of Agriculture: Animal and Plant
Health Inspection Service

2014

Using sterilization to change predation rates of wild
coyotes:A test case involving pronghorn fawns
Renee G. Seidler
Utah State University

Eric M. Gese
USDA/APHIS/WS National Wildlife Research Center, eric.gese@usu.edu

Mary M. Conner
Utah State University

Follow this and additional works at: https://digitalcommons.unl.edu/icwdm_usdanwrc

Part of the Life Sciences Commons

This Article is brought to you for free and open access by the U.S. Department of Agriculture: Animal and Plant Health Inspection Service at
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in USDA National Wildlife Research Center - Staff Publications
by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.

Seidler, Renee G.; Gese, Eric M.; and Conner, Mary M., "Using sterilization to change predation rates of wild coyotes:A test case
involving pronghorn fawns" (2014). USDA National Wildlife Research Center - Staff Publications. 1541.
https://digitalcommons.unl.edu/icwdm_usdanwrc/1541



Applied Animal Behaviour Science 154 (2014) 83–92

Contents lists available at ScienceDirect

Applied  Animal  Behaviour  Science

jou rn al hom epage : w ww.elsev ier .com/ locate /applan im

Using  sterilization  to  change  predation  rates  of  wild  coyotes:
A  test  case  involving  pronghorn  fawns

Renee  G.  Seidlera,  Eric  M.  Geseb,∗, Mary  M.  Connera

a Department of Wildland Resources, Utah State University, Logan, UT 84322-5230, USA
b U.S. Department of Agriculture, Wildlife Services, National Wildlife Research Center, Department of Wildland Resources, Utah State
University, Logan, UT 84322-5230, USA

a  r  t  i c  l  e  i  n  f  o

Article history:
Received 14 November 2013
Received in revised form 10 February 2014
Accepted 14 February 2014
Available online 22 February 2014

Keywords:
Antilocapra americana
Canis  latrans
Coyote
Fawn survival
Predation
Pronghorn antelope
Sterilization

a  b  s  t  r  a  c  t

Surgical  sterilization  of  coyotes  (Canis  latrans)  reduced  their  predation  rate  on  domestic
sheep.  We  investigated  whether  sterilizing  coyotes  would  similarly  change  coyote  pre-
dation rates  on  pronghorn  antelope  (Antilocapra  americana)  neonates.  From  May  2006  to
March 2008,  we  radio-collared  71  pronghorn  fawns  to determine  survival  rates  in  south-
east Colorado,  USA.  During  the first year  of  the study,  all coyotes  were  reproductively  intact.
During  the  second  year,  we  surgically  sterilized  15  coyotes  from  10  packs  in  the  southern
half  of  the  study  area,  while  nine  coyotes  from  seven  packs  in the  northern  half  were  given
sham  sterilizations  (i.e., remained  reproductively  intact).  In  addition,  we estimated  the
availability  of  alternative  prey and  coyote  density  on both  areas  to  evaluate  predator–prey
factors  that  could  interact  with  the  sterilization  treatment.  Using  the  known  fate  model  in
Program  Mark, we constructed  models  with  and without  a treatment  effect,  plus  year,  area,
individual covariates,  alternative  prey indices,  and  predator  density  to  estimate  pronghorn
fawn  survival  rates.  Results  from  model  averaged  parameter  estimates  and  cumulative  sum-
mer survival  indicated  coyote  sterilization  increased  survival  rates  of pronghorn  fawns  by
reducing predation  rates  of  fawns.  While  fawn  survival  was  higher  overall  in the  north
area,  after  treatment  was applied,  cumulative  pronghorn  fawn  survival  during  the  summer
of 2007  in  the south  area  was  242%  higher  for  pronghorn  fawns  captured  in  sterile  coyote
territories  (0.44;  79-day  interval  survival  rate)  compared  to  fawns  captured  in  intact  coyote
territories  (0.18).  There  was  also  a significant  local  area  effect,  but no  relationship  between
fawn survival  and  individual  fawn  covariates  of sex,  birth  weight,  birth  date,  or age.  No
relationship  was  detected  between  fawn  survival  and  lagomorph  abundance  index,  rodent
abundance  index,  or coyote  density.  Surgical  sterilization  of  coyotes  was useful  in reducing
predation  rates  on pronghorn  fawns.

Published by Elsevier  B.V.

1. Introduction

Coyotes (Canis latrans) are considered an abundant and
expanding native species in North America. Their popula-
tion  expansion has been enhanced by altered landscapes

∗ Corresponding author. Tel.: +1 435 797 2542; fax: +1 435 797 3796.
E-mail  address: eric.gese@usu.edu (E.M. Gese).

and the loss of top carnivores (Gompper, 2002; Berger and
Gese,  2007). One concern with the expansion of native
predators is their impact on prey species. In North Amer-
ica,  predation of ungulate neonates can be the primary
cause of mortality (Linnell et al., 1995). Coyotes are espe-
cially  adept at killing pronghorn (Antilocapra americana)
fawns (Byers, 1997). Studies have shown coyote-caused
mortality of pronghorn neonates exceeds 75% of total mor-
tality  (Gerlach and Vaughan, 1990; Dunbar and Giordano,

http://dx.doi.org/10.1016/j.applanim.2014.02.006
0168-1591/Published by Elsevier B.V.
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2003) and can lead to fawn:doe ratios <1:100 (Dunbar and
Giordano,  2003). Where ungulate populations are declin-
ing  or critically low, limited fawn recruitment can affect the
persistence  of local populations (Bright and Hervert, 2005;
Berger  et al., 2008). Under these circumstances, coyote
management may  be required to sustain ungulate popu-
lations. Coyote control in areas of fawn birthing could
increase chances of fawn recruitment into the population
(Smith et al., 1986; Bright and Hervert, 2005).

Management of coyote predation for domestic ani-
mals is complex and involves using several techniques
(Knowlton et al., 1999). There are added challenges for
coyote  management for wild ungulate populations, such
as  pronghorn or mule deer (Odocoileus hemionus), due to
unrestricted animal movements, extent of the landscape,
cost of the effort, and lack of public support. Non-lethal
management techniques for domestic animals, such as
animal  husbandry, guard animals, repellents, or aversive
conditioning, are impractical for wildlife management.
Habitat management is often the most obvious non-lethal
method by which to influence ungulate population dynam-
ics  (Gaillard et al., 2000; Ballard et al., 2001; Forrester
and Wittmer, 2013) with the interaction of forage quality
and  predation often being mediated by climate (Hopcraft
et  al., 2010). Lethal control of coyotes is frequently the
only  method available for managers to cope with preda-
tion.  However, lethal control is a source of controversy
to the public (Kellert, 1985; Messmer et al., 2001) and in
some  cases may  not be biologically effective, particularly in
cases  where predation is not a limiting factor to the ungu-
late  population (Ballard et al., 2001; Hurley et al., 2011;
Forrester and Wittmer, 2013).

One non-lethal method to control coyote predation is
changing predatory behavior through reproductive inter-
ference  (i.e., reduce the energetic demands of provisioning
pups). Till and Knowlton (1983) showed removing coy-
ote  pups from a den reduced predation on domestic
sheep and hypothesized that the absence of pups reduced
energetic needs of the pack, thus reducing predation
on larger food items. Sacks et al. (1999) found offend-
ing coyotes responsible for sheep predation were the
breeding, territorial animals and recommended that con-
trol  efforts focus on these individuals. Zemlicka (1995)
demonstrated sterilization of captive coyotes did not affect
social  or territorial behaviors. Bromley and Gese (2001a)
found surgical sterilization of coyotes resulted in an eight-
fold  reduction of predation on lambs. In addition, results
from  a modeling study comparing sterilization and other
lethal  strategies, indicated sterilization offered the most
lasting  impact on coyote population dynamics (Conner
et  al., 2008). Surgical sterilization is less objectionable
to the public and has the potential to be more success-
ful biologically because it can persist for several years,
whereas lethal control generally is applied annually. In
addition, sterilized wild coyote pairs continued to defend
their  territory against neighboring coyotes and maintain
pair bonds (Bromley and Gese, 2001b; Seidler and Gese,
2012).

Since  coyote predation on lambs can be reduced using
sterilization (Bromley and Gese, 2001a), then it may
work in a wildlife application as well. In this study,

we  tested the hypothesis that surgical sterilization of
coyotes would increase survival rates of pronghorn fawns
by  decreasing coyote predation rates on fawns, using
a  Before-After-Control-Impact paired (BACIP) field study
design  (Stewart-Oaten et al., 1986; Smith, 2002; Gotelli
and  Ellison, 2004). To evaluate factors impacting coyote
predation on pronghorn fawns, we also examined levels
of  alternative prey availability and coyote density, as well
as  individual fawn covariates of sex, birth weight, and birth
date.  Our study is the first to examine the use of steriliza-
tion on coyotes as a non-lethal management tool to reduce
predation on wild neonates.

2.  Methods

2.1. Description of study area

We conducted this research on the 1,040 km2 Piñon
Canyon Maneuver Site (PCMS) in Las Animas County, Col-
orado,  USA. The study area encompassed the home-range
boundaries of radio-collared coyotes and the locations of
radio-collared fawns involved in the study (approximately
350 km2). Average elevation on the PCMS was 1520 m,
mean  temperatures ranged from 1 ◦C in January to 24 ◦C
in  July (Shaw and Diersing, 1990), and mean annual pre-
cipitation was  305 mm  (Milchunas et al., 1999). Harvest
of  coyotes was not permitted for the duration of the
study. Nearly 60% of the PCMS was  identified as short-
grass prairie dominated by blue grama (Bouteloua gracilis),
galleta  (Hilaria jamesii), and western wheatgrass (Agropy-
ron  smithii) (Shaw et al., 1989). Many shrub communities
occurred within the grassland communities along allu-
vial  fans, waterways, and slopes. These were characterized
by black greasewood (Sarcobatus vermiculatus), fourwing
saltbush (Atriplex canescens), Bigelow sagebrush (Artemisia
bigelovii), winterfat (Krascheninnikovia lanata), small soap-
weed  (Yucca glauca), and tree cholla (Opuntia imbricata).
Woodland communities were composed primarily of one-
seed  juniper (Juniperus monsperma) and pinyon pine (Pinus
edulis)  mixed with grassland or shrubland species. Wood-
lands  dominated the canyons and breaks. Areas that were
defined  as burned had natural or prescribed fires during or
after  2004.

2.2.  Description of study design

This study was designed to test the prediction that
fawns born in territories of sterile coyotes (i.e., no pups)
would have higher survival rates than fawns born in
territories of intact coyotes (i.e., with pups). Using a Before-
After-Control-Impact paired (BACIP) field study design
(Stewart-Oaten et al., 1986; Smith, 2002; Gotelli and
Ellison, 2004), the first year of the study was  a baseline
year in which no treatment (i.e., sterilization) was  applied.
We  captured and radio-collared fawns in two  sites (north,
south)  and determined survival rates in both sites for the
baseline  survival rate estimates. During the second year of
the  study, we  sterilized coyotes in the south area, while
sham-operating coyotes in the north area (i.e., remained
reproductively intact). To maintain hormone levels, female
coyotes  were tubal ligated and males were vasectomized,
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thereby insuring maintenance of territorial boundaries and
pair  bonds (Bromley and Gese, 2001a; Seidler and Gese,
2012).  However, some fawns in the south were captured
outside the territorial boundaries of our sterile packs and
these  fawns were considered to be within the range of
intact  packs. Therefore our comparisons were across two
areas  (north, south) and two treatments (sterile, intact). To
evaluate  additional factors impacting survival rates other
than  sterilization, we also included variables that measured
levels  of prey availability, coyote density, as well as indi-
vidual  pronghorn fawn covariates of sex, birth weight, and
birth  date.

2.3.  Capture and monitoring of pronghorn fawns

We observed solitary pronghorn does during the fawn-
ing  season (mid-May through early June) with spotting
scopes to locate hidden fawns (Autenrieth and Fichter,
1975). Newborn fawns were permitted to bond with their
mother  for >4 h before capture. We  captured fawns by
hand  or with a long-handled salmon net, then blindfolded
and handled them with latex gloves. We  outfitted fawns
with  ≤75 g expandable radio-collars with a 6 h mortality
mode and precise event transmitter (Advanced Teleme-
try  Systems, Isanti, Minnesota, USA). The transmitter was
programmed to convey the amount of time elapsed post-
mortality mode. We  measured fawn mass, and noted the
presence  and state of the umbilicus (Byers and Moodie,
1990), sex, and health of fawns. Research protocols were
approved by the Institutional Animal Care and Use Com-
mittees at the National Wildlife Research Center and Utah
State  University.

We  monitored fawns daily from the ground with
telemetry from mid-May through July, weekly through
August, and monthly through March of the following
year. We  located mortalities immediately and the body, if
present,  and surrounding area was carefully examined. We
classified  predation events as coyote, eagle (Aquila chrysae-
tos),  or unknown, based upon tracks, scat, hair, hemorrhage
patterns, and caching characteristics (O’Gara, 1978; Wade
and  Bowns, 1984; Acorn and Dorrance, 1998). We  collected
DNA  evidence from fatal puncture wounds on carcasses
that had evidence of hemorrhaging (Blejwas et al., 2006).
When  in doubt about the species of predator responsible for
the  mortality, we attempted to identify the species through
genotyping (Wildlife Genetics International, Nelson, British
Columbia,  Canada). Unless otherwise noted, all statistics
were calculated in SPSS 10.0.5 (SPSS Inc., Chicago, IL).

2.4.  Capture and monitoring of coyotes

We selected a contiguous area to treat as opposed to
randomizing our treatment area based on coyote home
ranges. If the treatment had been randomly applied at the
scale  of the home range we would have had the issue of
radio-collared fawns moving across the landscape through
treated  and non-treated areas. In addition, a broad spec-
trum  application of coyote sterilization best simulated
what would be conducted in a true management setting.
Coyotes were sterilized in December 2006 in half of the
study  site in a BACIP study design. We  attempted to capture

all  coyotes present in the study area with a net-gun fired
from  a helicopter (Barrett et al., 1982; Gese et al., 1987). We
sterilized  animals captured in the southern portion of the
study  area (treated), while animals captured in the north-
ern  portion were sham-operated (i.e., remained intact).
We  transported captured animals by vehicle or helicopter
to  a central processing location. A veterinarian sterilized
females by tubal ligation and males by vasectomy, thereby
allowing hormonal systems and social behaviors to remain
unaffected (Asa, 1995; Zemlicka, 1995). All animals other-
wise  received the same treatment: they were anesthetized,
incised and sutured, radio-collared, allowed to recover, and
released  at the capture site within 24 h. Effects of surgi-
cal  sterilization on coyote social and spatial ecology (pair
bonds,  territory maintenance, space use, and survival rates)
are  addressed in Seidler and Gese (2012).

To determine with greater certainty that treated coyote
packs were indeed sterile, we conducted howling surveys
(Harrington and Mech, 1982; Fuller and Sampson, 1988)
and  searched for dens and pups of radio-collared individ-
uals. Howling surveys were conducted from 4 June 2007
to  13 August 2007, with one to two  field teams going to
high  points, howling, and recording whether the response
included pups or not. Concurrently, all radio-collared indi-
viduals  in the pack were detected with telemetry. Packs
with  pups were considered intact. Visual observations of
radio-collared individuals allowed us to gain information
on pup presence as well as minimum group sizes. We  con-
ducted  these surveys from 8 June 2007 to 5 December
2007. One to two  people would home in on a radio-collared
coyote on foot. We attempted to approach animals from
downwind in a stealthy manner to reduce disturbance
of pack members. We noted coyote group size, location,
and the presence of pups. We  estimated pre-whelping
coyote density by dividing the minimum pack size
observed by the pack’s home-range size (Gese et al., 1989;
Gese,  2001).

2.5.  Home range analysis

We  monitored coyotes with telemetry from December
2006 to March 2008, primarily at dawn and dusk to obtain
locations during the highest activity periods (Andelt and
Gipson,  1979). Telemetry locations were attempted every 2
days.  We calculated locations using ≥3 bearings in Program
Locate  II (Pacer, Ltd., Truro, Nova Scotia, Canada). To reduce
estimation errors when assigning fawn capture locations to
specific  coyote home ranges, we  only used locations with
95%  error areas ≤0.10 km2. We  used data locations gath-
ered  from April 2007 to September 2007 to define seasonal
pack  home ranges used in assigning pronghorn fawns to
sterile  or intact coyote packs. We chose this time period
to  include the coyote pup-rearing season when energetic
needs for the pack were highest and pronghorn fawns were
vulnerable to predation. We  used observation-area curves
(Odum  and Kuenzler, 1955) to determine whether we col-
lected  enough locations to adequately estimate seasonal
home ranges for radio-collared coyotes.

We plotted home ranges of coyote packs with the
ArcMap (ArcGIS 9.2, Environmental Systems Research
Institute, Inc., Redlands, California, USA) extension,
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Hawth’s Tools 3.27. We  used the fixed kernel density esti-
mator  (Worton, 1989) with point locations to describe
resident pack home ranges because it is less biased to small
sample  sizes and outliers (Millspaugh and Marzluff, 2001).
We  used a 95% contour to describe a pack’s home range
(Shivik and Gese, 2000). To determine bandwidths, we
adapted  an ad hoc method which prevents undersmooth-
ing, is relatively unaffected by sample size, and reduces
Type I errors. Initially, we plotted home ranges using h
(bandwidth) = 1000 and then incrementally reduced the
bandwidth by 10% until we had the smallest bandwidth
that did not create disjoint polygons.

We calculated the amount of each habitat type present
in  each coyote pack home range to compute indices for
alternative prey available to each coyote pack. Vegetation
layers were provided by the Directorate of Environmental
Compliance and Management, Fort Carson, Colorado, USA.
These  layers were merged into four habitat types: grass-
land,  shrubland, woodland, or burned area. Coyote pack
home  ranges were overlaid with the habitat layers to esti-
mate  the amount of each habitat type present within each
pack’s  home range.

2.6.  Estimates of prey availability

We  conducted surveys to determine the relative
abundance of rodents (trapping grids) and lagomorphs
(spotlight surveys) available within each coyote pack home
range  (Bromley and Gese, 2001a) during June and July of
both  years. We  used 7.6 × 7.6 × 25.4 cm Sherman live traps
(H.B. Sherman Traps, Tallahassee, Florida, USA) baited with
chicken–scratch–grain mix  and peanut butter to capture
small mammals. Traps were set in a 5 × 7 grid design with
10  m spacing across all four different habitats in a nested
design of three replicates per habitat in both the ster-
ile  (treated) and intact (sham) areas; traps were run for
three  consecutive nights (Valone et al., 2002; Thibault et al.,
2010;  Allington et al., 2013). We  checked the traps each
morning and captured animals were marked, recorded, and
released.  To calculate the rodent index, all catchable species
were  grouped by genus and the median mass for each
species (Fitzgerald et al., 1994) was then averaged across
all  species captured in that genus. The average mass was
then  multiplied by the total number of unique individuals
of  that genus captured on each grid. A rodent index value
was  assigned to each habitat type as rodent kg/km2. We
then  extrapolated the rodent index to each coyote home
range  based upon the amount of habitat type in the home
range  (Bromley and Gese, 2001a).

Lagomorph spotlight surveys (Smith and Nydegger,
1985) were conducted in replicates of three per habitat
type over three consecutive nights in both the sterile and
intact  areas. Cottontail (Sylvilagus audubonii) and black-
tailed  jackrabbit (Lepus californicus) numbers were counted
for  each habitat and replicates were averaged together. The
mean  number of lagomorphs/km was multiplied by the
average  mass of the species and used to assign a lagomorph
index value to each habitat type. These index values were
then  extrapolated into each coyote home range (Bromley
and  Gese, 2001a).

2.7.  Pronghorn fawn survival analyses

We estimated semi-monthly fawn survival rates over
five  time intervals (14 May–31 July) using known fate mod-
els  in Program MARK (White and Burnham, 1999). Survival
rates  for unequal time intervals (18, 15, 15, 15, 16 days)
were  standardized to semi-monthly rates for compari-
son (White and Burnham, 1999) and encounter histories
were censored for the year the fawn was  not monitored.
We  compared models using the Akaike Information Crite-
ria  corrected for small sample size (AICc; Burnham and
Anderson, 2002).

Due  to small sample sizes, a priori models were care-
fully designed to avoid detection of spurious correlations
(Burnham and Anderson, 2002). We grouped the data by
area  (north or south). Our models included eight covari-
ates: fawn sex, birth weight (kg), estimated age at capture
(days), birth date, treatment (captured in an intact or
sterile  coyote home range), relative coyote density, lago-
morph  abundance index, and rodent abundance index. We
assigned  values for the last four covariates based upon the
coyote  home range in which the fawn was captured. We
did  not use a fawn’s mortality location to test the effects
of  the covariates because not all fawns died. Fawns cap-
tured  outside of a known coyote home range were classed
as  intact and assigned an average coyote density, rodent
abundance, and lagomorph abundance value.

The primary goal of our study was  to estimate the effect
of  coyote sterilization on pronghorn fawn survival. There-
fore,  we  examined a dual model set with and without the
treatment effect (Bishop et al., 2008) allowing us to use
model  averaging (White et al., 1999); that is, each model
had  a structure with and without a treatment effect. If there
was  no treatment effect, then there would be no differ-
ence in the model averaged fawn survival estimates on
intact  and sterile coyote home ranges; that is, the model-
averaged estimated effect-size would be small and the
confidence interval would cover 0. To minimize the num-
ber  of models, we constructed models of fawn survival in
a  three-phase process. First, we  constructed models with
only  temporal effects (Table 1, models 1a,b–6a,b). We  pre-
dicted  survival of fawns over a 79-day period would be
variable  because their vulnerability to predation changes as
they  develop (Barrett, 1978; Von Gunten, 1978). To model
these  hypothesized temporal differences in survival, we
ran  the following four models: (1) a linear time trend model
based  on the hypothesis that fawn survival increases after
birth;  (2) a non-linear time trend model (i.e., a threshold
model using the natural logarithm) based on the hypothe-
sis  that fawn survival increases to a maximum value then
plateaus; (3) a model which held the first three and the
last  two  time intervals equal based on the hypothesis that
survival  increases in stages as fawns age; and (4) a model
which allowed the first three time intervals to vary but held
the  last two intervals constant based on the hypothesis that
survival  is variable when fawns are the youngest and most
vulnerable to predation (Table 1, models 3a,b–6a,b). We
then  combined the best time model of fawn survival with
area  and year effects (Table 1, models 7a,b–9a,b). Area was
different from treatment because, although we attempted
to  capture and sterilize coyote packs throughout the entire
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Table 1
Models used to evaluate the influence of coyote sterilization and other covariates on pronghorn fawn survival (S), Piñon Canyon Maneuver Site, Colorado,
USA,  May  2006–March 2008.

Model
no.

Model structure Model hypothesis

1a S(area × time) + treatment Survival varied by an interactive effect of area and time, plus treatment
1b  S(area × time) Survival varied by an interactive effect of area and time
2a  S(treatment) Survival varied only by treatment
2b  S(.) Survival was constant
3a  S(time + treatment) Survival varied by a linear trend in time, plus treatment
3b  S(time) Survival varied by a linear trend in time
4a S(ln(time) + treatment) Survival varied by a nonlinear trend in time, plus treatment
4b  S(ln(time)) Survival varied by a nonlinear trend in time
5a S((t1 = t2 = t3, t4 = t5) + treatment)a Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5, plus treatment
5b  S(t1 = t2 = t3, t4 = t5) Survival was constant in time intervals 1, 2, and 3 and constant in intervals

4  and 5
6a  S((t4 = t5) + treatment) Survival was constant in time intervals 4 and 5, plus treatment
6b  S(t4 = t5) Survival was constant in time intervals 4 and 5
7a  S((t4 = t5) + area + treatment) Survival was constant in time intervals 4 and 5 but varied by area (north

and south) and treatment
7b  S((t4 = t5) + area) Survival was constant in time intervals 4 and 5 but varied by area (north

and south)
8a  S((t4 = t5) + year + treatment) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007) and treatment
8b  S((t4 = t5) + year) Survival was constant in time intervals 4 and 5 but varied by year (2006

and 2007)
9a  S((t4 = t5) + area + year + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

and treatment
9b  S((t4 = t5) + area + year) Survival was constant in time intervals 4 and 5 but varied by area and year
10a S((t4 = t5) + area + sex + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

sex, and treatment
10b  S((t4 = t5) + area + sex) Survival was constant in time intervals 4 and 5 but varied by area and

fawn sex
11a  S((t4 = t5) + area + birth weight + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth weight, and treatment
11b  S((t4 = t5) + area + birth weight) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth weight
12a  S((t4 = t5) + area + age + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

age, and treatment
12b  S((t4 = t5) + area + age) Survival was constant in time intervals 4 and 5 but varied by area and

fawn age
13a  S((t4 = t5) + area + birth date + treatment) Survival was constant in time intervals 4 and 5 but varied by area, fawn

birth date, and treatment
13b  S((t4 = t5) + area + birth date) Survival was constant in time intervals 4 and 5 but varied by area and

fawn birth date
14a  S((t4 = t5) + area + coyote + treatment) Survival was constant in time intervals 4 and 5 but varied by area, coyote

density, and treatment
14b  S((t4 = t5) + area + coyote) Survival was constant in time intervals 4 and 5 but varied by area and

coyote density
15a  S((t4 = t5) + area + year + lago + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

lagomorph density, and treatment
15b S((t4 = t5) + area + year + lago) Survival was constant in time intervals 4 and 5 but varied by area, year,

and lagomorph density
16a  S((t4 = t5) + area + year + rodent + treatment) Survival was constant in time intervals 4 and 5 but varied by area, year,

rodent density, and treatment
16b  S((t4 = t5) + area + year + rodent) Survival was constant in time intervals 4 and 5 but varied by area, year,

and rodent density

a t = time interval.
For each model structure, two versions of the model were run; one with a treatment effect (a) and one without a treatment effect (b), for a total of 32
models.

southern portion of the study site, some fawns in the south
were  not captured within a radio-collared coyote home
range  and could not be assigned to the treatment group.

For  the last phase of model building, we added all other
covariates to the best model from phase one and two. We
included  sex, birth weight, age at capture, and birth date
to  account for potentially important sources of individual
variation of fawn survival (Fairbanks, 1993; Byers, 1997;

Table  1, models 10–13), and coyote density, lagomorph
abundance index, and rodent abundance index to account
for  predator–prey factors (Table 1, models 14a,b–16a,b).

Age at capture was estimated using a constant for
growth rate derived from Byers (1997). Mean known birth
weight  was  estimated from fawns known to have been born
the  day of capture. We  knew <1-day-old fawns because
either we witnessed their birth or they had a wet umbilicus
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(Byers and Moodie, 1990). Because there was a difference
between prey index estimates in the 2 years, we always
included year in models with an alternative prey covariate.
Using model averaged estimates, we performed a Z-test for
differences  in survival rates to compare survival between
areas and years. A Wald’s test (Agresti, 1990) was  used to
determine significance of covariates.

We estimated model averaged cumulative summer sur-
vival  (White et al., 1999) to evaluate the overall impact
of  sterilization on fawn survival over the 79-day study
period. We  estimated overall summer survival from the five
semi-monthly model averaged survival estimates (ŝ1–ŝ5) as
ŝ1 × ŝ2 × ··· × ŝ5 and used the delta method to estimate its
variance (on the natural-log scale; Franklin et al., 2004).

3.  Results

3.1. Coyote home range and density

We captured 30 coyotes: nine coyotes from seven
resident home ranges in the north were captured and
sham-operated (i.e., intact), while we sterilized 15 coyotes
from  10 resident home ranges in the south; although two
of  the sterile packs were later assigned to intact due to sus-
pected  presence of pups. Four radio-collared coyotes (two
intact  and two sterile) were transient (their home range
encompassed multiple resident home ranges) and one ster-
ile  and two intact resident coyotes began dispersing in the
summer  of 2007. One intact coyote could not be accurately
tracked due to her home range being on private land.

We  used 485 locations (x̄ = 28.5, 95% CI = 23.5–33.5 per
home range) to define seasonal pack home ranges. The
mean  telemetry error was 328 m (95% CI = 231–425) based
on  14 blind tests of randomly placed transmitters. The
total  area considered sterile was 125.1 km2. Mean home
range  size of all radio-collared coyotes was 16.1 km2 (95%
CI  = 12.7–19.5) and the mean minimum pack size was 2.2
coyotes  (95% CI = 2.0–2.4). Coyote density was not different
in  the north (0.15 coyotes/km2, 95% CI = 0.10–0.20, n = 9)
and  south (0.18 coyotes/km2, 95% CI = 0.14–0.22, n = 8;
t14 = −0.816, P = 0.428) areas.

3.2.  Alternative prey indices

The  lagomorph abundance index was 22.7 kg/km (95%
CI  = 18.0–27.4) in 2006, and 5.0 kg/km (95% CI = 3.4–6.6) in
2007  (t20 = 7.034, P < 0.001). The rodent abundance index
was  1235.2 kg/km2 (95% CI = 1,007.1–1,463.3) in 2006, and
282.2  kg/km2 (95% CI = 211.4–353.0) in 2007 (t20 = 7.819,
P  < 0.001). We  detected no difference in overall availabil-
ity  of alternative prey between the north and south areas
(lagomorph index, t32 = −0.349, P = 0.730; rodent index,
t32 = 0.038, P = 0.970).

3.3.  Pronghorn fawn survival

We  captured and radio-collared 31 fawns in 2006 and
40  fawns in 2007. Coyote predation was the primary cause
of  death in both years. In 2006, 26 of 31 fawns died by
July;  16 (61.5%) fawns were killed by coyotes, one mortal-
ity  was due to eagle predation, and nine mortalities were

by  unknown predators; DNA analysis attributed the cause
of  death to coyote predation in one out of two  question-
able mortalities. In 2007, 25 of 40 fawns died by July. In
both  sterile and intact areas, deaths were primarily due to
coyote  predation (76%) while six mortalities were due to
unknown  causes. DNA analysis attributed cause of death to
coyote  predation in five out of six questionable mortalities.
A  simple determination of the 78-day survival rate (Heisey
and  Fuller, 1985) using accumulated radio-days and the
number  of deaths (Trent and Rongstad, 1974) showed that
during  2006, the 78-day interval survival rate was 0.04 (10
of  14 fawns died) and 0.01 (16 of 17 fawns died) for the
north  and south areas, respectively (both areas contained
intact coyote packs). In 2007, the 78-day interval survival
rate  was  0.25 in the north area (again all coyotes were
intact in the north). However, in the south area, the inter-
val  fawn survival rate was 0.07 in the intact coyote home
ranges, but 0.24 in the sterile home ranges, generating over
a  3× increase in fawn survival in the sterile home ranges
compared to the intact ranges in the southern study site.

The  best model of fawn survival, S(t4 = t5) + area + year,
was  only slightly better than the model
S(t4 = t5) + area + treatment (Table 2, models 9 and 7).
Based upon a criterion of �AICc < 2 (Burnham and
Anderson, 2002), 11 models were competitive (Table 2).
All  competing models included area and semi-monthly
time interval (modeled as varying in the first three
intervals but constant in the last two; Table 2). Based
on model averaged parameter estimates, there was a
significant treatment effect at  ̨ = 0.10 (ˇtreat = 0.543, 90%
CI  = −0.361–1.447, 1-sided Wald test, P = 0.098; Fig. 1A
and  B), which suggested fawn survival was higher for
fawns captured in treated (sterile) coyote home ranges
when compared to fawns captured in untreated (intact)
coyote home ranges in the south area. Overall survival
differences were consistent between years (Fig. 1A and
B);  model averaged parameter estimates of fawn sur-
vival  in 2006 were similar to 2007 (ˇyear = 0.135, 90%
CI = −0.673–0.397, 1-sided Wald test, P = 0.289). Overall,
survival was  higher in the north control than in the south
control area (ˇarea = 0.763, 90% CI = 0.023–1.549, 1-sided
Wald test, P = 0.018). In spite of this area difference, the
treatment effect was evidenced by increased survival on
the  south treatment area (sterile) compared to the south
control area (intact) in 2007 (Fig. 1B). None of the other
model covariates (i.e., lagomorph index, rodent index,
fawn sex, fawn birth weight, fawn birth date, fawn age at
capture)  were significant (P > 0.110 for all tests, 1-sided
Wald test).

The  treatment effect was  also manifested in model aver-
aged  cumulative summer survival rates (Fig. 2). In 2007,
cumulative summer survival for the north area was 2.4×
higher  than for the south control area, while cumulative
survival on the south sterile area was  2.4× higher than for
the  south intact area (P = 0.032 and P = 0.068, respectively;
Table 3). After accounting for treatment, model averaged
cumulative survival of fawns differed by area (Table 3).
Fawn  survival showed the same pattern for years, areas,
and  treatment groups; after declining over the first two
time  intervals, the probability of fawn survival stabilized
in  the third week of June (Fig. 2).
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Table 2
Model selection results for pronghorn fawn survival (S) with five semi-monthly time (t) intervals, Piñon Canyon Maneuver Site, Colorado, USA, May
2006–March  2008.

Model no. Model structure Ka �AICcb AICc Weights Deviance

9b S((t4 = t5) + area + year) 6 0.00 0.12 173.06
7a  S((t4 = t5) + area + treatment) 6 0.40 0.10 173.47
9a  S((t4 = t5) + area + year + treatment) 7  0.67 0.08 171.58
10a  S((t4 = t5) + area + sex + treatment) 7 1.06 0.07 171.97
8b  S((t4 = t5) + year) 5 1.64 0.05 176.84
10b S((t4 = t5) + area + sex) 6 1.74 0.05 174.80
11a S((t4 = t5) + area + birthweight + treatment) 7 1.80 0.05 172.71
7b  S((t4 = t5) + area) 5 1.82 0.05 177.02
16b S((t4 = t5) + area + year + rodent) 7 1.88 0.05 172.79
13a S((t4 = t5) + area + birthdate + treatment) 7 1.92 0.05 172.83
15b S((t4 = t5) + area + year + lago) 7 1.94 0.04 172.84
13b S((t4 = t5) + area + birthdate) 6 2.34 0.04 175.41
16a S((t4 = t5) + area + year + rodent + treatment) 8 2.45 0.03 171.17
12a S((t4 = t5) + area + age + treatment) 7 2.53 0.03 173.43
15a S((t4 = t5) + area + year + lago + treatment) 8 2.55 0.03 171.27
14a S((t4 = t5) + area + coyote + treatment) 7 2.56 0.03 173.46
6b  S((t4 = t5)) 4 3.28 0.02 180.59
11b  S((t4 = t5) + area + birthweight) 6 3.41 0.02 176.48
8a  S((t4 = t5) + year + treament) 6 3.63 0.02 176.70
14b S((t4 = t5) + area + coyote) 6 3.69 0.02 176.75
12b S((t4 = t5) + area + age) 6 3.89 0.02 176.95
6a  S((t4 = t5) + treatment) 5 4.35 0.01 179.55
5b  S((t1 = t2 = t3, t4 = t5)) 2 4.69 0.01 186.16
5a  S((t1 = t2 = t3, t4 = t5) + treatment) 3  5.89 0.01 185.29
3b  S(T) 2 20.73 0.00 202.19
3a  S(T + treatment) 3 21.88 0.00 201.27
1b  S(area x t) 20 25.94 0.00 166.44
4b  S(ln(T)) 2 26.89 0.00 208.35
1a  S(area x t) + treatment 21 27.34 0.00 165.31
4a  S(ln(T) + treatment) 3 27.98 0.00 207.37
2b  S(.) 1 32.36 0.00 215.86
2a  S(treatment) 2 33.20 0.00 214.66

a Number of estimable parameters.
b Minimum AICc = 185.53.

Table 3
Difference in model-averaged cumulative pronghorn fawn summer survival rates (interval: May  14–31 July; 79 days), based on five semi-monthly intervals,
Piñon  Canyon Maneuver Site, Colorado, USA.

Year Area Treatment Cumulative ŝ SE Diff  Diff

ŝintact−ŝintact) SE P (ŝsterile−ŝintact) SE P

2006 North Intact 0.416 0.129 0.243 0.152 0.055 – – –
–  South Intact 0.173 0.081 – – – – – –
2007 North Intact 0.439 0.105 0.250 0.135 0.032 0.254 0.170 0.068
–  South Intact 0.183 0.085 – – – – – –
–  South Sterile 0.443 0.147 – – – – – –

Models with no treatment effect were used for model averaged survival estimates in 2006 and for north and south intact in 2007. Models with a treatment
effect  were used for model averaged survival estimates for south sterile in 2007.

4. Discussion

Our results from model averaged parameter estimates
and cumulative summer survival indicated coyote ster-
ilization changed the predatory behavior of coyotes as
evidenced by reducing predation rates on pronghorn
fawns. While fawn survival was higher overall in the north
area,  after treatment was  applied, cumulative pronghorn
fawn survival during the summer of 2007 was 2.42× higher
for  fawns captured in sterile packs compared to fawns cap-
tured  in intact packs in the southern area. Indeed, despite
the  fact that pronghorn fawn survival was 2.40× higher in
the  north area than the south area during pre-treatment
in 2006, the treatment effect was evidenced by increased

survival in sterile packs compared to no increase in intact
packs  in 2007, nor any increase on the north intact area
from  2006 to 2007. That is, cumulative fawn survival in
the  sterile packs on the south was  raised to northern lev-
els,  while remaining low in southern intact packs. For
wildlife managers seeking an alternative to lethal removal
of  coyotes, acquiring a 242% increase in pronghorn fawn
survival by using coyote sterilization is biologically signif-
icant  and relevant for management actions in areas where
lethal  control is undesirable.

None  of the individual covariates we tested (fawn sex,
birth  weight, birth date, age at capture) were statistically
important. The lack of difference between male and female
fawn  survival was  similar to other studies (Fairbanks, 1993;
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Fig. 1. Model averaged pronghorn fawn survival rates (±95% CI) in semi-
monthly intervals, 14 May–31 July (79 days), (A) before treatment in 2006,
and (B) after treatment in 2007, Piñon Canyon Maneuver Site, Colorado,
USA. Models with no treatment effect were used for model averaged sur-
vival  estimates in 2006 and for north and south intact in 2007. Models
with a treatment effect were used for model averaged survival estimates
for south sterile in 2007. Note in (B) that three survival curves are present.

Fig. 2. Model averaged estimates of cumulative summer pronghorn fawn
survival, 14 May–31 July (79 days), for north and south study areas in
2006 and 2007, Piñon Canyon Maneuver Site, Colorado, USA. Models with
no  treatment effect were used for model averaged survival estimates in
2006  and for north and south intact in 2007. Models with a treatment
effect were used for model averaged survival estimates for south sterile
in  2007.

Byers, 1997). However, this pattern may  be variable; in the
Greater  Yellowstone Ecosystem, female fawn survival was
higher  than males (Berger et al., 2008). We  found fawn sur-
vival  was lowest in the second semi-monthly time interval,
and  after the first 6 weeks of life the probability of fawn
survival increased to 100%. This is similar to results from

previous studies (Barrett, 1978; Von Gunten, 1978; Byers,
1997).

While  we  found no significant individual covariates,
there were large survival differences between the local
areas  (i.e., between the north and south), and this differ-
ence  was  as large as the treatment difference (i.e., intact
versus sterile in the south). We  attempted to account for
these  differences by including prey abundance and coyote
density in the models. However, these relationships were
not  significant. The lack of significance in these results may
be  due to small sample sizes of small mammals or differ-
ences in detection probability for lagomorph surveys in
the  second year that resulted from dramatically different
weather conditions (higher winter and spring precipita-
tion) and the consequent increase in vegetation height and
density.

The  north and south sites were close enough so
that average precipitation amounts were similar (approx-
imately 27.5 and 30.2 cm for north and south sites,
respectively; Stevens et al., 2008); in accordance with
the  requirement that sites for BACIPs need to be close
enough to be influenced by the same range of environ-
mental phenomena (Stewart-Oaten et al., 1986). Besides
similar environmental conditions, the north and south
were  comprised primarily of grassland species. However,
distributions of vegetation types within the grasslands
in the two  areas were different, which may  explain the
differences in survival between the two areas. Predom-
inant species in the north (i.e., western wheatgrass and
needle-and-thread (Stipa comata)) tend to grow taller than
predominant species in the south (i.e., grama species),
potentially providing more escape cover for fawns in the
northern  area. In addition, a recent burn regime had been
used  in the southern part of the study area in 2004–2006,
and not in the north. Although fires are often used to
improve shortgrass prairie habitats to benefit species such
as  pronghorn (Yoakum, 1979; Wright and Bailey, 1982;
Courtney, 1989), recent burns could compromise immedi-
ate  fawn survival by reducing cover. Cover has been shown
to  be an important correlate in fawn survival (Barrett, 1984;
Alldredge et al., 1991). It is possible that higher fawn sur-
vival  in the north resulted from its higher vegetation height
and  the escape cover it provided.

In addition to survival differences by area, there were
slight differences between years. The winter of 2006–2007
was  the second highest total winter snowfall on record
since 1947 (Western Regional Climate Center, Reno,
Nevada). Although extreme winter weather can adversely
affect fawn survival by affecting the condition of the doe
(Verme, 1977), the extreme snowfalls of 2006–2007 did
not  reduce fawn survival on the PCMS. In fact, fawn sur-
vival  following the winter of 2006–2007 was  slightly higher
than  the previous year for the entire study area (although
not statistically significant). It is possible that winter snow-
fall  and spring precipitation (in 2007, heavier rain patterns
occurred in April, May, and June) boosted fawn survival
in  2007 by increasing vegetation biomass. Anecdotally, we
noted  an increase in vegetative cover across the study area
in  2007. Coyotes are reported to use visual cues to detect
pronghorn fawns (Wells, 1978), so high vegetation would
make  it difficult for them to find fawns (Barrett, 1981).
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Additionally, increased vegetation would provide impor-
tant  forage for lactating does, subsequently increasing fawn
survival.

We  recommend coyote sterilization be considered
as a non-lethal tool to boost pronghorn fawn sur-
vival in pronghorn populations where predation is a
limiting factor. This non-lethal tool is applicable where
lethal management of coyotes is controversial, unaccept-
able, or not an option (i.e., national parks, sites near
urban areas). Costs to perform this technique (helicopter
captures + sterilization = $900/coyote) were approximately
12% higher than cost estimates to trap and kill coyotes
($805; Wagner and Conover, 1999). Adjusting the cost
from  Smith et al. (1986) to current rates for helicopter
flying ($1100/h), we estimated aerial gunning would cost
$600/coyote. The fact that surgical sterilization will last for
many  years (Bromley and Gese, 2001a, b) offers promise of
lower  long-term costs than lethal control and is considered
to  be economically feasible.

5.  Conclusion

Pronghorn have been present in North America since
the  Pleistocene and have been sympatric with coyotes
since the evolution of Canis latrans (Kurtén and Anderson,
1980). Because coyote predation on pronghorn reflects an
evolved  relationship unlike the predatory relationship with
domestic  sheep, we were concerned that sterilization of
coyotes  may  not decrease ungulate neonate predation as
it  did in sheep. However, we observed a substantial effect
(Figs.  1 and 2) which was significant at  ̨ = 0.10, even with
the  number of parameters included in our models and the
relatively  small sample size. Certainly, these results indi-
cate  biological significance (i.e., a 242% increase in fawn
survival in sterile packs compared to intact packs in the
south  area). In addition, our estimates of fawn survival
reflect biologically relevant population changes (i.e., cumu-
lative  fawn survival rates in the south more than doubled
from 0.18 to 0.44 for fawns captured in sterile coyote home
ranges);  an increase which could influence fawn recruit-
ment and provide important demographic changes for a
pronghorn  population, particularly in areas where coyote
predation is a limiting factor on population growth and
predation is additive to natural mortality.
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Abstract  Hybridization presents a unique challenge for conservation biologists and managers. While hybridization is an im-

portant evolutionary process, hybridization is also a threat formany native species. The endangered species recovery effort for the 

red wolf Canis rufus is a classic system for understanding and addressing the challenges of hybridization. From 1987‒1993, 63 

red wolves were released from captivity in eastern North Carolina, USA, to establish a free-ranging, non-essential experimental 

population. By 1999, managers recognized hybridization with invasive coyotes Canis latrans was the single greatest threat to 

successful recovery, and an adaptive management plan was adopted with innovative approaches for managing the threat of hybri-

dization. Here we review the application and results of the adaptive management efforts from 1993 to 2013 by comparing: (1) the 

numbers of wolves, coyotes, and hybrids captured, (2) the numbers of territorial social groups with presumed breeding capabili-

ties, (3) the number of red wolf and hybrid litters documented each year and (4) the degree of coyote introgression into the wild 

red wolf gene pool. We documented substantial increases in the number of known red wolves and red wolf social groups from 

1987–2004 followed by a plateau and slight decline by 2013.The number of red wolf litters exceeded hybrid litters each year and 

the proportion of hybrid litters per year averaged 21%. The genetic composition of the wild red wolf population is estimated to 

include < 4% coyote ancestry from recent introgression since reintroduction. We conclude that the adaptive management plan 

was effective at reducing the introgression of coyote genes into the red wolf population, but population recovery of red wolves 

will require continuation of the current management plan, or alternative approaches, for the foreseeable future. More broadly, we 

discuss the lessons learned from red wolf adaptive management that could assist other endangered species recovery efforts facing 

the challenge of minimizing hybridization [Current Zoology 61 (1): 191–205, 2015 ]. 

Keywords  Canid, Conservation, Genetics, Hybrid, Management 

Hybridization, the interbreeding among distinct taxa, 
presents a unique challenge for conservation biologists 
and managers. While hybridization is an important evo-
lutionary process for speciation (Arnold, 1992; Allendorf 
et al., 2001), hybridization also poses a threat to the 
conservation of native species, particularly when it is 
facilitated by anthropogenic alteration of habitats, trans-
location of species, and excessive exploitation (Wayne 
et al., 2004). Such human activities have caused a glob-
al escalation in hybridization, resulting in multiple ex-

tinctions of plant and animal populations and species 
(Rhymer and Simberoff, 1996; Wolf et al., 2001). The 
need to develop strategies to minimize anthropogenic-    
driven hybridization is a key conservation challenge 
(Allendorf et al., 2001). 

Hybridization followed by introgression is the most 
difficult type of hybridization to control and manage 
(Allendorf et al., 2001). Over time, breeding among 
hybrids and backcrossing of hybrids and parentals can 
lead to the formation of a hybrid swarm and the loss of 

proyster2
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the gene pool of one or both parental species (Rhymer 
and Simberloff, 1996). This process, known as genomic 
extinction (Allendorf and Luikart, 2007), has been do-
cumented as a major threat for a diverse group of plant 
and animal taxa (McCarley, 1962; Rogers et al., 1982; 
Dowling and Childs, 1992; Abernethy, 1994; Rhymer et 
al., 1994), including several species of wild canids 
(Wayne et al., 2004). 

One intensive effort to address the threat of hybridi-
zation and introgression has been implemented for the 
endangered red wolf (Canis rufus; USFWS, 1989). This 
species, first described by Bartram (1791), was listed as 
endangered in 1967, and starting in 1973 the last known 
wild individuals were captured and placed in a captive 
breeding program to avoid genomic extinction due to 
hybridization with coyotes C. latrans. The red wolf re-
covery effort has been clouded by debate over the taxo-
nomic status and evolutionary history of this species. It 
has been classified as a distinct species (Nowak, 1979, 
2002), a species of hybrid origin due to breeding be-
tween gray wolves C. lupus and coyotes (Wayne and 
Jenks, 1991; Roy et al., 1994, 1996), and as member of 
a third group of independently evolving North Ameri-
can canids called the eastern wolf Canis lycaon that 
includes the Algonquin wolf and wolf-like canids in the 
Great Lakes region (Wilson et al., 2000, 2003; Kyle et 
al., 2006, 2007). The grouping of red wolves and east-

ern wolves as a distinct species was challenged by re-
sults from a large-scale genomic survey of grey wolves, 
coyotes, red wolves and eastern wolves (VonHoldt et al., 
2011). Using over 48,000 single nucleotide polymor-
phism (SNP) loci, VonHoldt et al. (2011) rejected the 
hypothesis that red wolves were part of a third species 
group of North American canids and concluded there 
were only two main groups of canids in North America 
(coyotes and gray wolves), and red wolves and eastern 
wolves have a hybrid origin. In response, Rutledge et al. 
(2012b) argued the VonHoldt et al. (2011) study in-
cluded insufficient sampling of Algonquin wolves (n = 
2) and flawed analyses. After reanalysis of the Von-
Holdt et al. (2011) data, they concluded that the three 
species hypothesis grouping Algonquin wolves and red 
wolves cannot be rejected.  

The goal of this study was not to address the red wolf 
taxonomic debate but instead to evaluate the efforts of 
the U.S. Fish and Wildlife Service (USFWS) to prevent 
introgression of coyote genes into the reintroduced wild 
population. Between 1987 and 1993, the USFWS rein-
troduced red wolves to the Alligator River National 
Wildlife Refuge (ARNWR) in northeastern North Caro-
lina to re-establish a free-ranging experimental popula-
tion (Phillips et al., 2003). The experimental population 
area (Fig. 1) primarily encompassed the Albemarle Pe- 
ninsula, which was characterized by a diversity of habi-

 

 
 

Fig. 1  Historic and current management zones within the red wolf experimental area on the Albemarle Peninsula, North 
Carolina 
In 2002, based on an evaluation of the known spatial distribution of red wolves and non-red wolf canids, the boundaries of the management zones 
were realigned (dotted lines to solid lines). 
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tats (Hinton and Chamberlain, 2010; Dellinger et al., 
2013). Initially, coyotes were not thought to occupy the 
experimental population area, but by the early 1990’s 
their presence was documented and shortly thereafter 
hybridization between red wolves and coyotes occurred 
(Phillips et al., 1995, 2003; Adams et al., 2003; Adams, 
2006). In 1999, a population and habitat viability as-
sessment recognized several threats to establishing a 
free-ranging red wolf population (Kelly et al., 1999), 
and the group acknowledged hybridization with coyotes 
was the greatest risk to recovery of the species. Subse-
quently, the USFWS adopted a Red Wolf Adaptive 
Management Plan (RWAMP) to reduce or eliminate this 
threat (Kelly, 2000).  

By its very nature, an adaptive management plan in-
corporates new or modified procedures as new informa-
tion becomes available. Such changes in procedures, as 
well as the amount and geographic distribution of ef-
fects, precludes a rigorous quantitative approach, how-
ever, we have documented and evaluated the actions 
taken and their effectiveness. Here we review the results 
of management actions for the red wolf ARNWR expe-
rimental population area from 1993–2013 by evaluating: 
(1) the numbers of wolves, coyotes, and hybrids cap-
tured and monitored each year, (2) the numbers of terri-
torial social groups with presumed breeding capabilities, 
(3) the number of red wolf and hybrid litters documented 
each year, and (4) the degree of coyote introgression 
into the wild red wolf gene pool. If the RWAMP was 
successful at controlling hybridization and facilitating 
recovery, we expected (1) an increase in the number of 
red wolves and the number of canid territories con-
trolled by red wolves, (2) a decrease in the number of 
hybrid and coyote-like animals occupying the recovery 
area, (3) more red wolf litters than hybrid litters and a 
decline in the proportion of hybrid litters over time, and 
(4) < 10% introgression of coyote ancestry into the wild 
red wolf population. These results are examined for 
their implications concerning the future of red wolf re-
covery, and more broadly, other conservation efforts 
facing the challenge of hybridization.  

1  Materials and Methods 
1.1  Field methods 

This study occurred within the Red Wolf Recovery 
Experimental Population Area on the Albemarle Penin-
sula in northeastern North Carolina (Phillips et al., 2003; 
Dellinger et al., 2013). During 1993 to 2013, USFWS 
personnel used padded foot-hold traps to capture all 
adult (> 9 months old) red wolves, coyotes, and hybrids. 

Prior to implementing the RWAMP, management efforts 
concentrated on capturing, radio-collaring, and radio-   
tracking as many red wolves as possible. In addition, 
biologists attempted to locate dens and mark pups with 
microchip “PIT” tags for future identification during 
subsequent capture operations. At the request of land-
owners, red wolves were removed from areas where 
they were not wanted and released at other locales. Co-
yotes were removed and euthanized when they were 
encountered. 

 Conceptually, the RWAMP partitioned the Peninsu-
la into three management zones (Fig. 1), with the most 
intensive efforts initially deployed in the eastern-most 
zone and progressing successively westward (Stoskop-
fet al., 2005). The goals for the eastern-most zone (Zone 
I) were to radio-collar and release all red wolves, and to 
remove all coyotes and hybrids. In Zone II the goals 
were to radio-collar and release all red wolves, and ei-
ther remove or sterilize (via tubal ligation or vasectomy) 
and release all coyotes and hybrids at their points of 
capture. Surgical procedures were performed by a li-
censed veterinarian following methods described in 
Seidler and Gese (2012). These sterile animals were left 
as “placeholders” to defend and maintain their territo-
ries (Bromley and Gese, 2001; Seidler and Gese, 2012) 
with minimal risk to the red wolf gene pool before be-
ing removed when there were dispersing red wolves 
seeking to establish territories, or a red wolf naturally 
displaced a placeholder. In the remainder of the area 
(Zone III), Zone II management activities were oppor-
tunistically extended westward as resources allowed. In 
theory, creating a functional red wolf population occu-
pying the entire Albemarle Peninsulawould ultimately 
saturate the landscape and naturally exclude immigrat-
ing coyotes (Kelly, 2000).  

Field personnel located radio-collared animals via 
ground and aerial telemetry every 3- to 7-days to define 
home ranges and territorial limits, and locate mortalities 
and identify causes of death. Personnel conducted field 
surveys to identify areas occupied by unknown canids, 
translocated red wolves from areas where landowners 
objected to their presence, located dens to collect sam-
ples for genotyping pups, and cross-fostered red wolf 
pups from captivity to wild parents to augment wild 
productivity particularly after removing a hybrid litter 
(cf. Kitchen and Knowlton, 2006). The radio-telemetry 
data was also used to estimate the proportion of the re-
covery area occupied by red wolf territories (see online 
supplemental). Scat sampling for DNA analyses, cou-
pled with location data, was intermittently applied to 
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provide additional information concerning the genetic 
characteristics and distribution of canids without cap-
turing and handling animals (Adams et al., 2003, 2007; 
Adams and Waits, 2007; Bohling, 2011). 
1.2  Species identification methods 

We defined a red wolf as an individual whose gene-
alogy could be traced directly to the 14 captive red wolf 
population founders (see online supplemental), or an 
individual whose genotype contained no coyote-specific 
alleles and was classified as red wolf using a maximum 
likelihood assignment test (Miller et al., 2003; Adams, 
2006). The genetic assignment test uses a maximum-  
likelihood approach to compare the genotype of an un-
known individual to the allele frequencies of the red 
wolf founders (with modeled drift) and North Carolina 
coyotes using 18 nuclear DNA microsatellite loci (Mil-
ler et al., 2003). This test considers allele frequency 
differences, as well as the presence of coyote-specific 
alleles, which are absent in the red wolf founders but 
observed in the current coyote population in northeas-
tern North Carolina. Results from the genetic analyses 
were integrated with data on morphology and parentage 
to determine whether to retain, sterilize, or euthanize an 
individual (Stoskopf et al., 2005; Adams, 2006). To be 
retained in the wild population, animals originally had 
to have at least 75% red wolf ancestry (Stoskopf et al., 
2005). This threshold was raised to ≥ 87.5% red wolf 
ancestry in 2002. The percentage of red wolf ancestry 
for each individual was determined in two ways: di-
rectly based upon a genetically reconstructed pedigree 
(e.g., 75% red wolf female x 100% red wolf male = 
87.5% red wolf offspring, Adams, 2006) and, in cases 
where parentage is unknown, from the maximum-   
likelihood assignment test (Miller et al., 2003). Pedigree 
analysis methods are described in more detail in online 
supplemental. For our 2014 sample of known red 
wolves, 100% can be placed into the pedigree, and the 
percentage of ancestry that can be traced to the red wolf 
founders and the proportion of coyote introgression are 

estimated from the pedigree. 
1.3  Assessment of progress 

Our assessment of population numbers relies on the 
number of radio-collared canids ≥ 5 months old known 
to be alive on 1 March and 1 September each year, 1993– 
2013. Individuals not identified as being alive on or 
after specific inventory dates were subsequently cen-
sored after that date. By design, the RWAMP was flexi-
ble and adaptive (Kelly, 2000). Consequently, we pro-
vide results from a management process in which data 
interpretations are confounded by changes in procedures 
as well as changes in the geographic distribution of ef-
forts. An example is the more stringent criteria adopted 
for genetically discriminating between red wolves and 
hybrids in 2002 (Miller et al., 2003), forcing re-evalua-
tion of all current and former animals in each manage-
ment zone. Also in 2002, based on an evaluation of the 
known spatial distribution of red wolves and non-red 
wolf canids, the boundaries between zones were moved 
westward, enlarging Zone I and decreasing the size of 
Zone III (Fig. 1; Stoskopfet al., 2005). Results and in-
terpretations that follow are presented in accord with the 
zone boundaries recognized in 2007 rather than those 
accepted at times during which specific management 
actions were taken. Similarly, the more conservative 
assignment of genetic ancestry, based on microsatellite 
genotyping adopted in 2002, is used for animals from 
all years. 

2  Results 
2.1  Summary of population management 

In the 6 years preceding adoption of the RWAMP, the 
average number of canids captured for the 1st time (“1st 
captures”) was about 28 per year, and most (75%) were 
retrospectively identified via genetic analysis as being 
red wolves (Table 1). During 1999–2013, the number of 
first captures averaged 63.5 per year, but during this 
time the proportion of red wolves declined and that of 
coyotes increased (Table 1). 

 

Table 1  Numbers, by genetic assignment, of adult canids captured for the first time on the Albemarle Peninsula, North 
Carolina, during four periods, 1993 through 2013 

Period No. canids captured 
Mean No.  

captures/yr. 

Mean No. by genetic assignment (%) 

Red wolf Hybrid Coyote 

1993–19981 167 27.8 20.8 (75) 2.8 (10) 4.2 (15) 

1999–20002 129 64.5 40.5 (63) 16.5 (26) 7.5 (11) 

2001–20023 87 43.5 26.5 (61) 10.0 (23) 7.0 (16) 

2003–20134 735 66.8 22.6 (34) 10.1 (15) 34.1 (51) 

1 Prior to adoption of RWAMP. 2 Post-adoption of RWAMP relying on physical characteristics. 3 Initiation of reliance on genetic testing. 4 Full im-
plementation of genetic testing of all canids. 
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Prior to adoption of the RWAMP, the number of ca-
nids (> 5 months of age) removed from the Peninsula 
averaged 11.2 per year (6.5 red wolves, 1.0 hybrids, and 
3.7 coyotes; Fig. 2A). Red wolves were primarily re-
moved to accommodate landowners, to initiate breeding 
on island populations and to establish a second release 
site in the Great Smoky Mountains National Park. Fol-

lowing implementation of the RWAMP, 13–63 ( x = 

28.2) canids were removed per year. As the years pro-
gressed, the genetic classification of animals that were 
removed changed, with red wolf captures declining and 
numbers of hybrids and coyotes removed increasing 

dramatically (Fig. 2A). The high incidence of red 
wolves removed in 2000 and 2001 (12 and 11, respec-
tively) occurred while management efforts increased 
substantially but prior to implementing use of genetic 
criteria for assessing ancestry. Between 2004 and 2013, 
the number of red wolves removed declined while the 
removal of animals with coyote ancestry increased (Fig. 
2A). 

No animals were sterilized prior to 1999, but after 
that 252 animals were sterilized and released, including 
3 red wolves inaccurately classified as hybrids before 
genetic testing (Fig. 2B); 35 of these occurred in the 

 

 
 

Fig. 2  Numbers of canids (A) removed,and(B) sterilized and released, by genetic classification and year, within the red 
wolf experimental area, Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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first 3 years of the RWAMP. The number sterilized was 
relatively small (1–10 per year) between 2003 and 2005.  
In 2006 as efforts increased toward the west, 17 animals 
were sterilized. During 2007–2013, an increasing num-
ber of coyotes were sterilized to serve as “placeholders” 
to hold space on the landscape and prevent genetic in-
trogression (Fig. 2B). Many of these sterilized animals 
were eventually removed from the population (n = 19) 
when red wolves appeared to be seeking new territories 
in areas occupied by sterile animals. In addition, many 
of these sterile animals were naturally displaced (n = 50) 
by red wolves. 

Other types of management actions were sporadical-
ly employed. An additional 41 wolves born in captivity 
or on island propagation sites were released within the 
experimental population area, 29 prior to 1999 and 12 
afterwards. Between 1999 and 2013, 27 captive-born 
red wolf pups were cross-fostered into wild litters to 
augment wild recruitment and enhance genetic diversity 
after removing a hybrid litter. All cross-fostered pups 
were accepted by the wild, surrogate parents and at least 
seven became breeders responsible for 98 red wolf pups 
born from 2004 to 2013 (A. Beyer, USFWS, unpubl. 
data). 
2.2  Canid population demography and social groups 

Sixty-three red wolves (32 adults and 31 juveniles) 
were released on the Alligator River National Wildlife 
Refuge (within Zone I) between 1987 and 1994 (Phil-
lips et al., 2003). Fourteen of the releases (11 adults and 
3 juveniles) were considered successful and breeding 
was documented in the wild. Our initial census indicates 
33 red wolves known to be present in March 1993 (22, 
8, and 3 in Zones I, II, and III, respectively; Fig. 3A). 
Between 1993 and 1998, 125 additional red wolves > 5 

months of age ( x = 20.8 annually) were captured (Table 

1), with the spring 1999 census indicating 52 red wolves 
within the experimental area (22, 18, and 12 in Zones I, 
II, and III, respectively; Fig. 3A). During the same 6-   
year period, 43 red wolf litters were located. 

In the first 2 years after implementation of the 
RWAMP, 81 additional red wolves were captured, plus 
another 303 red wolves in the ensuing 13 years. Despite 
the large number of potential recruits to the population, 
in the next 3 years the census of known living red 

wolves only increased to 85‒90 ( x = 86.7) animals in 

the fall, with slightly lower numbers ( x = 77.0) in spr-

ing (Fig. 3A). Thereafter, the known number of free-   
ranging red wolves across the recovery area has re-
mained relatively stable at around 90‒95 adult red wolves. 

The relative distribution of red wolves on the land-

scape changed over time. Both the number of wolves 
(Fig. 3A) and the number of social units in Zone I de-
clined to about half after implementation of the RWAMP 
(Fig. 3B), without evidence that hybrids and/or coyotes 
had appropriated those territories. In Zone II, known 
numbers of red wolves increased from around 30 to 
perhaps 50, while an increase from 15 to 25 occurred in 
Zone III (Fig. 3A).  

Coyotes have increased in numbers of first captures 
(Table 1), numbers removed (Fig. 2A), and numbers 
sterilized (Fig. 2B) during the recovery effort. During 
inventories for all intact canids on the Albemarle Pe-
ninsula, most coyotes captured and identified were re-
moved and were not alive at our inventory dates, or 
were sterilized and released. Coyotes were routinely 
removed in small numbers during the pre-RWAMP pe-
riod (Fig. 4B) with an increasing number of coyotes 
being removed throughout the recovery area. Only ste-
rile coyotes were documented in our inventories; intact 
coyotes were removed. Since 2009, extensive trapping 
efforts in Zones II and III have resulted in removal of 

15–41 ( x = 24.0) coyotes annually (Fig. 4B). The at-

tempt to capture and genotype all Canis on the Penin-
sula, starting in 1999, resulted in a dramatic surge in the 
number of hybrids removed, principally in Zone II (Fig. 
4A). Additional hybrid individuals were regularly re-
moved, mostly in Zones II and III. Another surge in 
hybrid removal followed adoption of the more stringent 
genotype criteria in 2002, resulting in removal of 9 hy-
brid individuals, including 7 within Zone I (Fig. 4A). 
Subsequently, the number of hybrids removed declined 
erratically (Fig. 4A) with surviving individuals being 
removed from Zone I and increased removals from 
Zones II and III. 

The number of recognized red wolf social groups in-
creased from 5 in 1993 to 14 by 1999 (Fig. 5D). Subse-
quently, this increased to about 20 social units between 
2003 and 2008 (Fig. 5D) and then declined to about 15 
social units during 2009 to 2013 as breeding pairs have 
been disrupted by gunshot mortalities associated with 
coyote hunting in the recovery area during the past seve-
ral years (USFWS, 2009–2013). In Zone I, the number 
of social units increased from 4 in 1993 to 10 by 2001, 
where it remained through 2003 but then dropped to 5 
by 2005, and subsequently declined to 2 breeding units 
during 2011–2013 (Fig. 5A). The change in known 
numbers of desirable social units in Zone II from one in 
1993 to 10 in 2004 was associated with an intermediate 
shift to “neutral” social units associated with the sterili-
zation of one or both alpha animals (Fig. 5B). The 
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known number of wolf social units in Zone III was rela-
tively stationary (12) until implementation of the 
RWAMP. As in Zone II, it appears the use of steriliza-
tion assisted in an increase to 5–6 social units with de-
sirable red wolf ancestry (Fig. 5C). 
2.3  Summary of genetic results 

As the number of radio-collared animals increased, 

so did the location of natal dens (8.5/yr before RWAMP 
adoption to 12.6/yr afterward). Genetic assessment of 
litters indicated the number of hybrid litters fluctuated 
over time (0–5/yr) with an average of 1.5/year (Fig. 6). 
The number of red wolf litters per year was always 
higher than the number of hybrid litters and averaged 
6.9/year (Fig. 6). The ratio of hybrid to red wolf litters 

 

 
 

Fig. 3  Known numbers and distribution of (A) red wolves during spring (March 1st) and fall (September 1st) inventories, 
and (B) known red wolf social units in spring, among management zones within the red wolf experimental area on the Al-
bemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 
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Fig. 4  Numbers of (A) hybrids removed, and (B) coyotes removed, by zone and year, from the red wolf experimental area 
on the Albemarle Peninsula, North Carolina, 1993–2013 
Vertical lines represent initiation of the Red Wolf Adaptive Management Plan. 

 

averaged 21% and peaked at 55% in 2006 (Fig. 6). 
Overall, 37 of the 40 (92.5%) litters with coyote ance-
stry were detected and removed, while 7 of 147 (4.8%) 
red wolf litters were mistakenly removed before genetic 
testing. 

Retrospective molecular genotyping suggested the 
known number of free-ranging reproductively-intact 
hybrids alive at any inventory point in the pre-RWAMP 
period never exceeded two. No reproductively-intact 
hybrids were noted at any inventory date from 2004 

through 2013 (i.e., all known hybrids were removed or 
sterilized). The average ancestry of all known, repro-
ductively intact red wolves and introgressed individuals 
in the recovery zone in 2014 is 96.5% based on genetic 
testing and pedigree analysis. 

3  Discussion 

3.1  Success of current program 
Minimizing the threat of hybridization for threatened 

and endangered species is particularly challenging when  
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Fig. 5  Numbers and suitability of canid social units in Zones (A) I, (B) II, and (C) III, and (D) the entire red wolf experi-
mental area, Albemarle Peninsula, North Carolina, 1993–2013 
“Desirable” indicates the alpha male and female individuals are ≥75 % red wolf ancestry; “neutral” indicates one or both alpha individuals are ste-
rile; “undesirable” indicates both breeding individuals are reproductively intact and one or both are genotypically identified as coyote or hybrid; and 
“unknown” indicates that the genotype of one individual of the breeding pair is unknown. Vertical lines represent initiation of the Red Wolf Adap-
tive Management Plan. 

 

 
 

Fig. 6  Number of red wolf and hybrid litters detected each year since the reintroduction of red wolves into North Carolina 
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the hybridizing species greatly outnumbers the threat-
ened population (Allendorf et al., 2001) as with red 
wolves and coyotes in North Carolina. The success of 
the RWAMP at controlling hybridization and facilitating 
red wolf recovery was mixed, based our criteria. The 
number of red wolves did increase over time but pla-
teaued around 2009 and declined slightly thereafter. The 
number of coyotes and hybrids detected did not de-
crease over time as desired. Despite predictions of ge-
netic swamping (Kelly et al., 1999; Fredrickson and 
Hedrick, 2006), our estimate of average ancestry of all 
known, reproductively intact red wolves and intro-
gressed individuals in the recovery zone in 2014 is cur-
rently 96.5% indicating the success of the RWAMP at 
limiting introgression of coyote genes into the reintro-
duced population. We also documented more red wolf 
litters than hybrid litters, but the ratio of hybrid litters to 
red wolf litters did not decline over time indicating hy-
bridization is an ongoing challenge. 

The RWAMP is an intensive long-term management 
effort that includes removal of coyotes and hybrids, 
sterilization and release of others to control space (i.e., 
the “placeholder” concept), the release of red wolves 
from captive-breeding programs, genetic testing of lit-
ters, cross-fostering captive born pups to wild parents, 
and a public relations effort to promote the recovery 
program and reduce anthropogenic mortalities. It is dif-
ficult to speculate about the relative contribution of in-
dividual activities, but we consider the removal, as well 
as sterilization and release, of coyotes and hybrids as 
critical components. Another key management activity 
has been the genetic testing of wild born litters to pro-
vide the opportunity to remove hybrids before they 
reach breeding age. Although such activities were not a 
part of the original recovery effort, they now constitute 
a core component of the program, and in the absence of 
such efforts it seems unlikely that introgression of co-
yote genes into the red wolf population could be ade-
quately controlled (Fredrickson and Hedrick, 2006). We 
recognize the potential biases of monitoring hybridiza-
tion based on capture efforts alone and suggest com-
plementary, non-invasive sampling of scats (Adams and 
Waits, 2007; Bohling and Waits, 2011) to assess the 
genetic composition and distribution of canids. In 2010, 
this type of analysis was conducted in the recovery area 
and revealed that 1) only 4% of samples had hybrid 
ancestry, and 2) red wolf ancestry was highest in zone 1 
(> 80%) and decreased from East to West (Bohling, 2011) 
consistent with results from the trapping efforts pre-
sented here.  

3.2  Implications for future management of red 
wolves 

The U.S. Fish and Wildlife Service continues to ac-
tively promote recovery efforts of the red wolf in east-
ern North Carolina (USFWS, 2007; Hinton et al., 2013). 
These efforts are consistent with the conclusion that we 
should “protect the red wolf as a component of the evo-
lutionary legacy of canids” (Allendorf et al., 2001), and 
recent analyses of North American canids indicating 
this species has a distinct genetic signature (VonHoldt et 
al., 2011; Rutledge et al, 2012b). We acknowledge that 
these efforts have required considerable financial and 
social investments each year (USFWS 2013), and the 
population is not self-sustaining. In theory, efforts to 
remove or sterilize coyotes might be relaxed with time 
as red wolves fully occupy available habitat within the 
recovery area. Under such conditions, wolves dispersing 
within the recovery area would be successful in finding 
conspecific mates and coyotes immigrating to the area 
would be naturally excluded by resident wolves (Mur-
ray and Waits, 2007; Roth et al., 2008; Wheeldon et al., 
2010). However, we believe this scenario is unlikely 
because wolf habitat is discontinuous within the recove-
ry area and anthropogenic habitat changes will continue 
to favor coyotes because of their ability to more effec-
tively colonize landscapes in closer proximity to human 
activity (Benson et al., 2012; Gese et al., 2012; Benson 
and Patterson, 2013). Further, there is little evidence red 
wolves naturally control the coyote population through 
strife, which is a core prediction derived from the com-
petitive exclusion hypothesis (Murray et al., 2015). 
However, it is notable that recent records also report 
gunshot mortality remains prevalent for coyotes, indi-
cating that mistaken identity by coyote hunters could 
continue to disrupt red wolf breeding pairs. Yet, a recent 
legal ruling banning coyote hunting in the recovery area 
(Red Wolf Coalition et al., v. Cogdellet al., No. 2:13-cv- 
60-BO, 2014 WL 1922234 [E.D. N.C. May 13, 2014]) 
may help promote stability of red wolf social groups. 

While the wolf population had a relatively high base-
line mortality risk relative to other wolf populations 
(Fuller et al., 2003; Smith et al., 2010) and the majority 
of deaths were related to anthropogenic activities, it 
does not appear the additive nature of human-related 
mortality exceeds that observed in other wolf popula-
tions (Creel and Rotella, 2010; Murray et al., 2010; 
Sparkman et al., 2011). However, anthropogenic mor-
tality can lead to increased hybridization in other canid 
systems (Rutledge et al., 2012a). In red wolves, over 
half of the detected hybridization events followed the 
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disruption of a stable breeding pair of red wolves due to 
mortality of one or both breeders (Bohling, 2011). Of 
these 69% were due to anthropogenic causes, primarily 
gunshot mortality during the local fall hunting season, 
which occurs just prior to the red wolf breeding season 
(Bohling and Waits, press).  

The number of known wolves appeared to plateau at 
around 90 to 95 adult red wolves, indicating the popula-
tion may have reached carrying capacity, as also sug-
gested by Murray et al. (2015). In 2007, red wolf social 
units were using about 1,043 km2 – about 48% of “usa-
ble” (cumulatively used) habitat and about 23% of the 
total recovery area (USFWS 2007, online supplemental), 
but the remainder of acceptable habitat is fragmented in 
small patches located across the recovery area and less 
likely to be colonized by wolves given recent habitat 
studies (Dellinger et al., 2013). In addition, we consider 
expansion of the red wolf population beyond the current 
recovery area unlikely given recent survey results 
showing few red wolves in adjacent areas (Bohling and 
Waits, 2011). The current USFWS recovery goals re-
quire establishing 3 independent populations (USFWS, 
1989), and such efforts would require a rigorous as-
sessment of red wolf habitat availability, combined with 
empirical and modeling analysis of coyote abundance 
and potential hybridization, in candidate recovery areas. 
If reintroduction efforts are initiated in new geographic 
areas, the management actions for controlling hybridi-
zation described here will likely be critical to success as 
most of the historical red wolf range is now occupied by 
coyotes. Given the extensive loss of habitat and the 
challenge of hybridization with invasive coyotes, the 
red wolf is a species fitting the definition of “conserva-
tion reliant” (Scott et al., 2005), and the ongoing pro-
gram review should be considered an opportunity to 
chart a new direction that reflects the changing stan-
dards and expectations regarding endangered species 
recovery (Scott et al., 2010; Jackowski et al., 2014; 
Murray et al., 2015). 
3.3  Implications for other species 

Our assessment suggests that access to appropriate 
resources can curtail or reverse genetic introgression in 
some situations. Our data indicate the use of steriliza-
tion and the removal of hybrids to limit introgression of 
unwanted coyote genes has enhanced effectiveness of 
red wolf recovery efforts. Red wolves are relatively 
long-lived, territorial, form social hierarchies, and de-
velop strong and persistent social bonds. This enables 
the use of sterile individuals of the introgressing species  
and hybrids to control space without compromising the 

status of the target species. In our case the introgressing 
species, the coyote, is abundant and adaptable to hu-
man-modified landscapes. While procedures similar to 
those used in the RWAMP might work in the case of 
European gray wolves or Ethiopian wolves Canis si-
mensis, there could be additional social conflicts be-
cause domestic dogs represent the introgressing species. 
Perhaps more realistically, the population of eastern 
wolves in Algonquin Provincial Park (Patterson and 
Murray, 2008) ultimately may benefit from removal of 
hybrids occurring in the same region, especially given 
the unique genetic and taxonomic status of wolves in-
side the park (Rutledge et al., 2010). Similar considera-
tions might apply for conserving the European wildcat 
Felis silvestris, with the added caveat that felids may 
not have as persistent social bonds and strong territorial 
constraints common among many canids, thereby prec-
luding some of the measures enacted in North Carolina 
to protect wolves. Reduced social fidelities among cer-
vids (e.g., red deer Cervus elaphus), or among aquatic 
species, may reduce the utility of such efforts.  

An important contribution of the RWAMP has been 
to help elucidate mechanisms of hybridization affecting 
recovering populations, and to test methods of manag-
ing such hybridization to improve chances of recovery 
success (Murray and Waits, 2007). Another novel mana-
gement method used for red wolves that might be bene-
ficial in other systems is the genetic testing of litters to 
remove hybrid individuals and cross-fostering pure 
offspring from captivity to increase recruitment into the 
wild population. Aggressive management actions de-
signed specifically to undermine the negative influence 
of invasive species can enhance population recovery 
efforts (Peterson et al., 2008; Finlayson et al., 2010), at 
least over the short-term. Such management, based on 
intensive and adaptive research, is a much-   needed 
addition for other species threatened by hybridization 
and introgression (Laikre et al., 2010). 
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Supplemental information 
 

Red Wolf Founders 
The red wolf founders are the 14 individuals removed from the wild along the Gulf coast of Texas and Louisiana 

who were chosen, based upon morphology, skull radiographs, sonographic analysis, breeding experiments, and elec-
trophorectic and chromosomal analysis, to initiate the captive breeding program (Carley, 1975; Riley and McBride, 
1975). These individuals also have a unique mitochondrial DNA haplotype that has not been observed in coyotes 
(Adams et al., 2003). 
Pedigree Analysis Methods 

Pedigree analysis methods are described in detail in Adams 2006, but are summarized here. Parentage was deter-
mined using a combination of field and genetic data. USFWS biologists typically identified potential parents of a 
newly captured red wolf or litter of puppies based upon observational knowledge of breeding pairs and the proximity 
of the various red wolf packs. Parents were unknown or uncertain for approximately 25% of captured individuals.  
Genotypic data at 18 microsatellite loci was used to determine parentage relationships using the program Cervus 
(Marshall et al., 1998; Kalinowski et al., 2007). We used Cervus to identify the most likely parents from the potential 
pool of reproductive individuals in the population. We allowed a maximum of one mismatch for a potential parent pair, 
but only if the mismatch was due to allelic dropout. We also checked all parentage assignments with a 1 allele mis-
match to confirm that the pairing was realistic based on detailed field observations and/or telemetry of wolves during 
the breeding season. Fifteen percent of identified parent-offspring relationships had 1 genotypic mismatch; the re-
mainder had zero mismatches.   
Red Wolf Pack Territory Estimates 

Using data from 1987–2007, wolf pack territory estimates were generated by including data for every known pack 
member in a 95% kernel density estimation with a root-n bandwidth estimator (Worton, 1989; Wu and Tsai, 2004; 
Steury et al., 2010). Locations from all wolves (> 75% ancestry) within a pack were combined for home range estima-
tion, although exploratory and emigrant movements were excluded, and more than one location per pack per day was 
included only if individual wolves were > 500 m apart (Oakleaf et al., 2006). We considered any habitat that had ever 
been occupied by a red wolf pack between 1987 and 2007 as “usable habitat”. 

The recovery area encompasses about 4,600 km2 (not including large water features). From 1987 through 2007 wolf 
pack territories cumulatively covered a total of 2,172 km2, or about 47% of the total experimental area. In 2007, red 
wolf social units were using about 1,043 km2 – about 48% of “usable” (cumulatively used) habitat and about 23% of 
the total recovery area (Fig. 1).   

 

 
 

Fig. 1  Availability of red wolf habitat on the Albemarle Peninsula, North Carolina 
Usable habitat includes any habitat known to be used by red wolves (1987–2007). 
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Pack social dynamics and inbreeding avoidance 
in the cooperatively breeding red wolf

Amanda M. Sparkman,a Jennifer R. Adams,b Todd D. Steury,c Lisette P. Waits,b and Dennis L. Murraya

aDepartment of Biology, Trent University, Peterborough, ON, K9J 7B8, Canada, bDepartment of Fish 
and Wildlife Resources, University of Idaho, Moscow, ID, 83844, USA, and cSchool of Forestry and 
Wildlife Sciences, Auburn University, Auburn, AL, 36849, USA

For cooperatively breeding groups composed of close relatives, whether and how a group avoids inbreeding are questions of key 
evolutionary and conservation importance. A number of strategies for inbreeding avoidance may be employed by cooperative 
breeders, including extrapair reproduction, reproductive suppression, and juvenile dispersal. However, population-wide infor-
mation on the prevalence of different strategies is difficult to obtain. We investigated the prevalence of inbreeding and potential 
mechanisms for inbreeding avoidance in a reintroduced population of the red wolf. Using long-term data on individuals of 
known pedigree, we determined that inbreeding among first-degree relatives was rare. Potential mechanisms for inbreeding 
avoidance included low levels of philopatric reproduction in spite of delayed dispersal, and reproductive suppression prior to 
dispersal. Inbreeding avoidance among siblings may have been further facilitated by independent dispersal trajectories, as many 
young wolves spent time alone or in small nonbreeding packs composed of unrelated individuals. The dominant pattern of 
breeding-pair formation involved the union of 2 unrelated individuals in a new home range. Replacement of 1 or both mem-
bers of an existing breeding pair involved new immigrants to a pack or, in a small number of cases, ascendance of either resi-
dent offspring or adopted pack members to vacant breeding positions. Extrapair reproduction was rare, suggesting that it was 
not a major mechanism for outbreeding. We conclude that there are several prevalent behavioral strategies within the red wolf 
population that may work together to minimize inbreeding and any associated fitness costs, helping make cooperative breeding 
an evolutionarily viable strategy. Key words: Canis rufus, competition, lone wolves, monogamy, nonbreeding packs, pair forma-
tion. [Behav Ecol]

InTRoDucTIon

The risk of inbreeding is a potential threat to the evolutionary 
stability of cooperative breeding when groups are composed 

of close relatives. As high levels of inbreeding have been associ-
ated with negative effects on fitness-related traits (reviewed in 
Pusey and Wolf 1996; Hedrick and Kalinowski 2000; Keller and 
Waller 2002), the study of mechanisms for inbreeding avoidance 
has been a topic of great interest to behavioral ecologists. Studies 
in diverse species have suggested that cooperative breeders can 
exhibit a range of behaviors that may help reduce inbreeding 
within groups, including extrapair reproduction, reproductive 
suppression of subordinates, and sex-biased dispersal (reviewed 
in Pusey and Wolf 1996; Packard 2003). Indeed, although iso-
lated instances of inbreeding have been documented in many 
cooperative breeders, in most species the rate of inbreeding is 
thought to be quite low (Koenig and Haydock 2004).

Inbreeding rates and evidence for inbreeding avoidance 
have been studied most thoroughly in cooperatively breeding 
birds (reviewed in Koenig and Haydock 2004). Inbreeding 
avoidance has also been explored to some extent in coop-
eratively breeding mammals, but with the exception of a 
few well-studied species (e.g., meerkats: O’Riain et  al. 2000; 
Griffin et  al. 2003; Ethiopian wolf: Sillero-Zubiri et  al. 1996, 

Randall et  al. 2007; African wild dog: Girman et  al. 1997; 
Damaraland mole rat” Cooney and Bennett 2000; canid spp.: 
Geffen et  al. 2011), most support for inbreeding avoidance 
tends to rely on anecdotal accounts. For many species, lit-
tle is known regarding the prevalence of different strategies 
within a single population, and how they might work together 
to create a viable social system. In order to fully understand 
all possible social mechanisms through which harmful lev-
els of inbreeding might be avoided, it is important to have  
a basic understanding of the different strategies that charac-
terize the life cycles of individuals, and from this, discern the 
dominant strategy (or strategies) exhibited within a particu-
lar population. However, knowledge of key factors—such as 
when (or if) individuals disperse from their natal groups, how 
individuals spend their time before breeding, how breeding 
relationships are eventually formed, and by whom—is often 
difficult to come by. Such knowledge requires longitudinal, 
individual-based information on location and group affilia-
tion, as well as detailed information on the sex, age, repro-
ductive status, and relationships among individuals within a 
population (Pemberton 2008).

Cooperative breeding is widespread among canids 
(Moehlman 1986; Moehlman 1997; Mech et al. 1999; Packard 
2003; Sparkman et  al. 2011a), and potential mechanisms 
for inbreeding avoidance appear to vary among species. 
The Ethiopian wolf, Canis simensis, for instance, exhibits 
female-biased dispersal, thus limiting opportunities for 
mate formation between siblings (Sillero-Zubiri et  al. 1996). 
Furthermore, although Ethiopian wolves tend to be socially 
monogamous, the frequency of extrapair reproduction appears 
to be relatively high, which may further reduce the risk of 
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inbreeding when female offspring are philopatric and replace 
their mothers as the dominant breeder (Sillero-Zubiri et  al. 
1996; Randell et  al. 2007). In contrast, the gray wolf, Canis 
lupus, tends to exhibit both social and genetic monogamy 
(reviewed in Packard 2003), with only rare instances of 
extrapair reproduction, suggesting that in this case reproductive 
suppression of subordinates and high rates of dispersal for both 
sexes may contribute more to low rates of inbreeding within 
packs (Smith et al. 1997; Vonholdt et al. 2008).

Inbreeding depression within captive populations of 
Canis species ranges from low to severe (Laikre and Ryman 
1991; Ellegren 1999; Kalinowski et  al. 1999; Fredrickson 
and Hedrick 2002; Lockyear et al. 2009; Rabon and Waddell 
2010). In the wild, Scandinavian gray wolves recovering from 
a population bottleneck exhibit signs of severe inbreeding 
depression (Liberg et al. 2005). The reintroduced population 
of Yellowstone gray wolves, on the other hand, exhibits rela-
tively low inbreeding coefficients (f), likely due to a relatively 
large founding population as well as mechanisms for inbreed-
ing avoidance (Vonholdt et al. 2008). There is also evidence 
that inbreeding within packs in other gray wolf populations, 
as well as populations of other canid species, is rare (Smith 
et  al. 1997; Geffen et  al. 2011). Similarly, a wild population 
of Eastern wolves (Canis lycaon) appears to exhibit high levels 
of heterozygosity (Grewal et  al. 2004; Rutledge et  al. 2010). 
Nevertheless, there is still much to learn regarding inbreed-
ing in wild populations, and the study of behavioral mecha-
nisms for inbreeding avoidance has conservation as well as 
theoretical relevance, particularly as the risk of inbreeding is 
a major concern for small or declining populations and rein-
troduction projects often involve small numbers of founding 
individuals (Hedrick and Kalinowski 2000).

We investigated the prevalence of inbreeding among 
first-degree relatives (i.e., parent/offspring, siblings), and 
potential behavioral mechanisms for inbreeding avoidance 
in a reintroduced population of the cooperatively breed-
ing red wolf, Canis rufus. The red wolf is an ideal system in 
which to investigate the fitness costs and benefits of coopera-
tive living, as it constitutes a relatively closed, closely moni-
tored population of known pedigree. Although derived from 
a captive population descending from only 14 founders, 
inbreeding coefficients of wild-born individuals are relatively 
low (mean f = 0.10 ± 0.05, range 0–0.26) (William Waddell, 
Point Defiance Zoo and Aquarium, unpublished data). 
Furthermore, inbreeding events appear to be infrequent in 
the closely related Eastern wolf (Rutledge et al. 2010). Thus, 
we predicted that instances of breeding among first-degree 
relatives in the red wolf are rare and there are mechanisms 
for inbreeding avoidance active within this population.

Previous work has reported that red wolves primarily live 
in packs composed of a socially monogamous breeding pair 
and offspring of different ages (Phillips et al. 2003; Sparkman 
et al. 2011a). In spite of the fact that many young wolves will 
delay dispersal for up to 2 years, previous work has also dem-
onstrated high rates of dispersal prior to reproduction, with 
only a few individuals remaining to breed in their natal pack 
(Sparkman et  al. 2011b). Infrequent breeding in the natal 
pack could be sufficient for inbreeding avoidance, at least 
among parents and offspring. However, the extent to which 
inbreeding occurs has not yet been documented in the red 
wolf, and how dispersal and social behaviors both outside 
and within breeding packs might decrease the probability of 
inbreeding has not hitherto been explored.

To address these questions, we evaluated the prevalence of 
different strategies in the red wolf life cycle. Using long-term 
radio-telemetry data and a population pedigree, we explored 
prebreeding social behavior and its ramifications for the 
longevity of family bonds, and the prevalence of different 

mechanisms for breeding-pair formation, including natal 
philopatry, adoption of unrelated individuals into a breed-
ing pack, and competition. We also assessed the frequency of 
extrapair reproduction as another potential mechanism for 
inbreeding avoidance. We predicted that strategies favoring 
the formation of breeding pairs between 2 unrelated individ-
uals would be most prevalent. Note that we do not argue that 
any of these behaviors evolved exclusively as a result of direct 
selection for inbreeding avoidance; rather, our goal was to 
evaluate how various components of red wolf behavior might 
contribute toward that end (Moore and Ali 1984; Pusey and 
Wolf 1996).

METHoDS

Monitoring methods and pedigree

Red wolves were reintroduced into the Alligator River 
National Wildlife Refuge in North Carolina in 1987, after 
extinction from their native distribution throughout the 
southeastern United States (McCarley and Carley 1979; U.S. 
Fish and Wildlife Service [USFWS] 1984). Between 1987 
and 2007, 506 free-ranging wolves were captured primar-
ily via foothold traps, equipped with very high frequency 
radio-collars and monitored to gather detailed information 
on location, pack affiliation, reproductive status, and timing 
of dispersal and death (Phillips et  al. 2003). It is estimated 
that >95% of handled adult wolves were collared and that 
>90% of adults on the recovery area were “known” (A. Beyer, 
USFWS, unpublished data). Radio-collared wolves were moni-
tored every 3–4  days from the ground or via fixed-wing air-
craft. Wolves were aged by PIT tagging at den sites or during 
pup capture in early fall. Based on this intensive monitoring 
data, it has been reported that red wolves disperse between 1 
and 2 years of age, and begin to breed between ages of 2 and 
4 on average (Sparkman et al. 2011a, 2012).

The reconstruction of the pedigree for the red wolf popu-
lation has been described in detail elsewhere (Adams 2006). 
Briefly, genetic material was obtained for 703 individuals and 
genotypes were collected at 18 microsatellite loci with an aver-
age heterozygosity of 0.65 (Adams 2006). To assign parentage, 
we used a maximum likelihood approach as implemented 
in the program CERVUS 2.0 (Marshall et  al., 1998; Adams 
2006)  as well as field data on known pairings and spatial 
locations of individuals. When 1 parent was known we could 
successfully assign parentage 95% of the time at the 95% 
confidence level and 96% of the time at the 80% confidence 
level. When neither parent was known we could successfully 
assign parentage 88% of the time at the 95% confidence level 
and 99% of the time at the 80% confidence level using these 
18 loci (Adams 2006). In total, we had genetic confirmation 
for the identity of both parents for 303 out of 408 individuals 
for whom parentage was inferred through field observations. 
One parent was known for an additional 101 individuals, and 
parentage was unknown for 194 individuals. From the result-
ing pedigree, we were able to identify breeding pairs and 
their corresponding offspring so as to be able to differentiate 
between what we define as related—that is, parent and off-
spring or siblings—and unrelated members of a pack—that 
is, adoptees/immigrants from other packs. Reintroduced red 
wolves do naturally hybridize with the coyote (Canis latrans), 
although management efforts selectively remove hybrid litters 
(Phillips et  al. 2003). We were able to identify all instances 
of pair formation and hybridization between red wolves and 
coyotes (C. latrans). Using this information, we surveyed all 
instances of incestuous matings between first-degree relatives. 
All summary statistics and analyses were performed using JMP 
8.0.2 (SAS Institute Inc.).
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Prebreeding social behavior and inbreeding avoidance

We evaluated the prevalence of different social behaviors 
subsequent to dispersal from the natal pack, and their poten-
tial to contribute to inbreeding avoidance through dissolv-
ing social bonds between family members. Our long-term 
radio-telemetry records allowed us to identify 3 main social 
grouping behaviors exhibited by wild-born red wolves: solitary 
periods, membership in nonbreeding packs, and membership 
in breeding packs. Time periods were defined and quantified 
as the number of seasons in which a particular behavior was 
exhibited (i.e., Winter, Spring, Summer, and Fall). Solitary 
individuals that appeared to be traveling or residing in a par-
ticular home range for 1 or more seasons by themselves were 
designated as “lone wolves.” Nonbreeding individuals that 
were found to be in the company of other nonbreeders in 
the same home range for 2 or more seasons were considered 
members of a nonbreeding pack. Individuals found for 2 or 
more seasons in a home range with 2 breeding individuals 
present were considered members of a breeding pack. Home 
ranges were determined from the 95% isopleths of utilization 
distributions, as estimated using kernel density estimators 
with fixed bandwidth estimated using the root-n bandwidth 
estimator (Steury et al. 2010; T. Steury, unpublished data).

We assessed the proportion of both sexes within the popu-
lation that were lone wolves during at least 1 season, and clas-
sified them according to reproductive status during that time: 
prereproductive, postreproductive until death, ultimately 
nonreproductive until death, or between reproductive events. 
We also calculated the average age of lone wolves and length 
of time spent alone. Similarly, we also assessed the proportion 
of both sexes that were members of nonbreeding packs for at 
least 2 or more seasons and their reproductive status during 
that time. Since membership of nonbreeding packs fluctu-
ated, with some wolves dispersing whereas others remained 
and new members arrived, we also compiled descriptive sta-
tistics on “subpacks,” which we define as an aggregation of 
nonbreeding wolves that lasted 2 or more seasons longer than 
associations with other members (past or future) of a given 
pack. Note that in creating the category “subpack” we are 
not proposing a novel form of social organization per se, but 
simply devising an arbitrary but effective method to quantify 
the frequency and duration of different types of associations 
between individuals. We determined the composition of each 
subpack—numbers of each sex and presence of close rela-
tives—the average age of members, and the average subpack 
lifespan (i.e., number of seasons spent together). Because the 
majority of nonbreeding subpacks were composed of male 
and female dyads that may have been attempting to form a 
breeding pair (see Results), we determined whether male–
female dyads spent significantly longer together than other 
aggregations using Welch’s test for unequal variance.

Breeding-pair formation and inbreeding avoidance

We identified breeding pairs as 2 individuals that were known 
to den and produce offspring. We identified and assessed 
the prevalence of 4 main patterns of breeding-pair forma-
tion: 1) the union of 2 lone individuals in a new home range, 
2)  the replacement of 1 lost breeder by a new breeder in 
an established home range, 3)  the formation of a breeding 
pair composed of 2 new individuals in the absence of other 
individuals, or 4)  the formation of a breeding pair com-
posed of 2 new individuals in the presence of other unrelated 
individuals.

For patterns of breeding-pair formation (2)–(4), which 
involved the replacement of 1 or both breeders, we quantified 
the prevalence of the 4 different replacement mechanisms 

that were observed, the first of which could contribute to 
inbreeding, and remainder of which could contribute to 
inbreeding avoidance: replacement of a breeder by 1)  resi-
dent offspring, 2)  adopted immigrants, that is, individuals 
adopted by a pack with an intact breeding pair, 3) new immi-
grant individuals arriving after death or dispersal of a previ-
ous breeder, and 4) new immigrants that may have competed 
with and deposed a previous breeder. Concrete evidence for 
competitive breeder displacement is difficult to collect in wild 
wolves, although intraspecific conflict is known to occur and 
tends to be higher for breeding gray wolves than for non-
breeders (Mech and Boitani 2003). Thus, for (4), we consid-
ered the death or dispersal of a breeder after the arrival of 
a successor at some point after the previous breeding season 
as potential evidence for competition. Furthermore, because 
the majority of potential cases of competitive displacement 
involved males (see Results), we sought evidence that post-
breeding male red wolves are more likely to be found outside 
of their breeding pack than females, with the prediction that 
females would be more likely to die in their breeding packs.

Extrapair reproduction and inbreeding avoidance

Using the population pedigree and information on pack com-
position, we were also able to quantify instances of multiple 
paternity (where pups from the same litter were fathered by 
2 or more males) and instances of extrapair paternity (where 
a male fathered pups by 2 or more females), to determine 
whether these were common behaviors that could contribute 
to inbreeding avoidance within a cooperatively breeding fam-
ily group.

RESuLTS

Frequency of inbreeding

As predicted, breeding among first-degree relatives was rare. 
Breeding between parents and offspring occurred in only 4 
out of 90 (4%) breeding pairs; similarly, breeding between 
full siblings also occurred in 4 (4%) breeding pairs. Two 
of four parent–offspring breeding events involved a single 
female, who bred with both her son, and then with their son. 
The remaining 2 parent–offspring breeding events involved 
father–daughter and mother–son pairings. One of four sib-
ling breeding events involved siblings who bred together in 
their natal pack after their mother died during parturition, 
a second involved 2 siblings who dispersed from their natal 
pack together, and a third involved siblings born in consecu-
tive years who independently dispersed to the area in which 
they bred. The fourth case involved a male who bred not only 
with his mother but also with his sister in the same year.

Prebreeding social behavior and inbreeding avoidance

The prevalence of lone wolf and nonbreeding pack behaviors 
subsequent to dispersal suggested that both may contribute 
to inbreeding avoidance. After dispersing from their natal 
packs, approximately 43% (n = 386) of monitored individuals 
spent 1 or more seasons as lone wolves (Figure 1). Of these, 
28% (n  =  166) were prereproductive and 72% were nonre-
productive, that is, never became reproductive before death. 
The average age of pre- and nonreproductive lone wolves was 
1.7 ± 0.9  years, and time spent as a lone wolf ranged from 1 
to 13 seasons, with a mean of 3.0 ± 2.5 seasons. The sex of 
pre- and nonreproductive lone wolves was approximately 
evenly distributed (48% females and 52% males). Only 7% 
of lone wolves were postreproductive (i.e., did not reproduce 
again prior to death), and a mere 1% were between breeding 
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events in different packs. Thus, in general, it appears that a 
large number of young wolves of both sexes spent time alone 
subsequent to dispersal from their natal packs, rather than 
in the company of siblings with whom they might otherwise 
have formed pair bonds (although this has only been docu-
mented in captivity, e.g., Packard et al. 1983).

After dispersing from their natal packs, 30% (n  =  386) 
of individuals spent time associated with other wolves in  
nonbreeding packs, that is, packs in which there was no  
evidence of pups produced (Figure 1). Although nonbreeding  
packs were largely composed of pre- or ultimately non-
reproductive individuals, approximately evenly distributed 
between the sexes (46% females and 54% males), 9 post-
reproductive individuals were also found within nonbreeding 
packs. There were 54 discrete nonbreeding packs with no 
temporal overlap among individuals within a given home 
range. The average size of nonbreeding packs was 2.4 ± 0.8 
wolves, with a range of 2–6. There were 91 subpacks within 
the 54 nonbreeding packs. The composition of the subpacks 
varied, but the majority were characterized by the presence 
of at least 1 male and 1 female (Table 1). Approximately 64% 
(n  =  91) were male–female dyads. Male–female dyads spent 
significantly longer together than any other combination of 
nonbreeding individuals within a subpack, averaging 5.8 ± 3.2 
versus 3.2 ± 1.2 seasons (F1,66 = 27.8; P < 0.0001). In every case, 
where there were originally more than 1 male and female 
in a nonbreeding pack, when only 2 individuals remained 

in a pack it was a male–female pair. Nonbreeding packs 
were largely composed of individuals that were not closely 
related; there were only 3 cases where full siblings were found 
together in a nonbreeding pack. Only 12 individuals (6 males 
and 6 females) in nonbreeding packs went on to breed in 
the same home range. Thus, the majority of nonbreeding 
packs appeared to represent failed attempts at breeding-pair 
formation, and/or an aggregation of floaters available for 
breeding opportunities elsewhere. With respect to the former 
scenario, it is relevant to a goal of inbreeding avoidance 
that such a low number of subpacks contained first-degree 
relatives.

Formation of breeding pairs and inbreeding avoidance

There were 90 breeding pairs that were formed success-
fully during the study period, composed of 58 females 
and 69 males, as well as 3 cases where an entire family dis-
persed together to take up occupancy of a new home range. 
Seventeen percent (n = 90) of these breeding pairs involved 
coyotes; however, because the distribution of mechanisms 
for pair formation was similar for both red wolf–red wolf 
and red wolf coyote pairs (A. Sparkman, unpublished data), 
we retained these pairs in our analysis. There were 4 main 
mechanisms for formation of a new breeding pair: 1)  join-
ing of 2 lone individuals (54%), 2) replacement of 1 breeder 
either by an adopted immigrant or a son or daughter (24%), 
3)  replacement of both breeders by an adopted immigrant 
and/or a son or daughter (9%), or 4) the formation of a new 
breeding pair by new immigrants in the presence of one of 
the former breeders, or one or more other immigrants (12%) 
(Figure  2). The prevalence of strategy (1) is conducive to 
inbreeding avoidance, as it involves 2 individuals who have 
dissolved ties with closely related members of their natal pack. 
We describe the strategies involved in filling breeder vacan-
cies in mechanisms (2)–(4), and their potential for causing 
or providing an alternative to inbreeding within a group, in 
more detail below.

Breeding of resident offspring
Inbreeding due to reproduction of resident offspring within 
their natal packs was rare. Only 8% (n = 90) of breeding-pair 
formations involved offspring—4 females and 3 males—
that remained to breed in their natal packs. These events 
occurred through one or the other of two of the mechanisms 
listed above: when one (2) or both (3) parents were replaced 
as breeders. Two of the females in question bred during 
the spring after their mother’s death, 1 with her father and 
1 with a new pack member. The third female bred with a 

Figure 1 
Prevalence of major social group behaviors employed by red wolves. Because only 30% of pups become reproductive, postbreeder percentages 
are based on the number of individuals that actually became reproductive. Note that all but 1 out of 21 instances of postbreeding extrapack 
behavior involved males. NB, nonbreeding, B, breeding (although not generally an individual’s own breeding reproductive pack). Note that 
although not shown, some individuals may alternate between being alone, or in NB/B packs both before and after breeding.

Table 1 
number and percentage of the total number of subpacks for 
non-reproductive subpacks of various compositions

Composition No. of subpacks Percentage of total subpacks

5–6 Individuals
MMMMFF  1  1.1
MMFFF  1  1.1
MMMFF  1  1.1
3–4 Individuals
MMFF  2  2.2
MMMF  2  2.2
MMM  2  2.2
MFF  9  9.9
MMF  9  9.9
2 Individuals
FF  1  1.1
MM  5  5.5
MF 58 63.7
Total 91
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new pack member 2  years after her mother’s death, and the 
fourth bred with her brother during the same year he bred 
with their mother. One male that bred in his birth pack bred 
with his mother after his father succumbed to an unknown 
fate; another male was his son, who bred with his mother/
grandmother after his father dispersed, as well as with his sis-
ter (mentioned above). The third male bred with a new pack 
member the year after his mother died during parturition; his 
father remained in the pack during this time. Thus, breeding 
of resident offspring in their natal pack was rare, but in 4 out 
of 7 cases it involved inbreeding between first-degree relatives.

Breeding of adopted pack members
There were 43 instances where an unrelated individual was 
adopted by 35 of 90 breeding pairs. Of the 43 unrelated 
individuals that spent time in breeding packs, 3 were coyotes 
(2 male and 1 female) and 3 were wolves of unknown ori-
gin (1 male and 2 females). Of the 37 remaining individuals, 
there was a fairly even distribution between the sexes, with 
15 females and 22 males accepted into breeding packs. The 
average age of adopted pack members was 2.4 ± 1.8  years, 
with a range of 0–8  years old. Two postreproductive males 
were accepted into breeding packs. Sixteen percent (n = 43) 
of adopted individuals later became reproductive themselves 
in other packs, and only 9% became reproductive in the 
pack in which they were an adopted member. Thus, adopted 
pack members were involved in mechanisms (2)–(4) for 
breeding-pair formation in only 4% (n = 90) of pairs. These 
individuals were involved in 1 out of 22 replacements of a 
single breeder (2), 1 out of 10 replacements of both breeders 
(3), and 2 out of 11 replacements of both breeders with other 
individuals present (4). These findings suggest that joining a 
breeding pack did not carry strong reproductive advantages 
either in the pack in question (actively displacing a current 
breeder or replacing a lost breeder), or elsewhere, and thus 
did not contribute substantially to inbreeding avoidance 
within the adopting pack.

Breeding of new immigrants
Breeding of new immigrants to a pack occurred at high 
enough frequencies to suggest that it may be an important 

contributor to inbreeding avoidance, either through 
incidental arrival after a breeding position in a pack opened 
up or through male–male competition. Approximately 17% 
(n = 90) of breeding pairs were formed when a new immigrant 
arrived after the death or dispersal of a previous breeder 
and assumed a breeding position, either with the surviving 
mate or a new mate. There was also some evidence that an 
additional 12% (n = 90) of breeding-pair formations involved 
replacement of one member of a breeding pair (option 
(2) above) via male–male competition. Approximately half 
(55%) of transitions to a new breeder were potentially due 
to male–male competition, where the arrival of the new 
breeder or breeding of a subordinate was associated with the 
death/departure of the resident breeder between breeding 
seasons. Three of these cases involved sons displacing fathers 
(2 initially through extrapair copulation with their mother), 
7 cases involved the arrival of a competitor and subsequent 
death/departure of the resident breeder within the same 
season, and 1 case involved the arrival of a competitor and 
subsequent dispersal of the resident breeder in the following 
season. There were 2 clear deaths due to intraspecific strife 
after the arrival of a competitor that resulted in 5- and 
10-year-old males being replaced by incoming 2  year olds. 
In general, 3- to 10-year-old breeders were replaced by 
1–3-year-old competitors, with the competitor always being 
younger than the resident breeder. We found little evidence 
of female–female competition, although 3 female breeder 
displacements could potentially have occurred by competition 
as defined above. One of these cases involved a female who 
took over from her mother after the death of her father.

Another line of evidence suggesting that male–male com-
petition may have occurred more frequently than female–
female competition lies in the higher frequency of males with 
postbreeding pack activity: 25% of male (n  =  69) but only 
2% of female (n = 59) breeders were located outside of their 
breeding pack after their last breeding event. Nineteen per-
cent of male breeders spent time as lone wolves, 9% spent 
time in transient nonbreeding packs, and 3% spent time in 
stable breeding packs as nonbreeders (note that 4 out of 21 
of males in this sample spent time both alone and with other 
wolves) (n  =  69). Overall, males spent a mean of 7.3 ± 7.3 

Figure 2 
Frequency of individual strategies for forming a pair bond. Note that some individuals fall into 2 categories (i.e., those that both bred in their 
natal pack and were involved in extrapair copulation), and some individuals formed more than 1 pair bond over their lifetime.
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seasons (range 1–25) after dispersing from their breed-
ing pack before death or censorship. The average age of 
postreproductive males outside of their breeding packs was 
6.4 ± 2.3 years (range 2–11 years). The only postreproductive 
female to leave her breeding pack and spend time elsewhere 
as a nonbreeder was 10  years old. She spent 1 season alone 
and 4 seasons with a postreproductive male (the first 2 sea-
sons of which a nonreproductive female was also present) 
before being censored. Note, however, that approximately 
half of male dispersal events from their breeding packs 
appear to have been a consequence of mate loss, suggesting 
that there are reasons other than male–male competition that 
could create sex different frequencies in postbreeding pack 
lifespan.

Extrapair reproduction and inbreeding avoidance

Socially monogamous breeding pairs showed a high degree of 
genetic monogamy. From 1987 to 2007, within 174 litters pro-
duced by 90 breeding pairs (59 females and 69 males), there 
were only 4 instances of extrapair reproduction—2 involving 
multiple paternity, and 2 involving extrapair paternity. Two 
of the four instances involved mating between first-degree 
relatives described above (see Frequency of inbreeding). The 
third instance involved multiple paternity, where a female 
produced a litter both with her mate and with a lone male 
residing in a home range in close proximity. The fourth 
instance involved extrapair paternity by a male that produced 
a litter both with his long-term mate, as well as a litter with a 
female in an adjoining pack, whose long-term mate had previ-
ously been killed by a vehicle. This latter female went on to 
breed with a new resident male the following year, and the 
male continued to breed with his long-term mate. The low 
frequency of extrapair reproduction suggests that it was not 
a major mechanism for outbreeding within red wolf family 
groups.

DIScuSSIon

Using long-term, population-wide data on the reintroduced 
red wolf, we explored the major social behaviors employed by 
red wolves throughout their lifespans (Figure 1). Consistent 
with studies in other cooperatively breeding species, including 
gray and Eastern wolves (e.g., reviewed in Koenig and Haydock 
2004; Smith et al. 1997; Vonholdt et al. 2008; Rutledge et al. 
2010; Steinglein et al. forthcoming), we found that in spite of 
prolonged associations among close relatives due to delayed 
dispersal, breeding pairs in the red wolf population were 
almost entirely composed of 2 unrelated individuals. We 
report a variety of behaviors, including independent dispersal 
trajectories, membership in nonbreeding packs of unrelated 
individuals, and a high prevalence of breeding-pair formation 
between unrelated mates, that may serve as mechanisms 
contributing to inbreeding avoidance.

Prebreeding social behavior and inbreeding avoidance

We observed few cases (4% of mated pairs) of siblings breed-
ing together, thus although siblings may interact in the natal 
pack when delaying dispersal, they are unlikely to breed 
together. Almost half (43%) of the wolves in the study popu-
lation spent time as lone wolves following dispersal from their 
natal pack (Figure 1). For these individuals, social bonds with 
siblings were effectively broken, increasing the likelihood that 
siblings will find unrelated mates. Furthermore, up to 30% 
of young wolves joined aggregations of other nonbreeding 
individuals (Figure  1), and only 3% of siblings were found 
in the same nonbreeding subpacks. This is critical given the 

high frequency of male–female dyads among nonbreeding 
subpacks (Table 1), and that these dyads stayed together lon-
ger than other combinations of nonbreeders. These are indi-
cators that such aggregations were incipient breeding packs 
which, if successful, could have increased levels of inbreed-
ing if were largely composed of relatives. Thus, in general, 
the activities of dispersing young wolves favored mixing with 
wolves from other packs, rather than maintaining close ties 
with siblings. Interestingly, a recent study that compared 
rates of pairing with kin versus nonkin in several canid spe-
cies suggested that selection for inbreeding avoidance via kin 
recognition mechanisms may be weak in canids, due to low 
rates of encounter with close relatives outside the natal pack 
(Geffen et al. 2011). Thus, our reported low rates of new pairs 
between close relatives may be attributable to low encounter 
rate rather than inbreeding avoidance per se.

Similarly, breeding between parents and offspring was rare 
(4% of mated pairs), in spite of the likelihood that some 
offspring that delayed dispersal to 1 or more years of age 
were physiologically capable of reproduction (Rabon 2009; 
Sparkman et  al. 2011a). Two factors likely contributed to 
the low frequency of parent–offspring pairs. First, behavioral 
or physiological reproductive suppression of subordinates 
is widespread among canids and other cooperatively breed-
ing mammals (e.g., reviewed in Solomon and French 1997; 
O’Riain et al. 2000; Packard 2003); second, the high rate of 
dispersal from the natal pack (Sparkman et  al. 2011b), sug-
gests that young wolves rarely compete with a same-sex par-
ent for a breeding position (or at least succeed in doing so), 
and do not wait indefinitely for a position to become avail-
able. Although there were 7 instances of territory inheritance 
by resident offspring (Figure  2), a phenomenon previously 
reported in both gray and Eastern wolves (e.g., Mech and 
Boitani 2003; Jędrzejewski et  al. 2005; Rutledge et al. 2010), 
most dispersed elsewhere to breed, which is consistent 
with other cooperatively breeding species (Dickinson and 
Hatchwell 2004; Russell 2003).

Although the inbreeding among first-order relatives is rare 
in the red wolf population, we have not demonstrated that 
red wolves are statistically less likely to mate with close rela-
tives. Unfortunately, demonstrating this requires more than 
simply testing for inbreeding avoidance against a null model 
of random mating that incorporates spatial, temporal, and 
developmental constraints on mate formation. Ideally, an 
appropriate null model for a cooperative breeder should also 
incorporate the potential for a nonrandom preference for 
family members because, in the absence of behavioral mecha-
nisms for inbreeding avoidance, these individuals may be the 
most easily accessible and energetically inexpensive mates, 
especially considering high costs of dispersal (e.g., Sparkman 
et al. 2011b). Indeed, it is the prolonged association between 
relatives of or near breeding age that raises the theoretical 
enigma of how such social systems avoid dangerously high 
rates of inbreeding in the first place. An additional challenge 
to modeling potential versus actual breeding pairs in our pop-
ulation of red wolves is the unknown availability of coyotes as 
potential mates. Nevertheless, we hope that future work will 
use the information we present here as a starting point for 
exploring a variety of alternate models that formally test for 
evidence of inbreeding avoidance among individuals of vary-
ing degrees of relatedness (e.g., see Geffen et al. 2011).

Breeding-pair formation and inbreeding avoidance

Patterns of breeding-pair formation in the red wolf favored 
the breeding of unrelated individuals. There were 4 major 
patterns of pair formation, the most prevalent being the pair-
ing of 2 unrelated individuals in an otherwise unoccupied 
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home range (54%). This is not surprising given a previous 
finding that in approximately half of the cases where 1 mem-
ber of a breeding pair is lost, the breeding pack is disbanded 
(Sparkman et al. forthcoming), necessitating that the majority 
of new pairs be formed independently. Furthermore, the pop-
ulation was expanding during the first few years of the study 
period (USFWS 2007), and many home ranges remained 
unoccupied during that time. Pairing of 2 lone individuals in 
this way is highly conducive to inbreeding avoidance, and is 
likely facilitated by high dispersal rates, a high proportion of 
individuals spending time as lone wolves, and the high fre-
quency of unrelated male–female dyads even among pre- or 
nonreproductive wolves (Figure 1, Table 1).

Transitions resulting in the replacement of 1 or both 
members of a breeding pair occurred in the remaining 45% 
of cases (Figure  2). Interestingly, only 8% of total pair for-
mations involved resident offspring replacing a parent as 
a breeder, and 4 out of these 7 cases involved inbreeding 
between parents and offspring or siblings. Thus, breeding 
in the natal pack, when it occurs, is often associated with 
inbreeding, suggesting that the low frequency of this strategy 
is in general an important factor in inbreeding avoidance.

Among cooperatively breeding species, a major mecha-
nism for outbreeding can be adoption of unrelated immi-
grant individuals into a social group (e.g., Rood 1990). These 
individuals may take part in the regular activities of the pack, 
even providing care for young, with the possibility that, when 
the opportunity arises, they may eventually assume breeding 
dominance. Acceptance of “adoptees” into packs has previ-
ously been reported in gray and Eastern wolves (reviewed 
in Mech and Boitani 2003; Grewal et  al. 2004; Jędrzejewski 
et al. 2005; Rutledge et al. 2010). Nevertheless, in our study, 
although unrelated individuals were occasionally adopted 
into a breeding pack, only 9% of red wolves employed this 
strategy (Figure  1), and breeding opportunities for these 
individuals was even rarer than for offspring within their 
natal pack (4% vs. 8%, respectively) (Figure 2).

It is worth noting that in our study, males and females 
were equally likely to be adopted, and 3 females and 1 male 
remained to breed in their adopted packs. This is surprising 
given the preponderance of male adoptees in gray wolves 
(Mech and Boitani 2003), and the lack of female immigrants 
observed in Yellowstone wolves (Vonholdt et al. 2008). Future 
studies should evaluate if differences in pack social structure 
in Canis species are attributable to species-specific factors, or 
whether strategies vary from population to population.

Another mechanism for outbreeding in wolves is through 
the arrival of new immigrants. Second to breeding-pair for-
mation by 2 unrelated individuals on an unoccupied home 
range (54% of breeding pairs), immigration of new individu-
als into a pack to assume already-vacant breeding positions 
(17% of breeding pairs) was the most prevalent mechanism 
conducive to inbreeding avoidance in red wolves (Figure 2). 
There was also evidence that an additional 12% of breed-
ing pairs were formed via male–male competition. Although 
there exists evidence of competition within groups for breed-
ing status among cooperative breeders (e.g., Mumme et  al. 
1983; Reyer 1986), little is known regarding active displace-
ment of resident breeders by competitors (but see Doolan 
and Macdonald 1996). Among gray wolves, intraspecific 
competition has been observed, but the extent to which this 
acts as a mechanism for breeder transition in a population 
is unknown (reviewed in Mech and Boitani 2003). In this 
study, there were 3 instances where a son took over from his 
father, although an additional 8 instances involved the arrival 
of an apparent competitor, followed by the death or depar-
ture of the breeding male (Figure  2). Evidence for female–
female competition was negligible, and the fact that males 

were also much more likely to be found outside their breed-
ing pack after vacating a breeding position suggests that com-
petition for breeding positions, should it occur, is generally 
among males.

Interestingly, although more anecdotal accounts have sug-
gested that the dominant pattern of pair formation in gray 
wolves corresponds to our option “1,”, where 2 lone individu-
als form a pair bond (reviewed in Vonholdt et  al. 2008), a 
recent study of the reintroduced Yellowstone population sug-
gested that only 7% (2 out of 29) of pairs conformed to this 
pattern (Vonholdt et  al. 2008). The remaining pairs were 
formed when packs split, a vacancy was filled by an unrelated 
individual, or a group of individuals dispersed to be joined by 
an opposite-sex group. It remains to be seen which pattern of 
pair formation is most prevalent in other wolf populations. 
It is possible that in the red wolf population, high levels of 
anthropogenic mortality exerting an additive effect on rates 
of pair-bond dissolution may be at least partially responsible 
for the high rate of pair formation by 2 lone individuals 
(Sparkman et  al. 2011c). However, in spite of this disparity 
in the prevalence of different strategies for breeding-pair for-
mation, both Yellowstone gray wolves and red wolves showed 
equally low levels of breeding between closely related individ-
uals (Vonholdt et al. 2008, this study), suggesting that at any 
frequency, the employment of any or all of these strategies 
may culminate in similar levels of inbreeding avoidance.

Extrapair reproduction and inbreeding avoidance

Like the gray wolf (e.g., Smith et al. 1997; Vonholdt et al. 2008), 
the red wolf appears to be a rare case of both social and genetic 
monogamy. In 174 breeding events, there were only 4 excep-
tions, 2 involving resident offspring, and 2 involving individu-
als from adjoining home ranges. Furthermore, although there 
can be intraspecific variation in mating system in response to 
differences in ecological variables (Sun 2003), it is notable that 
although the red wolf population density rose steadily over the 
study period, reaching high and stable numbers from 2000 to 
2007 (USFWS 2007), extrapair reproduction occurred so rarely 
so as to make any potential density-dependent increase in its 
frequency indiscernible. This suggests that although delayed 
dispersal of offspring and adoption of unrelated individu-
als into a pack may provide ample opportunity for extrapair 
reproduction, red wolves have a strong tendency to exhibit 
reproductive suppression of subordinates, thereby favoring the 
maintenance of monogamous pair bonds. Furthermore, high 
levels of territoriality may reduce the possibility of extrapack 
breeding with neighboring wolves. Thus, although extrapair 
reproduction may be an important mechanism for outbreed-
ing in other cooperative breeders (e.g., Sillero-Zubiri et  al. 
1996; Randall et al. 2007; Young et al. 2007), red wolves appear 
to rely more on mechanisms compatible with a genetically 
monogamous mating system.

concLuSIon

We found few instances of breeding between first-degree rela-
tives in the reintroduced red wolf population, suggesting that 
there are elements to the red wolf life cycle that reduce the risk 
of inbreeding incurred by delayed dispersal of offspring. High 
dispersal rates, potentially accompanied by behavioral repro-
ductive suppression prior to dispersal, likely contributed to low 
rates of inbreeding within a pack. Furthermore, the high pro-
portion of young wolves spending time alone, or as members of 
nonbreeding packs primarily composed of unrelated individu-
als, could act as a barrier to breeding among siblings after dis-
persal. Outbreeding was at least partially facilitated by unrelated 
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individuals immigrating into a pack to replace 1 or both breed-
ers (either serendipitously or actively via competition); however, 
although adoption of unrelated wolves into breeding packs did 
occur, these individuals seldom attained dominance. Similarly, 
red wolves did not appear to rely on extrapair reproduction 
with either adopted pack members or extrapack individuals for 
inbreeding avoidance, as they primarily exhibited both social 
and genetic monogamy, and 2 of the 4 instances of extrapair 
reproduction involved family members. Instead, the most sig-
nificant guarantor of outbreeding appeared to be the high 
proportion of breeding pairs formed in new territories by 2 
unrelated individuals.

In general, we conclude that an array of dispersal, postdis-
persal, and pair formation behaviors have the potential to 
work together to reduce rates of inbreeding, and any associ-
ated fitness costs, in the cooperatively breeding red wolf.

The Red Wolf Recovery Program is conducted by the USFWS, and 
we are grateful to Service personnel for their diligent efforts in the 
field and access to the data. The fieldwork was funded by the USFWS, 
and data analysis and write-up were supported by grants to DLM from 
the Canada Research Chairs program and the Natural Sciences and 
Engineering Research Council (Canada). The findings and conclu-
sions in this article are those of the authors and do not necessarily 
represent the views of the USFWS.
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From: Shipley, Andrea J
To: Sherrill, Brandon L; Cobb, David T.; Boynton, Allen
Cc: Morse, Michael L; Nordsven, Ryan; Benjamin, Pete
Subject: Red Wolf Collaring and Release Photos
Date: Sunday, June 26, 2016 5:32:45 PM
Attachments: image009.png

image010.png
image011.png
image012.png

Importance: High

Good evening,
 
If you paste the following link into a browser, you’ll find a folder on my gmail drive with some photos
from the recent collaring event. I’ve only edited a few photos as it is a low priority task. As I am able
to devote some time to editing further photos, I will add them to this folder:
 
https://drive.google.com/open?id=0ByfDsQzDNaROWVp1T19ydFB3VWs
 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 











From: Cobb, David T.
To: Shipley, Andrea J; Sherrill, Brandon L; Boynton, Allen
Cc: Morse, Michael L; Nordsven, Ryan; Benjamin, Pete
Subject: RE: Red Wolf Collaring and Release Photos
Date: Monday, June 27, 2016 8:25:38 AM
Attachments: image001.png

image002.png
image003.png
image004.png
image005.png
image006.png
image007.png
image008.png

Importance: High

Excellent.   Thanks for sending these along.
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 

 
From: Shipley, Andrea J 
Sent: Sunday, June 26, 2016 5:33 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Boynton, Allen <allen.boynton@ncwildlife.org>
Cc: Michael Morse <michael_l_morse@fws.gov>; ryan_nordsven (ryan_nordsven@fws.gov)
<ryan_nordsven@fws.gov>; Benjamin, Pete <pete_benjamin@fws.gov>
Subject: Red Wolf Collaring and Release Photos
 
Good evening,
 
If you paste the following link into a browser, you’ll find a folder on my gmail drive with some photos
from the recent collaring event. I’ve only edited a few photos as it is a low priority task. As I am able
to devote some time to editing further photos, I will add them to this folder:
 
https://drive.google.com/open?id=0ByfDsQzDNaROWVp1T19ydFB3VWs



 
Best,
 
Andrea
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 



















From:
To: Miranda, Leopoldo
Cc: michael.anderson7@usdoj.gov; cynthia dohner@fws.gov; Benjamin, Pete; d m ashe@fws.gov;

gordon.myers@ncwildlife.org; John.Clark@sampsonbladen.com; coley.bpropnc@gmail.com; Senator Bill Cook;
Sen. Norm Sanderson; Representative John Bell; Representative Mike Speciale; Moore, William

Subject: 2nd request... Red Wolf Removal Letter - Beaufort County NC
Date: Monday, June 27, 2016 10:05:41 AM
Attachments: RED WOLF Removal Letter Final---JC.doc
Importance: High

Mr. Miranda,

A collared "red wolf" ("coywolf") was observed on my property Friday (6-24-2016) afternoon
about 1pm stalking a small deer!  

This is my official request that USFWS remove the collared "red wolf" ("coywolf") from my
property in Beaufort County immediately!

I must be notified 24 hours in advance of any visit to my property so that I or my
representative(s) can be present the entire time of the visit.  Anyone found on my property
or photographed on my property without me or my representative will be prosecuted for
willful trespass!

On 7-12-2014 I sent you the attached "RED WOLF Removal letter".

As a result of that 2014 request, your employee, Ford Mauney, visited me and I allowed him
access to the property.  He told me that there was no sign of a "wolf" on my property and that
the radio signals did not indicate a wolf on my property.  Soon after that final visit I
had reasons to doubt Mr. Mauney's results but nothing that I could prove so therefore I did
not contact you again.  I decided that maybe the wolves had moved on?
 
My contact info is in the letter.
 
Thank you for your cooperation.
 

 

================
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From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Fwd: 2nd request... Red Wolf Removal Letter - Beaufort County NC
Date: Monday, June 27, 2016 10:21:55 AM
Attachments: RED WOLF Removal Letter Final---JC.doc
Importance: High

Could you please have the guys follow up with Mr.  Let me know what happens.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ---
From: 
Date: Mon, Jun 27, 2016 at 10:05 AM
Subject: 2nd request... Red Wolf Removal Letter - Beaufort County NC
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Cc: "michael.anderson7@usdoj.gov" <michael.anderson7@usdoj.gov>,
"cynthia_dohner@fws.gov" <cynthia_dohner@fws.gov>, "pete_benjamin@fws.gov"
<pete_benjamin@fws.gov>, "d_m_ashe@fws.gov" <d_m_ashe@fws.gov>,
"gordon.myers@ncwildlife.org" <gordon.myers@ncwildlife.org>,
"John.Clark@sampsonbladen.com" <john.clark@sampsonbladen.com>,
"coley.bpropnc@gmail.com" <coley.bpropnc@gmail.com>, Senator Bill Cook
<bill.cook@ncleg.net>, "Sen. Norm Sanderson" <norman.sanderson@ncleg.net>,
Representative John Bell <john.bell@ncleg.net>, Representative Mike Speciale
<michael.speciale@ncleg.net>, "Moore, William" <williaml.moore@mail.house.gov>

Mr. Miranda,

A collared "red wolf" ("coywolf") was observed on my property Friday (6-24-2016) afternoon
about 1pm stalking a small deer!  

This is my official request that USFWS remove the collared "red wolf" ("coywolf") from
my property in Beaufort County immediately!

I must be notified 24 hours in advance of any visit to my property so that I or my
representative(s) can be present the entire time of the visit.  Anyone found on my
property or photographed on my property without me or my representative will be
prosecuted for willful trespass!

On 7-12-2014 I sent you the attached "RED WOLF Removal letter".

As a result of that 2014 request, your employee, Ford Mauney, visited me and I allowed him
access to the property.  He told me that there was no sign of a "wolf" on my property and that
the radio signals did not indicate a wolf on my property.  Soon after that final visit I
had reasons to doubt Mr. Mauney's results but nothing that I could prove so therefore I did not
contact you again.  I decided that maybe the wolves had moved on?
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My contact info is in the letter.
 
Thank you for your cooperation.
 

=== =====
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A collared "red wolf" ("coywolf") was observed on my property Friday (6-24-2016)
afternoon about 1pm stalking a small deer!  

This is my official request that USFWS remove the collared "red wolf" ("coywolf")
from my property in Beaufort County immediately!

I must be notified 24 hours in advance of any visit to my property so that I or my
representative(s) can be present the entire time of the visit.  Anyone found on my
property or photographed on my property without me or my representative will be
prosecuted for willful trespass!

On 7-12-2014 I sent you the attached "RED WOLF Removal letter".

As a result of that 2014 request, your employee, Ford Mauney, visited me and I allowed him
access to the property.  He told me that there was no sign of a "wolf" on my property and
that the radio signals did not indicate a wolf on my property.  Soon after that final visit I
had reasons to doubt Mr. Mauney's results but nothing that I could prove so therefore I did
not contact you again.  I decided that maybe the wolves had moved on?
 
My contact info is in the letter.
 
Thank you for your cooperation.
 

=== ======
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From: Benjamin, Pete
To: Jett Ferebee; Jamin Simmons
Cc: Miranda, Leopoldo
Subject: Wolf Releases
Date: Wednesday, June 29, 2016 11:55:02 AM
Importance: High

Hello fellas,

On Friday, biologists from the Fish and Wildlife Service and Wildlife Resources Commission released
two adult female red wolves, fitted with GPS collars, onto the Dare County Bombing Range.  I'm letting
you know because these animals were removed from your properties this past winter, and I told you at
the time I'd let you know what we are doing with them.  Our regulations require that animals removed
from properties where they are not welcome are to be released into the wild as soon as possible.  The
GPS collars should afford us the ability to more closely track these animals.  I'll also send you regular
(hopefully weekly) updates on their locations as I receive the downloads.  

Three additional wolves removed from your lands (a 12-year-old adult male and two yearling females)
escaped from our Sandy Ridge facility on Alligator River NWR.  They were not radio-collared and their
whereabouts are unknown.  We have enlisted the services of an independent investigator to look into
the circumstances surrounding these escapes and are awaiting the results of that investigation before
making a public statement.  Again, I'm letting you guys know because the animals came off your
properties.  I'll let you know as I learn more.  Thanks, and feel free to contact me with any questions.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: jamin@mmc-nc.com
To: Benjamin, Pete; Jett Ferebee
Cc: Miranda, Leopoldo
Subject: RE: Wolf Releases
Date: Wednesday, June 29, 2016 2:57:55 PM
Importance: High

please use my new e address bcs@mmc-nc.com 

Jamin Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
P.O. Box 128
Fairfield, NC 27826
(252)926-9664
(252)926-9635 Fax
jamin@mmc-nc.com
www.mmc-nc.com
 
 
 

-------- Original Message --------
Subject: Wolf Releases
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Wed, June 29, 2016 11:55 am
To: Jett Ferebee <jettferebee@aol.com>, Jamin Simmons <jamin@mmc-nc.com>
Cc: Leopoldo Miranda <leopoldo_miranda@fws.gov>

Hello fellas,

On Friday, biologists from the Fish and Wildlife Service and Wildlife Resources Commission
released two adult female red wolves, fitted with GPS collars, onto the Dare County Bombing
Range.  I'm letting you know because these animals were removed from your properties this
past winter, and I told you at the time I'd let you know what we are doing with them.  Our
regulations require that animals removed from properties where they are not welcome are to
be released into the wild as soon as possible.  The GPS collars should afford us the ability to
more closely track these animals.  I'll also send you regular (hopefully weekly) updates on
their locations as I receive the downloads.  

Three additional wolves removed from your lands (a 12-year-old adult male and two yearling
females) escaped from our Sandy Ridge facility on Alligator River NWR.  They were not radio-
collared and their whereabouts are unknown.  We have enlisted the services of an
independent investigator to look into the circumstances surrounding these escapes and are
awaiting the results of that investigation before making a public statement.  Again, I'm
letting you guys know because the animals came off your properties.  I'll let you know as I
learn more.  Thanks, and feel free to contact me with any questions.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Jamin Simmons
Cc: Jett Ferebee; Miranda, Leopoldo
Subject: Re: Wolf Releases
Date: Wednesday, June 29, 2016 3:28:42 PM
Importance: High

Thanks for the update

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jun 29, 2016 at 2:57 PM, <jamin@mmc-nc.com> wrote:
please use my new e address bcs@mmc-nc.com 

Jamin Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
P.O. Box 128
Fairfield, NC 27826
(252)926-9664
(252)926-9635 Fax
jamin@mmc-nc.com
www.mmc-nc.com
 
 
 

-------- Original Message --------
Subject: Wolf Releases
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Wed, June 29, 2016 11:55 am
To: Jett Ferebee <jettferebee@aol.com>, Jamin Simmons <jamin@mmc-
nc.com>
Cc: Leopoldo Miranda <leopoldo_miranda@fws.gov>

Hello fellas,

On Friday, biologists from the Fish and Wildlife Service and Wildlife Resources Commission
released two adult female red wolves, fitted with GPS collars, onto the Dare County
Bombing Range.  I'm letting you know because these animals were removed from your
properties this past winter, and I told you at the time I'd let you know what we are doing
with them.  Our regulations require that animals removed from properties where they are
not welcome are to be released into the wild as soon as possible.  The GPS collars should
afford us the ability to more closely track these animals.  I'll also send you regular
(hopefully weekly) updates on their locations as I receive the downloads.  

Three additional wolves removed from your lands (a 12-year-old adult male and two
yearling females) escaped from our Sandy Ridge facility on Alligator River NWR.  They were
not radio-collared and their whereabouts are unknown.  We have enlisted the services of
an independent investigator to look into the circumstances surrounding these escapes and
are awaiting the results of that investigation before making a public statement.  Again, I'm
letting you guys know because the animals came off your properties.  I'll let you know as I
learn more.  Thanks, and feel free to contact me with any questions.  



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Shipley, Andrea J
To: Morse, Michael L; Sherrill, Brandon L
Cc: Harrison, Rebecca; Benjamin, Pete
Subject: RE: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Thursday, June 30, 2016 11:34:14 AM
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Importance: High

Hi Mike,
 
Do you guys have any of the weight and morphometric data for those two wolves that were just
collared? The data sheets Nate sent over don’t contain that information. It’d be great to have that
data for future analyses, if possible.
 
Cheers,
 
Andrea
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Friday, June 24, 2016 2:31 PM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>; Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org>
Cc: rebecca bartel <rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
Hi Andrea,
Glad you could join us today.  I think the wolf processing and releases all went very well. 
When you get a chance, please send me the collar information for both wolves and I'll add it to



the processing sheets before I send them to you.  Thank you,
 
Regards,
Michael
 
On Thu, Jun 16, 2016 at 1:03 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:

Sounds good, see you then!
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Thursday, June 16, 2016 12:53 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: rebecca bartel <rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan
Nordsven <ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>

Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
Let's all plan on meeting at the intersection of Milltail Road x HWY 64 (Creef Cut Parking
Lot) at 9:30am on Friday, June 24.  From there, we can go into the Sandy Ridge Captive
Facility (ARNWR) and process the two wolves slated for release later that day.  We can
meet back at the parking lot around noon and leave from there to go to the release site on
the Dare County Bombing Range,  
 
The parking lot we'll meet at is ~7.5 miles east of the Alligator River along HWY 64.  If
you make it to the intersection of HWY 64 x HWY 264...you went 4 miles too far.  Thank
you all and see you there.
 
Michael
 
On Wed, Jun 15, 2016 at 4:00 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Michael,
 
I have learned over the years that sometimes it is better to let others be in



the light as long as the goal is accomplished.  But, no I have never been
involved in working up a wolf and would welcome that opportunity.  June

24th at what time and where.?  I will be there.  It will be nice to be a field
biologist again for a day!  Thanks!
 
David
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 9:01 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Pete Benjamin <pete_benjamin@fws.gov>

Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
Good morning David, I'd actually like for you to see the animals getting processed. 
You've never been part of that right?  Is Brandon in the Raleigh office with you?  If so, if
you want to come out with him I think that would be fine.  I'll leave it up to you but
you're more than welcome to join us.  Thank you.
 
On Wed, Jun 15, 2016 at 8:43 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Sounds like in this case the fewer the better especially with directorate staff from both
agencies. ?.? For me importance is getting the animal released and with a collar. I
might hang back. Ur thoughts?

Sent from my Verizon 4G LTE Smartphone
On Jun 15, 2016 8:23 AM, "Morse, Michael" <michael_l_morse@fws.gov> wrote:
Sounds good.  Please give me a call when you're on the road with an ETA and we'll see
you both then.  (252) 475-8350 (cell)
 



Thanks you,
Michael
 
On Wed, Jun 15, 2016 at 8:15 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

I can be there at that time.

Thanks!
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.
 
 
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 7:50 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shaun Olson <shaun_olson@fws.gov>; rebecca bartel
<rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
That's about the time we're thinking Andrea.  Can Brandon make it around then? 
Thanks.
 
Michael
 
On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J
<andrea.shipley@ncwildlife.org> wrote:

Hey Mike,
 



I can definitely be there that morning; would 9 or 10am work?
 
Cheers,
 
Andrea

Get Outlook for iOS
 
_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel
<rebecca_harrison@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>, Ryan
Nordsven <ryan_nordsven@fws.gov>
 

Brandon,
 
In an effort to minimize stress and possible overheating of the two wolves due for
release on 6/24/16, I recommend as few a number of folks be present for the actual
processing and kenneling on the day of release.  If you and Andrea could meet
Ryan and myself at the Milltail Rd. parking access on HWY 64, on the morning of
6/24, we could get the animals ready for release and meet everyone else a few
hours later back at the Milltail parking lot.
 
This would allow time for the animals to be transported to the Dare Co. Bombing
Range for release in the afternoon (pending).  Let me know if this will work for
you.  Thank you,
 
Regards,
 
 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350
 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.



 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS



ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



























From: MacKenzie, Tom
To: Fleming, Jeffrey M
Cc: Peters, Kristen E; Miranda, Leopoldo; Benjamin, Pete; Mike Bryant; Harrison, Rebecca
Subject: Re: Wolf Releases
Date: Thursday, June 30, 2016 12:36:40 PM
Importance: High

Scott Griffin,  just called me about it.

I did not provide any information.

Tom

On Thu, Jun 30, 2016 at 7:46 AM, Fleming, Jeffrey <jeffrey_m_fleming@fws.gov> wrote:
Refuges is working to wrap up a review of what happened in the two escapes.  Not complete
yet.  Close hold.

Intention is to put something more formal out once complete.

Lets be ready with this information to support 'response to query' in the meantime.  

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Jun 29, 2016 at 8:29 PM
Subject: Fwd: Wolf Releases
To: michael_oetker@fws.gov, Cynthia Dohner <cynthia_dohner@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>

FYI - This is already giving a few points up in terms of transparency but we may hear about
the escaped animals. 

Jeff, I think we can have a quick message ready in case we get media attention saying
something about these incidents are being  investigated. 

Leo

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad



Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: June 29, 2016 at 11:55:02 AM EDT
To: Jett Ferebee , Jamin Simmons
Cc: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Subject: Wolf Releases

Hello fellas,

On Friday, biologists from the Fish and Wildlife Service and Wildlife Resources
Commission released two adult female red wolves, fitted with GPS collars, onto the
Dare County Bombing Range.  I'm letting you know because these animals were
removed from your properties this past winter, and I told you at the time I'd let you
know what we are doing with them.  Our regulations require that animals removed
from properties where they are not welcome are to be released into the wild as soon as
possible.  The GPS collars should afford us the ability to more closely track these
animals.  I'll also send you regular (hopefully weekly) updates on their locations as I
receive the downloads.  

Three additional wolves removed from your lands (a 12-year-old adult male and two
yearling females) escaped from our Sandy Ridge facility on Alligator River NWR.  They
were not radio-collared and their whereabouts are unknown.  We have enlisted the
services of an independent investigator to look into the circumstances surrounding
these escapes and are awaiting the results of that investigation before making a public
statement.  Again, I'm letting you guys know because the animals came off your
properties.  I'll let you know as I learn more.  Thanks, and feel free to contact me with
any questions.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 

Tom R. MacKenzie  
Media Relations Specialist, Southeast Region
and Native American Liaison for Southeast and Northeast Regions
U.S. Fish and Wildlife Service
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov



From: William Waddell
To: Benjamin, Pete
Subject: FW: A call from a man named Scott Griffin about a red wolf "escape" at Alligator River
Date: Thursday, June 30, 2016 2:01:17 PM
Importance: High

FYI
 

From: Kris Sherman 
Sent: Thursday, June 30, 2016 10:39 AM
To: William Waddell
Cc: Gary Geddes; John Houck; Karen Goodrowe; Whitney DalBalcon
Subject: A call from a man named Scott Griffin about a red wolf "escape" at Alligator River
 
Will,
 
I received an interesting call just a bit ago from a man who said his name is Scott Griffin and that he
does a weblog and some kind of radio show. He wanted to know what our response was to the
“escape” of three red wolves at the Alligator River refuge. He said he has called USDFW and received
no response from them. His reading of the SSP documents, he says, is that media are supposed to be
notified within 24 hours of an escape and that the SSP coordinator should be on a plane to North
Carolina to help.
 
His questions were along the lines of “Don’t you know what your protocol is, and why aren’t you
following it.”
 
He gave his website as https://www.citizensscience.org/about-us.html. There is a Red Wolf section
to this web site.
 
I expect you know this gentleman. I googled him, and it appears he is one of the leaders to the red
wolf recovery opposition.
 
I tried to reach both you and Whitney by phone to discuss this, and didn’t get you, so I thought I
should shoot you an email.
 
I think we need to get together in person or on a conference call to talk about this and any response
we might have.
 
Thanks,
 
Kris
 
 
 
Kris Sherman | Communications Associate Manager
Point Defiance Zoo & Aquarium | Northwest Trek Wildlife Park
Zoological & Environmental Education Division | Metro Parks Tacoma



Office: 253-404-3800 | Cell: 253-226-6718  | FAX: 253-591-5448
Kris.sherman@pdza.org www.pdza.org  | www.nwtrek.org
 



From: Miranda, Leopoldo
To: Benjamin, Pete; Eversen, Michelle
Subject: Fwd: Letter to Cindy - Coyote Sterilization/request for program assessment
Date: Thursday, July 7, 2016 2:41:34 PM
Attachments: Cindy Dohner - Coyote sterilization and request for program review June 2014.pdf
Importance: High

I have been able to find this one so far.... 

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Myers, Gordon S. <gordon.myers@ncwildlife.org>
Date: Mon, Jun 2, 2014 at 12:39 PM
Subject: Letter to Cindy - Coyote Sterilization/request for program assessment
To: Leopoldo Miranda <leopoldo_miranda@fws.gov>, Cynthia Dohner
<cynthia_dohner@fws.gov>

Dear Cindy and Leo,

I have attached a copy of the letter that I spoke with Leo about late last week and this morning.
Please know we stand ready to assist you and I am personally grateful for the collaboration
that has occurred between us in the past 18 months on canid issues. 

Thank you,
Gordon

Gordon Myers
Executive Director
North Carolina Wildlife Resources Commission
1701 Mail Service Center
Raleigh, NC 27699-1701
Ph: 919.707.0151 (office)
919-810-5271 (mobile)
Fax: 919.707.0020
gordon.myers@ncwildlife.org
www.ncwildlife.org

 
Calendar Twitter Facebook Blog YouTube Google+ Flickr
 



Get N.C. Wildlife Update -- news including season dates, bag limits, legislative updates and more -- delivered to
your Inbox from the N.C. Wildlife Resources Commission.

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.









From: Miranda, Leopoldo
To: Benjamin, Pete
Subject: Do we have the GIS data of the two wolves?
Date: Thursday, July 14, 2016 10:27:05 PM
Importance: High

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: bcs@mmc-nc.com
To: Benjamin, Pete; Gordon Myers
Cc: Tom Harrison
Subject: wolf
Date: Saturday, July 30, 2016 7:48:40 AM
Importance: High

Mr Myers and Mr Benjamin
The Mattamuskeet Ventures 1 LLC partners request the removal of the wolf that has
traveled back onto their property. They also would like to know how you plan to prevent this
from reoccurring in the future. Please contact me with how you will proceed to carry out this
task.  

 Sincerely
Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445



From: Benjamin, Pete
To: Jamin Simmons
Cc: Gordon Myers; Tom Harrison
Subject: Re: wolf
Date: Saturday, July 30, 2016 2:09:38 PM

Thanks Mr. Simmons,

I left you a voice mail a while back.  I'd like to meet with you at your convenience to coordinate a plan
for fulfilling your request.  I'm out of the office next week, but feel free to call me on my mobile
phone (number below) to discuss or I'll call you on August 8.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Sat, Jul 30, 2016 at 7:48 AM, <bcs@mmc-nc.com> wrote:
Mr Myers and Mr Benjamin
The Mattamuskeet Ventures 1 LLC partners request the removal of the wolf that has
traveled back onto their property. They also would like to know how you plan to prevent
this from reoccurring in the future. Please contact me with how you will proceed to carry
out this task.  

 Sincerely
Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445



From: Miranda, Leopoldo
To: Mike Bryant; Lanier, Scott; Benjamin, Pete; Harrison, Rebecca; Morse, Michael L; Olson, Shaun E; Nordsven,

Ryan; Beyer, Arthur; Strawser, Bonnie; Elizabeth Souheaver; Eversen, Michelle
Cc: Viker, David; Oetker, Michael; Cynthia Dohner; Silmarie Padron; Steven Bekkerus; Hunter, Brett; Fleming, Jeffrey

M
Subject: Red Wolf Escapes Inquiry Report
Date: Friday, August 5, 2016 11:05:59 AM
Attachments: RedWolfEscapesReport.pdf
Importance: High

Red Wolf Team,

We received the final report on the red wolf escapes
administrative inquiry. As David and I committed to, we wanted
to share the findings and the recommendations with the entire
group. We cannot share the entire report because it contains
personal statements and that information is confidential. 

We also wanted to share that the most important finding is that
no employees or volunteer were at fault. As we mentioned at the
beginning of this inquiry, given the high profile of the red
wolf program and the constant scrutiny of it, we wanted to be
proactive with this inquiry so we could investigate and define
the circumstances under which the escapes happened and avoid
anybody outside our agency to define it for us.

The investigators also developed a series of recommendations
based on staff feedback. David and I are fully committed to
take action on these recommendations as appropriate. We will
follow up with more clear guidance on a path forward. In the
meantime please provide us with any feedback you may have. 

We have been going through very difficult times in the red wolf
program. You all are in the front lines of it and receiving the
full force of the storm. It will still be rough for a little
while but I'm sure that we will get to a good place in the
future. You are part of an awesome team and we are all part of
it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.











From: Benjamin, Pete
To: Fleming, Jeffrey M; Eversen, Michelle
Subject: Fwd: Red Wolf Escapes Inquiry Report
Date: Wednesday, August 10, 2016 8:19:03 AM
Attachments: RedWolfEscapesReport.pdf
Importance: High

So, can we dust off the draft press release we worked on earlier this year and get this information out
to the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott Lanier <scott_lanier@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Rebecca Harrison <rebecca_harrison@fws.gov>,
Michael Morse <Michael_L_Morse@fws.gov>, Shaun Olson <shaun_olson@fws.gov>, Ryan
Nordsven <Ryan_Nordsven@fws.gov>, Arthur Beyer <arthur_beyer@fws.gov>, Bonnie
Strawser <Bonnie_Strawser@fws.gov>, Elizabeth Souheaver
<elizabeth_souheaver@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>, Michael Oetker <michael_oetker@fws.gov>,
Cynthia Dohner <cynthia_dohner@fws.gov>, Silmarie Padron <silmarie_padron@fws.gov>,
Steven Bekkerus <steven_bekkerus@fws.gov>, Brett Hunter <brett_hunter@fws.gov>,
Jeffrey Fleming <jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on the red wolf escapes
administrative inquiry. As David and I committed to, we wanted
to share the findings and the recommendations with the entire
group. We cannot share the entire report because it contains
personal statements and that information is confidential. 

We also wanted to share that the most important finding is that
no employees or volunteer were at fault. As we mentioned at the
beginning of this inquiry, given the high profile of the red
wolf program and the constant scrutiny of it, we wanted to be
proactive with this inquiry so we could investigate and define
the circumstances under which the escapes happened and avoid
anybody outside our agency to define it for us.

The investigators also developed a series of recommendations
based on staff feedback. David and I are fully committed to
take action on these recommendations as appropriate. We will
follow up with more clear guidance on a path forward. In the
meantime please provide us with any feedback you may have. 

We have been going through very difficult times in the red wolf
program. You all are in the front lines of it and receiving the



full force of the storm. It will still be rough for a little
while but I'm sure that we will get to a good place in the
future. You are part of an awesome team and we are all part of
it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.









From: Fleming, Jeffrey M
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Wednesday, August 10, 2016 10:50:10 PM
Importance: High

Pete, I am at headquarters through tomorrow.  I will give you a call on your cell mid- to late
morning to talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
So, can we dust off the draft press release we worked on earlier this year and get this information
out to the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott Lanier <scott_lanier@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Rebecca Harrison <rebecca_harrison@fws.gov>,
Michael Morse <Michael_L_Morse@fws.gov>, Shaun Olson <shaun_olson@fws.gov>,
Ryan Nordsven <Ryan_Nordsven@fws.gov>, Arthur Beyer <arthur_beyer@fws.gov>,
Bonnie Strawser <Bonnie_Strawser@fws.gov>, Elizabeth Souheaver
<elizabeth_souheaver@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>, Michael Oetker <michael_oetker@fws.gov>,
Cynthia Dohner <cynthia_dohner@fws.gov>, Silmarie Padron
<silmarie_padron@fws.gov>, Steven Bekkerus <steven_bekkerus@fws.gov>, Brett Hunter
<brett_hunter@fws.gov>, Jeffrey Fleming <jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on the red wolf escapes
administrative inquiry. As David and I committed to, we
wanted to share the findings and the recommendations with the
entire group. We cannot share the entire report because it
contains personal statements and that information is
confidential. 



We also wanted to share that the most important finding is
that no employees or volunteer were at fault. As we mentioned
at the beginning of this inquiry, given the high profile of
the red wolf program and the constant scrutiny of it, we
wanted to be proactive with this inquiry so we could
investigate and define the circumstances under which the
escapes happened and avoid anybody outside our agency to
define it for us.

The investigators also developed a series of recommendations
based on staff feedback. David and I are fully committed to
take action on these recommendations as appropriate. We will
follow up with more clear guidance on a path forward. In the
meantime please provide us with any feedback you may have. 

We have been going through very difficult times in the red
wolf program. You all are in the front lines of it and
receiving the full force of the storm. It will still be rough
for a little while but I'm sure that we will get to a good
place in the future. You are part of an awesome team and we
are all part of it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Fleming, Jeffrey M
Cc: Eversen, Michelle
Subject: RE: Red Wolf Escapes Inquiry Report
Date: Thursday, August 11, 2016 7:10:44 AM
Importance: High

Thanks Jeff,  I'm going to be in a meeting from 10:30 until noon, so we'll catch up at some
point.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Fleming, Jeffrey" <jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Michelle Eversen <michelle_eversen@fws.gov> 
Subject: Re: Red Wolf Escapes Inquiry Report 

Pete, I am at headquarters through tomorrow.  I will give you a call on your cell mid- to late
morning to talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
So, can we dust off the draft press release we worked on earlier this year and get this information
out to the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott Lanier <scott_lanier@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Rebecca Harrison <rebecca_harrison@fws.gov>,
Michael Morse <Michael_L_Morse@fws.gov>, Shaun Olson <shaun_olson@fws.gov>,
Ryan Nordsven <Ryan_Nordsven@fws.gov>, Arthur Beyer <arthur_beyer@fws.gov>,



Bonnie Strawser <Bonnie_Strawser@fws.gov>, Elizabeth Souheaver
<elizabeth_souheaver@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>, Michael Oetker <michael_oetker@fws.gov>,
Cynthia Dohner <cynthia_dohner@fws.gov>, Silmarie Padron
<silmarie_padron@fws.gov>, Steven Bekkerus <steven_bekkerus@fws.gov>, Brett Hunter
<brett_hunter@fws.gov>, Jeffrey Fleming <jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on the red wolf escapes
administrative inquiry. As David and I committed to, we
wanted to share the findings and the recommendations with the
entire group. We cannot share the entire report because it
contains personal statements and that information is
confidential. 

We also wanted to share that the most important finding is
that no employees or volunteer were at fault. As we mentioned
at the beginning of this inquiry, given the high profile of
the red wolf program and the constant scrutiny of it, we
wanted to be proactive with this inquiry so we could
investigate and define the circumstances under which the
escapes happened and avoid anybody outside our agency to
define it for us.

The investigators also developed a series of recommendations
based on staff feedback. David and I are fully committed to
take action on these recommendations as appropriate. We will
follow up with more clear guidance on a path forward. In the
meantime please provide us with any feedback you may have. 

We have been going through very difficult times in the red
wolf program. You all are in the front lines of it and
receiving the full force of the storm. It will still be rough
for a little while but I'm sure that we will get to a good
place in the future. You are part of an awesome team and we
are all part of it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject



to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Friday, August 12, 2016 10:28:25 AM
Importance: High

Have you heard back from Jeff yet on this.

Sent from my iPhone

On Aug 11, 2016, at 6:10 AM, Pete Benjamin <pete_benjamin@fws.gov> wrote:

Thanks Jeff,  I'm going to be in a meeting from 10:30 until noon, so we'll catch up
at some point.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Fleming, Jeffrey" <jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Michelle Eversen <michelle_eversen@fws.gov> 
Subject: Re: Red Wolf Escapes Inquiry Report 

Pete, I am at headquarters through tomorrow.  I will give you a call on your cell
mid- to late morning to talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

So, can we dust off the draft press release we worked on earlier this year and get this
information out to the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------



From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott Lanier
<scott_lanier@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>, Rebecca
Harrison <rebecca_harrison@fws.gov>, Michael Morse
<Michael_L_Morse@fws.gov>, Shaun Olson <shaun_olson@fws.gov>, Ryan
Nordsven <Ryan_Nordsven@fws.gov>, Arthur Beyer
<arthur_beyer@fws.gov>, Bonnie Strawser <Bonnie_Strawser@fws.gov>,
Elizabeth Souheaver <elizabeth_souheaver@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>, Michael Oetker
<michael_oetker@fws.gov>, Cynthia Dohner <cynthia_dohner@fws.gov>,
Silmarie Padron <silmarie_padron@fws.gov>, Steven Bekkerus
<steven_bekkerus@fws.gov>, Brett Hunter <brett_hunter@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on the red wolf escapes
administrative inquiry. As David and I committed to,
we wanted to share the findings and the
recommendations with the entire group. We cannot
share the entire report because it contains personal
statements and that information is confidential. 

We also wanted to share that the most important
finding is that no employees or volunteer were at
fault. As we mentioned at the beginning of this
inquiry, given the high profile of the red wolf
program and the constant scrutiny of it, we wanted to
be proactive with this inquiry so we could
investigate and define the circumstances under which
the escapes happened and avoid anybody outside our
agency to define it for us.

The investigators also developed a series of
recommendations based on staff feedback. David and I
are fully committed to take action on these
recommendations as appropriate. We will follow up
with more clear guidance on a path forward. In the
meantime please provide us with any feedback you may
have. 

We have been going through very difficult times in
the red wolf program. You all are in the front lines
of it and receiving the full force of the storm. It
will still be rough for a little while but I'm sure
that we will get to a good place in the future. You
are part of an awesome team and we are all part of
it. 

Thank you,

Leo and David



Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this
sender is subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Monday, August 15, 2016 8:12:54 AM
Importance: High

Not yet.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Aug 12, 2016 at 10:28 AM, Michelle Eversen <michelle_eversen@fws.gov> wrote:
Have you heard back from Jeff yet on this.

Sent from my iPhone

On Aug 11, 2016, at 6:10 AM, Pete Benjamin <pete_benjamin@fws.gov> wrote:

Thanks Jeff,  I'm going to be in a meeting from 10:30 until noon, so we'll catch
up at some point.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Fleming, Jeffrey" <jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Michelle Eversen <michelle_eversen@fws.gov> 
Subject: Re: Red Wolf Escapes Inquiry Report 

Pete, I am at headquarters through tomorrow.  I will give you a call on your cell
mid- to late morning to talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:



So, can we dust off the draft press release we worked on earlier this year and get
this information out to the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott Lanier
<scott_lanier@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>,
Rebecca Harrison <rebecca_harrison@fws.gov>, Michael Morse
<Michael_L_Morse@fws.gov>, Shaun Olson <shaun_olson@fws.gov>,
Ryan Nordsven <Ryan_Nordsven@fws.gov>, Arthur Beyer
<arthur_beyer@fws.gov>, Bonnie Strawser <Bonnie_Strawser@fws.gov>,
Elizabeth Souheaver <elizabeth_souheaver@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>, Michael Oetker
<michael_oetker@fws.gov>, Cynthia Dohner <cynthia_dohner@fws.gov>,
Silmarie Padron <silmarie_padron@fws.gov>, Steven Bekkerus
<steven_bekkerus@fws.gov>, Brett Hunter <brett_hunter@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on the red wolf escapes
administrative inquiry. As David and I committed to,
we wanted to share the findings and the
recommendations with the entire group. We cannot
share the entire report because it contains personal
statements and that information is confidential. 

We also wanted to share that the most important
finding is that no employees or volunteer were at
fault. As we mentioned at the beginning of this
inquiry, given the high profile of the red wolf
program and the constant scrutiny of it, we wanted
to be proactive with this inquiry so we could
investigate and define the circumstances under which
the escapes happened and avoid anybody outside our
agency to define it for us.

The investigators also developed a series of
recommendations based on staff feedback. David and I
are fully committed to take action on these
recommendations as appropriate. We will follow up
with more clear guidance on a path forward. In the
meantime please provide us with any feedback you may
have. 

We have been going through very difficult times in



the red wolf program. You all are in the front lines
of it and receiving the full force of the storm. It
will still be rough for a little while but I'm sure
that we will get to a good place in the future. You
are part of an awesome team and we are all part of
it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this
sender is subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.



From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Monday, August 15, 2016 8:18:42 AM
Importance: High

Hmm.   RDT has a retreat all day today but I will push both of them on this tomorrow.  

Sent from my iPhone

On Aug 15, 2016, at 8:12 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Not yet.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Aug 12, 2016 at 10:28 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Have you heard back from Jeff yet on this.

Sent from my iPhone

On Aug 11, 2016, at 6:10 AM, Pete Benjamin <pete_benjamin@fws.gov>
wrote:

Thanks Jeff,  I'm going to be in a meeting from 10:30 until noon, so
we'll catch up at some point.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Fleming, Jeffrey" <jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Michelle Eversen <michelle_eversen@fws.gov> 
Subject: Re: Red Wolf Escapes Inquiry Report 

Pete, I am at headquarters through tomorrow.  I will give you a call
on your cell mid- to late morning to talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs



U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

So, can we dust off the draft press release we worked on earlier this
year and get this information out to the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott Lanier
<scott_lanier@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>, Rebecca Harrison
<rebecca_harrison@fws.gov>, Michael Morse
<Michael_L_Morse@fws.gov>, Shaun Olson
<shaun_olson@fws.gov>, Ryan Nordsven
<Ryan_Nordsven@fws.gov>, Arthur Beyer
<arthur_beyer@fws.gov>, Bonnie Strawser
<Bonnie_Strawser@fws.gov>, Elizabeth Souheaver
<elizabeth_souheaver@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>, Michael Oetker
<michael_oetker@fws.gov>, Cynthia Dohner
<cynthia_dohner@fws.gov>, Silmarie Padron
<silmarie_padron@fws.gov>, Steven Bekkerus
<steven_bekkerus@fws.gov>, Brett Hunter
<brett_hunter@fws.gov>, Jeffrey Fleming
<jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on the red
wolf escapes administrative inquiry. As
David and I committed to, we wanted to
share the findings and the recommendations
with the entire group. We cannot share the
entire report because it contains personal
statements and that information is
confidential. 

We also wanted to share that the most



important finding is that no employees or
volunteer were at fault. As we mentioned at
the beginning of this inquiry, given the
high profile of the red wolf program and
the constant scrutiny of it, we wanted to
be proactive with this inquiry so we could
investigate and define the circumstances
under which the escapes happened and avoid
anybody outside our agency to define it for
us.

The investigators also developed a series
of recommendations based on staff feedback.
David and I are fully committed to take
action on these recommendations as
appropriate. We will follow up with more
clear guidance on a path forward. In the
meantime please provide us with any
feedback you may have. 

We have been going through very difficult
times in the red wolf program. You all are
in the front lines of it and receiving the
full force of the storm. It will still be
rough for a little while but I'm sure that
we will get to a good place in the future.
You are part of an awesome team and we are
all part of it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and
from this sender is subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Monday, August 15, 2016 8:20:16 AM
Importance: High

Thanks.  I also need to follow up with you on my vacancies.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 15, 2016 at 8:18 AM, Michelle Eversen <michelle_eversen@fws.gov> wrote:
Hmm.   RDT has a retreat all day today but I will push both of them on this tomorrow.  

Sent from my iPhone

On Aug 15, 2016, at 8:12 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Not yet.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Aug 12, 2016 at 10:28 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Have you heard back from Jeff yet on this.

Sent from my iPhone

On Aug 11, 2016, at 6:10 AM, Pete Benjamin <pete_benjamin@fws.gov>
wrote:

Thanks Jeff,  I'm going to be in a meeting from 10:30 until noon,
so we'll catch up at some point.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Fleming, Jeffrey" <jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 



Cc: Michelle Eversen <michelle_eversen@fws.gov> 
Subject: Re: Red Wolf Escapes Inquiry Report 

Pete, I am at headquarters through tomorrow.  I will give you a
call on your cell mid- to late morning to talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

So, can we dust off the draft press release we worked on earlier this
year and get this information out to the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo <leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott Lanier
<scott_lanier@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>, Rebecca Harrison
<rebecca_harrison@fws.gov>, Michael Morse
<Michael_L_Morse@fws.gov>, Shaun Olson
<shaun_olson@fws.gov>, Ryan Nordsven
<Ryan_Nordsven@fws.gov>, Arthur Beyer
<arthur_beyer@fws.gov>, Bonnie Strawser
<Bonnie_Strawser@fws.gov>, Elizabeth Souheaver
<elizabeth_souheaver@fws.gov>, Michelle Eversen
<michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>, Michael Oetker
<michael_oetker@fws.gov>, Cynthia Dohner
<cynthia_dohner@fws.gov>, Silmarie Padron
<silmarie_padron@fws.gov>, Steven Bekkerus
<steven_bekkerus@fws.gov>, Brett Hunter
<brett_hunter@fws.gov>, Jeffrey Fleming
<jeffrey_m_fleming@fws.gov>

Red Wolf Team,



We received the final report on the red
wolf escapes administrative inquiry. As
David and I committed to, we wanted to
share the findings and the recommendations
with the entire group. We cannot share the
entire report because it contains personal
statements and that information is
confidential. 

We also wanted to share that the most
important finding is that no employees or
volunteer were at fault. As we mentioned
at the beginning of this inquiry, given
the high profile of the red wolf program
and the constant scrutiny of it, we wanted
to be proactive with this inquiry so we
could investigate and define the
circumstances under which the escapes
happened and avoid anybody outside our
agency to define it for us.

The investigators also developed a series
of recommendations based on staff
feedback. David and I are fully committed
to take action on these recommendations as
appropriate. We will follow up with more
clear guidance on a path forward. In the
meantime please provide us with any
feedback you may have. 

We have been going through very difficult
times in the red wolf program. You all are
in the front lines of it and receiving the
full force of the storm. It will still be
rough for a little while but I'm sure that
we will get to a good place in the future.
You are part of an awesome team and we are
all part of it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to
and from this sender is subject to the Freedom of Information



Act (FOIA) and may be disclosed to third parties.



From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Monday, August 15, 2016 8:27:07 AM
Importance: High

Ok - let's chat this afternoon - does 1 work for you?

Sent from my iPhone

On Aug 15, 2016, at 8:20 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Thanks.  I also need to follow up with you on my vacancies.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 15, 2016 at 8:18 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Hmm.   RDT has a retreat all day today but I will push both of them on this
tomorrow.  

Sent from my iPhone

On Aug 15, 2016, at 8:12 AM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Not yet.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Aug 12, 2016 at 10:28 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Have you heard back from Jeff yet on this.

Sent from my iPhone

On Aug 11, 2016, at 6:10 AM, Pete Benjamin
<pete_benjamin@fws.gov> wrote:

Thanks Jeff,  I'm going to be in a meeting from
10:30 until noon, so we'll catch up at some point.



Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Fleming, Jeffrey"
<jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Michelle Eversen <michelle_eversen@fws.gov>
Subject: Re: Red Wolf Escapes Inquiry Report 

Pete, I am at headquarters through tomorrow.  I will
give you a call on your cell mid- to late morning to
talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

So, can we dust off the draft press release we worked
on earlier this year and get this information out to the
public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo
<leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>, Scott
Lanier <scott_lanier@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>, Rebecca Harrison
<rebecca_harrison@fws.gov>, Michael Morse
<Michael_L_Morse@fws.gov>, Shaun Olson
<shaun_olson@fws.gov>, Ryan Nordsven
<Ryan_Nordsven@fws.gov>, Arthur Beyer
<arthur_beyer@fws.gov>, Bonnie Strawser



<Bonnie_Strawser@fws.gov>, Elizabeth
Souheaver <elizabeth_souheaver@fws.gov>,
Michelle Eversen <michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>,
Michael Oetker <michael_oetker@fws.gov>,
Cynthia Dohner <cynthia_dohner@fws.gov>,
Silmarie Padron <silmarie_padron@fws.gov>,
Steven Bekkerus <steven_bekkerus@fws.gov>,
Brett Hunter <brett_hunter@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on
the red wolf escapes
administrative inquiry. As David
and I committed to, we wanted to
share the findings and the
recommendations with the entire
group. We cannot share the entire
report because it contains
personal statements and that
information is confidential. 

We also wanted to share that the
most important finding is that no
employees or volunteer were at
fault. As we mentioned at the
beginning of this inquiry, given
the high profile of the red wolf
program and the constant scrutiny
of it, we wanted to be proactive
with this inquiry so we could
investigate and define the
circumstances under which the
escapes happened and avoid anybody
outside our agency to define it
for us.

The investigators also developed a
series of recommendations based on
staff feedback. David and I are
fully committed to take action on
these recommendations as
appropriate. We will follow up
with more clear guidance on a path
forward. In the meantime please
provide us with any feedback you
may have. 

We have been going through very
difficult times in the red wolf
program. You all are in the front
lines of it and receiving the full
force of the storm. It will still
be rough for a little while but
I'm sure that we will get to a



good place in the future. You are
part of an awesome team and we are
all part of it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any
attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may
be disclosed to third parties.



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Monday, August 15, 2016 8:27:39 AM
Importance: High

Yep, 1:00 is good.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 15, 2016 at 8:27 AM, Michelle Eversen <michelle_eversen@fws.gov> wrote:
Ok - let's chat this afternoon - does 1 work for you?

Sent from my iPhone

On Aug 15, 2016, at 8:20 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Thanks.  I also need to follow up with you on my vacancies.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 15, 2016 at 8:18 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Hmm.   RDT has a retreat all day today but I will push both of them on this
tomorrow.  

Sent from my iPhone

On Aug 15, 2016, at 8:12 AM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Not yet.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Aug 12, 2016 at 10:28 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Have you heard back from Jeff yet on this.



Sent from my iPhone

On Aug 11, 2016, at 6:10 AM, Pete Benjamin
<pete_benjamin@fws.gov> wrote:

Thanks Jeff,  I'm going to be in a meeting from
10:30 until noon, so we'll catch up at some point.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Fleming, Jeffrey"
<jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Michelle Eversen
<michelle_eversen@fws.gov> 
Subject: Re: Red Wolf Escapes Inquiry Report 

Pete, I am at headquarters through tomorrow.  I
will give you a call on your cell mid- to late
morning to talk through.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Wed, Aug 10, 2016 at 8:19 AM, Benjamin,
Pete <pete_benjamin@fws.gov> wrote:

So, can we dust off the draft press release we worked
on earlier this year and get this information out to
the public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Miranda, Leopoldo
<leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM



Subject: Red Wolf Escapes Inquiry Report
To: Mike Bryant <Mike_Bryant@fws.gov>,
Scott Lanier <scott_lanier@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Rebecca
Harrison <rebecca_harrison@fws.gov>, Michael
Morse <Michael_L_Morse@fws.gov>, Shaun
Olson <shaun_olson@fws.gov>, Ryan Nordsven
<Ryan_Nordsven@fws.gov>, Arthur Beyer
<arthur_beyer@fws.gov>, Bonnie Strawser
<Bonnie_Strawser@fws.gov>, Elizabeth
Souheaver <elizabeth_souheaver@fws.gov>,
Michelle Eversen <michelle_eversen@fws.gov>
Cc: David Viker <David_Viker@fws.gov>,
Michael Oetker <michael_oetker@fws.gov>,
Cynthia Dohner <cynthia_dohner@fws.gov>,
Silmarie Padron <silmarie_padron@fws.gov>,
Steven Bekkerus <steven_bekkerus@fws.gov>,
Brett Hunter <brett_hunter@fws.gov>, Jeffrey
Fleming <jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final report on
the red wolf escapes
administrative inquiry. As David
and I committed to, we wanted to
share the findings and the
recommendations with the entire
group. We cannot share the
entire report because it
contains personal statements and
that information is
confidential. 

We also wanted to share that the
most important finding is that
no employees or volunteer were
at fault. As we mentioned at the
beginning of this inquiry, given
the high profile of the red wolf
program and the constant
scrutiny of it, we wanted to be
proactive with this inquiry so
we could investigate and define
the circumstances under which
the escapes happened and avoid
anybody outside our agency to
define it for us.

The investigators also developed
a series of recommendations
based on staff feedback. David
and I are fully committed to
take action on these
recommendations as appropriate.



We will follow up with more
clear guidance on a path
forward. In the meantime please
provide us with any feedback you
may have. 

We have been going through very
difficult times in the red wolf
program. You all are in the
front lines of it and receiving
the full force of the storm. It
will still be rough for a little
while but I'm sure that we will
get to a good place in the
future. You are part of an
awesome team and we are all part
of it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any
attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and
may be disclosed to third parties.



From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Red Wolf Escapes Inquiry Report
Date: Monday, August 15, 2016 9:19:30 AM
Importance: High

Ok talk to you then. 

Sent from my iPhone

On Aug 15, 2016, at 8:27 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Yep, 1:00 is good.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 15, 2016 at 8:27 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Ok - let's chat this afternoon - does 1 work for you?

Sent from my iPhone

On Aug 15, 2016, at 8:20 AM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Thanks.  I also need to follow up with you on my vacancies.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Aug 15, 2016 at 8:18 AM, Michelle Eversen
<michelle_eversen@fws.gov> wrote:

Hmm.   RDT has a retreat all day today but I will push both of
them on this tomorrow.  

Sent from my iPhone

On Aug 15, 2016, at 8:12 AM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Not yet.



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Aug 12, 2016 at 10:28 AM, Michelle
Eversen <michelle_eversen@fws.gov> wrote:

Have you heard back from Jeff yet on this.

Sent from my iPhone

On Aug 11, 2016, at 6:10 AM, Pete Benjamin
<pete_benjamin@fws.gov> wrote:

Thanks Jeff,  I'm going to be in a
meeting from 10:30 until noon, so
we'll catch up at some point.

Sent from my Verizon Wireless 4G LTE
smartphone

-------- Original message --------
From: "Fleming, Jeffrey"
<jeffrey_m_fleming@fws.gov> 
Date: 8/10/16 10:50 PM (GMT-05:00)
To: "Benjamin, Pete"
<pete_benjamin@fws.gov> 
Cc: Michelle Eversen
<michelle_eversen@fws.gov> 
Subject: Re: Red Wolf Escapes
Inquiry Report 

Pete, I am at headquarters through
tomorrow.  I will give you a call on
your cell mid- to late morning to talk
through.  

Jeff Fleming
Assistant Regional Director - External
Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m



On Wed, Aug 10, 2016 at 8:19 AM,
Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

So, can we dust off the draft press
release we worked on earlier this year
and get this information out to the
public?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message --------
--
From: Miranda, Leopoldo
<leopoldo_miranda@fws.gov>
Date: Fri, Aug 5, 2016 at 11:05 AM
Subject: Red Wolf Escapes Inquiry
Report
To: Mike Bryant
<Mike_Bryant@fws.gov>, Scott
Lanier <scott_lanier@fws.gov>,
Pete Benjamin
<pete_benjamin@fws.gov>,
Rebecca Harrison
<rebecca_harrison@fws.gov>,
Michael Morse
<Michael_L_Morse@fws.gov>,
Shaun Olson
<shaun_olson@fws.gov>, Ryan
Nordsven
<Ryan_Nordsven@fws.gov>,
Arthur Beyer
<arthur_beyer@fws.gov>, Bonnie
Strawser
<Bonnie_Strawser@fws.gov>,
Elizabeth Souheaver
<elizabeth_souheaver@fws.gov>,
Michelle Eversen
<michelle_eversen@fws.gov>
Cc: David Viker
<David_Viker@fws.gov>, Michael
Oetker <michael_oetker@fws.gov>,
Cynthia Dohner
<cynthia_dohner@fws.gov>,
Silmarie Padron
<silmarie_padron@fws.gov>,
Steven Bekkerus
<steven_bekkerus@fws.gov>, Brett
Hunter <brett_hunter@fws.gov>,



Jeffrey Fleming
<jeffrey_m_fleming@fws.gov>

Red Wolf Team,

We received the final
report on the red wolf
escapes administrative
inquiry. As David and I
committed to, we wanted
to share the findings
and the recommendations
with the entire group.
We cannot share the
entire report because it
contains personal
statements and that
information is
confidential. 

We also wanted to share
that the most important
finding is that no
employees or volunteer
were at fault. As we
mentioned at the
beginning of this
inquiry, given the high
profile of the red wolf
program and the constant
scrutiny of it, we
wanted to be proactive
with this inquiry so we
could investigate and
define the circumstances
under which the escapes
happened and avoid
anybody outside our
agency to define it for
us.

The investigators also
developed a series of
recommendations based on
staff feedback. David
and I are fully
committed to take action
on these recommendations
as appropriate. We will
follow up with more
clear guidance on a path
forward. In the meantime
please provide us with
any feedback you may
have. 

We have been going
through very difficult
times in the red wolf



program. You all are in
the front lines of it
and receiving the full
force of the storm. It
will still be rough for
a little while but I'm
sure that we will get to
a good place in the
future. You are part of
an awesome team and we
are all part of it. 

Thank you,

Leo and David

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional
Director, Ecological Services
Southeast U.S., Puerto Rico and U.S.
Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence
and any attachments to and from
this sender is subject to the
Freedom of Information Act
(FOIA) and may be disclosed
to third parties.



From: Morse, Michael L
To: Benjamin, Pete
Subject: Update on NCWRC Coyote removal attempts
Date: Thursday, September 1, 2016 11:31:08 AM
Importance: High

Pete,

Yesterday I met with WRC biologists and LE officers in Creswell at 0600 hrs.  We spent most
of the time on  farm attempting to locate the female coyote.  Turns out the radio-
collar wasn't programmed to turn on so the company was contacted and sent a satellite signal
to the collar to have it turn on at 0900 hrs.   The coyote collar was never audible yesterday. 
We attempted to locate her till the WRC receiver ran out of power yesterday afternoon. In
addition, at no time was any signal from a FWS radio-collared canid heard in or near the area.

Late yesterday the company was asked to resend the signal to set the coyote collar to come on
at 0800 hrs today.  I flew the area this morning at 0830 hrs. and again, heard no signal from
any FWS radio-collared canid in or near that area.  The WRC also flew today at 0900 hrs but
was unable to locate the coyote collar signal.  With the approaching storm tomorrow, it
currently sounds that we will not attempt to locate the coyote again until early next week
(~Tue, 9/6/16).  I will be available to assist with the effort again next week.

After speaking with Andrea yesterday about the collar performance since deployment early
this year, it sounds like the collar is not meeting expectations.  I suspect that at best, the collar
is not receiving the satellite signal to "wake-up" and change VHF scheduling and at worst,
may have lost the ability to transmit any VHF signal.  I'll let you know as I hear more
information.  Thank you. 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Beyer, Arthur
Subject: Trapping letter
Date: Friday, September 9, 2016 10:04:10 AM
Importance: High

Hi Art,

If by any chance you are in the office today could you send me a copy
of the letter we sent Rodney (I think it was actually to Lynn)
authorizing them to trap under our permit.  The lawyers need it for
some reason.  If you can't get it today it's no big deal.  I'll find
it on Monday.  Thanks,

Pete Benjamin, US FWS



From: Beyer, Arthur
To: Benjamin, Pete
Subject: Re: Trapping letter
Date: Friday, September 9, 2016 10:12:49 AM
Attachments: 20160301uthorizationtotrap_Clayton.docx

20160301uthorizationtotrap_Clayton.pdf
Importance: High

I hadn't looked in some of these folders in a while and my brain almost short-circuited.

Think I found what you're looking for though.  Attached is a doc and pdf of that letter in
March 2016.  If this is not the right one let me know and I'll keep looking. 

On Fri, Sep 9, 2016 at 10:04 AM, Pete Benjamin <pete_benjamin@fws.gov> wrote:
Hi Art,

If by any chance you are in the office today could you send me a copy
of the letter we sent Rodney (I think it was actually to Lynn)
authorizing them to trap under our permit.  The lawyers need it for
some reason.  If you can't get it today it's no big deal.  I'll find
it on Monday.  Thanks,

Pete Benjamin, US FWS



 
 

            March 7, 2016 
 
Otis Lyn Clayton 
485 Crabtree Rd. 
Belhaven, NC 27810 
 
Dear Mr. Clayton, 
 
This relates to the request by Mr. Rodney Glass on February 26, 2016 to continue trapping 
efforts for red wolves on properties in Tyrrell County belonging Mr. Rick Webb and Mr. 
Thomas Holbert.  It is my understanding that this request is based on a desire that wolves no 
longer access these properties.  It is also my understanding that Mr. Glass has asked you to trap 
these properties and is seeking authorization for you to act as a sub-permittee under our Special 
Research Permit (Permit). Trappers licensed by the State of North Carolina (State) may be 
authorized to work under a Permit issued to the U.S. Fish and Wildlife Service (Service) on 
January 12, 2016 by the North Carolina Wildlife Resource Commission.   
 
As a State licensed trapper, you are hereby authorized to engage in activities to capture and trap 
red wolves on the properties mentioned above and represented by Mr. Glass subject to the 
following conditions: 
 

1. All conditions of the Permit must be followed. 
2. You must carry a copy of the Permit and this letter of authorization when engaging in the 

covered activities. 
3. You must have prior written consent by the landowner or his/her designee. 
4. You must notify one of the Service personnel listed on the Permit immediately upon 

capture of any canid.  You can call Mike Morse at (252) 475-8350 or Ryan Nordsven at 
(252) 475-8353.  Service personnel will retrieve the animal to conduct sampling as 
required under the Permit.  Service law enforcement will accompany Service biologists 
when retrieving captured canids.  All non-wolves will be returned to you 

5. Captured animals may not be harmed or killed prior to our arrival. Trapped canids must 
be kept at the trap site until retrieved. They may be kept in a kennel but at the trap site.  

6. This letter of authorization is good through March 31, 2016  and beginning on the date of 
this letter.   

7. As a State licensed trapper you must follow all rules and regulations as they pertain to 
trapping.  When using staked traps, either double stakes on swivels with a minimum of 
24” stakes, or Berkshire stakes, must be used. 

 
If you have any questions or require further assistance, feel free to contact me. 
 
Sincerely,  
 
 
Art Beyer 
(252) 473-1131 x241  

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
RED WOLF RECOVERY PROGRAM 

Post Office Box 1969 / 100 Conservation Way 
Manteo, North Carolina 27954 



 
 

            March 4, 2016 

 

Otis Lyn Clayton 

485 Crabtree Rd. 

Belhaven, NC 27810 

 

Dear Mr. Clayton, 

 

This relates to the request by Mr. Rodney Glass on February 26, 2016 to continue trapping 

efforts for red wolves on properties in Tyrrell County belonging Mr. Rick Webb and Mr. 

Thomas Holbert.  It is my understanding that this request is based on a desire that wolves no 

longer access these properties.  It is also my understanding that Mr. Glass has asked you to trap 

these properties and is seeking authorization for you to act as a sub-permittee under our Special 

Research Permit (Permit). Trappers licensed by the State of North Carolina (State) may be 

authorized to work under a Permit issued to the U.S. Fish and Wildlife Service (Service) on 

January 12, 2016 by the North Carolina Wildlife Resource Commission.   

 

As a State licensed trapper, you are hereby authorized to engage in activities to capture and trap 

red wolves on the properties mentioned above and represented by Mr. Glass subject to the 

following conditions: 

 

1. All conditions of the Permit must be followed. 

2. You must carry a copy of the Permit and this letter of authorization when engaging in the 

covered activities. 

3. You must have prior written consent by the landowner or his/her designee. 

4. You must notify one of the Service personnel listed on the Permit immediately upon 

capture of any canid.  You can call Mike Morse at (252) 475-8350 or Ryan Nordsven at 

(252) 475-8353.  Service personnel will retrieve the animal to conduct sampling as 

required under the Permit.  Service law enforcement will accompany Service biologists 

when retrieving captured canids.  All non-wolves will be returned to you 

5. Captured animals may not be harmed or killed prior to our arrival. Trapped canids must 

be kept at the trap site until retrieved. They may be kept in a kennel but at the trap site.  

6. This letter of authorization is good for 30 days beginning on the date of this letter.   

7. As a State licensed trapper you must follow all rules and regulations as they pertain to 

trapping.  When using staked traps, either double stakes on swivels with a minimum of 

24” stakes, or Berkshire stakes, must be used. 

 

If you have any questions or require further assistance, feel free to contact me. 

 

Sincerely,  

 

 

Art Beyer 

(252) 473-1131 x241  

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
RED WOLF RECOVERY PROGRAM 

Post Office Box 1969 / 100 Conservation Way 

Manteo, North Carolina 27954 



From: Benjamin, Pete
To: possumking0@gmail.com
Subject: Fwd: Trapping letter
Date: Friday, September 9, 2016 10:37:51 AM
Attachments: ATT00001.htm

20160301uthorizationtotrap_Clayton.docx
20160301uthorizationtotrap_Clayton.pdf
ATT00002.htm

Pete Benjamin, US FWS

Begin forwarded message:

From: "Beyer, Arthur" <arthur_beyer@fws.gov>
Date: September 9, 2016 at 10:12:49 AM EDT
To: Pete Benjamin <pete_benjamin@fws.gov>
Subject: Re: Trapping letter

I hadn't looked in some of these folders in a while and my brain almost short-
circuited.

Think I found what you're looking for though.  Attached is a doc and pdf of that
letter in March 2016.  If this is not the right one let me know and I'll keep
looking. 

On Fri, Sep 9, 2016 at 10:04 AM, Pete Benjamin <pete_benjamin@fws.gov>
wrote:

Hi Art,

If by any chance you are in the office today could you send me a copy
of the letter we sent Rodney (I think it was actually to Lynn)
authorizing them to trap under our permit.  The lawyers need it for
some reason.  If you can't get it today it's no big deal.  I'll find
it on Monday.  Thanks,

Pete Benjamin, US FWS



file:///C/...rbara_beckett/Desktop/Process%20Folder/4%20Unique%20Folder/20160909%20103751_Email_Fwd_%20Trapping%20letter.htm[1/15/2021 4:17:34 PM]



 
 

            March 7, 2016 
 
Otis Lyn Clayton 
485 Crabtree Rd. 
Belhaven, NC 27810 
 
Dear Mr. Clayton, 
 
This relates to the request by Mr. Rodney Glass on February 26, 2016 to continue trapping 
efforts for red wolves on properties in Tyrrell County belonging Mr. Rick Webb and Mr. 
Thomas Holbert.  It is my understanding that this request is based on a desire that wolves no 
longer access these properties.  It is also my understanding that Mr. Glass has asked you to trap 
these properties and is seeking authorization for you to act as a sub-permittee under our Special 
Research Permit (Permit). Trappers licensed by the State of North Carolina (State) may be 
authorized to work under a Permit issued to the U.S. Fish and Wildlife Service (Service) on 
January 12, 2016 by the North Carolina Wildlife Resource Commission.   
 
As a State licensed trapper, you are hereby authorized to engage in activities to capture and trap 
red wolves on the properties mentioned above and represented by Mr. Glass subject to the 
following conditions: 
 

1. All conditions of the Permit must be followed. 
2. You must carry a copy of the Permit and this letter of authorization when engaging in the 

covered activities. 
3. You must have prior written consent by the landowner or his/her designee. 
4. You must notify one of the Service personnel listed on the Permit immediately upon 

capture of any canid.  You can call Mike Morse at (252) 475-8350 or Ryan Nordsven at 
(252) 475-8353.  Service personnel will retrieve the animal to conduct sampling as 
required under the Permit.  Service law enforcement will accompany Service biologists 
when retrieving captured canids.  All non-wolves will be returned to you 

5. Captured animals may not be harmed or killed prior to our arrival. Trapped canids must 
be kept at the trap site until retrieved. They may be kept in a kennel but at the trap site.  

6. This letter of authorization is good through March 31, 2016  and beginning on the date of 
this letter.   

7. As a State licensed trapper you must follow all rules and regulations as they pertain to 
trapping.  When using staked traps, either double stakes on swivels with a minimum of 
24” stakes, or Berkshire stakes, must be used. 

 
If you have any questions or require further assistance, feel free to contact me. 
 
Sincerely,  
 
 
Art Beyer 
(252) 473-1131 x241  

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
RED WOLF RECOVERY PROGRAM 

Post Office Box 1969 / 100 Conservation Way 
Manteo, North Carolina 27954 



 
 

            March 4, 2016 

 

Otis Lyn Clayton 

485 Crabtree Rd. 

Belhaven, NC 27810 

 

Dear Mr. Clayton, 

 

This relates to the request by Mr. Rodney Glass on February 26, 2016 to continue trapping 

efforts for red wolves on properties in Tyrrell County belonging Mr. Rick Webb and Mr. 

Thomas Holbert.  It is my understanding that this request is based on a desire that wolves no 

longer access these properties.  It is also my understanding that Mr. Glass has asked you to trap 

these properties and is seeking authorization for you to act as a sub-permittee under our Special 

Research Permit (Permit). Trappers licensed by the State of North Carolina (State) may be 

authorized to work under a Permit issued to the U.S. Fish and Wildlife Service (Service) on 

January 12, 2016 by the North Carolina Wildlife Resource Commission.   

 

As a State licensed trapper, you are hereby authorized to engage in activities to capture and trap 

red wolves on the properties mentioned above and represented by Mr. Glass subject to the 

following conditions: 

 

1. All conditions of the Permit must be followed. 

2. You must carry a copy of the Permit and this letter of authorization when engaging in the 

covered activities. 

3. You must have prior written consent by the landowner or his/her designee. 

4. You must notify one of the Service personnel listed on the Permit immediately upon 

capture of any canid.  You can call Mike Morse at (252) 475-8350 or Ryan Nordsven at 

(252) 475-8353.  Service personnel will retrieve the animal to conduct sampling as 

required under the Permit.  Service law enforcement will accompany Service biologists 

when retrieving captured canids.  All non-wolves will be returned to you 

5. Captured animals may not be harmed or killed prior to our arrival. Trapped canids must 

be kept at the trap site until retrieved. They may be kept in a kennel but at the trap site.  

6. This letter of authorization is good for 30 days beginning on the date of this letter.   

7. As a State licensed trapper you must follow all rules and regulations as they pertain to 

trapping.  When using staked traps, either double stakes on swivels with a minimum of 

24” stakes, or Berkshire stakes, must be used. 

 

If you have any questions or require further assistance, feel free to contact me. 

 

Sincerely,  

 

 

Art Beyer 

(252) 473-1131 x241  

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
RED WOLF RECOVERY PROGRAM 

Post Office Box 1969 / 100 Conservation Way 

Manteo, North Carolina 27954 
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From: Benjamin, Pete
To: Miranda, Leopoldo
Subject: Trapping letter
Date: Friday, September 9, 2016 10:44:47 AM
Attachments: ATT00001.txt

20160301authorizationtotrap_Clayton.pdf
Importance: High

Hi Leo,

I'm not on the office today so it's hard to find thinks, but I think
this was the most recent letter we sent authorizing folks to trap
under our permit.  Let me know if you need something else.



Pete Benjamin, US FWS



 
 

            March 4, 2016 

 

Otis Lyn Clayton 

485 Crabtree Rd. 

Belhaven, NC 27810 

 

Dear Mr. Clayton, 

 

This relates to the request by Mr. Rodney Glass on February 26, 2016 to continue trapping 

efforts for red wolves on properties in Tyrrell County belonging Mr. Rick Webb and Mr. 

Thomas Holbert.  It is my understanding that this request is based on a desire that wolves no 

longer access these properties.  It is also my understanding that Mr. Glass has asked you to trap 

these properties and is seeking authorization for you to act as a sub-permittee under our Special 

Research Permit (Permit). Trappers licensed by the State of North Carolina (State) may be 

authorized to work under a Permit issued to the U.S. Fish and Wildlife Service (Service) on 

January 12, 2016 by the North Carolina Wildlife Resource Commission.   

 

As a State licensed trapper, you are hereby authorized to engage in activities to capture and trap 

red wolves on the properties mentioned above and represented by Mr. Glass subject to the 

following conditions: 

 

1. All conditions of the Permit must be followed. 

2. You must carry a copy of the Permit and this letter of authorization when engaging in the 

covered activities. 

3. You must have prior written consent by the landowner or his/her designee. 

4. You must notify one of the Service personnel listed on the Permit immediately upon 

capture of any canid.  You can call Mike Morse at (252) 475-8350 or Ryan Nordsven at 

(252) 475-8353.  Service personnel will retrieve the animal to conduct sampling as 

required under the Permit.  Service law enforcement will accompany Service biologists 

when retrieving captured canids.  All non-wolves will be returned to you 

5. Captured animals may not be harmed or killed prior to our arrival. Trapped canids must 

be kept at the trap site until retrieved. They may be kept in a kennel but at the trap site.  

6. This letter of authorization is good for 30 days beginning on the date of this letter.   

7. As a State licensed trapper you must follow all rules and regulations as they pertain to 

trapping.  When using staked traps, either double stakes on swivels with a minimum of 

24” stakes, or Berkshire stakes, must be used. 

 

If you have any questions or require further assistance, feel free to contact me. 

 

Sincerely,  

 

 

Art Beyer 

(252) 473-1131 x241  

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
RED WOLF RECOVERY PROGRAM 

Post Office Box 1969 / 100 Conservation Way 

Manteo, North Carolina 27954 



From: Benjamin, Pete
To: Beyer, Arthur
Subject: Re: Trapping letter
Date: Friday, September 9, 2016 10:45:31 AM

Thanks Art, I think that's what they are looking for.

Pete Benjamin, US FWS

On Sep 9, 2016, at 10:12 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:

I hadn't looked in some of these folders in a while and my brain almost short-
circuited.

Think I found what you're looking for though.  Attached is a doc and pdf of that
letter in March 2016.  If this is not the right one let me know and I'll keep
looking. 

On Fri, Sep 9, 2016 at 10:04 AM, Pete Benjamin <pete_benjamin@fws.gov>
wrote:

Hi Art,

If by any chance you are in the office today could you send me a copy
of the letter we sent  (I think it was actually to )
authorizing them to trap under our permit.  The lawyers need it for
some reason.  If you can't get it today it's no big deal.  I'll find
it on Monday.  Thanks,

Pete Benjamin, US FWS

<20160301uthorizationtotrap_ .docx>

<20160301uthorizationtotrap_ .pdf>



From: Miranda, Leopoldo
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Trapping letter
Date: Friday, September 9, 2016 10:52:41 AM
Importance: High

Thanks Pete! The only thing missing that I need ASAP is the
date of Mr. Covington request... 

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Fri, Sep 9, 2016 at 10:44 AM, Pete Benjamin <pete_benjamin@fws.gov> wrote:
Hi Leo,

I'm not on the office today so it's hard to find thinks, but I think
this was the most recent letter we sent authorizing folks to trap
under our permit.  Let me know if you need something else.



From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Eversen, Michelle
Subject: Re: Trapping letter
Date: Friday, September 9, 2016 11:02:11 AM

I can't find the initial contact but the last communication between my staff and the landowner
was on July 5 at which time they agreed to keep each other updated if anything changed.  Also
I had the name wrong, it is .  Not sure where I got Covington.

Pete Benjamin, US FWS

On Sep 9, 2016, at 10:53 AM, Miranda, Leopoldo <leopoldo_miranda@fws.gov> wrote:

Thanks Pete! The only thing missing that I need ASAP
is the date of Mr. Covington request... 

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this
sender is subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.

On Fri, Sep 9, 2016 at 10:44 AM, Pete Benjamin <pete_benjamin@fws.gov>
wrote:

Hi Leo,

I'm not on the office today so it's hard to find thinks, but I think
this was the most recent letter we sent authorizing folks to trap
under our permit.  Let me know if you need something else.



From: Ryan Nordsven (via Google Sheets)
To: Benjamin, Pete
Cc: Morse, Michael L; Olson, Shaun E; Harrison, Rebecca; Beyer, Arthur; george_colby@fws.gov
Subject: 20140924_RW_RemovalRequestsDatabase.xlsx - Invitation to edit
Date: Friday, September 16, 2016 3:03:51 PM
Importance: High

Ryan Nordsven has invited you to edit the following spreadsheet:

Google Sheets: Create and edit spreadsheets online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a spreadsheet with you

from Google Sheets.



From: Benjamin, Pete
To: Nordsven, Ryan
Cc: Morse, Michael L; Olson, Shaun E; Harrison, Rebecca; Beyer, Arthur; George Colby
Subject: Re: 20140924_RW_RemovalRequestsDatabase.xlsx - Invitation to edit
Date: Friday, September 16, 2016 3:25:23 PM
Importance: High

Thanks Ryan,  

This looks good.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:03 PM, Ryan Nordsven (via Google Sheets) <drive-shares-
noreply@google.com> wrote:

Ryan Nordsven has invited you to edit the following spreadsheet:

Google Sheets: Create and edit spreadsheets online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a spreadsheet with you

from Google Sheets.



From: Nordsven, Ryan
To: Benjamin, Pete
Subject: Re: 20140924_RW_RemovalRequestsDatabase.xlsx - Invitation to edit
Date: Friday, September 16, 2016 3:27:00 PM
Importance: High

K.  Still working on it but should have it complete early next week.

On Fri, Sep 16, 2016 at 3:25 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks Ryan,  

This looks good.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:03 PM, Ryan Nordsven (via Google Sheets) <drive-shares-
noreply@google.com> wrote:

Ryan Nordsven has invited you to edit the following spreadsheet:

Google Sheets: Create and edit spreadsheets online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a spreadsheet with

you from Google Sheets.

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353





From: Benjamin, Pete
To: Nordsven, Ryan
Subject: Re: 20140924_RW_RemovalRequestsDatabase.xlsx - Invitation to edit
Date: Monday, September 19, 2016 1:44:32 PM
Importance: High

I noticed we don't have anything in there regarding Ventures or Beetree.  I can probably provide more
current information regarding Glass.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:27 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
K.  Still working on it but should have it complete early next week.

On Fri, Sep 16, 2016 at 3:25 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks Ryan,  

This looks good.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:03 PM, Ryan Nordsven (via Google Sheets) <drive-shares-
noreply@google.com> wrote:

Ryan Nordsven has invited you to edit the following spreadsheet:

Google Sheets: Create and edit spreadsheets online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a spreadsheet with

you from Google Sheets.



-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Nordsven, Ryan
To: Benjamin, Pete
Subject: Re: 20140924_RW_RemovalRequestsDatabase.xlsx - Invitation to edit
Date: Tuesday, September 20, 2016 9:05:23 AM
Importance: High

Yep I hadn't finished it yet.  Should be able to finish it today.  I'm not sure that we have the
most current info on both Glass and Ferebee.  You've dealt with them more than we have
recently but I'll look and see what we have.

On Mon, Sep 19, 2016 at 1:44 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I noticed we don't have anything in there regarding Ventures or Beetree.  I can probably provide
more current information regarding Glass.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:27 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
K.  Still working on it but should have it complete early next week.

On Fri, Sep 16, 2016 at 3:25 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks Ryan,  

This looks good.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:03 PM, Ryan Nordsven (via Google Sheets) <drive-shares-
noreply@google.com> wrote:

Ryan Nordsven has invited you to edit the following spreadsheet:

 Sheets: Create and edit spreadsheets online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043,

USA



You have received this email because someone shared a spreadsheet

with you from Google Sheets.

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Benjamin, Pete
To: Nordsven, Ryan
Subject: Re: 20140924_RW_RemovalRequestsDatabase.xlsx - Invitation to edit
Date: Tuesday, September 20, 2016 9:49:46 AM

Do your best with those two, and I'll try to fill in the blanks.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Sep 20, 2016 at 9:05 AM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
Yep I hadn't finished it yet.  Should be able to finish it today.  I'm not sure that we have the
most current info on both Glass and Ferebee.  You've dealt with them more than we have
recently but I'll look and see what we have.

On Mon, Sep 19, 2016 at 1:44 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I noticed we don't have anything in there regarding Ventures or Beetree.  I can probably provide
more current information regarding Glass.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:27 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
K.  Still working on it but should have it complete early next week.

On Fri, Sep 16, 2016 at 3:25 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks Ryan,  

This looks good.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Sep 16, 2016 at 3:03 PM, Ryan Nordsven (via Google Sheets) <drive-shares-
noreply@google.com> wrote:



Open in Sheets

Google Sheets: Create and edit spreadsheets online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043,

USA

You have received this email because someone shared a

spreadsheet with you from Google Sheets.

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From:
To: Nordsven, Ryan
Cc: Benjamin, Pete; Miranda, Leopoldo
Subject: 3rd request for a "TAKE" permit of so-called Red Wolf (Coywoof) on my PRIVATE property!Re: more info

requested 7-12-2016 RE: Thanks! 7-5-2016 RE: Follow-up
Date: Saturday, September 24, 2016 9:53:06 PM
Importance: High

REPEATED REQUEST FOR A TAKE PERMIT!!!

TWO days ago!  This was on the path that comes up behind the children's
"treehouse/playhouse".  I do not see a collar!

Hello Ryan,

Please take appropriate action to allow a take permit for me and/or my designated
representative to remove these illegal predators from my property.   What do I need to do to
obtain said take permit?

Thanks!

From: Nordsven, Ryan <ryan_nordsven@fws.gov>
Sent: Wednesday, July 13, 2016 9:27 AM
To: 
Cc: Pete Benjamin
Subject: Re: more info requested 7-12-2016 RE: Thanks! 7-5-2016 RE: Follow-up
 
Good morning ,

I'll try to address you're first few questions/comments as best I can, but I copied my
supervisor, Pete Benjamin, on this to let him respond to your request for a take permit since
I'm not the one who issues those.

If you have a coyote hunting permit you are free of course to shoot any coyote on your
property, but, similar to duck hunting, you need to know your target.  A small 25-30 lb adult
canid is likely a coyote whereas a larger 50-60 lb animal is likely a wolf.  I understand that this
can be difficult to determine from a distance but since wolves are still a protected species I
can only advise to use caution.  There could potentially be wolves or coyotes roaming that
have non-functioning radio-collars.  This typically happens when the batteries die before we
can re-capture the animal and replace its collar.  I'm not aware of any in the vicinity of your
property at this time but it is certainly possible.  Similarly, there are most likely some wolves
roaming the recovery area without radio-collars as well. We have always radio-collared every
wolf we capture before releasing it, but of course it is very possible that there are wolves that



have avoided capture over the years.  We will do our best to determine what animals are
using your property during the coming weeks using telemetry and whatever photos you
capture on your trail cameras.

Just out of curiosity, have you seen or gotten photos of any additional canids on your property
since our visit?  All of our telemetry flights since then have located the Beech Ridge wolves
north of Hwy 264 and well away from your property, but we will of course continue
monitoring and let you know if that changes.  Once the weather cools enough to trap,
assuming there is still evidence of wolves using your property, we can certainly begin a
trapping effort.

Thanks .  Like I said I'll let Pete address your request for a take permit.

Ryan

On Tue, Jul 12, 2016 at 10:39 PM, > wrote:
Ryan,

Been thinking about the situation of the unwanted wolves & coyotes on my property.

Following are some comments and some questions for you.

I have a coyote hunting permit but cannot afford to take one since there is apparently
some confusion as to identity of coyote versus wolf?
You commented that probably my request for radio frequencies would not be allowed
and would not work anyway on our dog scanners.
Are any wolves or coyotes roaming that have a "non-functioning" collar because of
dead batteries or other causes?
Are there any wolves roaming without collars?
Since you don't trap in the hot weather, what process is required for me to obtain a
"take" permit so if I see a coyote/wolf I can take action?
Can I also get a "take" permit for my representative(s) so they can help me protect my
property?

Thanks Ryan!

Thanks.....................stay  hydrated & cool!  It's that time of year!



From: ryan_nordsven@fws.gov
Date: Wed, 6 Jul 2016 09:17:14 -0400
Subject: Re: Thanks! 7-5-2016 RE: Follow-up
To: 

, I passed your request on up my supervisory chain.  Making frequencies available to
the public is not something we have ever done, as this could potentially put the safety of
the animals at risk. I believe our agency law enforcement agents would object to giving
them out as well.  At any rate, it is my understanding that the frequency range we use can
not be detected by receivers available to the public, so your dog scanners would most likely
not detect them anyway.  Let me know if there's anything else I can do in the meantime.

Thanks,

Ryan

On Tue, Jul 5, 2016 at 8:51 PM, > wrote:

Thanks Ryan!

Thanks for your visit last week & the professional way that you have
responded to my request!

As agreed we will update each other if more activity on my property.

Also, I would like to know if a scanning frequency can be shared with me to
see if our dog scanners can notify me?

Thanks & definitely it is a week to stay  hydrated & cool!

From: ryan_nordsven@fws.gov
Date: Tue, 5 Jul 2016 15:47:42 -0400
Subject: Follow-up
To: 



Hi ,

I just wanted to follow up on our visit last week regarding the red wolves
on/near your property.  I conducted a telemetry flight late last week, and my
co-worker Michael had one this morning.  On both flights, the pair of wolves in
question were located well north west of your property - north of Beech Ridge
road.  After seeing your trail camera photos last week, I believe the wolves
have been on your property at times during the last few months, but based on
current and past telemetry, I don't think that your property is part of their
'core territory', or that they likely spend a lot of time there (or south of Hwy
264 in general).  I will continue to monitor from the air, however, and update
you if and when I do locate them on your property.  That way we can discuss
whether a trapping effort is warranted when the weather finally cools off. 
Also, in the meantime, please feel free to share any additional photos or any
other documentation you may have of the wolves using your property.

Thanks J .  Stay cool out there.

Ryan

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Eversen, Michelle
To: Benjamin, Pete
Subject: Fwd: 3rd request for a "TAKE" permit of so-called Red Wolf (Coywoof) on my PRIVATE property!Re: more info

requested 7-12-2016 RE: Thanks! 7-5-2016 RE: Follow-up
Date: Tuesday, September 27, 2016 9:50:51 AM
Importance: High

Pete,

I believe you already have this one but wanted to make sure.  

We need to send an update to DOJ for them to send to the plaintiffs regarding all requests.  

If you recall I suggested a table format.  We can include the last report, I think that was a
couple weeks ago.  Then the latest which we shoot to get done this week.  

I can work on the table.   Who should I send it to? - Mike or Ryan?

Call me if you have any questions? 

Michelle

Sent from my iPhone

Begin forwarded message:

From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
To: Michelle Eversen <michelle_eversen@fws.gov>
Subject: Fwd: 3rd request for a "TAKE" permit of so-called Red Wolf
(Coywoof) on my PRIVATE property!Re: more info requested 7-12-2016
RE: Thanks! 7-5-2016 RE: Follow-up



From: Morse, Michael L
To: Benjamin, Pete
Subject: RW Fall/Winter Field Priorities [Draft]
Date: Thursday, November 3, 2016 1:43:53 PM
Attachments: Draft RWP Fall Priorities.docx
Importance: High

This is what I have for now.  I want you to take a quick look at it and see if anything jumps
out. Some of it might b a bridge too far but, it's nice to look down the road a bit.  Ryan &
Shaun have it now and are looking over it too - I will make any changes they offer and get a
final copy to you by Friday.  Thank you.

Regards,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



Fall/Winter Red Wolf Program Field Priorities. 

Milltail Pack (Dare Co./ARNWR) 

Note: 7 red wolf pups confirmed at den (spring - 2016).  Three pups confirmed in territory by trail 
cameras during August/September - 2016.  

1). Camera surveys to verify continued presence of Milltail Pack pups (Nov 1 – Dec 25, 2016). 

2). Capture and radio-collar (VHS) any Milltail pups from 2016 (Jan 1 – Jan 30, 2017).  

3). All 5 radio collared members of the Milltail Pack were radio-collared on or about 12/2013.  These five 
animals may also be re-collared if deemed appropriate and the opportunity presents itself while 
trapping for pups. 

 

Ventures Pack (Hyde Co./ Private land). 

Note: Occurrence of 2 hybrid litters (2015 and/or 2016) on or adjacent to Mattamuskeet Ventures (MV). 

1). Develop agreement with MV owners to allow trapping and removal of suspected hybrid animals. 

2). Agreement states that any wolves captured must be released onsite (as per pending injunction). 

3). Ensure adequate temporary holding of suspected hybrids until genetic analysis is complete.   

4). Clarify w/ court order the Service’s ability to radio-collar wolves prior to re-release if captured. 

5). Discuss with MV owners and the NCWRC, feasibility of the Commission conducting several (?) annual 
spotlight surveys and a deer herd health evaluation via. autumn APC values (involve NCSU Vet School) on 
MV deer herd.   

6). Discuss with MV owners and the NCWRC, feasibility (usefulness) of capturing, sterilizing and releasing 
coyotes (in lieu of removal) on MV in an effort to implement study of deer fawn survival.   



From: Morse, Michael L
To: Benjamin, Pete
Subject: RW Fall/Winter Priorities
Date: Monday, November 7, 2016 3:27:43 PM
Attachments: RWP 2016 Fall Priorities.docx
Importance: High

Pete,
No one here had any comments or changes so here is our planned priorities list (unchanged). 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



Fall/Winter Red Wolf Program Field Priorities. 

Milltail Pack (Dare Co./ARNWR) 

Note: 7 red wolf pups confirmed at den (spring - 2016).  Three pups confirmed in territory by trail 
cameras during August/September - 2016.  

1). Camera surveys to verify continued presence of Milltail Pack pups (Nov 1 – Dec 25, 2016). 

2). Capture and radio-collar (VHS) any Milltail Pack pups from 2016 (Jan 1 – Jan 30, 2017).  

3). All 5 radio collared members of the Milltail Pack were radio-collared on or about 12/2013.  These five 
animals may also be re-collared if deemed appropriate and the opportunity presents itself while 
trapping for pups. 

 

Ventures Pack (Hyde Co./ Private land). 

Note: Occurrence of 2 hybrid litters (2015 and/or 2016) on or adjacent to Mattamuskeet Ventures (MV). 

1). Develop agreement with MV owners to allow trapping and removal of suspected hybrid animals. 

2). Agreement states that any wolves captured must be released onsite (as per pending injunction). 

3). Ensure adequate temporary holding of suspected hybrids until genetic analysis is complete.   

4). Clarify w/ court order the Service’s ability to radio-collar wolves prior to re-release if captured. 

5). Discuss with MV owners and the NCWRC, feasibility of the Commission conducting several (?) annual 
spotlight surveys and a deer herd health evaluation via. autumn APC values (involve NCSU Vet School) on 
MV deer herd.   

6). Discuss with MV owners and the NCWRC, feasibility (usefulness) of capturing, sterilizing and releasing 
coyotes (in lieu of removal) on MV in an effort to implement study of deer fawn survival.   



From: Benjamin, Pete
To: Eversen, Michelle; Miranda, Leopoldo
Cc: Weller, Emily
Subject: Proposed Red Wolf Field Work for this Winter
Date: Thursday, November 17, 2016 7:51:40 AM

Howdy,

I'm going to be having lunch with Jamin Simmons of Mattamuskeet Ventures tomorrow.  One thing we
plan to discuss is what (if any) work we can do on their property this winter.  As you'll recall, last
winter they asked that all wolves be removed from their property.  In addition to two wolves, 4 hybrids
were captured.  Subsequent blood work determined that they were from two separate litters,
indicating that we have at least two mixed pairs in that vicinity and an undetermined number of mixed
offspring.  

My guys would like to (with the landowners written consent of course) trap the property this winter
with the objectives of identifying and removing hybrids, collaring and releasing any wolves, and finding
and removing the mixed pairs.  We will need to hold any suspect animals at the REC while blood is
being analyzed.  Hybrids and coyotes would be removed, wolves would be collared and returned.  

I plan to discuss the subject of placeholders with Jamin as well, but it's totally up to him.  He will
almost certainly prefer that all coyotes be removed.   

These measures appear to fit within the bounds of the injunction wherein we can move animals for
genetic purposes.  We obviously need the DOI, DOJ, plaintiffs and Judge to agree.  Work would likely
start in January after deer season, so I'd like to get the ball rolling on the needed coordination now -
hence this email.  

Additionally, the Milltail pack (on Alligator River NWR) had 7 puppies this spring.  The guys would like
to try to capture and collar those animals and check the collars on any of the adults they may capture. 
However, they are very reluctant to deploy the GPS collars on this pack (which occurs completely
within the refuge) due to the truly awful experience we had with the GPS collared animals this past
year.  

What are your thoughts, and what are the next steps?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Benjamin, Pete
To: Jamin Simmons; Tom Harrison
Subject: Re: Follow-up
Date: Friday, November 25, 2016 10:10:06 AM
Importance: High

Hi guys,

I hope you had a great Thanksgiving.  Jamin, sorry I missed you last Friday.  If you want me to attend
your board meeting on Monday, please let me know the time and place.  Otherwise, I'll try to catch up
with you later in the week.  

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Nov 16, 2016 at 3:53 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Great, should I meet you at your office where we met before around noon on Friday?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Nov 16, 2016 at 3:45 PM, <bcs@mmc-nc.com> wrote:
please plan on coming by for lunch

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Re: Follow-up



From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Wed, November 16, 2016 7:15 am
To: Tom Harrison <harrison@greenvillenc.com>
Cc: Jamin Simmons <bcs@mmc-nc.com>, Tom Harrison
<harrison@plymouthnc.com>

If you guys see any need/desire to have me attend the 28th meeting just let me know. 
In the meantime, I've proposed to my Regional leadership that I'd like to work (with your
permission of course) on Mattamuskeet Ventures this winter to identify and remove those
hybrid animals and the breeding pairs (at least the coyotes) that produced them.  Let me
know your thoughts on that.  Just about anything we do that involves laying hands on
wolves needs to be run through the lawyers, so I need to have the plan formulated soon
to allow time for all the necessary coordination and approvals.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this
sender are subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.

On Tue, Nov 15, 2016 at 12:47 PM, Tom Harrison
<harrison@greenvillenc.com> wrote:

I will be in Burgaw on Friday.  A phone call would work best.  But we have
not had a Mattamuskeet Ventures meeting to discuss our plan with our
partners yet.  We have a meeting scheduled for Nov. 28th.

Tom

Sent from my iPhone

On Nov 15, 2016, at 11:01 AM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Hi guys, 

Hope your hunting seasons are off to a good start.  My is going slowing mostly
due to the fact that my priorities are in wrong place and I'm spending too
much time in Raleigh.  

At any rate I'd like to discuss next steps with you; both in regard to our
dinner conversation and also about what we may be able to do specifically
on Mattamuskeet Ventures this winter regarding canid management.  I'd
prefer to do it by phone.  Is there a time when you would be available for a
short call this week?  Alternatively, I'm hoping to get over the Tyrrell County
this Friday and could maybe meet you guys somewhere.  Let me know what
works.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office



U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and
from this sender are subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties. 



From: bcs@mmc-nc.com
To: Benjamin, Pete
Subject: RE: Follow-up
Date: Friday, November 25, 2016 5:51:54 PM
Importance: High

1:00 my home

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Re: Follow-up
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Fri, November 25, 2016 8:10 am
To: Jamin Simmons <bcs@mmc-nc.com>, Tom Harrison
<harrison@greenvillenc.com>

Hi guys,

I hope you had a great Thanksgiving.  Jamin, sorry I missed you last Friday.  If you want me to
attend your board meeting on Monday, please let me know the time and place.  Otherwise,
I'll try to catch up with you later in the week.  

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender
are subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

On Wed, Nov 16, 2016 at 3:53 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Great, should I meet you at your office where we met before around noon on Friday?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606



Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender
are subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

On Wed, Nov 16, 2016 at 3:45 PM, <bcs@mmc-nc.com> wrote:
please plan on coming by for lunch

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Re: Follow-up
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Wed, November 16, 2016 7:15 am
To: Tom Harrison <harrison@greenvillenc.com>
Cc: Jamin Simmons <bcs@mmc-nc.com>, Tom Harrison
<harrison@plymouthnc.com>

If you guys see any need/desire to have me attend the 28th meeting just let
me know.  In the meantime, I've proposed to my Regional leadership that I'd
like to work (with your permission of course) on Mattamuskeet Ventures this
winter to identify and remove those hybrid animals and the breeding pairs (at
least the coyotes) that produced them.  Let me know your thoughts on that. 
Just about anything we do that involves laying hands on wolves needs to be run
through the lawyers, so I need to have the plan formulated soon to allow time
for all the necessary coordination and approvals.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from
this sender are subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

On Tue, Nov 15, 2016 at 12:47 PM, Tom Harrison
<harrison@greenvillenc.com> wrote:

I will be in Burgaw on Friday.  A phone call would work best.  But we
have not had a Mattamuskeet Ventures meeting to discuss our plan
with our partners yet.  We have a meeting scheduled for Nov. 28th.

Tom



Sent from my iPhone

On Nov 15, 2016, at 11:01 AM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Hi guys, 

Hope your hunting seasons are off to a good start.  My is going
slowing mostly due to the fact that my priorities are in wrong place
and I'm spending too much time in Raleigh.  

At any rate I'd like to discuss next steps with you; both in regard to
our dinner conversation and also about what we may be able to do
specifically on Mattamuskeet Ventures this winter regarding canid
management.  I'd prefer to do it by phone.  Is there a time when
you would be available for a short call this week?  Alternatively, I'm
hoping to get over the Tyrrell County this Friday and could maybe
meet you guys somewhere.  Let me know what works.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to
and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third
parties.



From: Benjamin, Pete
To: bcs@mmc-nc.com
Subject: Re: Follow-up
Date: Friday, November 25, 2016 6:01:47 PM
Importance: High

Thx.  I'll be there. 

Pete Benjamin, US FWS

On Nov 25, 2016, at 5:52 PM, "bcs@mmc-nc.com" <bcs@mmc-nc.com> wrote:

1:00 my home

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Re: Follow-up
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Fri, November 25, 2016 8:10 am
To: Jamin Simmons <bcs@mmc-nc.com>, Tom Harrison
<harrison@greenvillenc.com>

Hi guys,

I hope you had a great Thanksgiving.  Jamin, sorry I missed you last Friday.  If
you want me to attend your board meeting on Monday, please let me know the
time and place.  Otherwise, I'll try to catch up with you later in the week.  

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from
this sender are subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

On Wed, Nov 16, 2016 at 3:53 PM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Great, should I meet you at your office where we met before around noon on



Friday?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from
this sender are subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

On Wed, Nov 16, 2016 at 3:45 PM, <bcs@mmc-nc.com> wrote:
please plan on coming by for lunch

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Re: Follow-up
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Wed, November 16, 2016 7:15 am
To: Tom Harrison <harrison@greenvillenc.com>
Cc: Jamin Simmons <bcs@mmc-nc.com>, Tom Harrison
<harrison@plymouthnc.com>

If you guys see any need/desire to have me attend the 28th
meeting just let me know.  In the meantime, I've proposed to my
Regional leadership that I'd like to work (with your permission of
course) on Mattamuskeet Ventures this winter to identify and
remove those hybrid animals and the breeding pairs (at least the
coyotes) that produced them.  Let me know your thoughts on
that.  Just about anything we do that involves laying hands on
wolves needs to be run through the lawyers, so I need to have the
plan formulated soon to allow time for all the necessary
coordination and approvals.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



NOTE: This email correspondence and any attachments
to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third
parties.

On Tue, Nov 15, 2016 at 12:47 PM, Tom Harrison
<harrison@greenvillenc.com> wrote:

I will be in Burgaw on Friday.  A phone call would work
best.  But we have not had a Mattamuskeet Ventures
meeting to discuss our plan with our partners yet.  We
have a meeting scheduled for Nov. 28th.

Tom

Sent from my iPhone

On Nov 15, 2016, at 11:01 AM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Hi guys, 

Hope your hunting seasons are off to a good start.  My
is going slowing mostly due to the fact that my
priorities are in wrong place and I'm spending too
much time in Raleigh.  

At any rate I'd like to discuss next steps with you;
both in regard to our dinner conversation and also
about what we may be able to do specifically on
Mattamuskeet Ventures this winter regarding canid
management.  I'd prefer to do it by phone.  Is there a
time when you would be available for a short call this
week?  Alternatively, I'm hoping to get over the
Tyrrell County this Friday and could maybe meet you
guys somewhere.  Let me know what works.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any
attachments to and from this sender are
subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties. 



From: bcs@mmc-nc.com
To: Benjamin, Pete; Tom Harrison
Subject: RE: Follow-up
Date: Sunday, November 27, 2016 8:12:14 AM
Importance: High

Pete try to be there at 12:15 for lunch

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Re: Follow-up
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Fri, November 25, 2016 8:10 am
To: Jamin Simmons <bcs@mmc-nc.com>, Tom Harrison
<harrison@greenvillenc.com>

Hi guys,

I hope you had a great Thanksgiving.  Jamin, sorry I missed you last Friday.  If you want me to
attend your board meeting on Monday, please let me know the time and place.  Otherwise,
I'll try to catch up with you later in the week.  

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender
are subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

On Wed, Nov 16, 2016 at 3:53 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Great, should I meet you at your office where we met before around noon on Friday?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606



Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender
are subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

On Wed, Nov 16, 2016 at 3:45 PM, <bcs@mmc-nc.com> wrote:
please plan on coming by for lunch

Ben "Jamin" Simmons
President
Mattamuskeet Management & Consulting
8630 Piney Woods Road
Fairfield, NC 27826
bcs@mmc-nc.com
(252) 945-9445
 

-------- Original Message --------
Subject: Re: Follow-up
From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: Wed, November 16, 2016 7:15 am
To: Tom Harrison <harrison@greenvillenc.com>
Cc: Jamin Simmons <bcs@mmc-nc.com>, Tom Harrison
<harrison@plymouthnc.com>

If you guys see any need/desire to have me attend the 28th meeting just let
me know.  In the meantime, I've proposed to my Regional leadership that I'd
like to work (with your permission of course) on Mattamuskeet Ventures this
winter to identify and remove those hybrid animals and the breeding pairs (at
least the coyotes) that produced them.  Let me know your thoughts on that. 
Just about anything we do that involves laying hands on wolves needs to be run
through the lawyers, so I need to have the plan formulated soon to allow time
for all the necessary coordination and approvals.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from
this sender are subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

On Tue, Nov 15, 2016 at 12:47 PM, Tom Harrison
<harrison@greenvillenc.com> wrote:

I will be in Burgaw on Friday.  A phone call would work best.  But we
have not had a Mattamuskeet Ventures meeting to discuss our plan
with our partners yet.  We have a meeting scheduled for Nov. 28th.

Tom



Sent from my iPhone

On Nov 15, 2016, at 11:01 AM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Hi guys, 

Hope your hunting seasons are off to a good start.  My is going
slowing mostly due to the fact that my priorities are in wrong place
and I'm spending too much time in Raleigh.  

At any rate I'd like to discuss next steps with you; both in regard to
our dinner conversation and also about what we may be able to do
specifically on Mattamuskeet Ventures this winter regarding canid
management.  I'd prefer to do it by phone.  Is there a time when
you would be available for a short call this week?  Alternatively, I'm
hoping to get over the Tyrrell County this Friday and could maybe
meet you guys somewhere.  Let me know what works.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to
and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third
parties.



From: Benjamin, Pete
To: Morse, Michael L; Nordsven, Ryan; Olson, Shaun E; George Colby; Harrison, Rebecca; Beyer, Arthur; Lanier,

Scott; Phillips, Howard; Weller, Emily
Subject: Red Wolf Updates
Date: Thursday, December 8, 2016 11:37:32 AM

Hello all,

I'll start by saying that communication has not be great of late.  I take my share of the responsibility
for that, as there are definitely things that I know and have known for some time which I have failed to
share in a timely fashion.  So, in a effort to start to fill the information void I offer the following.

As you know, the Service announced our plans for the future direction of the red wolf recovery
program back in September.  The plan commits the agency to completing a number of tasks of the
coming year or two.  These include completing a Species Status Assessment, 5-year review, and rule
revision (with accompanying EIS) along with working with partners to expand capacity within the SSP.  

Emily Weller has come on board as the new Regional Red Wolf Recovery Lead.  Her email address in
above and her phone number is 337-291-3090.  She is tasked with shepherding these projects along.  In
that capacity she (with a tiny bit of help from Aaron Valenta and myself) has been working to develop
work plans for each of the above projects that break them into discrete tasks, identify critical due
dates and milestones and identify the staff and management roles and responsibilities and resource
needs.  It's, as you can guess, really complicated, and she's doing a great job.  I'm guessing that
everyone included in this email (and others) will have a role or roles to play in completing these
projects.  That said, I don't intend to hand anyone a bunch of work before discussing it with you and
your line of supervision.  We need to get Emily out the eastern NC to meet everyone, but that probably
won't happen until after the new year.   

In the meantime I've been working with the folks from Mattamuskeet Ventures regarding potential work
this winter targeted at removing additional hybrid animals from the property along with finding the
source of those animals.  Additionally, we are in discussions regarding a new framework that would
regain the support of them and their neighbors regarding wolves on private lands.  There's a lot more I
want to say about that, but not in an email. 

Oh, and I'm still working feverishly to hire a new supervisor for the Manteo office.  No news yet, but
soon I hope.  I intend to remain the main point of contact for the SSP at least until we have a new
leader in place in Manteo.  

There's a lot of moving parts and a good deal of confusion.  That will persist, but I have a lot of
confidence in Emily's ability to guide this and I'm super happy to have her on the team.  I'm planning to
be in Manteo next Thursday and am hoping we can set up a phone call with Emily that afternoon as a
means of making introductions and to discuss this stuff in a bit more detail.  In the meantime, if you
have questions please don't hesitate to call me or Emily.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Morse, Michael L
To: Benjamin, Pete; Eversen, Michelle
Subject: Wild wolf placed in pen at Sandy Ridge
Date: Friday, December 30, 2016 2:34:53 PM
Importance: High

Pete,
I received a phone call this morning from a private trapper who said he thought he had just
captured a wild red wolf and ask that I come take it.  I drove to Plymouth and met with the
young trapper ( /NCSU student).  It looks like an adult red wolf to me but, as
you & I discussed, in order to comply with the court order and release the animal, I need to
confirm the ID.  The wolf was placed in a secure pen at Sandy Ridge today and will be fully
processed during our annual health checks early next week.  I'll send off the blood sample on
Tuesday and rush the genetic results asap and let you know when they come back.  Thank you.

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Eversen, Michelle; Weller, Emily
Subject: Winter work on Mattamuskeet Ventures
Date: Tuesday, January 3, 2017 12:47:38 PM
Attachments: Winter 2017 Work on Mattamuskeet Ventures.docx
Importance: High

Hello again, 

Here is the proposed plan for work this winter on Mattamuskeet Ventures.  It is a bit time sensitive
because we are in trapping season as we speak.  I should have gotten this done over the holidays
but....   I have also included language to address animals caught by private trappers elsewhere in the
NEP area (as was the case last week).  We will need to run this through leadership and by SOL, DOJ and
maybe the court.  Please provide any feedback and let me know the path forward.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



DRAFT – Pre-decisional, Not for Public Release 
 

Plan for Identifying and Removing Hybrid Canids from Mattamuskeet Ventures – Winter 2017 
 
In the winter of 2016 efforts were made (by a private trapper) to capture and remove red wolves 
from the 11,000-acre Mattamuskeet Venture property and the adjacent Lux Farms in Hyde 
County, NC.  In addition to two red wolves and several coyotes the effort yielded four red wolf x 
coyote hybrids.  Subsequent genetic analysis revealed that the hybrid animals were the products 
of two separate mixed breeding pairs.  The members of these mixed breeding pairs have not been 
identified but they are not believed to be any of the other canids removed from the properties last 
year.  As such, it is highly likely that these breeding pairs remain intact and that additional 
hybrid animals are present in the area.   
 
Hybrid canids pose a risk to the genetic integrity of the wild red wolf population, and are not 
desired by landowners.  As such, there is a desire on the part of both the landowners and the 
Service to identify and remove from the wild any hybrid animals and to neutralize the mixed 
breeding pairs that are producing them. This is consistent with the component of our Section 
10(j) rule (50 CFR Part 17.84(c)) which states: “(5) Any employee or agent of the Service or 
State conservation agency who is designated for such purposes, when acting in the course of 
official duties, may take a red wolf if such action is necessary to:… (iv) Move an animal for 
genetic purposes.” 
 
Accordingly, we propose to conduct trapping on Mattamuskeet Ventures and Lux Farms for the 
purpose of identifying and removing hybrid canids and to identify and remove or sterilize the 
coyote members of any mixed pairs found on these properties.  This proposed action is confined 
to these properties as they represent the only known locations of reproductively active mixed 
canid pairs in the NEP area at this time.  In the event a canid is captured the following will occur. 
 
For trapping conducted by Service and/or NCWRC personnel:   

• Captured coyotes will be humanely euthanized; 
• Red wolves with functioning collars will be given a field health inspection and released at 

the capture site; 
• Known red wolves without functioning collars (animals with non-functioning collars or 

only pit-tags) will be held temporarily the Red Wolf Health Care and Education Facility 
(REC) for the minimum time needed to conduct a health check and fit the animal with a 
radio collar.  The animal will then be released at the point of capture.   

• Animals of uncertain genetic composition will be held at the REC while genetic analysis 
is conducted.  Animals determined to be coyotes or hybrids will be humanely euthanized.  
Animals determined to be red wolves will be fitted with a radio collar and released as 
soon as possible at the point of capture.  

• If we capture an animal believed to be the non-red wolf member of a breeding pair the 
animal may be euthanized or sterilized based on the desires of the landowner.   

 
For trapping conducted by private trappers: 
 

• The same procedures as above apply with the exception that the trapper must contact 
the Service immediately upon capturing a canid.   



DRAFT – Pre-decisional, Not for Public Release 
 

• Any red wolves or animals of indeterminate heritage must be turned over the Service as 
soon as possible.   

• The Trapper will be reimbursed through the TRAP program for any red wolves 
presented to the Service alive and in good condition (i.e., not injured by trapping 
effort);   

• Animals determined to be coyotes or hybrids will be returned to the trapper.  
• Should a trapper capture an animal believed to be the non-red wolf member of a mixed 

breeding pair and that animal is subsequently confirmed to be a non-red wolf, it may be 
returned to the trapper or sterilized based on the desires of the landowner.   

 
Activities Occurring Outside the Above Properties: 
 
It is trapping season in eastern North Carolina.  Trappers targeting coyotes within the North 
Eastern NC Red Wolf Non-essential Experimental Population area may capture red wolves or 
animals whose identify cannot be readily determined.  Trappers encountering an animal they 
cannot identify are encouraged to contact the Service immediately.  Service personnel will 
inspect the animal for pit tags or collars.  If it is determined to be a coyote or hybrid it will be 
turned over to the trapper.  Red wolves with functioning collars will be given a field health 
inspection and released on site.  Known red wolves without functioning collars will be held by 
the Service for the minimum time needed to conduct health checks and fit collars.  These animals 
will then be released near the capture site.  The trapper will be eligible for reimbursement 
through the NCWRC TRAP Program.  Animals of unknown genetic composition will be held by 
the Service pending genetic analysis.  Animals subsequently determined to be coyotes or hybrids 
will be returned to the trapper.  Animals determined to be red wolves will be fitted with radio 
collars and released near the capture site as soon as possible.  The trapper will be eligible for 
reimbursement through the NCWRC TRAP Program.   
 
We intend to conduct these activities through February of 2017.   
 



From: Morse, Michael L
To: Bryan Hulka
Cc: Benjamin, Pete
Subject: Re-release of captured red wolf
Date: Thursday, January 5, 2017 4:11:12 PM
Importance: High

Brian,

As we discussed, we need written permission to re-release a wild red wolf back into the
Weyerhaeuser timber tract north of Beech Ridge Road (location: 4.5 miles NE of Belhaven,
NC).  

The wolf is part of a red wolf pack that resides in and around that Weyerhaeuser tract.  The
pack has lived in that area for over 10 years.  The 1.5 year-old female was captured last week
by a private trapper and turned over to the Service as per our regulations.   After conducting a
health check and fitting with a radio collar, time has come for her release.  Again - this is not a
captive red wolf or a re-located wild red wolf;  this is a wild, resident animal that we would
like to return to the wild to live with the rest of her pack.  

Thank you for considering this request.

Best regards,

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Hulka, Bryan
To: Morse, Michael L
Cc: Benjamin, Pete; Welch, Aaron
Subject: Re: Re-release of captured red wolf
Date: Friday, January 6, 2017 9:29:23 AM
Importance: High

Michael,
We just discussed this topic and we are fine with the USFWS re-releasing the red wolf on the
tract north of Beech Ridge. 
Hopefully this email will suffice as written permission. 
Let me know if you need anything else. 
Thanks

Bryan Hulka

On Jan 5, 2017, at 4:11 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:

Brian,

As we discussed, we need written permission to re-release a wild red wolf back
into the Weyerhaeuser timber tract north of Beech Ridge Road (location: 4.5
miles NE of Belhaven, NC).  

The wolf is part of a red wolf pack that resides in and around that Weyerhaeuser
tract.  The pack has lived in that area for over 10 years.  The 1.5 year-old female
was captured last week by a private trapper and turned over to the Service as per
our regulations.   After conducting a health check and fitting with a radio collar,
time has come for her release.  Again - this is not a captive red wolf or a re-
located wild red wolf;  this is a wild, resident animal that we would like to return
to the wild to live with the rest of her pack.  

Thank you for considering this request.

Best regards,

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Benjamin, Pete
Subject: Fwd: Re-release of captured red wolf
Date: Friday, January 6, 2017 10:03:18 AM
Importance: High

Good news Pete, it looks like we're good to go for the female's release on Weyerhaeuser
whenever we get the green light.

---------- Forwarded message ----------
From: Hulka, Bryan <Bryan.Hulka@weyerhaeuser.com>
Date: Fri, Jan 6, 2017 at 9:29 AM
Subject: Re: Re-release of captured red wolf
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: "Benjamin, Pete" <pete_benjamin@fws.gov>, "Welch, Aaron"
<Aaron.Welch@weyerhaeuser.com>

Michael,
We just discussed this topic and we are fine with the USFWS re-releasing the red wolf on the
tract north of Beech Ridge. 
Hopefully this email will suffice as written permission. 
Let me know if you need anything else. 
Thanks

Bryan Hulka

On Jan 5, 2017, at 4:11 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:

Brian,

As we discussed, we need written permission to re-release a wild red wolf back
into the Weyerhaeuser timber tract north of Beech Ridge Road (location: 4.5
miles NE of Belhaven, NC).  

The wolf is part of a red wolf pack that resides in and around that Weyerhaeuser
tract.  The pack has lived in that area for over 10 years.  The 1.5 year-old female
was captured last week by a private trapper and turned over to the Service as per
our regulations.   After conducting a health check and fitting with a radio collar,
time has come for her release.  Again - this is not a captive red wolf or a re-
located wild red wolf;  this is a wild, resident animal that we would like to return
to the wild to live with the rest of her pack.  

Thank you for considering this request.

Best regards,

Michael



-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Nordsven, Ryan
To: Benjamin, Pete
Cc: Morse, Michael L
Subject: Re: 2017 Trapper Payments
Date: Friday, January 6, 2017 2:10:24 PM
Attachments: Trapping_Agreement (1).pdf
Importance: High

Pete, just wanted to add that we really need to get a new trapper agreement finalized soon.  Do
you know if this will once again be a joint effort with the NCWRC or are we going it alone? 
If we are going it alone I can try to draft something next week for your approval.  If it is a joint
effort it may be as easy as changing the date on the forms and tweaking them slightly.  Either
way I need to have something to give trappers in the coming days and weeks.  I have attached
last year's agreement as a reference.

In the meantime I will continue to tell them that we can pay them $250 per animal like we did
last year.

Thanks

On Thu, Jan 5, 2017 at 3:29 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Pete,

The trapper who trapped the red wolf on 12/30/16 and reported it is:

This is the animal we believe to be a red wolf and is in a pen at Sandy Ridge awaiting DNA
results.

After talking with you, I relayed that Ryan would be our contact and that the trapper will be
paid between $200 - $250 for turning over the animal to us.  I think it was $250 last year.  

Will the NCWRC be disbursing funds again this year to trappers that we have an agreement
with and do we just amend last years form by changing the dates?  Please let me know what
you think. 

Thanks you,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969



Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



TRAPPER REIMBURSEMENT AUTHORIZATION PROGRAM 
 
 
January 6, 2016 
  

 
This program is established cooperatively by the U.S. Fish and Wildlife Service (Service) 
and the North Carolina Wildlife Resources Commission (Commission) to reimburse private 
citizens for red wolves (Canis rufus) and radio-collared coyotes (Canis latrans) captured 
during lawful, trapping activities.  In order for a private trapper (Trapper) to be receive 
monetary reimbursement, by the following conditions must be met: 
    

1) You must be a licensed trapper with the State of North Carolina and follow all 
trapping regulations set forth by the Commission 
(http://www.ncwildlife.org/Trapping.aspx) and the attached Service Best 
Management Practices.  The 2015-2016 trapping season for counties east of 
Bertie is open December 1, 2015-February 29, 2016. 

2) When a citizen traps a canid, he/she should call the Service (252-473-1132 x 243) 
for animal verification immediately, providing the date and exact location 
(description or GPS coordinates) of animal capture. 

3) The Trapper agrees not to release any radio-collared wild canid or any canid 
believed to be wolf after capture without first contacting the Service for visual 
inspection. 

4) The Trapper will hold any captured radio-collared canid or canid thought to be a 
wolf in an appropriately-sized kennel or wait for a Service biologist to remove the 
canid from the trap.  (The Trapper is expected to not hold or restrain the animal 
via duct tape or rope or other similar method). 

5) If the Service verifies that the canid is indeed a radio-collared canid or red wolf 
trapped in accordance with proper procedures and the animal is alive and found in 
good condition, then paperwork should be completed for reimbursement. The 
Trapper should complete the standard attached invoice, have it signed by Service 
personnel, and submit the signed invoice with a completed W-9 form to the 
Commission. 

a. The W-9 form can be completed prior to submission of an invoice and 
send it to the address on the invoice (Wildlife Management, 1722 Mail 
Service Center, Raleigh, NC 27699-1701) or emailed to Susan Bunn 
(susan.bunn@ncwildlife.org). 

b. Trappers should ensure that the personal information on any submitted 
invoice matches the information they provided in the W-9. Signed, 
completed forms should be returned to Commission at the address on the 
invoice (Wildlife Management, 1722 Mail Service Center, Raleigh, NC 
27699-1701). 

6) The Commission will issue a check to the Trapper upon receipt of the completed 
invoice and W-9. 

 

 



 

  

Compensation for the successful efforts of capturing radio-collared canids or red wolves 
alive and in good condition to the Service is set at $250.  Compensation will not be 
provided for red wolves that are damaged during capture (e.g., broken or severed leg) by the 
Trapper if such damage prohibits the canid from being released when the release of the 
animal is of management value to the Program.  This does not include conditions of the 
animal unrelated to the trapping effort (e.g., mange, hair loss, healed wounds).  
Furthermore, compensation will not be provided when the Trapper does not adhere to the 
conditions of this agreement. Compensation will not be provided to trappers for the capture 
of non-radio collared coyotes.   

 
 
  

 



INVOICE 

North Carolina Wildlife Resources Commission 

Wildlife Management Division 

1722 Mail Service Center 

Raleigh, NC 27699-1700 

(919) 707-0050 /  (919) 707-0067 fax

Date: 

Trappers Name 
Number of Animals 

Trapped 
Location of Trapping Date of Trapping 

Requested Amount 

($250 per animal) 

Trappers Information 

Name: 

Address: 

City: State: 

Zip: 

Phone: (      ) 

Email: www.ncwildlife.org 

Signature of Verifying USFWS Official 

Print: 

GRAND TOTAL 



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Red Wolf Situational Awareness Update
Date: Friday, January 6, 2017 4:28:05 PM
Attachments: 201601231_Mortality_table_website.docx.docx

RW Mortality Pocosin NWR Wash County Final NR 12232016.docx
Winter 2017 Work on Mattamuskeet Ventures.docx

Howdy,

There are three things related to the red wolf NEP that folks should be aware of:

1.  A red wolf was found dead on Pocosin Lakes NWR on December 21, 2016.  The likely cause of death
was gunshot.  A press release was issued asking the public for information that may help in the
investigation of this incident (copy attached).  

2.  A private trapper came across an animal in one of his traps on private property that he suspected
may be a red wolf.  He contacted one of our biologist who met the trapper on site.  The biologist also
suspected the animal to be a red wolf, but could not verify on-site (the animal was not collared or pit-
tagged).  So, he took possession of the animal in order to make a positive ID.  We are holding the
animal pending genetic analysis.  Preliminary information indicates it is an adult female red wolf. 
Once confirmed, our intent is to pit-tag and collar the animal and release it at or near the point of
capture (with written permission if the release is on private lands). We are enjoined from removing
wolves from private lands; however the injunction does not provide clear guidance regarding what to
do in cases such as this when the identify of the animal is not known.   We have drafted a set of
procedures to follow for such events in the future (attached along with a proposal for work on other
private lands this winter).  Please review and advise regarding approval of these procedures.  

3.  It has been quite some time since we updated the population and mortality data on our website. 
Attached are the data, updated through December 2016.  These data are highly sought after by the
public and we have been receiving inquiries regarding its availability and will likely receive FOIA
requests soon.  I'd like to post the information to our website; however, be advised that the
information regarding the number of deaths and the downward estimate of the population size will
likely draw a strong public reaction.  Please review and advise regarding approval to post this
information.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



 
Updated December 31,  2016 

Table 1.  Causes of mortality in wild red wolves (Canis rufus) 2013-2016. 

Cause of Death # of Total 
Mortalities 

2013 

# of Total 
Mortalities 

2014 

# of Total 
Mortalities 

2015 

# of Total 
Mortalities 

2016 
Natural 
          Health-related 

 
 

 
3 

  
1          1  

          Intraspecific competition     
Human-related      
          Management-related actions  2   
          Non-management-related actions 1 2 2   
          Vehicle strike 3 3  2 
          Suspected or confirmed gunshot 9 4 4           3  
          Poison   1   
Unknown     
          Lack of biomaterial   1 5 2  
          Suspected illegal take 2  3   
          Pending necropsies    1  1  
Total Mortalities 15 15 17 9 
Population Estimates     
          Known wild red wolves (End of Year) 66 62 45 22 
          Estimated total wild red wolves 90-110 90-110 50-75 25-48 

 
Definitions: 
 
Health-related:  mortality as a result of acute illness, disease (e.g., heartworm, mange), starvation, and old age. 
 
Intraspecific competition: injuries caused by other red wolves. 
 
Lack of biomaterial:  mortalities in which not enough of the carcass remains (e.g., partial skeleton or hair mat) to 
determine cause of death. 
 
Management-related actions:  mortality related to USFWS conservation actions, including trapping, denning, 
monitoring, handling, and animal processing. 
 
Non-management-related actions:  mortality related to private trapping. 
 
Pending necropsies: cause of death initially undetermined; waiting for official necropsy results 
 
Suspected or confirmed gunshots:  mortality related to gunshot.  Most of these cases are ongoing investigations 
with the USFWS Office of Law Enforcement.  Confirmed cases include official necropsy results and/or x-rays 
showing evidence of gunshot, or when the mortality was reported by the shooter as mistaken identity (e.g., 
coyote) or as a threat to life or property. 
 
Suspected illegal take:  evidence of foul play exists (e.g., a cut or removed radio-telemetry collar), but cause of 
death has not yet been determined.  These cases may include ongoing investigations with USFWS Office of Law 
Enforcement.  Take is defined as “harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to 
attempt to engage in any such conduct” (Endangered Species Act of 1973, as amended). 



 
Updated December 31,  2016 

 
Vehicle:  mortality sustained from the collision with a motor vehicle (including farm equipment) 
 
For more information on the Red Wolf Recovery Program activities, please visit our website. 



 

 

 
FOR IMMEDIATE RELEASE   Contact:  Jeff Fleming 

`        (404) 679-7287 
         Jeffrey_M_Fleming@fws.gov 

 
Federal Officials Seek Assistance in Investigation of 

Red Wolf Death 
 

A federally-protected red wolf was found dead on Pocosin Lakes National Wildlife Refuge in Washington 
County, North Carolina, on December 21, and the U.S. Fish and Wildlife Service needs your help in the 
investigation of the red wolf’s death by gun shot.  
 
Based on the condition of the body and other evidence, the actual date of death is estimated to be Dec. 19, 
2016. Initial examination and radiographs indicate the cause of death was a gunshot. 
 
The Service is offering a reward of $2,500 for information that leads to the successful prosecution in this 
case.  Anyone with information on the death of this or any other red wolf is urged to contact North 
Carolina Zone Wildlife Officer Frank Simms at 252-216-7504, or Special Agent Jason Keith at 919-856-
4520 x34. 
 
Red wolves on national wildlife refuges are fully protected under the Endangered Species Act.  Found 
anywhere else, red wolves are governed by the rules established in 1995 setting up the experimental, non-
essential population. This means that landowners may be allowed to remove a nuisance red wolf if it 
attacks their livestock or pets. Additionally, a red wolf that is taken incidentally to any type of otherwise 
legal activity (e.g., trapping coyotes following state regulations) on private lands in the red wolf recovery 
area does not constitute a violation of federal regulations provided that the taking is not intentional or 
willful and is reported to the Service within 24 hours.   
 
If someone accidentally kills a red wolf, they must report it by calling the U.S. Fish and Wildlife Service 
toll-free at 1-855-4-WOLVES (1-855-496-5837).  It is important to report red wolf incidents quickly so 
that Service personnel can minimize conflicts and retrieve any carcasses while they are still intact. 
 
To learn more about red wolves and the Service’s efforts to recover them, please visit 
https://www.fws.gov/redwolf/evaluation.html. 
 
The mission of the U.S. Fish and Wildlife Service is working with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people.  For more information on our 
work and the people who make it happen, visit www.fws.gov.  Connect with our Facebook page at 
www.facebook.com/usfwssoutheast, follow our tweets at www.twitter.com/usfwssoutheast, watch our YouTube 
Channel at http://www.youtube.com/usfws and download photos from our Flickr page at 
http://www.flickr.com/photos/usfwssoutheast. 
 
     # # # 
 

 



DRAFT – Pre-decisional, Not for Public Release 
 

Plan for Identifying and Removing Hybrid Canids from Mattamuskeet Ventures – Winter 2017 
 
In the winter of 2016 efforts were made (by a private trapper) to capture and remove red wolves 
from the 11,000-acre Mattamuskeet Venture property and the adjacent Lux Farms in Hyde 
County, NC.  In addition to two red wolves and several coyotes the effort yielded four red wolf x 
coyote hybrids.  Subsequent genetic analysis revealed that the hybrid animals were the products 
of two separate mixed breeding pairs.  The members of these mixed breeding pairs have not been 
identified but they are not believed to be any of the other canids removed from the properties last 
year.  As such, it is highly likely that these breeding pairs remain intact and that additional 
hybrid animals are present in the area.   
 
Hybrid canids pose a risk to the genetic integrity of the wild red wolf population, and are not 
desired by landowners.  As such, there is a desire on the part of both the landowners and the 
Service to identify and remove from the wild any hybrid animals and to neutralize the mixed 
breeding pairs that are producing them. This is consistent with the component of our Section 
10(j) rule (50 CFR Part 17.84(c)) which states: “(5) Any employee or agent of the Service or 
State conservation agency who is designated for such purposes, when acting in the course of 
official duties, may take a red wolf if such action is necessary to:… (iv) Move an animal for 
genetic purposes.” 
 
Accordingly, we propose to conduct trapping on Mattamuskeet Ventures and Lux Farms for the 
purpose of identifying and removing hybrid canids and to identify and remove or sterilize the 
coyote members of any mixed pairs found on these properties.  This proposed action is confined 
to these properties as they represent the only known locations of reproductively active mixed 
canid pairs in the NEP area at this time.  In the event a canid is captured the following will occur. 
 
For trapping conducted by Service and/or NCWRC personnel:   

• Captured coyotes will be humanely euthanized; 
• Red wolves with functioning collars will be given a field health inspection and released at 

the capture site; 
• Known red wolves without functioning collars (animals with non-functioning collars or 

only pit-tags) will be held temporarily the Red Wolf Health Care and Education Facility 
(REC) for the minimum time needed to conduct a health check and fit the animal with a 
radio collar.  The animal will then be released at the point of capture.   

• Animals of uncertain genetic composition will be held at the REC while genetic analysis 
is conducted.  Animals determined to be coyotes or hybrids will be humanely euthanized.  
Animals determined to be red wolves will be fitted with a radio collar and released as 
soon as possible at the point of capture.  

• If we capture an animal believed to be the non-red wolf member of a breeding pair the 
animal may be euthanized or sterilized based on the desires of the landowner.   

 
For trapping conducted by private trappers: 
 

• The same procedures as above apply with the exception that the trapper must contact 
the Service immediately upon capturing a canid.   



DRAFT – Pre-decisional, Not for Public Release 
 

• Any red wolves or animals of indeterminate heritage must be turned over the Service as 
soon as possible.   

• The Trapper will be reimbursed through the TRAP program for any red wolves 
presented to the Service alive and in good condition (i.e., not injured by trapping 
effort);   

• Animals determined to be coyotes or hybrids will be returned to the trapper.  
• Should a trapper capture an animal believed to be the non-red wolf member of a mixed 

breeding pair and that animal is subsequently confirmed to be a non-red wolf, it may be 
returned to the trapper or sterilized based on the desires of the landowner.   

 
Activities Occurring Outside the Above Properties: 
 
It is trapping season in eastern North Carolina.  Trappers targeting coyotes within the North 
Eastern NC Red Wolf Non-essential Experimental Population area may capture red wolves or 
animals whose identify cannot be readily determined.  Trappers encountering an animal they 
cannot identify are encouraged to contact the Service immediately.  Service personnel will 
inspect the animal for pit tags or collars.  If it is determined to be a coyote or hybrid it will be 
turned over to the trapper.  Red wolves with functioning collars will be given a field health 
inspection and released on site.  Known red wolves without functioning collars will be held by 
the Service for the minimum time needed to conduct health checks and fit collars.  These animals 
will then be released near the capture site.  The trapper will be eligible for reimbursement 
through the NCWRC TRAP Program.  Animals of unknown genetic composition will be held by 
the Service pending genetic analysis.  Animals subsequently determined to be coyotes or hybrids 
will be returned to the trapper.  Animals determined to be red wolves will be fitted with radio 
collars and released near the capture site as soon as possible.  The trapper will be eligible for 
reimbursement through the NCWRC TRAP Program.   
 
We intend to conduct these activities through February of 2017.   
 



From: Benjamin, Pete
To: Nordsven, Ryan
Cc: Morse, Michael L; Butts, Matthew T
Subject: Re: 2017 Trapper Payments
Date: Monday, January 9, 2017 3:34:58 PM
Importance: High

Hi guys,

I think we should run everything the same as last year.  I think there is still funding from what we
transferred to WRC last year (Matt can verify).  Not sure what else we need to do to get it running for
this year.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Jan 6, 2017 at 2:10 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
Pete, just wanted to add that we really need to get a new trapper agreement finalized soon. 
Do you know if this will once again be a joint effort with the NCWRC or are we going it
alone?  If we are going it alone I can try to draft something next week for your approval.  If
it is a joint effort it may be as easy as changing the date on the forms and tweaking them
slightly.  Either way I need to have something to give trappers in the coming days and
weeks.  I have attached last year's agreement as a reference.

In the meantime I will continue to tell them that we can pay them $250 per animal like we
did last year.

Thanks

On Thu, Jan 5, 2017 at 3:29 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Pete,

The trapper who trapped the red wolf on 12/30/16 and reported it is:

This is the animal we believe to be a red wolf and is in a pen at Sandy Ridge awaiting
DNA results.



After talking with you, I relayed that Ryan would be our contact and that the trapper will
be paid between $200 - $250 for turning over the animal to us.  I think it was $250 last
year.  

Will the NCWRC be disbursing funds again this year to trappers that we have an
agreement with and do we just amend last years form by changing the dates?  Please let
me know what you think. 

Thanks you,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Butts, Matthew T
To: Benjamin, Pete
Cc: Nordsven, Ryan; Morse, Michael L
Subject: Re: 2017 Trapper Payments
Date: Monday, January 9, 2017 3:43:39 PM
Importance: High

The agreement we have with NCWRC was a modification to an existing agreement. We kind
of added it on to one we already had going. That agreement has a POP going until 6/30/2018.
So we should have almost 2 years left. 

Currently we haven't spent any of the 10k that we distributed for this award. I would say we
just need to change the dates on the form, but the money is definitely there for the state to
invoice us should someone submit for repayment.

Respectfully,

Matthew Butts
Administrative Officer

U.S. Fish and Wildlife Service
Ecological Services - Raleigh Field Office
Office: 919-856-4520 x13  
Cell: 919-418-3188

P.O. Box 33726
Raleigh, NC 27636

Work Schedule

In Office - Tues, Wed, Thurs (9:00A - 5:30P)
Teleworking - Mon, Fri (7:00A - 3:30P)

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 9, 2017 at 3:34 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi guys,

I think we should run everything the same as last year.  I think there is still funding from what we
transferred to WRC last year (Matt can verify).  Not sure what else we need to do to get it running
for this year.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Jan 6, 2017 at 2:10 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
Pete, just wanted to add that we really need to get a new trapper agreement finalized soon. 
Do you know if this will once again be a joint effort with the NCWRC or are we going it
alone?  If we are going it alone I can try to draft something next week for your approval. 
If it is a joint effort it may be as easy as changing the date on the forms and tweaking them
slightly.  Either way I need to have something to give trappers in the coming days and
weeks.  I have attached last year's agreement as a reference.

In the meantime I will continue to tell them that we can pay them $250 per animal like we
did last year.

Thanks

On Thu, Jan 5, 2017 at 3:29 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Pete,

The trapper who trapped the red wolf on 12/30/16 and reported it is:

This is the animal we believe to be a red wolf and is in a pen at Sandy Ridge awaiting
DNA results.

After talking with you, I relayed that Ryan would be our contact and that the trapper will
be paid between $200 - $250 for turning over the animal to us.  I think it was $250 last
year.  

Will the NCWRC be disbursing funds again this year to trappers that we have an
agreement with and do we just amend last years form by changing the dates?  Please let
me know what you think. 

Thanks you,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242



Cell#: (252) 475-8350

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Morse, Michael L
To: Butts, Matthew T
Cc: Benjamin, Pete; Nordsven, Ryan
Subject: Re: 2017 Trapper Payments
Date: Tuesday, January 10, 2017 9:42:34 AM
Importance: High

Thanks Matt.  I'll work on getting the dates in the trappers agreement changed and route it
through the commission foe approval.  

Regards,

Michael

On Mon, Jan 9, 2017 at 3:43 PM, Butts, Matthew <matthew_butts@fws.gov> wrote:
The agreement we have with NCWRC was a modification to an existing agreement. We
kind of added it on to one we already had going. That agreement has a POP going until
6/30/2018. So we should have almost 2 years left. 

Currently we haven't spent any of the 10k that we distributed for this award. I would say we
just need to change the dates on the form, but the money is definitely there for the state to
invoice us should someone submit for repayment.

Respectfully,

Matthew Butts
Administrative Officer

U.S. Fish and Wildlife Service
Ecological Services - Raleigh Field Office
Office: 919-856-4520 x13  
Cell: 919-418-3188

P.O. Box 33726
Raleigh, NC 27636

Work Schedule

In Office - Tues, Wed, Thurs (9:00A - 5:30P)
Teleworking - Mon, Fri (7:00A - 3:30P)

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 9, 2017 at 3:34 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi guys,

I think we should run everything the same as last year.  I think there is still funding from what we
transferred to WRC last year (Matt can verify).  Not sure what else we need to do to get it running



for this year.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Fri, Jan 6, 2017 at 2:10 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
Pete, just wanted to add that we really need to get a new trapper agreement finalized
soon.  Do you know if this will once again be a joint effort with the NCWRC or are we
going it alone?  If we are going it alone I can try to draft something next week for your
approval.  If it is a joint effort it may be as easy as changing the date on the forms and
tweaking them slightly.  Either way I need to have something to give trappers in the
coming days and weeks.  I have attached last year's agreement as a reference.

In the meantime I will continue to tell them that we can pay them $250 per animal like
we did last year.

Thanks

On Thu, Jan 5, 2017 at 3:29 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Pete,

The trapper who trapped the red wolf on 12/30/16 and reported it is:

This is the animal we believe to be a red wolf and is in a pen at Sandy Ridge awaiting
DNA results.

After talking with you, I relayed that Ryan would be our contact and that the trapper
will be paid between $200 - $250 for turning over the animal to us.  I think it was
$250 last year.  

Will the NCWRC be disbursing funds again this year to trappers that we have an
agreement with and do we just amend last years form by changing the dates?  Please
let me know what you think. 



Thanks you,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Captive wolf update
Date: Tuesday, January 10, 2017 5:39:24 PM
Importance: High

We're still waiting to get the genetics back on the suspected red wolf that was turned over to us by a
private trapper.  It terms of eventual release of the animal (assuming it is confirmed to be a wolf)
we've had some additional discussions with Weyerhaeuser.  We approached them about signing a formal
landowner agreement and they expressed reluctance.  The concern is that a full-blown agreement like
we've envisioned would likely trigger and internal legal review that could take considerable time and
may heighten concerns.  

So, I've asked Michael to pursue a scaled-back agreement that is formal, but that only covers this
release.  We will pursue the broader agreement when it is less time sensitive.  What do you think?

Also, the team is of course very concerned about fitting this animal with a GPS collar and they have
raised a very good point in my mind.  This is a breeding-aged female.  It will be very important to be
able to locate her if she exhibits denning behavior this spring.  The way that is done is to track in on
the VHF signal from the ground.  Last summer the VHF component of the GPS collar we put on that
coyote didn't work, so the WRC was unable to close in on the animal when they wanted to terminate
it.  As far as I know that animal is still out there - whereabouts unknown - because the VHF didn't work
and the GPS is now dead.  We can't take those kinds of risks with an animal like this.  Thoughts?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Captive wolf update
Date: Wednesday, January 11, 2017 9:35:42 AM
Importance: High

Pete,

I like the idea of a very tight concise agreement - I still like the idea of the list of activities
with X or  check next to them.  I feel that would be useable for other landowners and still keep
it really simple.  It also spells out with a simple X what they are not ok with. It should be no
more than a page and half in my mind. 

As to the collars - I think this is one of the items we must put on our discussion agenda for the
Manteo meeting.  If the issue is equipment failure - we will need to make that case to both our
management and WRC.  So we will need a a brief write-up as to what we think went wrong
and why it can't be addressed so that we could still use VHF to have real time data.

I am happy to help review this.  

On Tue, Jan 10, 2017 at 5:39 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
We're still waiting to get the genetics back on the suspected red wolf that was turned over to us by a
private trapper.  It terms of eventual release of the animal (assuming it is confirmed to be a wolf)
we've had some additional discussions with Weyerhaeuser.  We approached them about signing a
formal landowner agreement and they expressed reluctance.  The concern is that a full-blown
agreement like we've envisioned would likely trigger and internal legal review that could take
considerable time and may heighten concerns.  

So, I've asked Michael to pursue a scaled-back agreement that is formal, but that only covers this
release.  We will pursue the broader agreement when it is less time sensitive.  What do you think?

Also, the team is of course very concerned about fitting this animal with a GPS collar and they have
raised a very good point in my mind.  This is a breeding-aged female.  It will be very important to be
able to locate her if she exhibits denning behavior this spring.  The way that is done is to track in on
the VHF signal from the ground.  Last summer the VHF component of the GPS collar we put on that
coyote didn't work, so the WRC was unable to close in on the animal when they wanted to terminate
it.  As far as I know that animal is still out there - whereabouts unknown - because the VHF didn't
work and the GPS is now dead.  We can't take those kinds of risks with an animal like this.  Thoughts?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen



Ecological Services Program Supervisor for  KY, TN,  NC, SC, GA, and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service
1875 Century Blvd.
Atlanta, GA. 30345

1-404-679-4108 (Office and Mobile) - also during detail

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Nordsven, Ryan
To: Benjamin, Pete
Subject: Re: News of the day
Date: Thursday, January 12, 2017 9:55:50 AM
Importance: High

Hey Pete.  Thanks for the update.  Just wanted to let you know I probably won't be around for
the public meeting at the end of February.  Sharon and I booked a vacation before I knew
about the meeting.  Headed to Hawaii.  Not sure when or if I'm coming back ;)

Thanks

On Tue, Jan 10, 2017 at 11:06 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hey fellas,

Here are a few updates for you.  

1.  New guy:  Shaun, you are officially off the FNG hook.  I hired Joe Madison to be the supervisor of
the Manteo Office.  He currently works for the Navy at Guantanamo Bay Cuba.  He is on our payroll
as of this week, but will be on detail at his current location until we figure out how to get him out of
there.  The detail can last no more than 90 days, so hopefully we'll get him on station soon.  

2.  Public meetings being scheduled:  Later this month or early in February there will be a notice in
the Federal Register announcing that we are starting to prepare an EIS in conjunction with revising
our Section 10(j) rule.  It will also announce 2 public scoping meetings (Manteo and Swanquarter) to
get public input on what the EIS should cover.  Emily's working to flesh out the format for those
meetings, and we will likely play some role in organizing and/or conducting them.  Stay tuned. 

3.  RO visit:  We are still a go for having Emily, Aaron, Michelle, and others (?) in Manteo January 24
thru 27.  Please block those dates out on the calendar so we have lots of time for getting to know
each other, talking about all these moving parts, and showing Emily around.  

4.  Pending items:  I'm still waiting for feedback/approval from the RO regarding work this winter on
MV, the plan I've hatched to work with MV into the future, and the release of the Beech Ridge
female.  Regarding the last one, I hear what you guys are saying about asking Weyerhaeuser to sign a
lengthy agreement.  I'm with you on that.  We probably need something more that the email
exchange.  Can we come up with a stripped down agreement that looks kind of official, but just
covers this release?  Think about it, and maybe talk to Hulka, but think fast because I don't want this
to get into a drawn out discussion that results in us sitting on this wolf for months.  

That's all I can think of right now, I'm sure there's more.  If you have any questions or thoughts, let
me know.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 



Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Morse, Michael L
To: Benjamin, Pete; Nordsven, Ryan
Subject: Fwd: Trapper Reimbursement Authorization Program Form
Date: Tuesday, January 17, 2017 12:46:28 PM
Attachments: image003.png

image002.png
image004.png
image001.png
Trapper letter 2017.docx

Importance: High

Pete,

I've received the updated Trapper Reimbursement Form (please see attached).  With your
permission, Ryan will be able to have the trapper submit the paperwork to the State for
payment. Thank you.

---------- Forwarded message ----------
From: Pipkin, Kathryn A. <kathryn.pipkin@ncwildlife.org>
Date: Tue, Jan 17, 2017 at 12:29 PM
Subject: RE: Trapper Reimbursement Authorization Program Form
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: "Cobb, David T." <david.cobb@ncwildlife.org>

Michael,

 

Please see attached.

 

Thanks,

Kate Pipkin

Operations Manager

 

NC Wildlife Resources Commission

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699-1700

office: 919-707-0065   //   fax: 919-707-0067    

 

ncwildlife.org 



 

 

           

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 17, 2017 10:00 AM
To: Pipkin, Kathryn A. <kathryn.pipkin@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Trapper Reimbursement Authorization Program Form

 

Hi Kate,

 

I never received the updated form for private trappers to submit for payment for capture of red
wolves.  Can you let me know if you sent it last week?  Thank you.

 

Regards,

 

Michael 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











TRAPPER REIMBURSEMENT AUTHORIZATION PROGRAM  

 

January 12, 2017 

 

This program is established cooperatively by the U.S. Fish and Wildlife Service (Service) and the 
North Carolina Wildlife Resources Commission (Commission) to reimburse private citizens for 
red wolves (Canis rufus) and radio-collared coyotes (Canis latrans) captured during lawful, 
trapping activities. In order for a private trapper (Trapper) to be receive monetary reimbursement, 
by the following conditions must be met: 

1) You must be a licensed trapper with the State of North Carolina and follow all 
trapping regulations set forth by the Commission 
(http://www.ncwildlife.org/Trapping.aspx) and the attached Service Best 
Management Practices. The 2016-2017 trapping season for counties east of Bertie is 
open December 1, 2016 – February 28, 2017. 

2) When a citizen traps a canid, he/she could call the Service (252-473-1132 x 243) for 
animal verification immediately, providing the date and exact location (description or 
GPS coordinates) of animal capture. 

3) The Trapper agrees not to release any radio-collared wild canid or any canid believed 
to be wolf after capture without first contacting the Service for visual inspection. 

4) The Trapper will hold any captured radio-collared canid or canid thought to be a wolf 
in an appropriately-sized kennel or wait for a Service biologist to remove the canid 
from the trap. (The Trapper is expected to not hold or restrain the animal via duct 
tape or rope or other similar method). 

5) If the Service verifies that the canid is indeed a radio-collared canid or red wolf 
trapped in accordance with proper procedures and the animal is alive and found in 
good condition, then paperwork should be completed for reimbursement. The 
Trapper should complete the standard attached invoice, have it signed by Service 
personnel, and submit the signed invoice with a completed W-9 form to the 
Commission. 

a. The W-9 form can be completed prior to submission of an invoice and send it 
to the address on the invoice (Wildlife Management, 1722 Mail Service 
Center, Raleigh, NC 27699-1701). 

b. Trappers should ensure that the personal information on any submitted 
invoice matches the information they provided in the W-9. Signed, 
completed forms should be returned to Commission at the address, on the 
invoice (Wildlife Management, 1722 Mail Service Center, Raleigh, NC 
27699-1701). 

6) The Commission will issue a check to the Trapper upon receipt of the completed 
invoice and W-9. 



Compensation for the successful efforts of capturing radio-collared canids or red wolves alive and 
in good condition to the Service is set at $250. Compensation will not be provided for red wolves 
that are damaged during capture (e.g., broken or severed leg) by the Trapper if such damage 
prohibits the canid from being released when the release of the animal is of management value to 
the Program. This does not include conditions of the animal unrelated to the trapping effort (e.g., 
manage, hair loss, healed wounds). Furthermore, compensation will not be provided with the 
Trapper does not adhere to the conditions of this agreement. Compensation will not be provided 
to trappers for the capture of non-radio collared coyotes.  



From: Benjamin, Pete
To: Brandon Sherrill
Subject: GPS collar needed
Date: Friday, January 20, 2017 11:10:23 AM

Hi Brandon,

I mentioned earlier that we have an animal in captivity that came to us from a private trapper.  We've
gotten the blood work back which confirms it to be a red wolf.  To stay on the good side of our
injunction, we need to release her ASAP.  How soon can you get us a GPS collar?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Morse, Michael L
To: Benjamin, Pete
Subject: Upcoming rw release
Date: Friday, January 20, 2017 2:58:18 PM
Importance: High

Pete,

Could you please ask Brandon if there is anyway I can receive the satellite downloads for the
wolf at the same time that he does (don't know if that's possible or not).  The service is going
to need a way to track this wolf.  Can you get the frequency range of the collars for me.  I may
want to send one of our receivers back to Telonics and have a different frequency crystal
installed.

Also - since we're dealing with a wolf again as opposed to a coyote, when the weekly map is
sent out (and who receives it) is going to be most important.  Can we request that the public
does not get this information?  At least if we request that now, we may be able to protect the
wolf to some level.

Let me know what you think.  Thanks again, 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Brandon Sherrill
Cc: Eversen, Michelle; Morse, Michael L; Nordsven, Ryan; Olson, Shaun E
Subject: Planned wolf release
Date: Friday, January 20, 2017 3:45:14 PM
Importance: High

Hi Brandon,

As we discussed here are the particulars on the red wolf we need to release as soon as possible.

A private trapper captured the animal back in December and called us.  Due to the animal's size he
thought it might be a wolf.  Our biologist met the trapper and could not confirm it's ID (it was not
collared or pit tagged), but also suspected it to be a wolf.  So, we took possession of the animal and
sent a blood sample off for testing.  This week we received confirmation that the animal is an adult
female red wolf from the Beech Ridge pack.  It looks like she is between 2 and 3 years old and weighs
about 60 pounds.  

Per the court injunction we are not authorized to remove red wolves from the wild.  We held the
animal while we were confirming its ID, but now that we know it to be a wolf we must release her as
soon as possible.  We have written permission from the landowner to release her back into her
territory.  

In keeping with the agreement between our agencies we intend to fit her with a GPS collar and release
her as soon as possible.  Our agencies agreed to use of GPS collars on wolves released on private lands
and we intend to honor that commitment.  That said and as we discussed I have concerns about the
GPS collars given our experience with the placeholder coyote.  In particular, given that she is of
breeding age it is very important that we be able to track in on her from the ground should she exhibit
denning behavior this spring (or in subsequent years for that matter).  It is imperative that we locate
any litters produced by this animal as at present we do not know who her mate may be, if she has one. 
What steps can we take to ensure the proper functioning of the collar prior to release?  

Also, it would be desirable for my guys to be able to track the animal directly as opposed to waiting for
the updates from WRC.  How can we do that?  Finally, the landowner (Weyerhaeuser) has expressed a
desire to not broadcast this release further than necessary (which I think includes publicizing location
data).  Who (if anyone) needs to receive those data beside WRC and FWS?  

Please advise as soon as possible regarding the above questions and logistics for receiving a collar. 
Thanks, and have a great weekend.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



From: Morse, Michael L
To: Benjamin, Pete
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 10:12:25 AM
Importance: High

Very good letter Pete - thank you.  Looking forward to his response.  

On Fri, Jan 20, 2017 at 3:45 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Brandon,

As we discussed here are the particulars on the red wolf we need to release as soon as possible.

A private trapper captured the animal back in December and called us.  Due to the animal's size he
thought it might be a wolf.  Our biologist met the trapper and could not confirm it's ID (it was not
collared or pit tagged), but also suspected it to be a wolf.  So, we took possession of the animal and
sent a blood sample off for testing.  This week we received confirmation that the animal is an adult
female red wolf from the Beech Ridge pack.  It looks like she is between 2 and 3 years old and
weighs about 60 pounds.  

Per the court injunction we are not authorized to remove red wolves from the wild.  We held the
animal while we were confirming its ID, but now that we know it to be a wolf we must release her as
soon as possible.  We have written permission from the landowner to release her back into her
territory.  

In keeping with the agreement between our agencies we intend to fit her with a GPS collar and
release her as soon as possible.  Our agencies agreed to use of GPS collars on wolves released on
private lands and we intend to honor that commitment.  That said and as we discussed I have
concerns about the GPS collars given our experience with the placeholder coyote.  In particular,
given that she is of breeding age it is very important that we be able to track in on her from the
ground should she exhibit denning behavior this spring (or in subsequent years for that matter).  It is
imperative that we locate any litters produced by this animal as at present we do not know who her
mate may be, if she has one.  What steps can we take to ensure the proper functioning of the collar
prior to release?  

Also, it would be desirable for my guys to be able to track the animal directly as opposed to waiting
for the updates from WRC.  How can we do that?  Finally, the landowner (Weyerhaeuser) has
expressed a desire to not broadcast this release further than necessary (which I think includes
publicizing location data).  Who (if anyone) needs to receive those data beside WRC and FWS?  

Please advise as soon as possible regarding the above questions and logistics for receiving a collar. 
Thanks, and have a great weekend.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 



Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Sherrill, Brandon L
To: Benjamin, Pete
Subject: RE: Planned wolf release
Date: Monday, January 23, 2017 10:19:09 AM
Attachments: image001.png
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Importance: High

Hi Pete,
I sent this up the chain on Friday. I will let you know as soon as I get word back from the Director’s
Office.
 
As far as ensuring the functionality of the collar, we can only do what we did with the previous
releases. We will test the VHF signal before release, and will only deploy if the VHF is working. The
other wolf collars worked up until they were retrieved (of course one stopped working when it was
hit by a car, but Andrea was able to successfully track to the location (using VHF) where the animal
had slipped the collar.
 
I believe we should be able to easily add one of your guys onto the data distribution list (however, it
may require that I (or Andrea) meet with them to provide/download the necessary software and
provide the collar ID keys so that they have access).
 
I will have to wait until Gordon responds regarding who he feels should see this data.
 
David has asked that this process be expedited, so I will hopefully have some information for you
soon.

Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 



 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 20, 2017 3:45 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>;
Ryan Nordsven <ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release
 
Hi Brandon,
 
As we discussed here are the particulars on the red wolf we need to release as soon
as possible.
 
A private trapper captured the animal back in December and called us.  Due to the
animal's size he thought it might be a wolf.  Our biologist met the trapper and could
not confirm it's ID (it was not collared or pit tagged), but also suspected it to be a
wolf.  So, we took possession of the animal and sent a blood sample off for testing. 
This week we received confirmation that the animal is an adult female red wolf
from the Beech Ridge pack.  It looks like she is between 2 and 3 years old and
weighs about 60 pounds.  
 
Per the court injunction we are not authorized to remove red wolves from the
wild.  We held the animal while we were confirming its ID, but now that we know it
to be a wolf we must release her as soon as possible.  We have written permission
from the landowner to release her back into her territory.  
 
In keeping with the agreement between our agencies we intend to fit her with a
GPS collar and release her as soon as possible.  Our agencies agreed to use of GPS
collars on wolves released on private lands and we intend to honor that
commitment.  That said and as we discussed I have concerns about the GPS collars
given our experience with the placeholder coyote.  In particular, given that she is
of breeding age it is very important that we be able to track in on her from the
ground should she exhibit denning behavior this spring (or in subsequent years for
that matter).  It is imperative that we locate any litters produced by this animal as
at present we do not know who her mate may be, if she has one.  What steps can
we take to ensure the proper functioning of the collar prior to release?  
 
Also, it would be desirable for my guys to be able to track the animal directly as
opposed to waiting for the updates from WRC.  How can we do that?  Finally, the
landowner (Weyerhaeuser) has expressed a desire to not broadcast this release
further than necessary (which I think includes publicizing location data).  Who (if
anyone) needs to receive those data beside WRC and FWS?  
 
Please advise as soon as possible regarding the above questions and logistics for
receiving a collar.  Thanks, and have a great weekend.
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11



Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.











From: Benjamin, Pete
To: Sherrill, Brandon L
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 10:30:03 AM
Attachments: image004.png
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Importance: High

Beautiful Brandon.  Thanks for the update.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 10:19 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,

I sent this up the chain on Friday. I will let you know as soon as I get word back from the Director’s
Office.

 

As far as ensuring the functionality of the collar, we can only do what we did with the previous
releases. We will test the VHF signal before release, and will only deploy if the VHF is working. The
other wolf collars worked up until they were retrieved (of course one stopped working when it
was hit by a car, but Andrea was able to successfully track to the location (using VHF) where the
animal had slipped the collar.

 

I believe we should be able to easily add one of your guys onto the data distribution list (however,
it may require that I (or Andrea) meet with them to provide/download the necessary software and
provide the collar ID keys so that they have access).

 

I will have to wait until Gordon responds regarding who he feels should see this data.

 

David has asked that this process be expedited, so I will hopefully have some information for you



soon.

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 20, 2017 3:45 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>;
Ryan Nordsven <ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release



 

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to release as
soon as possible.

 

A private trapper captured the animal back in December and called us.  Due to
the animal's size he thought it might be a wolf.  Our biologist met the trapper and
could not confirm it's ID (it was not collared or pit tagged), but also suspected it
to be a wolf.  So, we took possession of the animal and sent a blood sample off
for testing.  This week we received confirmation that the animal is an adult
female red wolf from the Beech Ridge pack.  It looks like she is between 2 and 3
years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves from the
wild.  We held the animal while we were confirming its ID, but now that we know
it to be a wolf we must release her as soon as possible.  We have written
permission from the landowner to release her back into her territory.  

 

In keeping with the agreement between our agencies we intend to fit her with a
GPS collar and release her as soon as possible.  Our agencies agreed to use of GPS
collars on wolves released on private lands and we intend to honor that
commitment.  That said and as we discussed I have concerns about the GPS
collars given our experience with the placeholder coyote.  In particular, given
that she is of breeding age it is very important that we be able to track in on her
from the ground should she exhibit denning behavior this spring (or in subsequent
years for that matter).  It is imperative that we locate any litters produced by this
animal as at present we do not know who her mate may be, if she has one.  What
steps can we take to ensure the proper functioning of the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal directly as
opposed to waiting for the updates from WRC.  How can we do that?  Finally, the
landowner (Weyerhaeuser) has expressed a desire to not broadcast this release
further than necessary (which I think includes publicizing location data).  Who (if
anyone) needs to receive those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above questions and logistics for
receiving a collar.  Thanks, and have a great weekend.

 



Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.











From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 11:35:02 AM
Importance: High

Any word on this?

On Fri, Jan 20, 2017 at 3:45 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Brandon,

As we discussed here are the particulars on the red wolf we need to release as soon as possible.

A private trapper captured the animal back in December and called us.  Due to the animal's size he
thought it might be a wolf.  Our biologist met the trapper and could not confirm it's ID (it was not
collared or pit tagged), but also suspected it to be a wolf.  So, we took possession of the animal and
sent a blood sample off for testing.  This week we received confirmation that the animal is an adult
female red wolf from the Beech Ridge pack.  It looks like she is between 2 and 3 years old and
weighs about 60 pounds.  

Per the court injunction we are not authorized to remove red wolves from the wild.  We held the
animal while we were confirming its ID, but now that we know it to be a wolf we must release her as
soon as possible.  We have written permission from the landowner to release her back into her
territory.  

In keeping with the agreement between our agencies we intend to fit her with a GPS collar and
release her as soon as possible.  Our agencies agreed to use of GPS collars on wolves released on
private lands and we intend to honor that commitment.  That said and as we discussed I have
concerns about the GPS collars given our experience with the placeholder coyote.  In particular,
given that she is of breeding age it is very important that we be able to track in on her from the
ground should she exhibit denning behavior this spring (or in subsequent years for that matter).  It is
imperative that we locate any litters produced by this animal as at present we do not know who her
mate may be, if she has one.  What steps can we take to ensure the proper functioning of the collar
prior to release?  

Also, it would be desirable for my guys to be able to track the animal directly as opposed to waiting
for the updates from WRC.  How can we do that?  Finally, the landowner (Weyerhaeuser) has
expressed a desire to not broadcast this release further than necessary (which I think includes
publicizing location data).  Who (if anyone) needs to receive those data beside WRC and FWS?  

Please advise as soon as possible regarding the above questions and logistics for receiving a collar. 
Thanks, and have a great weekend.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 



Michelle Eversen
Ecological Services Program Supervisor for  KY, TN,  NC, SC, GA, and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service
1875 Century Blvd.
Atlanta, GA. 30345

1-404-679-4108 (Office and Mobile) - also during detail

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Fwd: Planned wolf release
Date: Monday, January 23, 2017 11:44:43 AM
Attachments: image002.png
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Importance: High

Here's what I got from Brandon this morning.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Mon, Jan 23, 2017 at 10:19 AM
Subject: RE: Planned wolf release
To: "Benjamin, Pete" <pete_benjamin@fws.gov>

Hi Pete,

I sent this up the chain on Friday. I will let you know as soon as I get word back from the Director’s
Office.

 

As far as ensuring the functionality of the collar, we can only do what we did with the previous
releases. We will test the VHF signal before release, and will only deploy if the VHF is working. The
other wolf collars worked up until they were retrieved (of course one stopped working when it was
hit by a car, but Andrea was able to successfully track to the location (using VHF) where the animal
had slipped the collar.

 

I believe we should be able to easily add one of your guys onto the data distribution list (however, it
may require that I (or Andrea) meet with them to provide/download the necessary software and
provide the collar ID keys so that they have access).

 

I will have to wait until Gordon responds regarding who he feels should see this data.



 

David has asked that this process be expedited, so I will hopefully have some information for you
soon.

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 20, 2017 3:45 PM



To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>;
Ryan Nordsven <ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release

 

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to release as soon
as possible.

 

A private trapper captured the animal back in December and called us.  Due to the
animal's size he thought it might be a wolf.  Our biologist met the trapper and could
not confirm it's ID (it was not collared or pit tagged), but also suspected it to be a
wolf.  So, we took possession of the animal and sent a blood sample off for testing. 
This week we received confirmation that the animal is an adult female red wolf
from the Beech Ridge pack.  It looks like she is between 2 and 3 years old and
weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves from the
wild.  We held the animal while we were confirming its ID, but now that we know it
to be a wolf we must release her as soon as possible.  We have written permission
from the landowner to release her back into her territory.  

 

In keeping with the agreement between our agencies we intend to fit her with a
GPS collar and release her as soon as possible.  Our agencies agreed to use of GPS
collars on wolves released on private lands and we intend to honor that
commitment.  That said and as we discussed I have concerns about the GPS collars
given our experience with the placeholder coyote.  In particular, given that she is
of breeding age it is very important that we be able to track in on her from the
ground should she exhibit denning behavior this spring (or in subsequent years for
that matter).  It is imperative that we locate any litters produced by this animal as
at present we do not know who her mate may be, if she has one.  What steps can
we take to ensure the proper functioning of the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal directly as
opposed to waiting for the updates from WRC.  How can we do that?  Finally, the
landowner (Weyerhaeuser) has expressed a desire to not broadcast this release
further than necessary (which I think includes publicizing location data).  Who (if
anyone) needs to receive those data beside WRC and FWS?  

 



Please advise as soon as possible regarding the above questions and logistics for
receiving a collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.











From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 12:51:55 PM
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Importance: High

Hmmm... Dumb question - why didn't we set it up that way last time.  Although loading
software may get tricky so let me know if they is where we have to go and if you have
adequate IT support to make that happen.  

On Mon, Jan 23, 2017 at 11:44 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Here's what I got from Brandon this morning.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Mon, Jan 23, 2017 at 10:19 AM
Subject: RE: Planned wolf release
To: "Benjamin, Pete" <pete_benjamin@fws.gov>

Hi Pete,

I sent this up the chain on Friday. I will let you know as soon as I get word back from the Director’s
Office.

 

As far as ensuring the functionality of the collar, we can only do what we did with the previous
releases. We will test the VHF signal before release, and will only deploy if the VHF is working. The
other wolf collars worked up until they were retrieved (of course one stopped working when it
was hit by a car, but Andrea was able to successfully track to the location (using VHF) where the
animal had slipped the collar.

 

I believe we should be able to easily add one of your guys onto the data distribution list (however,
it may require that I (or Andrea) meet with them to provide/download the necessary software and



provide the collar ID keys so that they have access).

 

I will have to wait until Gordon responds regarding who he feels should see this data.

 

David has asked that this process be expedited, so I will hopefully have some information for you
soon.

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 



 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 20, 2017 3:45 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>; Morse, Michael <michael_l_morse@fws.gov>;
Ryan Nordsven <ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release

 

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to release as
soon as possible.

 

A private trapper captured the animal back in December and called us.  Due to
the animal's size he thought it might be a wolf.  Our biologist met the trapper and
could not confirm it's ID (it was not collared or pit tagged), but also suspected it
to be a wolf.  So, we took possession of the animal and sent a blood sample off
for testing.  This week we received confirmation that the animal is an adult
female red wolf from the Beech Ridge pack.  It looks like she is between 2 and 3
years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves from the
wild.  We held the animal while we were confirming its ID, but now that we know
it to be a wolf we must release her as soon as possible.  We have written
permission from the landowner to release her back into her territory.  

 

In keeping with the agreement between our agencies we intend to fit her with a
GPS collar and release her as soon as possible.  Our agencies agreed to use of GPS
collars on wolves released on private lands and we intend to honor that
commitment.  That said and as we discussed I have concerns about the GPS
collars given our experience with the placeholder coyote.  In particular, given
that she is of breeding age it is very important that we be able to track in on her
from the ground should she exhibit denning behavior this spring (or in subsequent
years for that matter).  It is imperative that we locate any litters produced by this
animal as at present we do not know who her mate may be, if she has one.  What
steps can we take to ensure the proper functioning of the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal directly as
opposed to waiting for the updates from WRC.  How can we do that?  Finally, the
landowner (Weyerhaeuser) has expressed a desire to not broadcast this release



further than necessary (which I think includes publicizing location data).  Who (if
anyone) needs to receive those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above questions and logistics for
receiving a collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  KY, TN,  NC, SC, GA, and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service
1875 Century Blvd.
Atlanta, GA. 30345

1-404-679-4108 (Office and Mobile) - also during detail

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties











From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 1:19:37 PM
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Importance: High

I don't recall why we weren't initially set up to receive the data.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 12:51 PM, Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Hmmm... Dumb question - why didn't we set it up that way last time.  Although loading
software may get tricky so let me know if they is where we have to go and if you have
adequate IT support to make that happen.  

On Mon, Jan 23, 2017 at 11:44 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Here's what I got from Brandon this morning.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Mon, Jan 23, 2017 at 10:19 AM
Subject: RE: Planned wolf release
To: "Benjamin, Pete" <pete_benjamin@fws.gov>

Hi Pete,

I sent this up the chain on Friday. I will let you know as soon as I get word back from the



Director’s Office.

 

As far as ensuring the functionality of the collar, we can only do what we did with the previous
releases. We will test the VHF signal before release, and will only deploy if the VHF is working.
The other wolf collars worked up until they were retrieved (of course one stopped working
when it was hit by a car, but Andrea was able to successfully track to the location (using VHF)
where the animal had slipped the collar.

 

I believe we should be able to easily add one of your guys onto the data distribution list
(however, it may require that I (or Andrea) meet with them to provide/download the necessary
software and provide the collar ID keys so that they have access).

 

I will have to wait until Gordon responds regarding who he feels should see this data.

 

David has asked that this process be expedited, so I will hopefully have some information for
you soon.

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 



ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 20, 2017 3:45 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Ryan Nordsven <ryan_nordsven@fws.gov>; Shaun Olson
<shaun_olson@fws.gov>
Subject: Planned wolf release

 

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to release as
soon as possible.

 

A private trapper captured the animal back in December and called us.  Due to
the animal's size he thought it might be a wolf.  Our biologist met the trapper
and could not confirm it's ID (it was not collared or pit tagged), but also
suspected it to be a wolf.  So, we took possession of the animal and sent a blood
sample off for testing.  This week we received confirmation that the animal is
an adult female red wolf from the Beech Ridge pack.  It looks like she is
between 2 and 3 years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves from the
wild.  We held the animal while we were confirming its ID, but now that we
know it to be a wolf we must release her as soon as possible.  We have written
permission from the landowner to release her back into her territory.  

 



In keeping with the agreement between our agencies we intend to fit her with a
GPS collar and release her as soon as possible.  Our agencies agreed to use of
GPS collars on wolves released on private lands and we intend to honor that
commitment.  That said and as we discussed I have concerns about the GPS
collars given our experience with the placeholder coyote.  In particular, given
that she is of breeding age it is very important that we be able to track in on
her from the ground should she exhibit denning behavior this spring (or in
subsequent years for that matter).  It is imperative that we locate any litters
produced by this animal as at present we do not know who her mate may be, if
she has one.  What steps can we take to ensure the proper functioning of the
collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal directly as
opposed to waiting for the updates from WRC.  How can we do that?  Finally,
the landowner (Weyerhaeuser) has expressed a desire to not broadcast this
release further than necessary (which I think includes publicizing location
data).  Who (if anyone) needs to receive those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above questions and logistics for
receiving a collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom
of Information Act (FOIA) and may be disclosed to third parties.

-- 



Michelle Eversen
Ecological Services Program Supervisor for  KY, TN,  NC, SC, GA, and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service
1875 Century Blvd.
Atlanta, GA. 30345

1-404-679-4108 (Office and Mobile) - also during detail

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties











From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 1:25:23 PM
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Importance: High

For now - let's blame it on new process and lack of software on our machines - That said I
really like the idea.

On Mon, Jan 23, 2017 at 1:19 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I don't recall why we weren't initially set up to receive the data.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 12:51 PM, Eversen, Michelle <michelle_eversen@fws.gov>
wrote:

Hmmm... Dumb question - why didn't we set it up that way last time.  Although loading
software may get tricky so let me know if they is where we have to go and if you have
adequate IT support to make that happen.  

On Mon, Jan 23, 2017 at 11:44 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Here's what I got from Brandon this morning.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Date: Mon, Jan 23, 2017 at 10:19 AM
Subject: RE: Planned wolf release
To: "Benjamin, Pete" <pete_benjamin@fws.gov>



Hi Pete,

I sent this up the chain on Friday. I will let you know as soon as I get word back from the
Director’s Office.

 

As far as ensuring the functionality of the collar, we can only do what we did with the previous
releases. We will test the VHF signal before release, and will only deploy if the VHF is working.
The other wolf collars worked up until they were retrieved (of course one stopped working
when it was hit by a car, but Andrea was able to successfully track to the location (using VHF)
where the animal had slipped the collar.

 

I believe we should be able to easily add one of your guys onto the data distribution list
(however, it may require that I (or Andrea) meet with them to provide/download the
necessary software and provide the collar ID keys so that they have access).

 

I will have to wait until Gordon responds regarding who he feels should see this data.

 

David has asked that this process be expedited, so I will hopefully have some information for
you soon.

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299



office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 20, 2017 3:45 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Ryan Nordsven <ryan_nordsven@fws.gov>; Shaun Olson
<shaun_olson@fws.gov>
Subject: Planned wolf release

 

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to release as
soon as possible.

 

A private trapper captured the animal back in December and called us.  Due
to the animal's size he thought it might be a wolf.  Our biologist met the
trapper and could not confirm it's ID (it was not collared or pit tagged), but
also suspected it to be a wolf.  So, we took possession of the animal and sent
a blood sample off for testing.  This week we received confirmation that the
animal is an adult female red wolf from the Beech Ridge pack.  It looks like
she is between 2 and 3 years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves from the



wild.  We held the animal while we were confirming its ID, but now that we
know it to be a wolf we must release her as soon as possible.  We have written
permission from the landowner to release her back into her territory.  

 

In keeping with the agreement between our agencies we intend to fit her with
a GPS collar and release her as soon as possible.  Our agencies agreed to use
of GPS collars on wolves released on private lands and we intend to honor that
commitment.  That said and as we discussed I have concerns about the GPS
collars given our experience with the placeholder coyote.  In particular, given
that she is of breeding age it is very important that we be able to track in on
her from the ground should she exhibit denning behavior this spring (or in
subsequent years for that matter).  It is imperative that we locate any litters
produced by this animal as at present we do not know who her mate may be,
if she has one.  What steps can we take to ensure the proper functioning of
the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal directly
as opposed to waiting for the updates from WRC.  How can we do that? 
Finally, the landowner (Weyerhaeuser) has expressed a desire to not broadcast
this release further than necessary (which I think includes publicizing location
data).  Who (if anyone) needs to receive those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above questions and logistics
for receiving a collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.



-- 
Michelle Eversen
Ecological Services Program Supervisor for  KY, TN,  NC, SC, GA, and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service
1875 Century Blvd.
Atlanta, GA. 30345

1-404-679-4108 (Office and Mobile) - also during detail

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties

-- 
Michelle Eversen
Ecological Services Program Supervisor for  KY, TN,  NC, SC, GA, and the Caribbean
Southeast Region 
U.S. Fish and Wildlife Service
1875 Century Blvd.
Atlanta, GA. 30345

1-404-679-4108 (Office and Mobile) - also during detail

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties











From: Myers, Gordon S.
To: Briggs, M. Kyle
Cc: Cobb, David T.; Benjamin, Pete; Miranda, Leopoldo
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 4:20:35 PM
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Importance: High

Let’s discuss by conference call if possible.
Thanks,
Gordon
 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>
Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release
 
Another thing to discuss.
 
 
-------------------------------------------------------
 
M. Kyle Briggs
Chief Deputy Director
 
NC Wildlife Resources Commission
Mailing Address: 1701 Mail Service Center
Raleigh, North Carolina 27699-1701
office: 919-707-0016
mobile: 919-414-9322
 
ncwildlife.org    
 
 

From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High
 
Kyle,
 
Please see request below from Pete Benjamin.  We need to act on this quickly



as they have this animal in holding.  As you will see, Pete is asking for a number
of considerations, with which I suggest we comply.  But, I know that there are
many parts to this issue and many considerations.  Please advise on how you
wish to proceed.  Because this is a red wolf, I suggest that we turn the collar
over to the FWS and let them take the lead on everything else (including
distribution of location data and publicity).  If we need to discuss, we should try
to do so soon.  Thanks!
 
David
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release
 
Hi David, 
Please see the request below from Pete Benjamin. I recommend that we coordinate with the
Recovery Program to use one of our GPS collars on this animal. Please let me know if you
have any questions or concerns. 
 
Also note that Pete had a few questions regarding data (particularly how widespread this info
is distributed) - just wanted to get your perspective on this issue. I think I can easily add one of
their staff onto the data distribution list. I'll just have to provide them with the appropriate
software and info files.
 
Do you think that Gordon and Kyle can review this early next week? Andrea and I are going
to wait to activate one of the collars until we get confirmation from you to proceed. Andrea
was confident that if she contacts the woman in Germany directly, we should be able to get the



collars activated in a few days after the request.
 
I'm in Plymouth tonight and swan hunting tomorrow, but will have my phone with me if you
need to call. I may not answer, but will try to call back as soon as I am able.
 
Brandon

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>, "Morse, Michael"
<michael_l_morse@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>,
Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,
 
As we discussed here are the particulars on the red wolf we need to
release as soon as possible.
 
A private trapper captured the animal back in December and called us. 
Due to the animal's size he thought it might be a wolf.  Our biologist met
the trapper and could not confirm it's ID (it was not collared or pit
tagged), but also suspected it to be a wolf.  So, we took possession of
the animal and sent a blood sample off for testing.  This week we
received confirmation that the animal is an adult female red wolf from
the Beech Ridge pack.  It looks like she is between 2 and 3 years old and
weighs about 60 pounds.  
 
Per the court injunction we are not authorized to remove red wolves
from the wild.  We held the animal while we were confirming its ID, but
now that we know it to be a wolf we must release her as soon as
possible.  We have written permission from the landowner to release her
back into her territory.  
 
In keeping with the agreement between our agencies we intend to fit
her with a GPS collar and release her as soon as possible.  Our agencies
agreed to use of GPS collars on wolves released on private lands and we
intend to honor that commitment.  That said and as we discussed I have
concerns about the GPS collars given our experience with the
placeholder coyote.  In particular, given that she is of breeding age it is
very important that we be able to track in on her from the ground should
she exhibit denning behavior this spring (or in subsequent years for that
matter).  It is imperative that we locate any litters produced by this
animal as at present we do not know who her mate may be, if she has
one.  What steps can we take to ensure the proper functioning of the
collar prior to release?  
 



Also, it would be desirable for my guys to be able to track the animal
directly as opposed to waiting for the updates from WRC.  How can we
do that?  Finally, the landowner (Weyerhaeuser) has expressed a desire
to not broadcast this release further than necessary (which I think
includes publicizing location data).  Who (if anyone) needs to receive
those data beside WRC and FWS?  
 
Please advise as soon as possible regarding the above questions and
logistics for receiving a collar.  Thanks, and have a great weekend.
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.











From: Benjamin, Pete
To: Myers, Gordon S.
Cc: Briggs, M. Kyle; Cobb, David T.; Miranda, Leopoldo
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 5:26:55 PM
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Importance: High

Sounds great to me.  Leo and I will be together this week and should be able to sneak away for a
conference call.  The schedule is a bit up in the air, but Wednesday afternoon or Thursday might be
best.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 4:20 PM, Myers, Gordon S. <gordon.myers@ncwildlife.org> wrote:

Let’s discuss by conference call if possible.

Thanks,

Gordon

 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>
Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release

 

Another thing to discuss.

 

 

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



 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016

mobile: 919-414-9322

 

ncwildlife.org    

 

 

From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High

 

Kyle,

 

Please see request below from Pete Benjamin.  We need to act on this quickly
as they have this animal in holding.  As you will see, Pete is asking for a
number of considerations, with which I suggest we comply.  But, I know that
there are many parts to this issue and many considerations.  Please advise on
how you wish to proceed.  Because this is a red wolf, I suggest that we turn
the collar over to the FWS and let them take the lead on everything else
(including distribution of location data and publicity).  If we need to discuss,



we should try to do so soon.  Thanks!

 

David

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release

 

Hi David, 



Please see the request below from Pete Benjamin. I recommend that we coordinate with the
Recovery Program to use one of our GPS collars on this animal. Please let me know if you
have any questions or concerns. 

 

Also note that Pete had a few questions regarding data (particularly how widespread this
info is distributed) - just wanted to get your perspective on this issue. I think I can easily add
one of their staff onto the data distribution list. I'll just have to provide them with the
appropriate software and info files.

 

Do you think that Gordon and Kyle can review this early next week? Andrea and I are going
to wait to activate one of the collars until we get confirmation from you to proceed. Andrea
was confident that if she contacts the woman in Germany directly, we should be able to get
the collars activated in a few days after the request.

 

I'm in Plymouth tonight and swan hunting tomorrow, but will have my phone with me if you
need to call. I may not answer, but will try to call back as soon as I am able.

 

Brandon

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>, "Morse, Michael"
<michael_l_morse@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>,
Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to
release as soon as possible.

 

A private trapper captured the animal back in December and called
us.  Due to the animal's size he thought it might be a wolf.  Our
biologist met the trapper and could not confirm it's ID (it was not



collared or pit tagged), but also suspected it to be a wolf.  So, we took
possession of the animal and sent a blood sample off for testing.  This
week we received confirmation that the animal is an adult female red
wolf from the Beech Ridge pack.  It looks like she is between 2 and 3
years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves
from the wild.  We held the animal while we were confirming its ID,
but now that we know it to be a wolf we must release her as soon as
possible.  We have written permission from the landowner to release
her back into her territory.  

 

In keeping with the agreement between our agencies we intend to fit
her with a GPS collar and release her as soon as possible.  Our agencies
agreed to use of GPS collars on wolves released on private lands and
we intend to honor that commitment.  That said and as we discussed I
have concerns about the GPS collars given our experience with the
placeholder coyote.  In particular, given that she is of breeding age it
is very important that we be able to track in on her from the ground
should she exhibit denning behavior this spring (or in subsequent years
for that matter).  It is imperative that we locate any litters produced
by this animal as at present we do not know who her mate may be, if
she has one.  What steps can we take to ensure the proper functioning
of the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal
directly as opposed to waiting for the updates from WRC.  How can we
do that?  Finally, the landowner (Weyerhaeuser) has expressed a desire
to not broadcast this release further than necessary (which I think
includes publicizing location data).  Who (if anyone) needs to receive
those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above questions and
logistics for receiving a collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive



Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.











From: Myers, Gordon S.
To: Benjamin, Pete
Cc: Miranda, Leopoldo; Cobb, David T.; Briggs, M. Kyle
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 5:35:06 PM
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Importance: High

Will you guys be near Columbia on Wednesday? I will be spending the night in Edenton
tomorrow night and then going to New Bern Wednesday night for a public hearing. Perhaps
we could talk in person.

Get Outlook for iOS

On Mon, Jan 23, 2017 at 5:27 PM -0500, "Benjamin, Pete" <pete_benjamin@fws.gov> wrote:

Sounds great to me.  Leo and I will be together this week and should be able to sneak away for a
conference call.  The schedule is a bit up in the air, but Wednesday afternoon or Thursday might be
best.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 4:20 PM, Myers, Gordon S. <gordon.myers@ncwildlife.org>
wrote:

Let’s discuss by conference call if possible.

Thanks,

Gordon

 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>



Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release

 

Another thing to discuss.

 

 

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

 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016

mobile: 919-414-9322

 

ncwildlife.org    

 

 

From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High

 



Kyle,

 

Please see request below from Pete Benjamin.  We need to act on this
quickly as they have this animal in holding.  As you will see, Pete is asking for
a number of considerations, with which I suggest we comply.  But, I know
that there are many parts to this issue and many considerations.  Please
advise on how you wish to proceed.  Because this is a red wolf, I suggest
that we turn the collar over to the FWS and let them take the lead on
everything else (including distribution of location data and publicity).  If we
need to discuss, we should try to do so soon.  Thanks!

 

David

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         



 

 

From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release

 

Hi David, 

Please see the request below from Pete Benjamin. I recommend that we coordinate with
the Recovery Program to use one of our GPS collars on this animal. Please let me know if
you have any questions or concerns. 

 

Also note that Pete had a few questions regarding data (particularly how widespread this
info is distributed) - just wanted to get your perspective on this issue. I think I can easily
add one of their staff onto the data distribution list. I'll just have to provide them with the
appropriate software and info files.

 

Do you think that Gordon and Kyle can review this early next week? Andrea and I are
going to wait to activate one of the collars until we get confirmation from you to proceed.
Andrea was confident that if she contacts the woman in Germany directly, we should be
able to get the collars activated in a few days after the request.

 

I'm in Plymouth tonight and swan hunting tomorrow, but will have my phone with me if
you need to call. I may not answer, but will try to call back as soon as I am able.

 

Brandon

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>, "Morse, Michael"
<michael_l_morse@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>,



Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to
release as soon as possible.

 

A private trapper captured the animal back in December and called
us.  Due to the animal's size he thought it might be a wolf.  Our
biologist met the trapper and could not confirm it's ID (it was not
collared or pit tagged), but also suspected it to be a wolf.  So, we
took possession of the animal and sent a blood sample off for
testing.  This week we received confirmation that the animal is an
adult female red wolf from the Beech Ridge pack.  It looks like she is
between 2 and 3 years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves
from the wild.  We held the animal while we were confirming its ID,
but now that we know it to be a wolf we must release her as soon as
possible.  We have written permission from the landowner to release
her back into her territory.  

 

In keeping with the agreement between our agencies we intend to fit
her with a GPS collar and release her as soon as possible.  Our
agencies agreed to use of GPS collars on wolves released on private
lands and we intend to honor that commitment.  That said and as we
discussed I have concerns about the GPS collars given our experience
with the placeholder coyote.  In particular, given that she is of
breeding age it is very important that we be able to track in on her
from the ground should she exhibit denning behavior this spring (or in
subsequent years for that matter).  It is imperative that we locate
any litters produced by this animal as at present we do not know who
her mate may be, if she has one.  What steps can we take to ensure
the proper functioning of the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal
directly as opposed to waiting for the updates from WRC.  How can
we do that?  Finally, the landowner (Weyerhaeuser) has expressed a
desire to not broadcast this release further than necessary (which I
think includes publicizing location data).  Who (if anyone) needs to
receive those data beside WRC and FWS?  



 

Please advise as soon as possible regarding the above questions and
logistics for receiving a collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

Sounds great to me.  Leo and I will be together this week and should be able to sneak away for a
conference call.  The schedule is a bit up in the air, but Wednesday afternoon or Thursday might be
best.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 4:20 PM, Myers, Gordon S. <gordon.myers@ncwildlife.org> wrote:

Let’s discuss by conference call if possible.

Thanks,



Gordon

 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>
Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release

 

Another thing to discuss.

 

 

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

 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016

mobile: 919-414-9322

 

ncwildlife.org    

 

 

From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton, Allen



<allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High

 

Kyle,

 

Please see request below from Pete Benjamin.  We need to act on this quickly
as they have this animal in holding.  As you will see, Pete is asking for a
number of considerations, with which I suggest we comply.  But, I know that
there are many parts to this issue and many considerations.  Please advise on
how you wish to proceed.  Because this is a red wolf, I suggest that we turn
the collar over to the FWS and let them take the lead on everything else
(including distribution of location data and publicity).  If we need to discuss,
we should try to do so soon.  Thanks!

 

David

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 



 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release

 

Hi David, 

Please see the request below from Pete Benjamin. I recommend that we coordinate with the
Recovery Program to use one of our GPS collars on this animal. Please let me know if you
have any questions or concerns. 

 

Also note that Pete had a few questions regarding data (particularly how widespread this
info is distributed) - just wanted to get your perspective on this issue. I think I can easily add
one of their staff onto the data distribution list. I'll just have to provide them with the
appropriate software and info files.

 

Do you think that Gordon and Kyle can review this early next week? Andrea and I are going
to wait to activate one of the collars until we get confirmation from you to proceed. Andrea
was confident that if she contacts the woman in Germany directly, we should be able to get
the collars activated in a few days after the request.

 

I'm in Plymouth tonight and swan hunting tomorrow, but will have my phone with me if you
need to call. I may not answer, but will try to call back as soon as I am able.

 

Brandon

Sent from my iPhone

Begin forwarded message:



From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>, "Morse, Michael"
<michael_l_morse@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>,
Shaun Olson <shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we need to
release as soon as possible.

 

A private trapper captured the animal back in December and called
us.  Due to the animal's size he thought it might be a wolf.  Our
biologist met the trapper and could not confirm it's ID (it was not
collared or pit tagged), but also suspected it to be a wolf.  So, we took
possession of the animal and sent a blood sample off for testing.  This
week we received confirmation that the animal is an adult female red
wolf from the Beech Ridge pack.  It looks like she is between 2 and 3
years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove red wolves
from the wild.  We held the animal while we were confirming its ID,
but now that we know it to be a wolf we must release her as soon as
possible.  We have written permission from the landowner to release
her back into her territory.  

 

In keeping with the agreement between our agencies we intend to fit
her with a GPS collar and release her as soon as possible.  Our agencies
agreed to use of GPS collars on wolves released on private lands and
we intend to honor that commitment.  That said and as we discussed I
have concerns about the GPS collars given our experience with the
placeholder coyote.  In particular, given that she is of breeding age it
is very important that we be able to track in on her from the ground
should she exhibit denning behavior this spring (or in subsequent years
for that matter).  It is imperative that we locate any litters produced
by this animal as at present we do not know who her mate may be, if
she has one.  What steps can we take to ensure the proper functioning
of the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track the animal



directly as opposed to waiting for the updates from WRC.  How can we
do that?  Finally, the landowner (Weyerhaeuser) has expressed a desire
to not broadcast this release further than necessary (which I think
includes publicizing location data).  Who (if anyone) needs to receive
those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above questions and
logistics for receiving a collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender are subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



















From: Miranda, Leopoldo
To: Myers, Gordon S.
Cc: Benjamin, Pete; Cobb, David T.; Briggs, M. Kyle
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 6:19:29 PM
Attachments: image002.png
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Importance: High

That will be awesome! 

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Jan 23, 2017, at 5:35 PM, Myers, Gordon S. <gordon.myers@ncwildlife.org> wrote:

Will you guys be near Columbia on Wednesday? I will be spending the night in
Edenton tomorrow night and then going to New Bern Wednesday night for a
public hearing. Perhaps we could talk in person.

Get Outlook for iOS

On Mon, Jan 23, 2017 at 5:27 PM -0500, "Benjamin, Pete"
<pete_benjamin@fws.gov> wrote:

Sounds great to me.  Leo and I will be together this week and should be able to sneak
away for a conference call.  The schedule is a bit up in the air, but Wednesday
afternoon or Thursday might be best.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 4:20 PM, Myers, Gordon S.
<gordon.myers@ncwildlife.org> wrote:

Let’s discuss by conference call if possible.

Thanks,

Gordon

 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>
Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release

 

Another thing to discuss.

 

 

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

 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016

mobile: 919-414-9322

 

ncwildlife.org    



 

 

From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High

 

Kyle,

 

Please see request below from Pete Benjamin.  We need to act
on this quickly as they have this animal in holding.  As you will
see, Pete is asking for a number of considerations, with which I
suggest we comply.  But, I know that there are many parts to this
issue and many considerations.  Please advise on how you wish to
proceed.  Because this is a red wolf, I suggest that we turn the
collar over to the FWS and let them take the lead on everything
else (including distribution of location data and publicity).  If we
need to discuss, we should try to do so soon.  Thanks!

 

David

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 



Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

<image001.png>         

 

 

From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release

 

Hi David, 

Please see the request below from Pete Benjamin. I recommend that we
coordinate with the Recovery Program to use one of our GPS collars on this
animal. Please let me know if you have any questions or concerns. 

 

Also note that Pete had a few questions regarding data (particularly how
widespread this info is distributed) - just wanted to get your perspective on
this issue. I think I can easily add one of their staff onto the data distribution
list. I'll just have to provide them with the appropriate software and info files.

 

Do you think that Gordon and Kyle can review this early next week? Andrea
and I are going to wait to activate one of the collars until we get confirmation
from you to proceed. Andrea was confident that if she contacts the woman in
Germany directly, we should be able to get the collars activated in a few days
after the request.

 



I'm in Plymouth tonight and swan hunting tomorrow, but will have my phone
with me if you need to call. I may not answer, but will try to call back as soon
as I am able.

 

Brandon

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>, "Morse,
Michael" <michael_l_morse@fws.gov>, Ryan Nordsven
<ryan_nordsven@fws.gov>, Shaun Olson
<shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,

 

As we discussed here are the particulars on the red wolf
we need to release as soon as possible.

 

A private trapper captured the animal back in December
and called us.  Due to the animal's size he thought it
might be a wolf.  Our biologist met the trapper and could
not confirm it's ID (it was not collared or pit tagged), but
also suspected it to be a wolf.  So, we took possession of
the animal and sent a blood sample off for testing.  This
week we received confirmation that the animal is an
adult female red wolf from the Beech Ridge pack.  It looks
like she is between 2 and 3 years old and weighs about 60
pounds.  

 

Per the court injunction we are not authorized to remove
red wolves from the wild.  We held the animal while we
were confirming its ID, but now that we know it to be a
wolf we must release her as soon as possible.  We have
written permission from the landowner to release her
back into her territory.  

 



In keeping with the agreement between our agencies we
intend to fit her with a GPS collar and release her as soon
as possible.  Our agencies agreed to use of GPS collars on
wolves released on private lands and we intend to honor
that commitment.  That said and as we discussed I have
concerns about the GPS collars given our experience with
the placeholder coyote.  In particular, given that she is of
breeding age it is very important that we be able to track
in on her from the ground should she exhibit denning
behavior this spring (or in subsequent years for that
matter).  It is imperative that we locate any litters
produced by this animal as at present we do not know
who her mate may be, if she has one.  What steps can we
take to ensure the proper functioning of the collar prior
to release?  

 

Also, it would be desirable for my guys to be able to track
the animal directly as opposed to waiting for the updates
from WRC.  How can we do that?  Finally, the landowner
(Weyerhaeuser) has expressed a desire to not broadcast
this release further than necessary (which I think includes
publicizing location data).  Who (if anyone) needs to
receive those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above
questions and logistics for receiving a collar.  Thanks, and
have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this
sender are subject to the Freedom of Information Act (FOIA) and may be



disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to
third parties.

Sounds great to me.  Leo and I will be together this week and should be able to sneak
away for a conference call.  The schedule is a bit up in the air, but Wednesday afternoon
or Thursday might be best.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 4:20 PM, Myers, Gordon S.
<gordon.myers@ncwildlife.org> wrote:

Let’s discuss by conference call if possible.

Thanks,

Gordon

 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>
Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release

 

Another thing to discuss.

 

 

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



 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016

mobile: 919-414-9322

 

ncwildlife.org    

 

 

From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton, Allen
<allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High

 

Kyle,

 

Please see request below from Pete Benjamin.  We need to act on
this quickly as they have this animal in holding.  As you will see,
Pete is asking for a number of considerations, with which I suggest
we comply.  But, I know that there are many parts to this issue and
many considerations.  Please advise on how you wish to proceed. 
Because this is a red wolf, I suggest that we turn the collar over to
the FWS and let them take the lead on everything else (including



distribution of location data and publicity).  If we need to discuss,
we should try to do so soon.  Thanks!

 

David

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 
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From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release

 



Hi David, 

Please see the request below from Pete Benjamin. I recommend that we
coordinate with the Recovery Program to use one of our GPS collars on this
animal. Please let me know if you have any questions or concerns. 

 

Also note that Pete had a few questions regarding data (particularly how
widespread this info is distributed) - just wanted to get your perspective on this
issue. I think I can easily add one of their staff onto the data distribution list. I'll
just have to provide them with the appropriate software and info files.

 

Do you think that Gordon and Kyle can review this early next week? Andrea
and I are going to wait to activate one of the collars until we get confirmation
from you to proceed. Andrea was confident that if she contacts the woman in
Germany directly, we should be able to get the collars activated in a few days
after the request.

 

I'm in Plymouth tonight and swan hunting tomorrow, but will have my phone
with me if you need to call. I may not answer, but will try to call back as soon
as I am able.

 

Brandon

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>, "Morse,
Michael" <michael_l_morse@fws.gov>, Ryan Nordsven
<ryan_nordsven@fws.gov>, Shaun Olson
<shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,

 

As we discussed here are the particulars on the red wolf we
need to release as soon as possible.



 

A private trapper captured the animal back in December
and called us.  Due to the animal's size he thought it might
be a wolf.  Our biologist met the trapper and could not
confirm it's ID (it was not collared or pit tagged), but also
suspected it to be a wolf.  So, we took possession of the
animal and sent a blood sample off for testing.  This week
we received confirmation that the animal is an adult female
red wolf from the Beech Ridge pack.  It looks like she is
between 2 and 3 years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized to remove
red wolves from the wild.  We held the animal while we
were confirming its ID, but now that we know it to be a
wolf we must release her as soon as possible.  We have
written permission from the landowner to release her back
into her territory.  

 

In keeping with the agreement between our agencies we
intend to fit her with a GPS collar and release her as soon
as possible.  Our agencies agreed to use of GPS collars on
wolves released on private lands and we intend to honor
that commitment.  That said and as we discussed I have
concerns about the GPS collars given our experience with
the placeholder coyote.  In particular, given that she is of
breeding age it is very important that we be able to track in
on her from the ground should she exhibit denning behavior
this spring (or in subsequent years for that matter).  It is
imperative that we locate any litters produced by this
animal as at present we do not know who her mate may be,
if she has one.  What steps can we take to ensure the
proper functioning of the collar prior to release?  

 

Also, it would be desirable for my guys to be able to track
the animal directly as opposed to waiting for the updates
from WRC.  How can we do that?  Finally, the landowner
(Weyerhaeuser) has expressed a desire to not broadcast this
release further than necessary (which I think includes
publicizing location data).  Who (if anyone) needs to
receive those data beside WRC and FWS?  

 

Please advise as soon as possible regarding the above
questions and logistics for receiving a collar.  Thanks, and
have a great weekend.



 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and from this sender
are subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to
third parties.









From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Myers, Gordon S.; Cobb, David T.; Briggs, M. Kyle
Subject: Re: Planned wolf release
Date: Monday, January 23, 2017 6:33:03 PM
Attachments: image003.png
Importance: High

In fact we will be IN Columbia Wednesday afternoon. 

Pete Benjamin, US FWS

On Jan 23, 2017, at 6:19 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:

That will be awesome! 

Leopoldo Miranda
US Fish and Wildlife Service
Assistant Regional Director - ES
Southeast US, Puerto Rico & 
US Virgin Islands

Sent from my iPhone

NOTE: This email correspondence and any attachments to and from this
sender is subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.

On Jan 23, 2017, at 5:35 PM, Myers, Gordon S. <gordon.myers@ncwildlife.org>
wrote:

Will you guys be near Columbia on Wednesday? I will be spending
the night in Edenton tomorrow night and then going to New Bern
Wednesday night for a public hearing. Perhaps we could talk in
person.

Get Outlook for iOS

On Mon, Jan 23, 2017 at 5:27 PM -0500, "Benjamin, Pete"
<pete_benjamin@fws.gov> wrote:

Sounds great to me.  Leo and I will be together this week and should be
able to sneak away for a conference call.  The schedule is a bit up in the
air, but Wednesday afternoon or Thursday might be best.  



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are
subject to the Freedom of Information Act (FOIA) and may be disclosed to third
parties.

On Mon, Jan 23, 2017 at 4:20 PM, Myers, Gordon S.
<gordon.myers@ncwildlife.org> wrote:

Let’s discuss by conference call if possible.

Thanks,

Gordon

 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>
Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release

 

Another thing to discuss.

 

 

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

 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701



office: 919-707-0016

mobile: 919-414-9322

 

ncwildlife.org    

 

 

From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High

 

Kyle,

 

Please see request below from Pete Benjamin.  We
need to act on this quickly as they have this animal in
holding.  As you will see, Pete is asking for a number of
considerations, with which I suggest we comply.  But, I
know that there are many parts to this issue and many
considerations.  Please advise on how you wish to
proceed.  Because this is a red wolf, I suggest that we
turn the collar over to the FWS and let them take the
lead on everything else (including distribution of
location data and publicity).  If we need to discuss, we
should try to do so soon.  Thanks!

 

David

 



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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 
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From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release

 

Hi David, 

Please see the request below from Pete Benjamin. I recommend
that we coordinate with the Recovery Program to use one of our
GPS collars on this animal. Please let me know if you have any
questions or concerns. 

 

Also note that Pete had a few questions regarding data



(particularly how widespread this info is distributed) - just
wanted to get your perspective on this issue. I think I can easily
add one of their staff onto the data distribution list. I'll just have
to provide them with the appropriate software and info files.

 

Do you think that Gordon and Kyle can review this early next
week? Andrea and I are going to wait to activate one of the
collars until we get confirmation from you to proceed. Andrea
was confident that if she contacts the woman in Germany
directly, we should be able to get the collars activated in a few
days after the request.

 

I'm in Plymouth tonight and swan hunting tomorrow, but will
have my phone with me if you need to call. I may not answer, but
will try to call back as soon as I am able.

 

Brandon

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.
org>
Cc: Michelle Eversen
<michelle_eversen@fws.gov>, "Morse, Michael"
<michael_l_morse@fws.gov>, Ryan Nordsven
<ryan_nordsven@fws.gov>, Shaun Olson
<shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,

 

As we discussed here are the particulars on the
red wolf we need to release as soon as
possible.

 

A private trapper captured the animal back in
December and called us.  Due to the animal's



size he thought it might be a wolf.  Our
biologist met the trapper and could not
confirm it's ID (it was not collared or pit
tagged), but also suspected it to be a wolf. 
So, we took possession of the animal and sent
a blood sample off for testing.  This week we
received confirmation that the animal is an
adult female red wolf from the Beech Ridge
pack.  It looks like she is between 2 and 3
years old and weighs about 60 pounds.  

 

Per the court injunction we are not authorized
to remove red wolves from the wild.  We held
the animal while we were confirming its ID,
but now that we know it to be a wolf we must
release her as soon as possible.  We have
written permission from the landowner to
release her back into her territory.  

 

In keeping with the agreement between our
agencies we intend to fit her with a GPS collar
and release her as soon as possible.  Our
agencies agreed to use of GPS collars on
wolves released on private lands and we intend
to honor that commitment.  That said and as
we discussed I have concerns about the GPS
collars given our experience with the
placeholder coyote.  In particular, given that
she is of breeding age it is very important that
we be able to track in on her from the ground
should she exhibit denning behavior this spring
(or in subsequent years for that matter).  It is
imperative that we locate any litters produced
by this animal as at present we do not know
who her mate may be, if she has one.  What
steps can we take to ensure the proper
functioning of the collar prior to release?  

 

Also, it would be desirable for my guys to be
able to track the animal directly as opposed to
waiting for the updates from WRC.  How can
we do that?  Finally, the landowner
(Weyerhaeuser) has expressed a desire to not
broadcast this release further than necessary
(which I think includes publicizing location
data).  Who (if anyone) needs to receive those
data beside WRC and FWS?  



 

Please advise as soon as possible regarding the
above questions and logistics for receiving a
collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service

551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and
from this sender are subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and
may be disclosed to third parties.

Sounds great to me.  Leo and I will be together this week and should be
able to sneak away for a conference call.  The schedule is a bit up in the
air, but Wednesday afternoon or Thursday might be best.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are
subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Mon, Jan 23, 2017 at 4:20 PM, Myers, Gordon S.
<gordon.myers@ncwildlife.org> wrote:



Let’s discuss by conference call if possible.

Thanks,

Gordon

 

From: Kyle Briggs <kyle.briggs@ncwildlife.org>
Date: Monday, January 23, 2017 at 9:27 AM
To: Gordona Myerszs <gordon.myers@ncwildlife.org>
Subject: FW: Planned wolf release

 

Another thing to discuss.

 

 

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

 

M. Kyle Briggs

Chief Deputy Director

 

NC Wildlife Resources Commission

Mailing Address: 1701 Mail Service Center

Raleigh, North Carolina 27699-1701

office: 919-707-0016

mobile: 919-414-9322

 

ncwildlife.org    

 

 



From: Cobb, David T. 
Sent: Monday, January 23, 2017 9:19 AM
To: Briggs, M. Kyle <kyle.briggs@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Boynton,
Allen <allen.boynton@ncwildlife.org>
Subject: FW: Planned wolf release
Importance: High

 

Kyle,

 

Please see request below from Pete Benjamin.  We need
to act on this quickly as they have this animal in holding. 
As you will see, Pete is asking for a number of
considerations, with which I suggest we comply.  But, I
know that there are many parts to this issue and many
considerations.  Please advise on how you wish to
proceed.  Because this is a red wolf, I suggest that we
turn the collar over to the FWS and let them take the
lead on everything else (including distribution of location
data and publicity).  If we need to discuss, we should try
to do so soon.  Thanks!

 

David

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division



N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 
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From: Sherrill, Brandon L 
Sent: Friday, January 20, 2017 10:27 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: Fwd: Planned wolf release

 

Hi David, 

Please see the request below from Pete Benjamin. I recommend
that we coordinate with the Recovery Program to use one of our
GPS collars on this animal. Please let me know if you have any
questions or concerns. 

 

Also note that Pete had a few questions regarding data (particularly
how widespread this info is distributed) - just wanted to get your
perspective on this issue. I think I can easily add one of their staff
onto the data distribution list. I'll just have to provide them with the
appropriate software and info files.

 

Do you think that Gordon and Kyle can review this early next
week? Andrea and I are going to wait to activate one of the collars
until we get confirmation from you to proceed. Andrea was
confident that if she contacts the woman in Germany directly, we
should be able to get the collars activated in a few days after the
request.



 

I'm in Plymouth tonight and swan hunting tomorrow, but will have
my phone with me if you need to call. I may not answer, but will
try to call back as soon as I am able.

 

Brandon

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 20, 2017 at 3:45:14 PM EST
To: Brandon Sherrill <brandon.sherrill@ncwildlife.
org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>,
"Morse, Michael" <michael_l_morse@fws.gov>, Ryan
Nordsven <ryan_nordsven@fws.gov>, Shaun Olson
<shaun_olson@fws.gov>
Subject: Planned wolf release

Hi Brandon,

 

As we discussed here are the particulars on the
red wolf we need to release as soon as possible.

 

A private trapper captured the animal back in
December and called us.  Due to the animal's
size he thought it might be a wolf.  Our biologist
met the trapper and could not confirm it's ID (it
was not collared or pit tagged), but also
suspected it to be a wolf.  So, we took
possession of the animal and sent a blood sample
off for testing.  This week we received
confirmation that the animal is an adult female
red wolf from the Beech Ridge pack.  It looks
like she is between 2 and 3 years old and weighs
about 60 pounds.  

 

Per the court injunction we are not authorized
to remove red wolves from the wild.  We held
the animal while we were confirming its ID, but



now that we know it to be a wolf we must
release her as soon as possible.  We have written
permission from the landowner to release her
back into her territory.  

 

In keeping with the agreement between our
agencies we intend to fit her with a GPS collar
and release her as soon as possible.  Our
agencies agreed to use of GPS collars on wolves
released on private lands and we intend to honor
that commitment.  That said and as we
discussed I have concerns about the GPS collars
given our experience with the placeholder
coyote.  In particular, given that she is of
breeding age it is very important that we be able
to track in on her from the ground should she
exhibit denning behavior this spring (or in
subsequent years for that matter).  It is
imperative that we locate any litters produced
by this animal as at present we do not know who
her mate may be, if she has one.  What steps
can we take to ensure the proper functioning of
the collar prior to release?  

 

Also, it would be desirable for my guys to be
able to track the animal directly as opposed to
waiting for the updates from WRC.  How can we
do that?  Finally, the landowner (Weyerhaeuser)
has expressed a desire to not broadcast this
release further than necessary (which I think
includes publicizing location data).  Who (if
anyone) needs to receive those data beside WRC
and FWS?  

 

Please advise as soon as possible regarding the
above questions and logistics for receiving a
collar.  Thanks, and have a great weekend.

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

U.S. Fish and Wildlife Service



551F Pylon Drive

Raleigh, NC 27606

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

NOTE: This email correspondence and any attachments to and
from this sender are subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may
be disclosed to third parties.





From: Sherrill, Brandon L
To: Benjamin, Pete
Subject: RE: Planned wolf release
Date: Friday, January 27, 2017 5:36:07 PM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

Pete,
Did you guys discuss what frequency you would like this collar to collect points. They are set to
record 5 locations per day (as per the original order request), but we can alter if necessary. Just let
us know.
 
Also, please let me know who you would like us to set up to have access to the data. I believe we just
need a name and email address. That person may also then need to contact the company to have
them make sure the program is set up properly to receive the data.
 
Thanks,
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Monday, January 23, 2017 10:30 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Subject: Re: Planned wolf release
 
Beautiful Brandon.  Thanks for the update.  
 

Pete Benjamin



Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.
 
On Mon, Jan 23, 2017 at 10:19 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Pete,
I sent this up the chain on Friday. I will let you know as soon as I get word back from the Director’s
Office.
 
As far as ensuring the functionality of the collar, we can only do what we did with the previous
releases. We will test the VHF signal before release, and will only deploy if the VHF is working. The
other wolf collars worked up until they were retrieved (of course one stopped working when it
was hit by a car, but Andrea was able to successfully track to the location (using VHF) where the
animal had slipped the collar.
 
I believe we should be able to easily add one of your guys onto the data distribution list (however,
it may require that I (or Andrea) meet with them to provide/download the necessary software and
provide the collar ID keys so that they have access).
 
I will have to wait until Gordon responds regarding who he feels should see this data.
 
David has asked that this process be expedited, so I will hopefully have some information for you
soon.

Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 20, 2017 3:45 PM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Michelle Eversen <michelle_eversen@fws.gov>; Morse, Michael
<michael_l_morse@fws.gov>; Ryan Nordsven <ryan_nordsven@fws.gov>; Shaun Olson
<shaun_olson@fws.gov>
Subject: Planned wolf release
 
Hi Brandon,
 
As we discussed here are the particulars on the red wolf we need to release as
soon as possible.
 
A private trapper captured the animal back in December and called us.  Due to
the animal's size he thought it might be a wolf.  Our biologist met the trapper and
could not confirm it's ID (it was not collared or pit tagged), but also suspected it
to be a wolf.  So, we took possession of the animal and sent a blood sample off
for testing.  This week we received confirmation that the animal is an adult
female red wolf from the Beech Ridge pack.  It looks like she is between 2 and 3
years old and weighs about 60 pounds.  
 
Per the court injunction we are not authorized to remove red wolves from the
wild.  We held the animal while we were confirming its ID, but now that we know
it to be a wolf we must release her as soon as possible.  We have written
permission from the landowner to release her back into her territory.  
 
In keeping with the agreement between our agencies we intend to fit her with a
GPS collar and release her as soon as possible.  Our agencies agreed to use of GPS
collars on wolves released on private lands and we intend to honor that
commitment.  That said and as we discussed I have concerns about the GPS
collars given our experience with the placeholder coyote.  In particular, given
that she is of breeding age it is very important that we be able to track in on her
from the ground should she exhibit denning behavior this spring (or in subsequent
years for that matter).  It is imperative that we locate any litters produced by
this animal as at present we do not know who her mate may be, if she has one. 
What steps can we take to ensure the proper functioning of the collar prior to
release?  
 
Also, it would be desirable for my guys to be able to track the animal directly as
opposed to waiting for the updates from WRC.  How can we do that?  Finally, the
landowner (Weyerhaeuser) has expressed a desire to not broadcast this release
further than necessary (which I think includes publicizing location data).  Who (if
anyone) needs to receive those data beside WRC and FWS?  
 
Please advise as soon as possible regarding the above questions and logistics for
receiving a collar.  Thanks, and have a great weekend.
 
Pete Benjamin



Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

 











From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: Draft Decision Memo for Translocation of Red Wolves from St. Vincent to ARNWR
Date: Wednesday, August 7, 2019 2:55:24 PM

I'll go ahead and throw it at her and see what happens.  I think she's out until next week. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Aug 7, 2019 at 1:26 PM Madison, Joseph <joseph_madison@fws.gov> wrote:
That was my understanding under normal circumstances.  I don't know if given her situation
if we are supposed to still or not.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Wed, Aug 7, 2019 at 1:11 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Looks good to me.  Were we going to share it with Michelle next?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Aug 6, 2019 at 9:38 AM Madison, Joseph <joseph_madison@fws.gov> wrote:
Pete,



Attached is the updated version of the memo with your edits incorporated.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Aug 6, 2019 at 8:51 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Here are my edits.  I toyed with the idea of trying to explain why we can move wolves from
St. Vincent, but not the SSP, but I can't do it.  The strongest rationale is that paragraph c(5)
(iv) of the 1995 rule states that we can "move an animal for genetic purposes", and unlike the
other take provisions in the rule this paragraph does not specifically limit the authorized take
to the NEP area.  So, when considering this paragraph in light of the overall structure of the
rule and the phrasing of the other paragraphs authorizing take, I'd say that this paragraph
provides the authority to move animals from St. Vincent to ARNWR for genetic purposes.  Of
course, it also provides the authority for us to move an animal anywhere for genetic
purposes.  So, I decided to just let it go.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Wed, Jul 31, 2019 at 12:52 PM Madison, Joseph <joseph_madison@fws.gov>
wrote:

Pete,

Here is the other draft decision memo.  As with the other one it is loosely based on
the last one we did when attempting to move that juvenile from St. Vincent.  It had
gone through Leo review and I tried to address his comments in this one and leave
much of the wording similar, but it could likely benefit from additional
wordsmithing.  I don't even like discussing the first two alternatives, but they were
on the last one and figured they would have to be here as well.  It might get too
specific for Sandy Ridge.

Also, if we are wanting to move an animal from ARNWR to PLNWR, will I  have
to do yet another memo?  Or does that fall within the routine operating procedures
of managing the NEP and we can just do it?  After coordination with Refuges of



course.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



From: Benjamin, Pete
To: Eversen, Michelle
Cc: Madison, Joseph S
Subject: Draft red wolf translocation DM
Date: Wednesday, August 7, 2019 3:19:16 PM
Attachments: 20190806_DM_DRAFT DECISION MEMO FOR THE ESARD rw st vicent to arnwr.docx

Howdy,

Joe's prepared the attached draft DM for your review, comment and action.  I think it is self-
explanatory, but let me know what you think.  There isn't a big rush; however, we do need a thumbs up
on this by about mid-October so we can coordinate all the logistics.  I'd also like to have something
relatively firm to talk about when we have our next AP3C meeting (hopefully in September).  

He is also preparing a companion DM regarding replacement of the breeding male on St. Vincent.  I'll
send that one along as soon as I'm done reviewing it.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: August 6, 2019 
 
FROM: Pete Benjamin, Field SupervisorProject Leader, Raleigh Ecological Services Field 
Office 
 
SUBJECT: Translocation of Juvenile Red Wolves from St. Vincent NWR to Alligator River 

NWR 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program under the authority of the existing 10(j) rule for the 
management of the northeastern North Carolina nonessential experimental population (NENC 
NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The role of 
these sites is to propagate red wolf pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated into the NENC NEP.  All but one of the island propagation sites are no longer active 
due to various reasons (e.g., too close to the mainland, too much human activity).  However, St. 
Vincent National Wildlife Refuge (NWR) remains a valuable and viable island propagation site.  
The purpose of this memo is provide the alternatives to inform the decision whether or not to 
capture and translocate juvenile offspring (F2283 and M2282) from St. Vincent NWR to 
Alligator River NWR to pre-empt the predicted dispersal from the island and provide genetic 
diversity to the wild red wolf population in eastern North Carolina. 

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring (F2283 and M2282) born in 
2018 to the adult female and the now deceased male and their three pups born in 2019 (U2322, 
U2323 and U2324).  The two juveniles are now about 15 months old and in the coming months 
will start approaching typical dispersal age.  Within the NENC NEP, juvenile red wolves 
typically disperse from their family group at around the age of two years old.  In the past, 
offspring on St. Vincent NWR were captured at around 18 months of age and translocated to 
within the NENC NEP before they naturally attempted to disperse from the island.  Based on the 
age of the juveniles currently residing on St. Vincent and typical dispersal age, it is expected that 
potentially towards the end year or beginning of the next they may attempt to disperse on their 
own or be pushed out by the adult red wolf. 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the Species Survival Plan 
(SSP) captive population into the NENC NEP.  However, for the purpose of increasing the 
genetic diversity of the wild red wolf population in eastern North Carolina, the Service may 

Commented [BP1]: I’m told we’re supposed to say “Field 
Supervisor” now.   



translocate red wolves propagated on St. Vincent NWR to National Wildlife Refuge lands within 
the NENC NEP, either through pup fostering or the translocation of juvenile red wolves of 
dispersing age.  As a result, red wolves propagated on St. Vincent NWR have become the sole 
method of increasing the genetic diversity of the wild red wolf population in eastern North 
Carolina, which is highly needed.  The total population of red wolves in the NENC NEP is 
extremely low and estimated to be around 20-25 individuals.  There are currently no known 
breeding pairs of red wolves in the NENC NEP and no litters of pups born in the NENC NEP in 
2019, which makes this the first year that has occurred since 1988.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our vital partners 
managing the captive population have coordinated to explore the following alternatives.  

 
1. Status Quo: Under this alternative the juvenile offspring (F2283 and M2282) would be 

left on St. Vincent NWR until another alternative can be identified or those red wolves 
leave the island and make it to mainland Florida forcing the need to attempt to capture 
them and hold them in captivity until another alternative is identified.   The obvious short 
coming of this alternative is that it merely delays the inevitable choice of one of the other 
alternatives and is likely to drain resources with a predicable dispersal off the island.    
 

2. SSP / Alternate Captive Facility: Under this alternative F2283 and M2282 would become 
part of the captive breeding program by being captured before dispersal and placed in a 
captive facility.  Moving an adult wild red wolf into captivity poses several potential 
concerns regarding quarantine, introducing diseases to the captive population, habituation 
and others, and has only been done under rare circumstances, which typically have not 
taken the well-being of the animal into consideration.  Additionally, Chris Lasher, the 
SSP Coordinator, has indicated that with the current SSP facilities they have the capacity 
to house 225 red wolves yet they are currently housing 257, so space is not currently 
available or expected to be in the time frame that would be necessary to place these two 
red wolves into captivity.  The Service is actively working to encourage existing SSP 
facilities to expand and  new facilities to become part of the red wolf SSP to increase 
capacity; however, the purpose of this additional space is to increase capacity to provide 
additional red wolves for reintroduction into the wild, not for bringing red wolves from 
the wild into captivity.  At this time that leaves the Service’s Sandy Ridge facility as the 
only captive option with space.  While Sandy Ridge does currently have space it was not 
designed for the long term holding of wild red wolves and without significant repair and 
investment it is not capable of containing a wild wolf for more than a short time, as 
illustrated by escapes in 2016 of wild red wolves being held there temporarily.  In fact, 
because of the condition and location of the Sandy Ridge facility (e.g., partially 



underwater for parts of the year, not meeting American Zoological Association standards) 
efforts are being made to transfer the remaining wolves held at Sandy Ridge to SSP 
facilities that are better equipped to care for their needs and to allow the Service to focus 
on its main task in red wolf recovery of managing the wild population.  As discussed 
previously there is currently no space available in the SSP so it is likely the older, captive 
raised red wolves at Sandy Ridge will likely remain there until their passing.  The 
shortcomings of this alternative include overburdening existing infrastructure with 
additional captive red wolves and losing the ability to increase genetic diversity into the 
wild population by not translocating them into the NENC NEP.   
 

3. Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge: This alternative is consistent with previous translocations of red wolves 
propagated on St. Vincent NWR into the NENC NEP, and with the original intent of the 
island propagation sites when they were established.  As discussed in the Background 
section, there are currently no wild red wolf breeding pairs in eastern North Carolina and 
the wild population as a whole is at dangerously low numbers.  With the decline in the 
wild red wolf population in the NENC NEP, the availability of suitable red wolf mates 
has declined steadily.  Areas such as Alligator River NWR, particularly because of the 
peninsular nature of the refuge, are inhabited by red wolves that are all very closely 
related, as they all originated in the Milltail Pack.  Consequently, it is difficult for wild 
red wolves to find adequate mates in general, but also mates that would improve the 
genetic makeup of the wild population.  Translocating the two juvenile red wolves from 
St. Vincent NWR to Alligator River NWR would be extremely beneficial from the 
standpoint of increasing genetic diversity of the wild red wolf population.  During 
translocation, attempts would be made to create two red wolf breeding pairs on Alligator 
River NWR formed by one existing red wolf and one translocated red wolf.  This influx 
of genes and the potential offspring as a result of these new breeding pairs would be 
invaluable to the wild red wolf population in eastern North Carolina.  The prospect of 
translocating juvenile red wolves from St. Vincent NWR to Alligator River NWR has 
been discussed with Refuge managers for both locations on multiple occasions and they 
have indicated strong support for the proposal, have no objections to the release and do 
not foresee any compatibility issues with what is being proposed.    

 
IV. RECOMMENDATION 
 

Alternative 3: Translocation of F2283 and M2282 into the NENC NEP onto Alligator National 
Wildlife Refuge:   

St. Vincent NWR was designated as an island propagation site for the sole purpose of carrying 
out translocation of dispersing age juvenile red wolves that have been raised in the wild into the 
NENC NEP to increase the genetic diversity of the wild population.  Based on the availability of 



the two juvenile red wolves on St. Vincent NWR that will need to be relocated at some point and 
the potentially large benefit to red wolf recovery to create red wolf/red wolf breeding pairs on 
Alligator River NWR to increase the genetic diversity of the wild population, we recommend the 
translocation of the two juveniles to Alligator River NWR.  If one or both pairings is successful 
it seems most likely that these new pairs would continue to inhabit the established territory 
within the Refuge since there are currently no fully functioning packs/breeding pairs present and 
it has historically been the most successful pack territory.  If that were indeed the case, we would 
in essence be moving these juvenile red wolves from one NWR to another NWR.  This 
alternative is supported by the NENC NEP Managers, the Red Wolf Recovery Lead, the SSP and 
the Refuge Managers at St. Vincent NWR and Alligator River NWR.  

Decision: 

Status Quo ______ 

SSP / Alternate Captive Facility _____ 

Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge NWR _____ 

Other: ______ (Explanation Attached)  

 

 



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: Draft Decision Memo for Release of a Male Red Wolf to St. Vincent
Date: Monday, August 12, 2019 3:30:21 PM
Attachments: DRAFT DECISION MEMO FOR THE ESARD rw ssp to st vincent (1).docx

Hey Joe,

I realized that I forgot to close the loop on this one with you.  Attached is the draft DM.  I corrected
one minor typo.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 2:07 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I think if we submit the DM for the juveniles first, then this one will make sense on its own. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 1:44 PM Madison, Joseph <joseph_madison@fws.gov> wrote:
Yes, the current plan based on internal discussions and at the SSP is to remove the two
yearlings from the island and then at that same time place the new male on St. Vincent. 
From discussions with you, Michelle and Aaron, I was trying to keep the Decision Memo
simple and not go into the logistical intricacies of the actual moves and releases, both
because it can get convoluted and because I don't want to get too detailed and paint us into
a corner where this DM only authorizes the specific actions discussed in detail and not the
action overall.  If you feel like that needs to be mentioned in this Decision Memo, I will
add it in.  

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office



U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:30 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Okay, that makes sense.  However, we have to move the juveniles before we move the male -
right?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 1:24 PM Madison, Joseph <joseph_madison@fws.gov> wrote:
I should add that I am working on the decision memo for bringing the juveniles here
as we speak.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:22 PM Madison, Joseph <joseph_madison@fws.gov>
wrote:

It was understanding from conversations with folks and my notes from conference
calls to do them separately since they are separate actions.  And the translocation of
2283 and 2282 this year, and the potential translocation of 2322, 2323 and 2324 next
year are not dependent on whether or not we replace the breeding male.  Obviously
after that, there won't be any translocations if we don't replace the breeding male.  I
am open to one decision memo if you think it is appropriate, I'm assuming because
in theory the two actions over time are clearly interrelated, but they aren't in the case
of the existing pups and juveniles on St. Vincent.



  
Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:11 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Interesting.  So, are we going to do a separate DM for moving the 2-yr.-olds to ARNWR? 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 12:23 PM Madison, Joseph <joseph_madison@fws.gov>
wrote:

Pete,

Here is the draft decision memo for the release of a male red wolf onto St.
Vincent NWR from the SSP.  I used the draft decision we did for trying to move
that juvenile male red wolf from St. Vincent to here last year as the basis for the
formatting, layout and type of content, so if it needs additional work, let me
know.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



DECISION MEMORANDUM FOR THE SECRETARY 
 

DATE: July 30, 2019 
 
FROM: Pete Benjamin, Project Leader, Raleigh Ecological Services Field Office 
 
SUBJECT: Release of Male Red Wolf onto St. Vincent NWR from the SSP 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program and under the authority of the existing 10(j) rule for 
the management of a nonessential experimental population, the Service has used island National 
Wildlife Refuges to breed red wolves.  The role of these sites is to propagate pups in a somewhat 
controlled, but natural environment that will provide them “wild experience” as juveniles for the 
purpose of being strategically translocated onto the mainland, such as into the North Carolina 
Experimental Populations (NENC NEP).  All but one of the island propagation sites are no 
longer active due to various reasons (e.g., too close to the mainland, too much human activity).  
However, St. Vincent National Wildlife Refuge (NWR) remains a valuable and viable island 
propagation site.  The purpose of this memo is provide background to inform the decision on 
whether or not to replace the breeding male red wolf (M1804) on St. Vincent NWR that died in 
June 2019.   

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring born in 2018 to the adult female 
and the now deceased male (F2283 and M2282) and their three pups born in 2019 (U2322, 
U2323 and U2324). 

Captive red wolves are managed under the auspices of the Association of Zoos & Aquariums 
(AZA) Red Wolf Species Survival Plan (SSP) Program. The SSP advances captive breeding and 
management following the objectives established by the existing Red Wolf Recovery Plan. 
While the SSP fills multiple roles, the basic tenet of the SSP is to manage the captive population 
as a genetic reservoir for the species.  

The SSP is critical to the recovery of the red wolf. The captive stock represents the genetic and 
demographic safeguard for the entire population and is vital to any future potential 
reintroductions and, therefore, recovery of the species.  The SSP promotes viability of the 
species by maximizing genetic diversity goals, supporting establishment of multiple resilient 
populations via reintroductions, and contributing to having adequate numbers of wolves to 
reintroduce, establish and maintain pack structures, defend territories, and produce viable 
offspring.  The red wolf SSP is currently operating at above capacity with 257 red wolves in 
space designed for 225 animals).   



 

 

 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the SSP into the NENC NEP.  
However, the Service may move animals from the SSP onto St. Vincent NWR for the purpose of 
maintaining a breeding pair of red wolves to propagate pups for future release onto the mainland, 
either through pup fostering or the translocation of juvenile red wolves of dispersing age.  As a 
result, red wolves propagated on St. Vincent NWR have become the sole method of increasing 
the genetic diversity of the wild red wolf population in eastern North Carolina, which is needed.  
There are currently no known breeding pairs of red wolves in the NENC NEP and there were no 
litters of pups born in the NENC NEP in 2019, which makes this the first year that has occurred 
in the 32 years of the program.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our SSP partners 
managing the captive population have coordinated to explore the following alternatives:  

 
1. Status Quo: Under this alternative a new male red wolf would not be released from the 

SSP onto St. Vincent NWR in an attempt to create a new breeding pair.  Consequently, 
there would be no propagation of red wolf pups on St. Vincent in the foreseeable future.  
The shortcoming of this alternative is that there would be no pups available to be fostered 
into the NENC NEP or pups that would grow up into dispersing age juveniles that could 
be relocated into the NENC NEP in the future to increase the genetic diversity of the wild 
population.  Additionally, if the existing adult female dies before a new male is placed on 
the island, the opportunity for her to pass along valuable knowledge regarding the island 
territory would be lost, and if a naïve pair of red wolves were placed on the island at a 
later date they would at least initially have a much more difficult time acclimatizing.  
There would also be no removal of a male red wolf from the SSP to free up space at a 
facility that is currently beyond capacity.     
  

2. Release of a Male Red Wolf from the SSP onto St. Vincent NWR:  Under this alternative, 
a male red wolf from the SSP (currently slated as M2198 from the NC Zoo) would be 
released from the SSP onto St. Vincent NWR to create a new breeding pair with the 
existing female.  This alternative would allow for the propagation of pups to continue on 
St. Vincent NWR and provide the opportunity for additional pup fostering or 
translocation of dispersing age juvenile red wolves into eastern North Carolina to provide 
much needed genetic diversity.  The male to be released from the SSP was carefully 



chosen in part because of his genetic makeup and lower genetic relatedness to the 
breeding female on St. Vincent NWR.  Thus maintaining the genetic diversity of the 
population as a whole and increasing the existence of comparatively underrepresented 
genes from the original founders.  Release of a new male red wolf would also provide the 
opportunity for the existing adult female, who is very familiar with the island, the chance 
to pass on valuable knowledge regarding their island territory to the new male.  It would 
also provide at least a minimal amount of reduction in the need for space in the SSP with 
one less animal to house.  Additionally, this alternative would allow the SSP and the St. 
Vincent NWR Island Propagation Site to fulfill their designated roles towards red wolf 
recovery that they have been working diligently to perform and in turn enhance those 
partnerships into the future.   
 

IV. RECOMMENDATION 
 

Alternative 2: Release of a Male Red Wolf from the SSP onto St. Vincent NWR 

Because of the great need for genetic diversity being introduced into the wild population in 
eastern North Carolina, and the St. Vincent NWR Island Propagation Site currently being the 
only authorized conduit for achieving that genetic diversity, it is imperative to maintain a 
breeding pair of red wolves on St. Vincent NWR.  This alternative is consistent with the history 
of how St. Vincent NWR has been managed and with the original intent of island propagation 
sites.  Beyond the ecological benefits of this alternative, it tangibly illustrates to our partners in 
red wolf recovery that the Service is continuing its commitment to the Red Wolf Recovery 
Program.    

Decision: 

Status Quo ______ 

Release of a Male Red Wolf from the SSP onto St. Vincent NWR _____ 

Other: ______ (Explanation Attached)  

 

 



From: Madison, Joseph S
To: Benjamin, Pete
Subject: Re: Draft Decision Memo for Release of a Male Red Wolf to St. Vincent
Date: Tuesday, August 13, 2019 12:45:16 PM
Attachments: DRAFT DECISION MEMO FOR THE ESARD rw ssp to st vincent.docx
Importance: High

Thanks Pete.

I had made a few other edits based on your edits to the other one so here is the cleaned up
version.  I talked to Michelle about them briefly this morning because she is here at the office
and she may have the same thinking you brought up about combining them, along with a few
other thoughts on the best approach but she was going to wait until after she saw these drafts.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Mon, Aug 12, 2019 at 3:30 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hey Joe,

I realized that I forgot to close the loop on this one with you.  Attached is the draft DM.  I corrected
one minor typo.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 2:07 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I think if we submit the DM for the juveniles first, then this one will make sense on its own. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606



Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 1:44 PM Madison, Joseph <joseph_madison@fws.gov> wrote:
Yes, the current plan based on internal discussions and at the SSP is to remove the two
yearlings from the island and then at that same time place the new male on St. Vincent. 
From discussions with you, Michelle and Aaron, I was trying to keep the Decision
Memo simple and not go into the logistical intricacies of the actual moves and releases,
both because it can get convoluted and because I don't want to get too detailed and paint
us into a corner where this DM only authorizes the specific actions discussed in detail
and not the action overall.  If you feel like that needs to be mentioned in this Decision
Memo, I will add it in.  

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:30 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Okay, that makes sense.  However, we have to move the juveniles before we move the male -
right?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 1:24 PM Madison, Joseph <joseph_madison@fws.gov>
wrote:

I should add that I am working on the decision memo for bringing the juveniles here
as we speak.

Joe Madison



Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:22 PM Madison, Joseph <joseph_madison@fws.gov>
wrote:

It was understanding from conversations with folks and my notes from conference
calls to do them separately since they are separate actions.  And the translocation
of 2283 and 2282 this year, and the potential translocation of 2322, 2323 and 2324
next year are not dependent on whether or not we replace the breeding male. 
Obviously after that, there won't be any translocations if we don't replace the
breeding male.  I am open to one decision memo if you think it is appropriate, I'm
assuming because in theory the two actions over time are clearly interrelated, but
they aren't in the case of the existing pups and juveniles on St. Vincent.

  
Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:11 PM Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Interesting.  So, are we going to do a separate DM for moving the 2-yr.-olds to ARNWR? 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.



On Tue, Jul 30, 2019 at 12:23 PM Madison, Joseph
<joseph_madison@fws.gov> wrote:

Pete,

Here is the draft decision memo for the release of a male red wolf onto St.
Vincent NWR from the SSP.  I used the draft decision we did for trying to
move that juvenile male red wolf from St. Vincent to here last year as the
basis for the formatting, layout and type of content, so if it needs additional
work, let me know.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: July 30, 2019 
 
FROM: Pete Benjamin, Project Leader, Raleigh Ecological Services Field Office 
 
SUBJECT: Release of Male Red Wolf onto St. Vincent NWR from the SSP 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program and under the authority of the existing 10(j) rule for 
the management of the northeastern North Carolina nonessential experimental population 
(NENC NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The 
role of these sites is to propagate pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated onto into the NENC NEP.  All but one of the island propagation sites are no longer 
active due to various reasons (e.g., too close to the mainland, too much human activity).  
However, St. Vincent National Wildlife Refuge (NWR) remains a valuable and viable island 
propagation site.  The purpose of this memo is provide background to inform the decision on 
whether or not to replace the breeding male red wolf (M1804) on St. Vincent NWR that died in 
June 2019.   

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring in 2018 to the adult female and 
the now deceased male (F2283 and M2282) born and their three pups born in 2019 (U2322, 
U2323 and U2324). 

Captive red wolves are managed under the auspices of the Association of Zoos & Aquariums 
(AZA) Red Wolf Species Survival Plan (SSP) Program. The SSP advances captive breeding and 
management following the objectives established by the existing Red Wolf Recovery Plan. 
While the SSP fills multiple roles, the basic tenet of the SSP is to manage the captive population 
as a genetic reservoir for the species.  

The SSP is critical to the recovery of the red wolf. The captive stock represents the genetic and 
demographic safeguard for the entire population and is vital to any future potential 
reintroductions and, therefore, recovery of the species.  The SSP promotes viability of the 
species by maximizing genetic diversity goals, supporting establishment of multiple resilient 
populations via reintroductions, and contributing to having adequate numbers of wolves to 
reintroduce, establish and maintain pack structures, defend territories, and produce viable 
offspring.  The red wolf SSP is currently operating at above capacity with 257 red wolves in 
space designed for 225 animals.   



 

 

 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the SSP into the NENC NEP.  
However, the Service may move animals from the SSP onto St. Vincent NWR for the purpose of 
maintaining a breeding pair of red wolves to propagate pups for future release onto the mainland, 
either through pup fostering or the translocation of juvenile red wolves of dispersing age.  As a 
result, red wolves propagated on St. Vincent NWR have become the sole method of increasing 
the genetic diversity of the wild red wolf population in eastern North Carolina, which is needed.  
There are currently no known breeding pairs of red wolves in the NENC NEP and there were no 
litters of pups born in the NENC NEP in 2019, which makes this the first year that has occurred 
in the 32 years of the program.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our SSP partners 
managing the captive population have coordinated to explore the following alternatives:  

 
1. Status Quo: Under this alternative a new male red wolf would not be released from the 

SSP onto St. Vincent NWR in an attempt to create a new breeding pair.  Consequently, 
there would be no propagation of red wolf pups on St. Vincent in the foreseeable future.  
The shortcoming of this alternative is that there would be no pups available to be fostered 
into the NENC NEP or pups that would grow up into dispersing age juveniles that could 
be relocated into the NENC NEP in the future to increase the genetic diversity of the wild 
population.  Additionally, if the existing adult female dies before a new male is placed on 
the island, the opportunity for her to pass along valuable knowledge regarding the island 
territory would be lost, and if a naïve pair of red wolves were placed on the island at a 
later date they would at least initially have a much more difficult time acclimatizing.  
There would also be no removal of a male red wolf from the SSP to free up space at a 
facility that is currently beyond capacity.     
  

2. Release of a Male Red Wolf from the SSP onto St. Vincent NWR:  Under this alternative, 
a male red wolf from the SSP (currently slated as M2198 from the NC Zoo) would be 
released from the SSP onto St. Vincent NWR to create a new breeding pair with the 
existing female.  This alternative would allow for the propagation of pups to continue on 
St. Vincent NWR and provide the opportunity for additional pup fostering or 
translocation of dispersing age juvenile red wolves into eastern North Carolina to provide 
much needed genetic diversity.  The male to be released from the SSP was carefully 



chosen in part because of his genetic makeup and lower genetic relatedness to the 
breeding female on St. Vincent NWR.  Thus maintaining the genetic diversity of the 
population as a whole and increasing the existence of comparatively underrepresented 
genes from the original founders.  Release of a new male red wolf would also provide the 
opportunity for the existing adult female, who is very familiar with the island, the chance 
to pass on valuable knowledge regarding their island territory to the new male.  It would 
also provide at least a minimal amount of reduction in the need for space in the SSP with 
one less animal to house.  Additionally, this alternative would allow the SSP and the St. 
Vincent NWR Island Propagation Site to fulfill their designated roles towards red wolf 
recovery that they have been working diligently to perform and in turn enhance those 
partnerships into the future.   
 

IV. RECOMMENDATION 
 

Alternative 2: Release of a Male Red Wolf from the SSP onto St. Vincent NWR 

Because of the great need for genetic diversity being introduced into the wild population in 
eastern North Carolina, and the St. Vincent NWR Island Propagation Site currently being the 
only authorized conduit for achieving that genetic diversity, it is imperative to maintain a 
breeding pair of red wolves on St. Vincent NWR.  This alternative is consistent with the history 
of how St. Vincent NWR has been managed and with the original intent of island propagation 
sites.  Beyond the ecological benefits of this alternative, it tangibly illustrates to our partners in 
red wolf recovery that the Service is continuing its commitment to the Red Wolf Recovery 
Program.    

Decision: 

Status Quo ______ 

Release of a Male Red Wolf from the SSP onto St. Vincent NWR _____ 

Other: ______ (Explanation Attached)  

 

 



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: Draft Decision Memo for Release of a Male Red Wolf to St. Vincent
Date: Tuesday, August 13, 2019 1:39:04 PM

Okay, it looks good to me.  I'm going to forward it on to Michelle.  We'll see what happens.  

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Aug 13, 2019 at 12:45 PM Madison, Joseph <joseph_madison@fws.gov> wrote:
Thanks Pete.

I had made a few other edits based on your edits to the other one so here is the cleaned up
version.  I talked to Michelle about them briefly this morning because she is here at the
office and she may have the same thinking you brought up about combining them, along
with a few other thoughts on the best approach but she was going to wait until after she saw
these drafts.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Mon, Aug 12, 2019 at 3:30 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hey Joe,

I realized that I forgot to close the loop on this one with you.  Attached is the draft DM.  I
corrected one minor typo.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive



Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 2:07 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I think if we submit the DM for the juveniles first, then this one will make sense on its own. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 1:44 PM Madison, Joseph <joseph_madison@fws.gov> wrote:
Yes, the current plan based on internal discussions and at the SSP is to remove the two
yearlings from the island and then at that same time place the new male on St.
Vincent.  From discussions with you, Michelle and Aaron, I was trying to keep the
Decision Memo simple and not go into the logistical intricacies of the actual moves
and releases, both because it can get convoluted and because I don't want to get too
detailed and paint us into a corner where this DM only authorizes the specific actions
discussed in detail and not the action overall.  If you feel like that needs to be
mentioned in this Decision Memo, I will add it in.  

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:30 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Okay, that makes sense.  However, we have to move the juveniles before we move the male
- right?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office



U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom
of Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 1:24 PM Madison, Joseph <joseph_madison@fws.gov>
wrote:

I should add that I am working on the decision memo for bringing the juveniles
here as we speak.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Jul 30, 2019 at 1:22 PM Madison, Joseph <joseph_madison@fws.gov>
wrote:

It was understanding from conversations with folks and my notes from
conference calls to do them separately since they are separate actions.  And the
translocation of 2283 and 2282 this year, and the potential translocation of 2322,
2323 and 2324 next year are not dependent on whether or not we replace the
breeding male.  Obviously after that, there won't be any translocations if we
don't replace the breeding male.  I am open to one decision memo if you think it
is appropriate, I'm assuming because in theory the two actions over time are
clearly interrelated, but they aren't in the case of the existing pups and juveniles
on St. Vincent.

  
Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



On Tue, Jul 30, 2019 at 1:11 PM Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

Interesting.  So, are we going to do a separate DM for moving the 2-yr.-olds to
ARNWR? 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the
Freedom of Information Act (FOIA) and may be disclosed to third parties.

On Tue, Jul 30, 2019 at 12:23 PM Madison, Joseph
<joseph_madison@fws.gov> wrote:

Pete,

Here is the draft decision memo for the release of a male red wolf onto St.
Vincent NWR from the SSP.  I used the draft decision we did for trying to
move that juvenile male red wolf from St. Vincent to here last year as the
basis for the formatting, layout and type of content, so if it needs additional
work, let me know.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



From: Benjamin, Pete
To: Eversen, Michelle; Madison, Joseph S
Subject: Fwd: Draft red wolf translocation DM
Date: Tuesday, August 13, 2019 2:08:19 PM
Attachments: 20190806_DM_DRAFT DECISION MEMO FOR THE ESARD rw st vicent to arnwr.docx

2019_08_13_dm_draft_move rw male from SSP to St. Vincent.docx

Hi Michelle,

Here is the second draft DM.  Joe and I talked about these and decided to draft them as two separate
actions (and 2 DM's) instead of one.  They are mostly independent actions, except that they will occur
very close to each other in time (this Fall/Winter).  Let me know what you think. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Aug 7, 2019 at 3:19 PM
Subject: Draft red wolf translocation DM
To: Michelle Eversen <michelle_eversen@fws.gov>
Cc: Joseph Madison <joseph_madison@fws.gov>

Howdy,

Joe's prepared the attached draft DM for your review, comment and action.  I think it is self-
explanatory, but let me know what you think.  There isn't a big rush; however, we do need a thumbs up
on this by about mid-October so we can coordinate all the logistics.  I'd also like to have something
relatively firm to talk about when we have our next AP3C meeting (hopefully in September).  

He is also preparing a companion DM regarding replacement of the breeding male on St. Vincent.  I'll
send that one along as soon as I'm done reviewing it.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: August 6, 2019 
 
FROM: Pete Benjamin, Field SupervisorProject Leader, Raleigh Ecological Services Field 
Office 
 
SUBJECT: Translocation of Juvenile Red Wolves from St. Vincent NWR to Alligator River 

NWR 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program under the authority of the existing 10(j) rule for the 
management of the northeastern North Carolina nonessential experimental population (NENC 
NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The role of 
these sites is to propagate red wolf pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated into the NENC NEP.  All but one of the island propagation sites are no longer active 
due to various reasons (e.g., too close to the mainland, too much human activity).  However, St. 
Vincent National Wildlife Refuge (NWR) remains a valuable and viable island propagation site.  
The purpose of this memo is provide the alternatives to inform the decision whether or not to 
capture and translocate juvenile offspring (F2283 and M2282) from St. Vincent NWR to 
Alligator River NWR to pre-empt the predicted dispersal from the island and provide genetic 
diversity to the wild red wolf population in eastern North Carolina. 

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring (F2283 and M2282) born in 
2018 to the adult female and the now deceased male and their three pups born in 2019 (U2322, 
U2323 and U2324).  The two juveniles are now about 15 months old and in the coming months 
will start approaching typical dispersal age.  Within the NENC NEP, juvenile red wolves 
typically disperse from their family group at around the age of two years old.  In the past, 
offspring on St. Vincent NWR were captured at around 18 months of age and translocated to 
within the NENC NEP before they naturally attempted to disperse from the island.  Based on the 
age of the juveniles currently residing on St. Vincent and typical dispersal age, it is expected that 
potentially towards the end year or beginning of the next they may attempt to disperse on their 
own or be pushed out by the adult red wolf. 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the Species Survival Plan 
(SSP) captive population into the NENC NEP.  However, for the purpose of increasing the 
genetic diversity of the wild red wolf population in eastern North Carolina, the Service may 
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translocate red wolves propagated on St. Vincent NWR to National Wildlife Refuge lands within 
the NENC NEP, either through pup fostering or the translocation of juvenile red wolves of 
dispersing age.  As a result, red wolves propagated on St. Vincent NWR have become the sole 
method of increasing the genetic diversity of the wild red wolf population in eastern North 
Carolina, which is highly needed.  The total population of red wolves in the NENC NEP is 
extremely low and estimated to be around 20-25 individuals.  There are currently no known 
breeding pairs of red wolves in the NENC NEP and no litters of pups born in the NENC NEP in 
2019, which makes this the first year that has occurred since 1988.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our vital partners 
managing the captive population have coordinated to explore the following alternatives.  

 
1. Status Quo: Under this alternative the juvenile offspring (F2283 and M2282) would be 

left on St. Vincent NWR until another alternative can be identified or those red wolves 
leave the island and make it to mainland Florida forcing the need to attempt to capture 
them and hold them in captivity until another alternative is identified.   The obvious short 
coming of this alternative is that it merely delays the inevitable choice of one of the other 
alternatives and is likely to drain resources with a predicable dispersal off the island.    
 

2. SSP / Alternate Captive Facility: Under this alternative F2283 and M2282 would become 
part of the captive breeding program by being captured before dispersal and placed in a 
captive facility.  Moving an adult wild red wolf into captivity poses several potential 
concerns regarding quarantine, introducing diseases to the captive population, habituation 
and others, and has only been done under rare circumstances, which typically have not 
taken the well-being of the animal into consideration.  Additionally, Chris Lasher, the 
SSP Coordinator, has indicated that with the current SSP facilities they have the capacity 
to house 225 red wolves yet they are currently housing 257, so space is not currently 
available or expected to be in the time frame that would be necessary to place these two 
red wolves into captivity.  The Service is actively working to encourage existing SSP 
facilities to expand and  new facilities to become part of the red wolf SSP to increase 
capacity; however, the purpose of this additional space is to increase capacity to provide 
additional red wolves for reintroduction into the wild, not for bringing red wolves from 
the wild into captivity.  At this time that leaves the Service’s Sandy Ridge facility as the 
only captive option with space.  While Sandy Ridge does currently have space it was not 
designed for the long term holding of wild red wolves and without significant repair and 
investment it is not capable of containing a wild wolf for more than a short time, as 
illustrated by escapes in 2016 of wild red wolves being held there temporarily.  In fact, 
because of the condition and location of the Sandy Ridge facility (e.g., partially 



underwater for parts of the year, not meeting American Zoological Association standards) 
efforts are being made to transfer the remaining wolves held at Sandy Ridge to SSP 
facilities that are better equipped to care for their needs and to allow the Service to focus 
on its main task in red wolf recovery of managing the wild population.  As discussed 
previously there is currently no space available in the SSP so it is likely the older, captive 
raised red wolves at Sandy Ridge will likely remain there until their passing.  The 
shortcomings of this alternative include overburdening existing infrastructure with 
additional captive red wolves and losing the ability to increase genetic diversity into the 
wild population by not translocating them into the NENC NEP.   
 

3. Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge: This alternative is consistent with previous translocations of red wolves 
propagated on St. Vincent NWR into the NENC NEP, and with the original intent of the 
island propagation sites when they were established.  As discussed in the Background 
section, there are currently no wild red wolf breeding pairs in eastern North Carolina and 
the wild population as a whole is at dangerously low numbers.  With the decline in the 
wild red wolf population in the NENC NEP, the availability of suitable red wolf mates 
has declined steadily.  Areas such as Alligator River NWR, particularly because of the 
peninsular nature of the refuge, are inhabited by red wolves that are all very closely 
related, as they all originated in the Milltail Pack.  Consequently, it is difficult for wild 
red wolves to find adequate mates in general, but also mates that would improve the 
genetic makeup of the wild population.  Translocating the two juvenile red wolves from 
St. Vincent NWR to Alligator River NWR would be extremely beneficial from the 
standpoint of increasing genetic diversity of the wild red wolf population.  During 
translocation, attempts would be made to create two red wolf breeding pairs on Alligator 
River NWR formed by one existing red wolf and one translocated red wolf.  This influx 
of genes and the potential offspring as a result of these new breeding pairs would be 
invaluable to the wild red wolf population in eastern North Carolina.  The prospect of 
translocating juvenile red wolves from St. Vincent NWR to Alligator River NWR has 
been discussed with Refuge managers for both locations on multiple occasions and they 
have indicated strong support for the proposal, have no objections to the release and do 
not foresee any compatibility issues with what is being proposed.    

 
IV. RECOMMENDATION 
 

Alternative 3: Translocation of F2283 and M2282 into the NENC NEP onto Alligator National 
Wildlife Refuge:   

St. Vincent NWR was designated as an island propagation site for the sole purpose of carrying 
out translocation of dispersing age juvenile red wolves that have been raised in the wild into the 
NENC NEP to increase the genetic diversity of the wild population.  Based on the availability of 



the two juvenile red wolves on St. Vincent NWR that will need to be relocated at some point and 
the potentially large benefit to red wolf recovery to create red wolf/red wolf breeding pairs on 
Alligator River NWR to increase the genetic diversity of the wild population, we recommend the 
translocation of the two juveniles to Alligator River NWR.  If one or both pairings is successful 
it seems most likely that these new pairs would continue to inhabit the established territory 
within the Refuge since there are currently no fully functioning packs/breeding pairs present and 
it has historically been the most successful pack territory.  If that were indeed the case, we would 
in essence be moving these juvenile red wolves from one NWR to another NWR.  This 
alternative is supported by the NENC NEP Managers, the Red Wolf Recovery Lead, the SSP and 
the Refuge Managers at St. Vincent NWR and Alligator River NWR.  

Decision: 

Status Quo ______ 

SSP / Alternate Captive Facility _____ 

Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge NWR _____ 

Other: ______ (Explanation Attached)  

 

 



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: July 30, 2019 
 
FROM: Pete Benjamin, Project Leader, Raleigh Ecological Services Field Office 
 
SUBJECT: Release of Male Red Wolf onto St. Vincent NWR from the SSP 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program and under the authority of the existing 10(j) rule for 
the management of the northeastern North Carolina nonessential experimental population 
(NENC NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The 
role of these sites is to propagate pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated onto into the NENC NEP.  All but one of the island propagation sites are no longer 
active due to various reasons (e.g., too close to the mainland, too much human activity).  
However, St. Vincent National Wildlife Refuge (NWR) remains a valuable and viable island 
propagation site.  The purpose of this memo is provide background to inform the decision on 
whether or not to replace the breeding male red wolf (M1804) on St. Vincent NWR that died in 
June 2019.   

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring in 2018 to the adult female and 
the now deceased male (F2283 and M2282) born and their three pups born in 2019 (U2322, 
U2323 and U2324). 

Captive red wolves are managed under the auspices of the Association of Zoos & Aquariums 
(AZA) Red Wolf Species Survival Plan (SSP) Program. The SSP advances captive breeding and 
management following the objectives established by the existing Red Wolf Recovery Plan. 
While the SSP fills multiple roles, the basic tenet of the SSP is to manage the captive population 
as a genetic reservoir for the species.  

The SSP is critical to the recovery of the red wolf. The captive stock represents the genetic and 
demographic safeguard for the entire population and is vital to any future potential 
reintroductions and, therefore, recovery of the species.  The SSP promotes viability of the 
species by maximizing genetic diversity goals, supporting establishment of multiple resilient 
populations via reintroductions, and contributing to having adequate numbers of wolves to 
reintroduce, establish and maintain pack structures, defend territories, and produce viable 
offspring.  The red wolf SSP is currently operating at above capacity with 257 red wolves in 
space designed for 225 animals.   



 

 

 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the SSP into the NENC NEP.  
However, the Service may move animals from the SSP onto St. Vincent NWR for the purpose of 
maintaining a breeding pair of red wolves to propagate pups for future release onto the mainland, 
either through pup fostering or the translocation of juvenile red wolves of dispersing age.  As a 
result, red wolves propagated on St. Vincent NWR have become the sole method of increasing 
the genetic diversity of the wild red wolf population in eastern North Carolina, which is needed.  
There are currently no known breeding pairs of red wolves in the NENC NEP and there were no 
litters of pups born in the NENC NEP in 2019, which makes this the first year that has occurred 
in the 32 years of the program.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our SSP partners 
managing the captive population have coordinated to explore the following alternatives:  

 
1. Status Quo: Under this alternative a new male red wolf would not be released from the 

SSP onto St. Vincent NWR in an attempt to create a new breeding pair.  Consequently, 
there would be no propagation of red wolf pups on St. Vincent in the foreseeable future.  
The shortcoming of this alternative is that there would be no pups available to be fostered 
into the NENC NEP or pups that would grow up into dispersing age juveniles that could 
be relocated into the NENC NEP in the future to increase the genetic diversity of the wild 
population.  Additionally, if the existing adult female dies before a new male is placed on 
the island, the opportunity for her to pass along valuable knowledge regarding the island 
territory would be lost, and if a naïve pair of red wolves were placed on the island at a 
later date they would at least initially have a much more difficult time acclimatizing.  
There would also be no removal of a male red wolf from the SSP to free up space at a 
facility that is currently beyond capacity.     
  

2. Release of a Male Red Wolf from the SSP onto St. Vincent NWR:  Under this alternative, 
a male red wolf from the SSP (currently slated as M2198 from the NC Zoo) would be 
released from the SSP onto St. Vincent NWR to create a new breeding pair with the 
existing female.  This alternative would allow for the propagation of pups to continue on 
St. Vincent NWR and provide the opportunity for additional pup fostering or 
translocation of dispersing age juvenile red wolves into eastern North Carolina to provide 
much needed genetic diversity.  The male to be released from the SSP was carefully 



chosen in part because of his genetic makeup and lower genetic relatedness to the 
breeding female on St. Vincent NWR.  Thus maintaining the genetic diversity of the 
population as a whole and increasing the existence of comparatively underrepresented 
genes from the original founders.  Release of a new male red wolf would also provide the 
opportunity for the existing adult female, who is very familiar with the island, the chance 
to pass on valuable knowledge regarding their island territory to the new male.  It would 
also provide at least a minimal amount of reduction in the need for space in the SSP with 
one less animal to house.  Additionally, this alternative would allow the SSP and the St. 
Vincent NWR Island Propagation Site to fulfill their designated roles towards red wolf 
recovery that they have been working diligently to perform and in turn enhance those 
partnerships into the future.   
 

IV. RECOMMENDATION 
 

Alternative 2: Release of a Male Red Wolf from the SSP onto St. Vincent NWR 

Because of the great need for genetic diversity being introduced into the wild population in 
eastern North Carolina, and the St. Vincent NWR Island Propagation Site currently being the 
only authorized conduit for achieving that genetic diversity, it is imperative to maintain a 
breeding pair of red wolves on St. Vincent NWR.  This alternative is consistent with the history 
of how St. Vincent NWR has been managed and with the original intent of island propagation 
sites.  Beyond the ecological benefits of this alternative, it tangibly illustrates to our partners in 
red wolf recovery that the Service is continuing its commitment to the Red Wolf Recovery 
Program.    

Decision: 

Status Quo ______ 

Release of a Male Red Wolf from the SSP onto St. Vincent NWR _____ 

Other: ______ (Explanation Attached)  

 

 



From: Benjamin, Pete
To: Eversen, Michelle; Madison, Joseph S
Subject: Fwd: Draft red wolf translocation DM
Date: Tuesday, August 13, 2019 2:08:19 PM
Attachments: 20190806_DM_DRAFT DECISION MEMO FOR THE ESARD rw st vicent to arnwr.docx

2019_08_13_dm_draft_move rw male from SSP to St. Vincent.docx

Hi Michelle,

Here is the second draft DM.  Joe and I talked about these and decided to draft them as two separate
actions (and 2 DM's) instead of one.  They are mostly independent actions, except that they will occur
very close to each other in time (this Fall/Winter).  Let me know what you think. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Aug 7, 2019 at 3:19 PM
Subject: Draft red wolf translocation DM
To: Michelle Eversen <michelle_eversen@fws.gov>
Cc: Joseph Madison <joseph_madison@fws.gov>

Howdy,

Joe's prepared the attached draft DM for your review, comment and action.  I think it is self-
explanatory, but let me know what you think.  There isn't a big rush; however, we do need a thumbs up
on this by about mid-October so we can coordinate all the logistics.  I'd also like to have something
relatively firm to talk about when we have our next AP3C meeting (hopefully in September).  

He is also preparing a companion DM regarding replacement of the breeding male on St. Vincent.  I'll
send that one along as soon as I'm done reviewing it.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: August 6, 2019 
 
FROM: Pete Benjamin, Field SupervisorProject Leader, Raleigh Ecological Services Field 
Office 
 
SUBJECT: Translocation of Juvenile Red Wolves from St. Vincent NWR to Alligator River 

NWR 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program under the authority of the existing 10(j) rule for the 
management of the northeastern North Carolina nonessential experimental population (NENC 
NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The role of 
these sites is to propagate red wolf pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated into the NENC NEP.  All but one of the island propagation sites are no longer active 
due to various reasons (e.g., too close to the mainland, too much human activity).  However, St. 
Vincent National Wildlife Refuge (NWR) remains a valuable and viable island propagation site.  
The purpose of this memo is provide the alternatives to inform the decision whether or not to 
capture and translocate juvenile offspring (F2283 and M2282) from St. Vincent NWR to 
Alligator River NWR to pre-empt the predicted dispersal from the island and provide genetic 
diversity to the wild red wolf population in eastern North Carolina. 

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring (F2283 and M2282) born in 
2018 to the adult female and the now deceased male and their three pups born in 2019 (U2322, 
U2323 and U2324).  The two juveniles are now about 15 months old and in the coming months 
will start approaching typical dispersal age.  Within the NENC NEP, juvenile red wolves 
typically disperse from their family group at around the age of two years old.  In the past, 
offspring on St. Vincent NWR were captured at around 18 months of age and translocated to 
within the NENC NEP before they naturally attempted to disperse from the island.  Based on the 
age of the juveniles currently residing on St. Vincent and typical dispersal age, it is expected that 
potentially towards the end year or beginning of the next they may attempt to disperse on their 
own or be pushed out by the adult red wolf. 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the Species Survival Plan 
(SSP) captive population into the NENC NEP.  However, for the purpose of increasing the 
genetic diversity of the wild red wolf population in eastern North Carolina, the Service may 
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translocate red wolves propagated on St. Vincent NWR to National Wildlife Refuge lands within 
the NENC NEP, either through pup fostering or the translocation of juvenile red wolves of 
dispersing age.  As a result, red wolves propagated on St. Vincent NWR have become the sole 
method of increasing the genetic diversity of the wild red wolf population in eastern North 
Carolina, which is highly needed.  The total population of red wolves in the NENC NEP is 
extremely low and estimated to be around 20-25 individuals.  There are currently no known 
breeding pairs of red wolves in the NENC NEP and no litters of pups born in the NENC NEP in 
2019, which makes this the first year that has occurred since 1988.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our vital partners 
managing the captive population have coordinated to explore the following alternatives.  

 
1. Status Quo: Under this alternative the juvenile offspring (F2283 and M2282) would be 

left on St. Vincent NWR until another alternative can be identified or those red wolves 
leave the island and make it to mainland Florida forcing the need to attempt to capture 
them and hold them in captivity until another alternative is identified.   The obvious short 
coming of this alternative is that it merely delays the inevitable choice of one of the other 
alternatives and is likely to drain resources with a predicable dispersal off the island.    
 

2. SSP / Alternate Captive Facility: Under this alternative F2283 and M2282 would become 
part of the captive breeding program by being captured before dispersal and placed in a 
captive facility.  Moving an adult wild red wolf into captivity poses several potential 
concerns regarding quarantine, introducing diseases to the captive population, habituation 
and others, and has only been done under rare circumstances, which typically have not 
taken the well-being of the animal into consideration.  Additionally, Chris Lasher, the 
SSP Coordinator, has indicated that with the current SSP facilities they have the capacity 
to house 225 red wolves yet they are currently housing 257, so space is not currently 
available or expected to be in the time frame that would be necessary to place these two 
red wolves into captivity.  The Service is actively working to encourage existing SSP 
facilities to expand and  new facilities to become part of the red wolf SSP to increase 
capacity; however, the purpose of this additional space is to increase capacity to provide 
additional red wolves for reintroduction into the wild, not for bringing red wolves from 
the wild into captivity.  At this time that leaves the Service’s Sandy Ridge facility as the 
only captive option with space.  While Sandy Ridge does currently have space it was not 
designed for the long term holding of wild red wolves and without significant repair and 
investment it is not capable of containing a wild wolf for more than a short time, as 
illustrated by escapes in 2016 of wild red wolves being held there temporarily.  In fact, 
because of the condition and location of the Sandy Ridge facility (e.g., partially 



underwater for parts of the year, not meeting American Zoological Association standards) 
efforts are being made to transfer the remaining wolves held at Sandy Ridge to SSP 
facilities that are better equipped to care for their needs and to allow the Service to focus 
on its main task in red wolf recovery of managing the wild population.  As discussed 
previously there is currently no space available in the SSP so it is likely the older, captive 
raised red wolves at Sandy Ridge will likely remain there until their passing.  The 
shortcomings of this alternative include overburdening existing infrastructure with 
additional captive red wolves and losing the ability to increase genetic diversity into the 
wild population by not translocating them into the NENC NEP.   
 

3. Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge: This alternative is consistent with previous translocations of red wolves 
propagated on St. Vincent NWR into the NENC NEP, and with the original intent of the 
island propagation sites when they were established.  As discussed in the Background 
section, there are currently no wild red wolf breeding pairs in eastern North Carolina and 
the wild population as a whole is at dangerously low numbers.  With the decline in the 
wild red wolf population in the NENC NEP, the availability of suitable red wolf mates 
has declined steadily.  Areas such as Alligator River NWR, particularly because of the 
peninsular nature of the refuge, are inhabited by red wolves that are all very closely 
related, as they all originated in the Milltail Pack.  Consequently, it is difficult for wild 
red wolves to find adequate mates in general, but also mates that would improve the 
genetic makeup of the wild population.  Translocating the two juvenile red wolves from 
St. Vincent NWR to Alligator River NWR would be extremely beneficial from the 
standpoint of increasing genetic diversity of the wild red wolf population.  During 
translocation, attempts would be made to create two red wolf breeding pairs on Alligator 
River NWR formed by one existing red wolf and one translocated red wolf.  This influx 
of genes and the potential offspring as a result of these new breeding pairs would be 
invaluable to the wild red wolf population in eastern North Carolina.  The prospect of 
translocating juvenile red wolves from St. Vincent NWR to Alligator River NWR has 
been discussed with Refuge managers for both locations on multiple occasions and they 
have indicated strong support for the proposal, have no objections to the release and do 
not foresee any compatibility issues with what is being proposed.    

 
IV. RECOMMENDATION 
 

Alternative 3: Translocation of F2283 and M2282 into the NENC NEP onto Alligator National 
Wildlife Refuge:   

St. Vincent NWR was designated as an island propagation site for the sole purpose of carrying 
out translocation of dispersing age juvenile red wolves that have been raised in the wild into the 
NENC NEP to increase the genetic diversity of the wild population.  Based on the availability of 



the two juvenile red wolves on St. Vincent NWR that will need to be relocated at some point and 
the potentially large benefit to red wolf recovery to create red wolf/red wolf breeding pairs on 
Alligator River NWR to increase the genetic diversity of the wild population, we recommend the 
translocation of the two juveniles to Alligator River NWR.  If one or both pairings is successful 
it seems most likely that these new pairs would continue to inhabit the established territory 
within the Refuge since there are currently no fully functioning packs/breeding pairs present and 
it has historically been the most successful pack territory.  If that were indeed the case, we would 
in essence be moving these juvenile red wolves from one NWR to another NWR.  This 
alternative is supported by the NENC NEP Managers, the Red Wolf Recovery Lead, the SSP and 
the Refuge Managers at St. Vincent NWR and Alligator River NWR.  

Decision: 

Status Quo ______ 

SSP / Alternate Captive Facility _____ 

Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge NWR _____ 

Other: ______ (Explanation Attached)  

 

 



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: July 30, 2019 
 
FROM: Pete Benjamin, Project Leader, Raleigh Ecological Services Field Office 
 
SUBJECT: Release of Male Red Wolf onto St. Vincent NWR from the SSP 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program and under the authority of the existing 10(j) rule for 
the management of the northeastern North Carolina nonessential experimental population 
(NENC NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The 
role of these sites is to propagate pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated onto into the NENC NEP.  All but one of the island propagation sites are no longer 
active due to various reasons (e.g., too close to the mainland, too much human activity).  
However, St. Vincent National Wildlife Refuge (NWR) remains a valuable and viable island 
propagation site.  The purpose of this memo is provide background to inform the decision on 
whether or not to replace the breeding male red wolf (M1804) on St. Vincent NWR that died in 
June 2019.   

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring in 2018 to the adult female and 
the now deceased male (F2283 and M2282) born and their three pups born in 2019 (U2322, 
U2323 and U2324). 

Captive red wolves are managed under the auspices of the Association of Zoos & Aquariums 
(AZA) Red Wolf Species Survival Plan (SSP) Program. The SSP advances captive breeding and 
management following the objectives established by the existing Red Wolf Recovery Plan. 
While the SSP fills multiple roles, the basic tenet of the SSP is to manage the captive population 
as a genetic reservoir for the species.  

The SSP is critical to the recovery of the red wolf. The captive stock represents the genetic and 
demographic safeguard for the entire population and is vital to any future potential 
reintroductions and, therefore, recovery of the species.  The SSP promotes viability of the 
species by maximizing genetic diversity goals, supporting establishment of multiple resilient 
populations via reintroductions, and contributing to having adequate numbers of wolves to 
reintroduce, establish and maintain pack structures, defend territories, and produce viable 
offspring.  The red wolf SSP is currently operating at above capacity with 257 red wolves in 
space designed for 225 animals.   



 

 

 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the SSP into the NENC NEP.  
However, the Service may move animals from the SSP onto St. Vincent NWR for the purpose of 
maintaining a breeding pair of red wolves to propagate pups for future release onto the mainland, 
either through pup fostering or the translocation of juvenile red wolves of dispersing age.  As a 
result, red wolves propagated on St. Vincent NWR have become the sole method of increasing 
the genetic diversity of the wild red wolf population in eastern North Carolina, which is needed.  
There are currently no known breeding pairs of red wolves in the NENC NEP and there were no 
litters of pups born in the NENC NEP in 2019, which makes this the first year that has occurred 
in the 32 years of the program.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our SSP partners 
managing the captive population have coordinated to explore the following alternatives:  

 
1. Status Quo: Under this alternative a new male red wolf would not be released from the 

SSP onto St. Vincent NWR in an attempt to create a new breeding pair.  Consequently, 
there would be no propagation of red wolf pups on St. Vincent in the foreseeable future.  
The shortcoming of this alternative is that there would be no pups available to be fostered 
into the NENC NEP or pups that would grow up into dispersing age juveniles that could 
be relocated into the NENC NEP in the future to increase the genetic diversity of the wild 
population.  Additionally, if the existing adult female dies before a new male is placed on 
the island, the opportunity for her to pass along valuable knowledge regarding the island 
territory would be lost, and if a naïve pair of red wolves were placed on the island at a 
later date they would at least initially have a much more difficult time acclimatizing.  
There would also be no removal of a male red wolf from the SSP to free up space at a 
facility that is currently beyond capacity.     
  

2. Release of a Male Red Wolf from the SSP onto St. Vincent NWR:  Under this alternative, 
a male red wolf from the SSP (currently slated as M2198 from the NC Zoo) would be 
released from the SSP onto St. Vincent NWR to create a new breeding pair with the 
existing female.  This alternative would allow for the propagation of pups to continue on 
St. Vincent NWR and provide the opportunity for additional pup fostering or 
translocation of dispersing age juvenile red wolves into eastern North Carolina to provide 
much needed genetic diversity.  The male to be released from the SSP was carefully 



chosen in part because of his genetic makeup and lower genetic relatedness to the 
breeding female on St. Vincent NWR.  Thus maintaining the genetic diversity of the 
population as a whole and increasing the existence of comparatively underrepresented 
genes from the original founders.  Release of a new male red wolf would also provide the 
opportunity for the existing adult female, who is very familiar with the island, the chance 
to pass on valuable knowledge regarding their island territory to the new male.  It would 
also provide at least a minimal amount of reduction in the need for space in the SSP with 
one less animal to house.  Additionally, this alternative would allow the SSP and the St. 
Vincent NWR Island Propagation Site to fulfill their designated roles towards red wolf 
recovery that they have been working diligently to perform and in turn enhance those 
partnerships into the future.   
 

IV. RECOMMENDATION 
 

Alternative 2: Release of a Male Red Wolf from the SSP onto St. Vincent NWR 

Because of the great need for genetic diversity being introduced into the wild population in 
eastern North Carolina, and the St. Vincent NWR Island Propagation Site currently being the 
only authorized conduit for achieving that genetic diversity, it is imperative to maintain a 
breeding pair of red wolves on St. Vincent NWR.  This alternative is consistent with the history 
of how St. Vincent NWR has been managed and with the original intent of island propagation 
sites.  Beyond the ecological benefits of this alternative, it tangibly illustrates to our partners in 
red wolf recovery that the Service is continuing its commitment to the Red Wolf Recovery 
Program.    

Decision: 

Status Quo ______ 

Release of a Male Red Wolf from the SSP onto St. Vincent NWR _____ 

Other: ______ (Explanation Attached)  

 

 



From: Benjamin, Pete
To: Madison, Joseph S
Cc: Butts, Matthew T
Subject: Re: Travel and Red Wolf Transfer Logistics
Date: Tuesday, September 10, 2019 9:43:52 AM

Sounds good to me.  What time are you planning to get to Raleigh?  I need to gas up the van.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 10, 2019 at 9:32 AM Madison, Joseph <joseph_madison@fws.gov> wrote:
Pete,

Logistically I think it makes the most sense for two of us from here (myself being one of
them) to travel to Asheboro this afternoon stopping along the way to pick up the van in
Raleigh so that we can be positioned tomorrow morning to pick up the wolves from the NC
Zoo and then return them to Columbia and Sandy Ridge.  One of the reasons I'd like to do it
that way is because I am trying to work it out with NCSU to transfer 1276 (Betty) directly to
them instead of bringing her back here since she is important to them from a research
standpoint because of her eyes.  Anyway, this way I can interact directly with the NC Zoo
and NCSU staffs and it won't put any of the transfer burden on them or the RFO.  

Also, just as an FYI we will be leaving 1995 at the NZ Zoo and bringing back a new
companion pair for the Red Wolf Center, both of which were recommended at the SSP
meeting.

Matt, I've cc'd you just to verify that an overnight and per diem for two individuals is not an
issue from a travel budget standpoint, which I don't think it is.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



From: Benjamin, Pete
To: Madison, Joseph S
Subject: Re: Travel and Red Wolf Transfer Logistics
Date: Tuesday, September 10, 2019 10:28:59 AM

Okay.  I'll get it gassed up at lunch.  Safe travels.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 10, 2019 at 9:49 AM Madison, Joseph <joseph_madison@fws.gov> wrote:
I can't see us getting there before 3 pm at the absolute earliest and likely later than that.

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov

On Tue, Sep 10, 2019 at 9:44 AM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Sounds good to me.  What time are you planning to get to Raleigh?  I need to gas up the van.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

On Tue, Sep 10, 2019 at 9:32 AM Madison, Joseph <joseph_madison@fws.gov> wrote:
Pete,



Logistically I think it makes the most sense for two of us from here (myself being one of
them) to travel to Asheboro this afternoon stopping along the way to pick up the van in
Raleigh so that we can be positioned tomorrow morning to pick up the wolves from the
NC Zoo and then return them to Columbia and Sandy Ridge.  One of the reasons I'd like
to do it that way is because I am trying to work it out with NCSU to transfer 1276
(Betty) directly to them instead of bringing her back here since she is important to them
from a research standpoint because of her eyes.  Anyway, this way I can interact directly
with the NC Zoo and NCSU staffs and it won't put any of the transfer burden on them or
the RFO.  

Also, just as an FYI we will be leaving 1995 at the NZ Zoo and bringing back a new
companion pair for the Red Wolf Center, both of which were recommended at the SSP
meeting.

Matt, I've cc'd you just to verify that an overnight and per diem for two individuals is
not an issue from a travel budget standpoint, which I don't think it is.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Fwd: Draft red wolf translocation DM
Date: Wednesday, September 11, 2019 11:29:58 AM
Attachments: 20190806_DM_DRAFT DECISION MEMO FOR THE ESARD rw st vicent to arnwr.docx

2019_08_13_dm_draft_move rw male from SSP to St. Vincent.docx

Hi Michelle,

Just checking in.  You had mentioned that you had thoughts on format changes/edits for these.  Is
there something I could be working on?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Tue, Aug 13, 2019 at 2:08 PM
Subject: Fwd: Draft red wolf translocation DM
To: Michelle Eversen <michelle_eversen@fws.gov>, Joseph Madison
<joseph_madison@fws.gov>

Hi Michelle,

Here is the second draft DM.  Joe and I talked about these and decided to draft them as two separate
actions (and 2 DM's) instead of one.  They are mostly independent actions, except that they will occur
very close to each other in time (this Fall/Winter).  Let me know what you think. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ---------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Aug 7, 2019 at 3:19 PM



Subject: Draft red wolf translocation DM
To: Michelle Eversen <michelle_eversen@fws.gov>
Cc: Joseph Madison <joseph_madison@fws.gov>

Howdy,

Joe's prepared the attached draft DM for your review, comment and action.  I think it is self-
explanatory, but let me know what you think.  There isn't a big rush; however, we do need a thumbs up
on this by about mid-October so we can coordinate all the logistics.  I'd also like to have something
relatively firm to talk about when we have our next AP3C meeting (hopefully in September).  

He is also preparing a companion DM regarding replacement of the breeding male on St. Vincent.  I'll
send that one along as soon as I'm done reviewing it.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: August 6, 2019 
 
FROM: Pete Benjamin, Field SupervisorProject Leader, Raleigh Ecological Services Field 
Office 
 
SUBJECT: Translocation of Juvenile Red Wolves from St. Vincent NWR to Alligator River 

NWR 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program under the authority of the existing 10(j) rule for the 
management of the northeastern North Carolina nonessential experimental population (NENC 
NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The role of 
these sites is to propagate red wolf pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated into the NENC NEP.  All but one of the island propagation sites are no longer active 
due to various reasons (e.g., too close to the mainland, too much human activity).  However, St. 
Vincent National Wildlife Refuge (NWR) remains a valuable and viable island propagation site.  
The purpose of this memo is provide the alternatives to inform the decision whether or not to 
capture and translocate juvenile offspring (F2283 and M2282) from St. Vincent NWR to 
Alligator River NWR to pre-empt the predicted dispersal from the island and provide genetic 
diversity to the wild red wolf population in eastern North Carolina. 

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring (F2283 and M2282) born in 
2018 to the adult female and the now deceased male and their three pups born in 2019 (U2322, 
U2323 and U2324).  The two juveniles are now about 15 months old and in the coming months 
will start approaching typical dispersal age.  Within the NENC NEP, juvenile red wolves 
typically disperse from their family group at around the age of two years old.  In the past, 
offspring on St. Vincent NWR were captured at around 18 months of age and translocated to 
within the NENC NEP before they naturally attempted to disperse from the island.  Based on the 
age of the juveniles currently residing on St. Vincent and typical dispersal age, it is expected that 
potentially towards the end year or beginning of the next they may attempt to disperse on their 
own or be pushed out by the adult red wolf. 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the Species Survival Plan 
(SSP) captive population into the NENC NEP.  However, for the purpose of increasing the 
genetic diversity of the wild red wolf population in eastern North Carolina, the Service may 
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translocate red wolves propagated on St. Vincent NWR to National Wildlife Refuge lands within 
the NENC NEP, either through pup fostering or the translocation of juvenile red wolves of 
dispersing age.  As a result, red wolves propagated on St. Vincent NWR have become the sole 
method of increasing the genetic diversity of the wild red wolf population in eastern North 
Carolina, which is highly needed.  The total population of red wolves in the NENC NEP is 
extremely low and estimated to be around 20-25 individuals.  There are currently no known 
breeding pairs of red wolves in the NENC NEP and no litters of pups born in the NENC NEP in 
2019, which makes this the first year that has occurred since 1988.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our vital partners 
managing the captive population have coordinated to explore the following alternatives.  

 
1. Status Quo: Under this alternative the juvenile offspring (F2283 and M2282) would be 

left on St. Vincent NWR until another alternative can be identified or those red wolves 
leave the island and make it to mainland Florida forcing the need to attempt to capture 
them and hold them in captivity until another alternative is identified.   The obvious short 
coming of this alternative is that it merely delays the inevitable choice of one of the other 
alternatives and is likely to drain resources with a predicable dispersal off the island.    
 

2. SSP / Alternate Captive Facility: Under this alternative F2283 and M2282 would become 
part of the captive breeding program by being captured before dispersal and placed in a 
captive facility.  Moving an adult wild red wolf into captivity poses several potential 
concerns regarding quarantine, introducing diseases to the captive population, habituation 
and others, and has only been done under rare circumstances, which typically have not 
taken the well-being of the animal into consideration.  Additionally, Chris Lasher, the 
SSP Coordinator, has indicated that with the current SSP facilities they have the capacity 
to house 225 red wolves yet they are currently housing 257, so space is not currently 
available or expected to be in the time frame that would be necessary to place these two 
red wolves into captivity.  The Service is actively working to encourage existing SSP 
facilities to expand and  new facilities to become part of the red wolf SSP to increase 
capacity; however, the purpose of this additional space is to increase capacity to provide 
additional red wolves for reintroduction into the wild, not for bringing red wolves from 
the wild into captivity.  At this time that leaves the Service’s Sandy Ridge facility as the 
only captive option with space.  While Sandy Ridge does currently have space it was not 
designed for the long term holding of wild red wolves and without significant repair and 
investment it is not capable of containing a wild wolf for more than a short time, as 
illustrated by escapes in 2016 of wild red wolves being held there temporarily.  In fact, 
because of the condition and location of the Sandy Ridge facility (e.g., partially 



underwater for parts of the year, not meeting American Zoological Association standards) 
efforts are being made to transfer the remaining wolves held at Sandy Ridge to SSP 
facilities that are better equipped to care for their needs and to allow the Service to focus 
on its main task in red wolf recovery of managing the wild population.  As discussed 
previously there is currently no space available in the SSP so it is likely the older, captive 
raised red wolves at Sandy Ridge will likely remain there until their passing.  The 
shortcomings of this alternative include overburdening existing infrastructure with 
additional captive red wolves and losing the ability to increase genetic diversity into the 
wild population by not translocating them into the NENC NEP.   
 

3. Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge: This alternative is consistent with previous translocations of red wolves 
propagated on St. Vincent NWR into the NENC NEP, and with the original intent of the 
island propagation sites when they were established.  As discussed in the Background 
section, there are currently no wild red wolf breeding pairs in eastern North Carolina and 
the wild population as a whole is at dangerously low numbers.  With the decline in the 
wild red wolf population in the NENC NEP, the availability of suitable red wolf mates 
has declined steadily.  Areas such as Alligator River NWR, particularly because of the 
peninsular nature of the refuge, are inhabited by red wolves that are all very closely 
related, as they all originated in the Milltail Pack.  Consequently, it is difficult for wild 
red wolves to find adequate mates in general, but also mates that would improve the 
genetic makeup of the wild population.  Translocating the two juvenile red wolves from 
St. Vincent NWR to Alligator River NWR would be extremely beneficial from the 
standpoint of increasing genetic diversity of the wild red wolf population.  During 
translocation, attempts would be made to create two red wolf breeding pairs on Alligator 
River NWR formed by one existing red wolf and one translocated red wolf.  This influx 
of genes and the potential offspring as a result of these new breeding pairs would be 
invaluable to the wild red wolf population in eastern North Carolina.  The prospect of 
translocating juvenile red wolves from St. Vincent NWR to Alligator River NWR has 
been discussed with Refuge managers for both locations on multiple occasions and they 
have indicated strong support for the proposal, have no objections to the release and do 
not foresee any compatibility issues with what is being proposed.    

 
IV. RECOMMENDATION 
 

Alternative 3: Translocation of F2283 and M2282 into the NENC NEP onto Alligator National 
Wildlife Refuge:   

St. Vincent NWR was designated as an island propagation site for the sole purpose of carrying 
out translocation of dispersing age juvenile red wolves that have been raised in the wild into the 
NENC NEP to increase the genetic diversity of the wild population.  Based on the availability of 



the two juvenile red wolves on St. Vincent NWR that will need to be relocated at some point and 
the potentially large benefit to red wolf recovery to create red wolf/red wolf breeding pairs on 
Alligator River NWR to increase the genetic diversity of the wild population, we recommend the 
translocation of the two juveniles to Alligator River NWR.  If one or both pairings is successful 
it seems most likely that these new pairs would continue to inhabit the established territory 
within the Refuge since there are currently no fully functioning packs/breeding pairs present and 
it has historically been the most successful pack territory.  If that were indeed the case, we would 
in essence be moving these juvenile red wolves from one NWR to another NWR.  This 
alternative is supported by the NENC NEP Managers, the Red Wolf Recovery Lead, the SSP and 
the Refuge Managers at St. Vincent NWR and Alligator River NWR.  

Decision: 

Status Quo ______ 

SSP / Alternate Captive Facility _____ 

Translocation of F2283 and M2282 into the NENC NEP onto Alligator National Wildlife 
Refuge NWR _____ 

Other: ______ (Explanation Attached)  

 

 



DECISION MEMORANDUM FOR THE REGIONAL DIRECTOR 
 

DATE: July 30, 2019 
 
FROM: Pete Benjamin, Project Leader, Raleigh Ecological Services Field Office 
 
SUBJECT: Release of Male Red Wolf onto St. Vincent NWR from the SSP 
 
I. INTRODUCTION 
 
As part of the Red Wolf Recovery Program and under the authority of the existing 10(j) rule for 
the management of the northeastern North Carolina nonessential experimental population 
(NENC NEP), the Service has used island National Wildlife Refuges to breed red wolves.  The 
role of these sites is to propagate pups in a somewhat controlled, but natural environment that 
will provide them “wild experience” as juveniles for the purpose of being strategically 
translocated onto into the NENC NEP.  All but one of the island propagation sites are no longer 
active due to various reasons (e.g., too close to the mainland, too much human activity).  
However, St. Vincent National Wildlife Refuge (NWR) remains a valuable and viable island 
propagation site.  The purpose of this memo is provide background to inform the decision on 
whether or not to replace the breeding male red wolf (M1804) on St. Vincent NWR that died in 
June 2019.   

 
II. BACKGROUND 
 

In 1990, the Service implemented an island propagation site on St. Vincent NWR, an island off 
the Gulf Coast of Florida, to aid in red wolf recovery.  There are currently six red wolves on St. 
Vincent NWR, one adult female (F2050), the juvenile offspring in 2018 to the adult female and 
the now deceased male (F2283 and M2282) born and their three pups born in 2019 (U2322, 
U2323 and U2324). 

Captive red wolves are managed under the auspices of the Association of Zoos & Aquariums 
(AZA) Red Wolf Species Survival Plan (SSP) Program. The SSP advances captive breeding and 
management following the objectives established by the existing Red Wolf Recovery Plan. 
While the SSP fills multiple roles, the basic tenet of the SSP is to manage the captive population 
as a genetic reservoir for the species.  

The SSP is critical to the recovery of the red wolf. The captive stock represents the genetic and 
demographic safeguard for the entire population and is vital to any future potential 
reintroductions and, therefore, recovery of the species.  The SSP promotes viability of the 
species by maximizing genetic diversity goals, supporting establishment of multiple resilient 
populations via reintroductions, and contributing to having adequate numbers of wolves to 
reintroduce, establish and maintain pack structures, defend territories, and produce viable 
offspring.  The red wolf SSP is currently operating at above capacity with 257 red wolves in 
space designed for 225 animals.   



 

 

 

Based on the current interpretation of the existing 10(j) rule for the management of the NENC 
NEP, the Service is not authorized to directly release animals from the SSP into the NENC NEP.  
However, the Service may move animals from the SSP onto St. Vincent NWR for the purpose of 
maintaining a breeding pair of red wolves to propagate pups for future release onto the mainland, 
either through pup fostering or the translocation of juvenile red wolves of dispersing age.  As a 
result, red wolves propagated on St. Vincent NWR have become the sole method of increasing 
the genetic diversity of the wild red wolf population in eastern North Carolina, which is needed.  
There are currently no known breeding pairs of red wolves in the NENC NEP and there were no 
litters of pups born in the NENC NEP in 2019, which makes this the first year that has occurred 
in the 32 years of the program.   

 
III. ANALYSIS AND POSITIONS OF INTERESTED PARTIES 

 
Ecological Services staff charged with managing the Red Wolf NENC NEP and Refuge staff 
from both St. Vincent NWR and Alligator River NWR along with our SSP partners 
managing the captive population have coordinated to explore the following alternatives:  

 
1. Status Quo: Under this alternative a new male red wolf would not be released from the 

SSP onto St. Vincent NWR in an attempt to create a new breeding pair.  Consequently, 
there would be no propagation of red wolf pups on St. Vincent in the foreseeable future.  
The shortcoming of this alternative is that there would be no pups available to be fostered 
into the NENC NEP or pups that would grow up into dispersing age juveniles that could 
be relocated into the NENC NEP in the future to increase the genetic diversity of the wild 
population.  Additionally, if the existing adult female dies before a new male is placed on 
the island, the opportunity for her to pass along valuable knowledge regarding the island 
territory would be lost, and if a naïve pair of red wolves were placed on the island at a 
later date they would at least initially have a much more difficult time acclimatizing.  
There would also be no removal of a male red wolf from the SSP to free up space at a 
facility that is currently beyond capacity.     
  

2. Release of a Male Red Wolf from the SSP onto St. Vincent NWR:  Under this alternative, 
a male red wolf from the SSP (currently slated as M2198 from the NC Zoo) would be 
released from the SSP onto St. Vincent NWR to create a new breeding pair with the 
existing female.  This alternative would allow for the propagation of pups to continue on 
St. Vincent NWR and provide the opportunity for additional pup fostering or 
translocation of dispersing age juvenile red wolves into eastern North Carolina to provide 
much needed genetic diversity.  The male to be released from the SSP was carefully 



chosen in part because of his genetic makeup and lower genetic relatedness to the 
breeding female on St. Vincent NWR.  Thus maintaining the genetic diversity of the 
population as a whole and increasing the existence of comparatively underrepresented 
genes from the original founders.  Release of a new male red wolf would also provide the 
opportunity for the existing adult female, who is very familiar with the island, the chance 
to pass on valuable knowledge regarding their island territory to the new male.  It would 
also provide at least a minimal amount of reduction in the need for space in the SSP with 
one less animal to house.  Additionally, this alternative would allow the SSP and the St. 
Vincent NWR Island Propagation Site to fulfill their designated roles towards red wolf 
recovery that they have been working diligently to perform and in turn enhance those 
partnerships into the future.   
 

IV. RECOMMENDATION 
 

Alternative 2: Release of a Male Red Wolf from the SSP onto St. Vincent NWR 

Because of the great need for genetic diversity being introduced into the wild population in 
eastern North Carolina, and the St. Vincent NWR Island Propagation Site currently being the 
only authorized conduit for achieving that genetic diversity, it is imperative to maintain a 
breeding pair of red wolves on St. Vincent NWR.  This alternative is consistent with the history 
of how St. Vincent NWR has been managed and with the original intent of island propagation 
sites.  Beyond the ecological benefits of this alternative, it tangibly illustrates to our partners in 
red wolf recovery that the Service is continuing its commitment to the Red Wolf Recovery 
Program.    

Decision: 

Status Quo ______ 

Release of a Male Red Wolf from the SSP onto St. Vincent NWR _____ 

Other: ______ (Explanation Attached)  

 

 



From: Madison, Joseph S
To: Eversen, Michelle; Weller, Emily; Benjamin, Pete
Subject: RW Translocation Meeting with Refuges
Date: Tuesday, October 1, 2019 10:42:49 AM
Importance: High

We met with Refuges this morning regarding the proposed translocation of red wolves this
winter.  We discussed the specifics of the moves regarding where on the landscape to place the
acclimatization pens with respect to public use of the areas, hunting seasons and
impoundments.

They have no issues with our plans.  Most of their questions centered around who we were
telling what to and when, such as Refuges at the RO level, a news release and/or informing the
congressional representatives.  The question for me is with regard to the appropriate level of
notification without setting a precedent on who we have to notify when we are managing the
population within the existing framework.

Thanks,

Joe Madison
Red Wolf Recovery Program
Assistant Field Supervisor for
Eastern North Carolina Ecological Services Sub-Office
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 ext 245
joseph_madison@fws.gov



From: Eversen, Michelle
To: Weller, Jeff
Cc: Valenta, Aaron; Weller, Emily; Benjamin, Pete; Gaboriault, Holly T; Madison, Joseph S; Arnold, Jack; Davis,

Victoria
Subject: For Action: Information Memorandum for RD regarding planned field activities for the Red Wolf NC NEP
Date: Friday, October 18, 2019 3:35:35 PM
Attachments: 20191018_IM_Red Wolf NCNEP Management.docx

20191011_NTR_Red Wolf Management.docx
Routing Slip Signed by Refuge&ES Area Sups.pdf

Importance: High

Jeff,

Please find attached an information memorandum that outlines the activities planned for the
coming field season for the North Carolina Red Wolf NEP.  Included is a note to reviewers
and routing slip that has surnames from myself and my refuge area supervisor counterpart,
Holly Gaboriault.  This is very much a shared project between ES and Refuges so we have
been and need to continue to coordinate this with Refuges as it moves to the RDs Office. 

Please let me know if you have any questions or need us to make any edits or changes.   Once
you are comfortable that the document is ready for your surname the next to surname is David
Viker, then on to the RDs Office.  

Thank you in advance for your time and attention to this IM,

Michelle

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties
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USFWS INFORMATION MEMORANDUM 

 

DATE: January 15, 2021 
 

TO:   Leopoldo Miranda, Regional Director  
 

FROM: Pete Benjamin, Field Supervisor of the Eastern North Carolina Ecological 
Services Field Office 

 
SUBJECT: North Carolina Red Wolf Non-Essential Experimental Population Planned 
Management Activities for Fall 2019 and Spring 2020 Field Season 
 

I. STATEMENT OF ISSUE/KEY FACTS:  
This memorandum informs regional management of the red wolf recovery activities planned for 
the fall 2019/spring 2020 field season in Eastern North Carolina.  These activities will restore 
reproduction to the North Carolina Non-Essential Experimental Population (NCNEP) of red 
wolves and continue to improve relationships with all interested parties.    
 

II. BACKGROUND AND FWS POSITION 

Management of the NCNEP has followed a series of 10(j) Rules published first in 1986, then 
1991 and 1995.  In the course of this past year, numerous circumstances associated with Red 
Wolf recovery have made on the ground management of the NCNEP challenging.  On June 28, 
2018, a draft 10(j) rule was promulgated and has not yet been finalized, thereby sustaining 
management under the 1995 Rule.   Additionally, a legal challenge to some of the management 
practices being applied to the NCNEP under the current 1995 10(j) Rule resulted in a judgment 
in favor of the plaintiffs, and management activities adapted to incorporate the Court’s mandates.  
Lastly, the status of the red wolf as a species was taken to the National Academy of Sciences, 
and it was sustained that the red wolf is a species.  Throughout these events, the team of 
biologists that manage the NCNEP have continued to operate under heavy scrutiny.  Their 
charge has been and remains to manage the NCNEP consistent with 1995 Rule, informed by the 
best available science and within the additional boundaries defined by judicial rulings.    
 

III. POSITION OF AFFECTED PARTIES/PUBLIC LANDS AFFECTED 

• At the September 2019 meeting of the interagency Albemarle Pamlico Collaborative 
Canid Conservation Team, Service staff met with leadership from the North Carolina 
Wildlife Resources Commission (NCWRC) and articulated how we propose to proceed 
in adapting on the ground management and monitoring relative to the status of the draft 
rule and the 2018 court ruling.  The Service outlined management activities planned for 
the fall 2019 field season on Federal lands, which includes Alligator River, Pocosin 
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Lakes National Wildlife Refuges (NWR) and Dare County Bombing Range.  NCWRC 
leadership found the planned activities to be reasonable and logical given the status of the 
population and the draft rule.  However, this position does not equate to support from the 
North Carolina Board of Commissioners.  To date, the Board maintains their position on 
the red wolves, upholding a January 2015 position that called for the discontinuation and 
removal of the NCNEP.  Conversely, the Governor of North Carolina has expressed broad 
support to continued and expanded red wolf recovery efforts in North Carolina. 

 
• Private landowners in the five-county NEP area have expressed a mixture of support, 

indifference, disapproval and hostility with regards to red wolves on their properties as 
evidenced by a human dimensions study completed by NCWRC in 2016.  It is probable 
that the larger landowners adjacent to Refuge lands in the NCNEP five-county area will 
object to sustaining any wolves in the area. 

 
• Members of the Red Wolf Species Survival Plan (SSP) fully support sustaining the 

NCNEP and maintain that their vision is recovery of the species in the wild.  Therefore, 
the current sole experimental population in the wild in Eastern North Carolina is critical 
to their mission. 

 
• Similarly, it is presumed based on comments received during the comment period for the 

proposed rule that all of the nongovernmental organizations promoting red wolf recovery, 
including those that sued the Service, would be supportive of these proposed activities, 
but there have been no briefings to date to any of these parties to confirm this position.  

 

IV. STATUS UPDATE 

There are currently about 20 individual wolves remaining in the NCNEP and no known breeding 
pairs of red wolves.  Consequently, there were no litters of pups born in the NCNEP in 2019, 
which makes this the first year that has occurred in the program’s 32-year history.  The objective 
of this year’s planned management activities is to restore reproduction and continue to improve 
relationships with all interested parties.  Outlined below are the key NCNEP management 
activities planned for the fall 2019 field season to achieve these objectives.  

 
• Continue to monitor the population through weekly or biweekly aerial telemetry and 

ground telemetry as needed to adequately inform the survival and location of each 
individual animal. 
 

• Relocate animals within the NCNEP on Federal Lands for genetic purposes.  With the 
goal of restoring breeding red wolves to the NCNEP, this winter the Service plans to 
relocate one adult male wolf from Alligator River NWR to Pocosin Lakes NWR and two 
18 month old juveniles from St. Vincent NWR in Florida (island propagation site) to 
Alligator River NWR. 
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• Replace the deceased breeding male red wolf on St. Vincent NWR with an appropriate 
male from the captive population once identified by the SSP Coordinator with the goal of 
restoring the Service’s one island propagation site with one breeding pair.  After the 
relocation of the two juveniles mentioned above, only a female and her three pups from 
the 2019 season will remain at St. Vincent NWR.  
 

• Continue to coordinate closely with the NCWRC through the interagency Albemarle 
Pamlico Collaborative Canid Conservation Team on a suite of items not limited to but 
including landowner and hunter education, canid monitoring techniques, and 
management alternatives. 

 
• Start to identify private landowners in the NCNEP current five-county area that are 

interested in enhancing habitat on their property for the benefit of red wolves using the 
Service’s Partners for Fish and Wildlife program project “Prey for the Pack.” 
 

• Expand and enhance red wolf education and outreach activities at the Service’s Red Wolf 
Education Center in partnership with the North Carolina Wildlife Federation and 
National Wildlife Refuge Association. 
 

• Continue to work with partners to place the few wolves remaining at the Sandy Ridge 
Facility on Alligator River NWR into alternate facilities designed for long-term holding.   

 
V. POTENTIAL ISSUES 

If for any reason the planned relocation of the juvenile wolves from St. Vincent NWR does not 
occur this fall, the Service will be faced with three potential outcomes; none of which are 
positive:   

• If they are not removed from the island this fall, these wolves will disperse off the island 
on their own in the spring and either drown trying to swim to the mainland or have to be 
located and recaptured from the mainland.   

• If they survive the spring, they will then have to be placed in captivity.  The SSP does not 
want to introduce adult wild wolves into the captive population.   

• Further, despite immediate funding and efforts to expand captive housing both within and 
outside of the SSP, they are currently above capacity.  This will leave only the Sandy 
Ridge Facility as an option and that facility is not designed for long term holding.   

 
 

VI. TIMELINE/NEXT STEPS 

• Coordinate field season activities with Refuge Management and with NCWRC staff and 
leadership.  Begin trapping wolves to pair in holding pens for a minimum of 30 days with 
relocated wolves.  Late fall/early winter is the targeted period for relocating wolves with 
the goal towards pair establishment before the early spring mating season.  
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• Conduct targeted stakeholder outreach, in coordination with NCWRC and the Red Wolf 
Education Center, in November/early December most likely to be held at the Pocosin 
Lakes NWR visitor center in Columbia, NC.  
 

• Meet with the NC Commissioners and NCWRC Executive Director in mid-November to 
describe the proposed activities and answer any questions they may have.  This meeting 
is being coordinated by NCWRC. 
 

• Explore an informal briefing with congressional offices and committees to provide an 
update on planned management activities. 

 
 
 
Prepared by:  Pete Benjamin, Field Supervisor, Raleigh ES Field Office 

 ☒ FYI     or     ☐ Requested by:  

 ☐ Prepared for a meeting:  



NOTE TO REVIEWERS 
 
ACTION: Inform the RD of planned management activities for the North Carolina 

Non-Essential Experimental Population of red wolves.   
 
STAFF ORIGINATOR:  Pete Benjamin, Field Supervisor, Raleigh Field Office 
 
THROUGH:  Michelle Eversen   SUPERVISOR:  Catherine Phillips 
 
IS THE ACTION LITIGATION DRIVEN?  No 
 
IF SO, WHO SUED US AND WHEN: n/a 
 
ANY COURT-ORDERED DEADLINES?  No 
 
ACTION REQUESTED:  
 

SIGNATURE   __   REVIEW AND COMMENT_ _ 
SURNAME     __   FYI ONLY_X_ 

 
VERY BRIEF BACKGROUND ON ISSUE/ACTION: 
 
This package transmits via the Assistant Regional Director for Ecological Services an 
Information Memo describing anticipated management actions to be undertaking to sustain 
the North Carolina Non-Essential Experimental Population of red wolves, consistent with 
existing regulations and in accordance with court orders.  Refuge staff and management for 
Alligator River NWR, Pocosin Lakes NWR and St. Vincent’s NWR have been engaged and 
including in planning these activities and have reviewed the IM itself.  Please direct questions 
to Michelle Eversen, ES Area Supervisor at 404-679-4108. 

 
HAVE APPROPRIATE SERVICE PROGRAMS REVIEWED AND SURNAMED? Yes 





From: Weller, Jeff
To: Davis, Victoria
Cc: Valenta, Aaron; Weller, Emily; Benjamin, Pete; Gaboriault, Holly T; Madison, Joseph S; Arnold, Jack; Eversen,

Michelle
Subject: Re: For Action: Information Memorandum for RD regarding planned field activities for the Red Wolf NC NEP
Date: Monday, October 21, 2019 11:37:59 AM
Importance: High

Victoria - pls assemble the appropriate blue folder with the attached cover page for routing... you were on
the original email w/ attachments ... I will surname this today .... then to Viker.   Thanks.  

Have a great day.

Jeffrey D. Weller
Program Supervisor 
Mississippi Basin Region
South Atlantic - Gulf Region

U.S. Department of the Interior / Fish and Wildlife Service
stationed at: Louisiana Ecological Services Field Office
200 Dulles Drive
Lafayette, LA 70506
337-291-3115 (office) / 337-322-9670 (cell)

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA) and
may be disclosed to third parties.

On Fri, Oct 18, 2019 at 3:35 PM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Jeff,

Please find attached an information memorandum that outlines the activities planned for the
coming field season for the North Carolina Red Wolf NEP.  Included is a note to reviewers
and routing slip that has surnames from myself and my refuge area supervisor counterpart,
Holly Gaboriault.  This is very much a shared project between ES and Refuges so we have
been and need to continue to coordinate this with Refuges as it moves to the RDs Office. 

Please let me know if you have any questions or need us to make any edits or changes. 
 Once you are comfortable that the document is ready for your surname the next to surname
is David Viker, then on to the RDs Office.  

Thank you in advance for your time and attention to this IM,

Michelle

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 



This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Eversen, Michelle
To: Weller, Jeff
Cc: Davis, Victoria; Valenta, Aaron; Weller, Emily; Benjamin, Pete; Gaboriault, Holly T; Madison, Joseph S; Arnold,

Jack
Subject: Re: For Action: Information Memorandum for RD regarding planned field activities for the Red Wolf NC NEP
Date: Monday, October 21, 2019 1:31:18 PM
Attachments: Routing Slip Signed by Refuge&ES Area Sups.pdf
Importance: High

Victoria,

Please use the attached routing slip in place of the one that I sent previously.

Let me know if you have any questions.

Michelle

On Mon, Oct 21, 2019 at 11:38 AM Weller, Jeff <jeff_weller@fws.gov> wrote:
Victoria - pls assemble the appropriate blue folder with the attached cover page for routing... you were
on the original email w/ attachments ... I will surname this today .... then to Viker.   Thanks.  

Have a great day.

Jeffrey D. Weller
Program Supervisor 
Mississippi Basin Region
South Atlantic - Gulf Region

U.S. Department of the Interior / Fish and Wildlife Service
stationed at: Louisiana Ecological Services Field Office
200 Dulles Drive
Lafayette, LA 70506
337-291-3115 (office) / 337-322-9670 (cell)

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA)
and may be disclosed to third parties.

On Fri, Oct 18, 2019 at 3:35 PM Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Jeff,

Please find attached an information memorandum that outlines the activities planned for
the coming field season for the North Carolina Red Wolf NEP.  Included is a note to
reviewers and routing slip that has surnames from myself and my refuge area supervisor
counterpart, Holly Gaboriault.  This is very much a shared project between ES and
Refuges so we have been and need to continue to coordinate this with Refuges as it moves
to the RDs Office. 

Please let me know if you have any questions or need us to make any edits or changes. 
 Once you are comfortable that the document is ready for your surname the next to
surname is David Viker, then on to the RDs Office.  

Thank you in advance for your time and attention to this IM,



Michelle

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties
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From: Weller, Jeff
To: Eversen, Michelle; Weller, Emily; Benjamin, Pete
Subject: Wolf NEP management IM was just signed by me,
Date: Tuesday, October 22, 2019 10:50:25 AM

... heading to Viker now.  

Have a great day.

Jeffrey D. Weller
Program Supervisor 
Mississippi Basin Region
South Atlantic - Gulf Region

U.S. Department of the Interior / Fish and Wildlife Service
stationed at: Louisiana Ecological Services Field Office
200 Dulles Drive
Lafayette, LA 70506
337-291-3115 (office) / 337-322-9670 (cell)

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA) and
may be disclosed to third parties.



From: Weller, Emily
To: Benjamin, Pete
Subject: Fwd: Red Wolf translocation questions
Date: Thursday, December 5, 2019 9:11:18 AM
Importance: High

FYI

---------- Forwarded message ---------
From: Gibbs, Samantha <samantha_gibbs@fws.gov>
Date: Wed, Dec 4, 2019 at 4:04 PM
Subject: Red Wolf translocation questions
To: Dan Frisk <dan_frisk@fws.gov>, <joseph_madison@fws.gov>,
<emily_weller@fws.gov>, John Stark <john_stark@fws.gov>, Bradley Smith
<Bradley_Smith@fws.gov>, <drhffulmer@outlook.com>, Philip Kloer
<philip_kloer@fws.gov>, Jim Wortham <Jim_wortham@fws.gov>

Hi All,

I am the lead wildlife veterinarian for the National Wildlife Refuge System. In that
role I am responsible for any wildlife disease and animal welfare issues we may face
on refuges - basically ensuring that our activities on refuges don't introduce, spread,
or exacerbate diseases, that we are following animal welfare laws and regulations, and
that we're all set on any requirements for interstate transport of wild animals
(certificate of veterinary inspection and communication with the involved state's
wildlife veterinarians). I can also fill in other gaps as necessary to complement the
work of local veterinarian-collaborators supporting the project. 

Dan and I have chatted several times about the planned red wolf translocation
operation moving wolves from St. Vincent to Manteo and then Asheville Zoo to St.
Vincent via airplane. There are a few questions I have (just so that I can get up to
speed on the project to provide support) that Dan was unsure of, so he thought it a
good idea for me to reach out to the group:

1. Is there a written protocol or plan for wolf capture and transport I could have a
look at? (That might answer some of the questions below, so I apologize for any
redundancy)

2. Would it be possible to get a copy of the permits for handling and transport of
these wolves?

3. Will Dr. Fulmer be examining and completing the Certificate of Veterinary
Inspection for the wolves being moved from St. Vincent? Will the zoo be
providing the Certificate of Veterinary Inspection for the wolf coming back to St.
Vincent?

4. Has the project been reviewed by an Institutional Animal Care and Use
Committee (IACUC) and received an approval? (Not required right now but will
be useful in the future)

5. Have the wolves received any pharmaceuticals in the past and/or will they be
receiving any anesthetics, vaccines, or flea/tick/deworming treatments prior to



movement? Is heartworm being monitored in these animals? Will a fecal be
conducted prior to movement?

6. How long will the wolves be held prior to transport? How long will they be held
prior to release on the other end?

7. Do you have any outstanding concerns or needs that I may be able to assist
with?

Thanks so much,
Sam

Samantha E. J. Gibbs, DVM PhD
Wildlife Veterinarian
Wildlife Health office
Natural Resource Program Center
National Wildlife Refuge System
U.S. Fish and Wildlife Service
Stationed at Lower Suwannee National Wildlife Refuge
16450 NW 31st Place, Chiefland, FL 32626
571-216-5776 

samantha_gibbs@fws.gov
For DOI personnel - please see https://sites.google.com/a/fws.gov/fws-wildlife-
health/

-- 
Emily Bizwell Weller
Fish and Wildlife Service
South Atlantic-Gulf Region & Mississippi-Basin Region
Captive Propagation and Release Coordinator
Red Wolf Recovery Lead
200 Dulles Drive
Lafayette, LA 70506
337-291-3090
337-291-3139 (Fax)
emily_weller@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of

Information Act (FOIA) and may be disclosed to third parties.

Captive Propagation and Release Coordinator
Red Wolf Recovery Lead



From: Benjamin, Pete
To: Tobin, Melvin; Eversen, Michelle; Valenta, Aaron
Subject: Summary of Last night"s public information session about canids
Date: Wednesday, December 11, 2019 1:37:41 PM
Attachments: 20191210_Presentation_Public Information Session.no video.pdf

Hi folks,

Just a quick note to let you know that our public information session last night in Columbia, NC went
off without a hitch.  The WRC provided an update regarding their coyote management and research
activities, and we provided an update regarding on-going and planned red wolf management activities
in eastern NC.  Attached is a .pdf of my powerpoint.  You'll notice a blank slide in the middle.  It
contained a video clip that I removed from the .pdf to reduce the file size.  

We had a good turn out.  I counted 51 people in the room.  That includes our staff and all the WRC
folks, so there were probably about 35 to 40 members of the public.  There were no elected officials,
but we did have two WRC Commissioners in attendance.  After the presentations there was a robust
Q&A session.  I heard that "someone" called Leo objecting to how I characterized the recovery planning
process.  This topic did not come up during my presentation or the Q&A, so I'm at a loss.

I think we'll try to have another such session in the spring (March?) to let folks know how our planned
winter activities played out.  

Let me know if you have any questions.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.



Red Wolf Management Update
December 10, 2019

Columbia, NC



American Red Wolf Population in North Carolina
Existing Condition

• Currently 12 radio-collared 
wild red wolves in NC.  

• 5 adults with radio collars 
that quit functioning 
relatively recently that 
could still be on the 
landscape.  

• A few potential uncollared
adult red wolves.

• Estimated wild population 
of 20 to 25 red wolves in 
NC.



• No known wild 
litter of red wolves 
this year in NC.  
One known hybrid 
litter. 

• Last adult red wolf 
released into the 
wild was in 1999.  
Last red wolf pup 
fostered into a 
wild den was in 
2013.

American Red Wolf Population in North Carolina
Existing Condition

3 year old Milltail male



American Red Wolf Population in North Carolina 
Mortality

• 5 mortalities in the 
last 12 months.

• 2 vehicle strikes       
2 undetermined       
1 gunshot. 



American Red Wolf Population in North Carolina
Packs and Distribution

• Currently no 
“fully 
functioning” 
packs and no 
breeding pairs.  

• 3 areas 
remaining with 
multiple red 
wolves 
(Northern, 
Milltail and 
Floyd).

Milltail Pack - 2018





• Currently operating under 10(j) rule 
published in 1995 for management of the 
NC red wolf nonessential experimental 
population (NEP).

• Published a proposed revised 10(j) rule in 
June 2018.  USFWS leadership preferred 
alternative proposed reducing the NEP 
management area to Federal lands in Dare 
and Hyde Counties, with no take limitations 
off of Federal lands.

• In November 2018, the U.S. District Court 
issued a permanent injunction prohibiting 
“taking red wolves, either directly or by 
landowner authorization…without first 
demonstrating that such red wolves are a 
threat to human safety or the safety of 
livestock or pets.”

• No decision has been made to date on the 
proposed rule revision in light of the court 
ruling.  

American Red Wolf Population in North Carolina
Management



Court-Ordered Changes

• Any person may take red wolves … Provided that such taking is not intentional or willful, or is in defense of that person's 
own life or the lives of others.

• Any private landowner, or any other individual having his or her permission, may take red wolves found on his or her 
property… when the wolves are in the act of killing livestock or pets, Provided that freshly wounded or killed livestock or 
pets are evident …

• Any private landowner, or any other individual having his or her permission, may harass red wolves found on his or her 
property …Provided that all such harassment is by methods that are not lethal or physically injurious to the red wolf…

• Any private landowner may take red wolves found on his or her property … after efforts by project personnel to capture 
such animals have been abandoned, Provided that the Service project leader or biologist has approved such actions in 
writing 

• Any employee or agent of the Service or State conservation agency who is designated for such purposes … may take a red 
wolf if such action is necessary to: Aid a sick, injured, or orphaned specimen; Dispose of a dead specimen, or salvage a 
dead specimen which may be useful for scientific study;
– Take an animal that constitutes a demonstrable but non-immediate threat to human safety or that is responsible 

for depredations to lawfully present domestic animals or other personal property, if it has not been possible to 
otherwise eliminate such depredation or loss of personal property, Provided That such taking must be done in a 
humane manner, and may involve killing or injuring the animal only if it has not been possible to eliminate such 
threat by live capturing and releasing the specimen unharmed on the refuge or Park;

– Move an animal for genetic purposes.

• Any animal that is determined to be in need of special care or that moves onto lands where the landowner requests their 
removal will be recaptured, if possible, by Service and/or Park Service and/or designated State wildlife agency personnel 
and will be given appropriate care. Such animals will be released back into the wild as soon as possible, unless physical or 
behavioral problems make it necessary to return the animals to a captive-breeding facility.



American Red Wolf Population in North Carolina
Management

Female on 
Pocosin NWR 

3 years old – February 2019

2 years old –
May 2018

• Aerial monitoring 
flights once or twice a 
week depending on 
weather and season.

• Routinely monitor with 
remote sensing 
cameras.

• Conduct trapping from 
late November through 
February to collar 
individuals and monitor 
population.





American Red Wolf Population in North Carolina
Management

• Reinitiated the 
Albemarle Peninsula 
Collaborative Canid 
Conservation team 
(AP3C) made up of 
WRC and USFWS 
personnel.

• Work closely with 
WRC and private 
trappers during the 
public trapping season 
to try and eliminate the 
possibility of a red wolf 
being taken.  

• Pay private trappers 
for captured canids so 
they are more likely to 
notify us of captures.  Photo courtesy of John L. Troth – February 2019



American Red Wolf Population in North Carolina
Management

• Planning to trap and 
move one male red wolf 
from Alligator River 
NWR to Pocosin Lakes 
NWR and attempt to 
pair with female. 



American Red Wolf Island Propagation Site 
St. Vincent National Wildlife Refuge

• Established as an island 
propagation site off of the 
Gulf Coast of Florida in 
1990 to breed red wolves 
in a somewhat controlled, 
but natural environment to 
give them “wild 
experience” before being 
released in NC. 

• There is currently an adult 
female, two sub-adults, 
and three pups on the 
island.



American Red Wolf Island Propagation Site 
St. Vincent National Wildlife Refuge

• Planned work this 
winter to try and move 
the sub-adults from 
St. Vincent NWR to 
Alligator River NWR, 
in hopes of forming 
two new breeding 
pairs in the NC NEP. 

Photo courtesy of USDA Wildlife Services



American Red Wolf in North Carolina
Outreach and Education

• Received funding through the 
USFWS’s Partners for Fish and 
Wildlife Program for the “Prey for 
the Pack” project.

• Partnership between USFWS, 
NCWF and RWC

• Pays for habitat work that 
promotes prey species on private 
lands in exchange for things like:

• Allowing red wolves to be present 
on their land unharrassed.

• Providing access for monitoring.
• Implementation of Adaptive 

Management Plan on their land. 



American Red Wolf in North Carolina
Outreach and Education

• Red Wolf Center in 
Columbia has been back 
open for over a year 
through partnership with 
North Carolina Wildlife 
Federation and National 
Wildlife Refuge 
Association.

• Run by a NCWF employee, 
Sarah Loeffler, and 
manned by volunteers. 

• Continuing to try and 
expand outreach and 
education efforts with 
partners.



Questions?



From: Eversen, Michelle
To: Benjamin, Pete
Cc: Tobin, Melvin; Valenta, Aaron
Subject: Re: Summary of Last night"s public information session about canids
Date: Wednesday, December 11, 2019 2:19:34 PM
Importance: High

Pete this is excellent news!! 

Let's definitely chat more about how to appropriately pull this into the larger recover briefing
that Leo wants.  

On Wed, Dec 11, 2019 at 1:37 PM Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi folks,

Just a quick note to let you know that our public information session last night in Columbia, NC went
off without a hitch.  The WRC provided an update regarding their coyote management and research
activities, and we provided an update regarding on-going and planned red wolf management
activities in eastern NC.  Attached is a .pdf of my powerpoint.  You'll notice a blank slide in the
middle.  It contained a video clip that I removed from the .pdf to reduce the file size.  

We had a good turn out.  I counted 51 people in the room.  That includes our staff and all the WRC
folks, so there were probably about 35 to 40 members of the public.  There were no elected
officials, but we did have two WRC Commissioners in attendance.  After the presentations there was
a robust Q&A session.  I heard that "someone" called Leo objecting to how I characterized the
recovery planning process.  This topic did not come up during my presentation or the Q&A, so I'm at
a loss.

I think we'll try to have another such session in the spring (March?) to let folks know how our planned
winter activities played out.  

Let me know if you have any questions.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
U.S. Fish and Wildlife Service
551F Pylon Drive
Raleigh, NC 27606
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

NOTE: This email correspondence and any attachments to and from this sender are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

-- 
Michelle Eversen
Ecological Services Program Supervisor for  NC, SC, GA, KY, TN and the Caribbean
South Atlantic-Gulf and Mississippi Basin
Unified Regions
U.S. Fish and Wildlife Service
100 Conservation Way
Manteo, NC 27954

1-404-632-9331 (Mobile) 



This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Info request
Date: Tuesday, March 1, 2016 9:15:04 AM
Importance: High

Good morning,

Could you please give me the particulars regarding the wolf removed from Mr. Ferebee's place last
Friday.  You is she, how old, where was she born (wild v. captive), etc.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Beyer, Arthur
Subject: Re: Info request
Date: Tuesday, March 1, 2016 9:42:25 AM
Importance: High

Hi Pete,

To my knowledge, the animal that was retrieved from Mr. Ferebee's property this
past weekend by Michael is a female red wolf, 12042.  She was born in 2013 on
private land and captured by a private trapper in October 2014 in Hyde County with
her littermate, 12043.  The two females were radio-collared and placed in an
acclimation pen with a breeding male red wolf (11954) on Pocosin Lakes NWR.  All
three wolves were released February 13, 2015.  The radio-collared male turned up
dead in the Pungo River in June 2015. Radiographs showed bullet evidence and his
death was classified gunshot.  12043 is still alive.  We are currently monitoring her
using areas west of Pocosin Lakes on the border of Beaufort/Washington Counties.

All three animals were radio-collared with VHF equipment (not GPS).

Please let me know if you need additional information.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 9:15 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Good morning,

Could you please give me the particulars regarding the wolf removed from Mr. Ferebee's place last
Friday.  You is she, how old, where was she born (wild v. captive), etc.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Morse, Michael L
To: Benjamin, Pete; Beyer, Arthur; Harrison, Rebecca; Nordsven, Ryan
Subject: Private trapper contract to trap Mattamuskeet Ventures
Date: Tuesday, March 1, 2016 10:41:29 AM
Importance: High

Pete,

As per Becky's request, I've spoken with Matthew Eakes today about possibly continuing his
trapping efforts on Ventures Farms.  I let him know that he couldn't trap without a letter from
us but we would begin that process asap.

Matthew Eakes did express willingness to trap the farm for us.  I let him know that the letter
would most likely be good for 30 days.  He does have a scheduling conflict in two weeks but
will still be able to trap the weekends during that period.  Thank you.

Regards,

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Morse, Michael L
Cc: Beyer, Arthur; Harrison, Rebecca; Nordsven, Ryan
Subject: Re: Private trapper contract to trap Mattamuskeet Ventures
Date: Tuesday, March 1, 2016 10:59:03 AM
Importance: High

Ok.  Thanks Michael.  We should probably go ahead and issue him a trapping authorization letter in
order to maintain continuity of the trapping effort to the extent possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 10:41 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Pete,

As per Becky's request, I've spoken with Matthew Eakes today about possibly continuing his
trapping efforts on Ventures Farms.  I let him know that he couldn't trap without a letter
from us but we would begin that process asap.

Matthew Eakes did express willingness to trap the farm for us.  I let him know that the letter
would most likely be good for 30 days.  He does have a scheduling conflict in two weeks but
will still be able to trap the weekends during that period.  Thank you.

Regards,

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Benjamin, Pete
Cc: Beyer, Arthur; Harrison, Rebecca; Nordsven, Ryan
Subject: Re: Private trapper contract to trap Mattamuskeet Ventures
Date: Tuesday, March 1, 2016 11:05:35 AM
Importance: High

Sounds good Pete.  Art, can you get a letter ready and Ryan or myself will get it to him asap. 
Let me know - thanks.

On Tue, Mar 1, 2016 at 10:59 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Ok.  Thanks Michael.  We should probably go ahead and issue him a trapping authorization letter in
order to maintain continuity of the trapping effort to the extent possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 10:41 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Pete,

As per Becky's request, I've spoken with Matthew Eakes today about possibly continuing
his trapping efforts on Ventures Farms.  I let him know that he couldn't trap without a
letter from us but we would begin that process asap.

Matthew Eakes did express willingness to trap the farm for us.  I let him know that the
letter would most likely be good for 30 days.  He does have a scheduling conflict in two
weeks but will still be able to trap the weekends during that period.  Thank you.

Regards,

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS



ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Morse, Michael L
Cc: Beyer, Arthur; Harrison, Rebecca; Nordsven, Ryan
Subject: Re: Private trapper contract to trap Mattamuskeet Ventures
Date: Tuesday, March 1, 2016 11:09:56 AM
Importance: High

Also, can you provide me an update of the animals that have been removed from Mattamuskeet this
year.  I think we are going to need to circle back with Jamin and company this month to see how they
are feeling about the effort and results, and to discuss future options.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:05 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Sounds good Pete.  Art, can you get a letter ready and Ryan or myself will get it to him
asap.  Let me know - thanks.

On Tue, Mar 1, 2016 at 10:59 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Ok.  Thanks Michael.  We should probably go ahead and issue him a trapping authorization letter in
order to maintain continuity of the trapping effort to the extent possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 10:41 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Pete,

As per Becky's request, I've spoken with Matthew Eakes today about possibly
continuing his trapping efforts on Ventures Farms.  I let him know that he couldn't trap
without a letter from us but we would begin that process asap.

Matthew Eakes did express willingness to trap the farm for us.  I let him know that the
letter would most likely be good for 30 days.  He does have a scheduling conflict in two
weeks but will still be able to trap the weekends during that period.  Thank you.

Regards,

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969



Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Benjamin, Pete
Subject: Re: Private trapper contract to trap Mattamuskeet Ventures
Date: Tuesday, March 1, 2016 11:14:47 AM
Importance: High

Will do Pete - is latter today ok?  Need to head out to the field now.

On Tue, Mar 1, 2016 at 11:09 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Also, can you provide me an update of the animals that have been removed from Mattamuskeet this
year.  I think we are going to need to circle back with Jamin and company this month to see how
they are feeling about the effort and results, and to discuss future options.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:05 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Sounds good Pete.  Art, can you get a letter ready and Ryan or myself will get it to him
asap.  Let me know - thanks.

On Tue, Mar 1, 2016 at 10:59 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Ok.  Thanks Michael.  We should probably go ahead and issue him a trapping authorization letter
in order to maintain continuity of the trapping effort to the extent possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 10:41 AM, Morse, Michael <michael_l_morse@fws.gov>
wrote:

Pete,

As per Becky's request, I've spoken with Matthew Eakes today about possibly
continuing his trapping efforts on Ventures Farms.  I let him know that he couldn't
trap without a letter from us but we would begin that process asap.

Matthew Eakes did express willingness to trap the farm for us.  I let him know that the
letter would most likely be good for 30 days.  He does have a scheduling conflict in
two weeks but will still be able to trap the weekends during that period.  Thank you.

Regards,

Michael



-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Rodney Glass
To: Benjamin, Pete
Subject: RE: Update
Date: Tuesday, March 1, 2016 11:17:56 AM
Importance: High

Just those two.  

Make it out to Otis Lynn Clayton Jr.  Thanks.

Date: Tue, 1 Mar 2016 09:05:36 -0500
Subject: Re: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi again,

Also are we talking about Mr. Webb's and Mr. Holbert's properties or are there others you are trapping?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 8:44 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I need to provide it to the one doing the trapping.  The trapper is essentially working on
our behalf.  So, it would be fairly easy to give a letter to you and a separate letter to
whomever you may hire.  These are much easier to process that other authorizations;
Art Beyer actually signs the letters since it is his name on our State permit.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 29, 2016 at 6:23 PM, Rodney Glass <mrrglass@hotmail.com>
wrote:

Can you make it out to me and anyone I hire?
 

Date: Mon, 29 Feb 2016 12:47:44 -0500
Subject: Re: Update



From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hey Rodney,  

Are you still doing the trapping yourself?  I need to know whose name to
put on the authorization letter. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Sat, Feb 27, 2016 at 8:38 PM, Rodney Glass
<mrrglass@hotmail.com> wrote:

Thanks

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 20:05:40 -0500

Subject: RE: Update
To: mrrglass@hotmail.com

Yeah, I don't see why we couldn't do that again.  I'll
work on the authorization on Monday. 

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 7:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

That's correct.
 

From: pete_benjamin@fws.gov



Date: Sat, 27 Feb 2016 18:49:28 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

I trying to remember - Last year did we authorize you
to trap under our state permit?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 5:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Pete,

Trapping goes out Monday and I would like to keep
going for awhile.  Would it be possible to get a
permit again?  Thanks.

rg

From: pete_benjamin@fws.gov
Date: Fri, 26 Feb 2016 09:26:48 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

Yes, she's sterile.  It is interesting that she didn't just
turn left and head straight back to New Lake.

Sent from my Verizon Wireless 4G LTE smartphone



-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/26/2016 8:31 AM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Morning Pete.  One question, is that coyote
sterile?  Did you spay it before re-release?  Thanks.
 
rg
 

From: mrrglass@hotmail.com
To: pete_benjamin@fws.gov
Subject: RE: Update
Date: Thu, 25 Feb 2016 18:41:49 -0500

Hi Pete.  I hate to say I told you it was going to come
back, but I told it would come back.  :)

We've been trapping.  Weather hasn't been great for
it.  Biggest problem is that these things know they
are being trapped.  Been there, done that.  Seen that
bait, smelled that lure.  We are trying some new
stuff.  May want to get a depredation permit to keep
going awhile.  Thanks for the update.

rg

Date: Thu, 25 Feb 2016 09:36:45 -0500
Subject: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi Rodney,

Attached is the latest location info on the GPS-collared
coyote.  Looks like it has flown the coop.  I'm going to ask
the WRC if we can start getting more frequent location
fixes on the animal now that it is off-refuge.  

Also, the last time we talked you said you were planning
to do some trapping.  Any luck?  Hope your are well.  



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Rodney Glass
Subject: Re: Update
Date: Tuesday, March 1, 2016 11:19:24 AM
Importance: High

Will do.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:17 AM, Rodney Glass <mrrglass@hotmail.com> wrote:
Just those two.  

Make it out to Otis Lynn Clayton Jr.  Thanks.

Date: Tue, 1 Mar 2016 09:05:36 -0500

Subject: Re: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi again,

Also are we talking about Mr. Webb's and Mr. Holbert's properties or are there others you are
trapping?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 8:44 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I need to provide it to the one doing the trapping.  The trapper is essentially working
on our behalf.  So, it would be fairly easy to give a letter to you and a separate letter
to whomever you may hire.  These are much easier to process that other
authorizations; Art Beyer actually signs the letters since it is his name on our State
permit.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 29, 2016 at 6:23 PM, Rodney Glass <mrrglass@hotmail.com>
wrote:



Can you make it out to me and anyone I hire?
 

Date: Mon, 29 Feb 2016 12:47:44 -0500
Subject: Re: Update

From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hey Rodney,  

Are you still doing the trapping yourself?  I need to know whose name
to put on the authorization letter. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Sat, Feb 27, 2016 at 8:38 PM, Rodney Glass
<mrrglass@hotmail.com> wrote:

Thanks

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 20:05:40 -0500

Subject: RE: Update
To: mrrglass@hotmail.com

Yeah, I don't see why we couldn't do that again. 
I'll work on the authorization on Monday. 

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 7:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

That's correct.
 

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 18:49:28 -0500



Subject: RE: Update
To: mrrglass@hotmail.com

I trying to remember - Last year did we authorize
you to trap under our state permit?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 5:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Pete,

Trapping goes out Monday and I would like to
keep going for awhile.  Would it be possible to get
a permit again?  Thanks.

rg

From: pete_benjamin@fws.gov
Date: Fri, 26 Feb 2016 09:26:48 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

Yes, she's sterile.  It is interesting that she didn't
just turn left and head straight back to New Lake.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/26/2016 8:31 AM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Morning Pete.  One question, is that coyote
sterile?  Did you spay it before re-release?  Thanks.
 
rg



 

From: mrrglass@hotmail.com
To: pete_benjamin@fws.gov
Subject: RE: Update
Date: Thu, 25 Feb 2016 18:41:49 -0500

Hi Pete.  I hate to say I told you it was going to
come back, but I told it would come back.  :)

We've been trapping.  Weather hasn't been great
for it.  Biggest problem is that these things know
they are being trapped.  Been there, done that. 
Seen that bait, smelled that lure.  We are trying
some new stuff.  May want to get a depredation
permit to keep going awhile.  Thanks for the
update.

rg

Date: Thu, 25 Feb 2016 09:36:45 -0500
Subject: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi Rodney,

Attached is the latest location info on the GPS-collared
coyote.  Looks like it has flown the coop.  I'm going to
ask the WRC if we can start getting more frequent
location fixes on the animal now that it is off-refuge.  

Also, the last time we talked you said you were planning
to do some trapping.  Any luck?  Hope your are well.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Beyer, Arthur
Subject: Fwd: Update
Date: Tuesday, March 1, 2016 11:20:59 AM
Importance: High

See the email chain.  Make the authorization out to Otis Lynn Clayton, Jr.  The properties belong to Mr.
Webb and Mr. Holbert.  We'll want to make sure we are clear that we need to know where any animals
are trapped. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Tue, Mar 1, 2016 at 11:19 AM
Subject: Re: Update
To: Rodney Glass <mrrglass@hotmail.com>

Will do.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:17 AM, Rodney Glass <mrrglass@hotmail.com> wrote:
Just those two.  

Make it out to Otis Lynn Clayton Jr.  Thanks.

Date: Tue, 1 Mar 2016 09:05:36 -0500

Subject: Re: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi again,

Also are we talking about Mr. Webb's and Mr. Holbert's properties or are there others you are
trapping?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



On Tue, Mar 1, 2016 at 8:44 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I need to provide it to the one doing the trapping.  The trapper is essentially working
on our behalf.  So, it would be fairly easy to give a letter to you and a separate letter
to whomever you may hire.  These are much easier to process that other
authorizations; Art Beyer actually signs the letters since it is his name on our State
permit.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 29, 2016 at 6:23 PM, Rodney Glass <mrrglass@hotmail.com>
wrote:

Can you make it out to me and anyone I hire?
 

Date: Mon, 29 Feb 2016 12:47:44 -0500
Subject: Re: Update

From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hey Rodney,  

Are you still doing the trapping yourself?  I need to know whose name
to put on the authorization letter. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Sat, Feb 27, 2016 at 8:38 PM, Rodney Glass
<mrrglass@hotmail.com> wrote:

Thanks

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 20:05:40 -0500

Subject: RE: Update
To: mrrglass@hotmail.com

Yeah, I don't see why we couldn't do that again. 
I'll work on the authorization on Monday. 



Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 7:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

That's correct.
 

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 18:49:28 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

I trying to remember - Last year did we authorize
you to trap under our state permit?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 5:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Pete,

Trapping goes out Monday and I would like to
keep going for awhile.  Would it be possible to get
a permit again?  Thanks.

rg

From: pete_benjamin@fws.gov
Date: Fri, 26 Feb 2016 09:26:48 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

Yes, she's sterile.  It is interesting that she didn't
just turn left and head straight back to New Lake.



Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/26/2016 8:31 AM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Morning Pete.  One question, is that coyote
sterile?  Did you spay it before re-release?  Thanks.
 
rg
 

From: mrrglass@hotmail.com
To: pete_benjamin@fws.gov
Subject: RE: Update
Date: Thu, 25 Feb 2016 18:41:49 -0500

Hi Pete.  I hate to say I told you it was going to
come back, but I told it would come back.  :)

We've been trapping.  Weather hasn't been great
for it.  Biggest problem is that these things know
they are being trapped.  Been there, done that. 
Seen that bait, smelled that lure.  We are trying
some new stuff.  May want to get a depredation
permit to keep going awhile.  Thanks for the
update.

rg

Date: Thu, 25 Feb 2016 09:36:45 -0500
Subject: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi Rodney,

Attached is the latest location info on the GPS-collared
coyote.  Looks like it has flown the coop.  I'm going to
ask the WRC if we can start getting more frequent
location fixes on the animal now that it is off-refuge.  

Also, the last time we talked you said you were planning
to do some trapping.  Any luck?  Hope your are well.  

Pete Benjamin
Field Supervisor



Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Fleming, Jeffrey M
To: Benjamin, Pete
Cc: MacKenzie, Tom; Miranda, Leopoldo; Eversen, Michelle; Cynthia Dohner; Oetker, Michael; Harrison, Rebecca; Viker, David; Mike Bryant; Peters, Kristen E; Davis, Elsie
Subject: Re: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
Date: Tuesday, March 1, 2016 11:21:01 AM
Importance: High

I will recommend that you and Tom get on the phone with Corbin and share this.  Be ready to provide context about the ongoing evaluation.  Thanks.

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Tue, Mar 1, 2016 at 11:18 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
If we were going to say anything I think we should take the opportunity to inform the public that the wolf in question is a young female wolf born on private lands in Hyde County in 2013.  She appears to
be in good health and is currently safely being held at our facility as we further evaluate her overall health and make plans for releasing her back into the wild in accordance with our rules.  We will take
steps to reduce the likelihood that she returns to this landowner's property. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:09 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Tue, Mar 1, 2016 at 10:12 AM
Subject: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Tom MacKenzie <tom_mackenzie@fws.gov>
Cc: Gavin Shire <gavin_shire@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Elsie Davis <elsie_davis@fws.gov>

See inquiry from Corbin, do we have a comment?

 

 

 

Best,

Vanessa C. Kauffman

Division of Public Affairs

U.S. Fish and Wildlife Service

5275 Leesburg Pike, MS: EA

Falls Church, VA 22041-3803

 

703-358-2138 (direct)

571-319-6342 (cell)

vanessa_kauffman@fws.gov

Visit us online at: http://www.fws.gov

 

From: Corbin Hiar [mailto:chiar@eenews.net] 
Sent: Tuesday, March 01, 2016 9:42 AM
To: Vanessa Kauffman
Subject: FW: Landowner Traps Endangered Red Wolf

 

Does FWS have any comment on this situation and the network’s allegations? I hope to file a story on this by noon.

 

Thanks, C

 

From: Kim Vacariu [mailto:kim@wildlandsnetwork.org] 
Sent: Tuesday, March 01, 2016 8:03 AM
To: Corbin Hiar <chiar@eenews.net>
Subject: Landowner Traps Endangered Red Wolf

 

NEWS RELEASE
For immediate release – March 1, 2016



Contact:  Susan Holmes, Wildlands Network, (202) 329-1553,

Ron Sutherland, Wildlands Network, 919.401.7271 / 919.641.0060

Landowner Traps Endangered Red Wolf, Demands Permit to Kill
US Fish and Wildlife Service Failing to Protect Last 45 Wild Red Wolves

Creswell, North Carolina ---The red wolf is one of the most critically endangered species in the world --more endangered than the Siberian tiger -- with only 45
known individuals remaining in the wild. Over the weekend, Jett Ferebee, a leading critic of the federal government's 30-year effort to recover the endangered red
wolf, trapped a red wolf. After recently being denied a permit to kill wolves on his property, Ferebee paid a private trapper to catch a red wolf on his land with a
leg hold trap. A wolf was caught on Friday, Feb. 26 (see photo) and then on Saturday, Feb 27 Ferebee sent messages to the US Fish and Wildlife Service
demanding that he be issued a lethal take permit.

“This incident marks just the latest tragic development in the recent history of what has otherwise been a leading effort at restoring a native species to the wild,”
said Dr. Ron Sutherland, a biologist with the Wildlands Network in North Carolina.  The red wolf recovery program has been ongoing since the wolves were first
reintroduced in North Carolina in 1987, and the red wolf population reached a high of 120-130 animals in 2005-2006. There is considerable local and national
support for red wolves. Recently 100 residents who live in the red wolf recovery area sent a petition to US Fish and Wildlife Services expressing support for red
wolves.  

                  Jett Ferebee, has emerged as a vocal opponent of both the US Fish and Wildlife Service and the Agency's red wolf recovery program. In his email
February 27 to US Fish and Wildlife Services field office that was posted to an online forum he demands "You can pick up your runaway canine at the dog pound.
I will contact Tyrrell County Animal Control....I expect my take permit to be issued. "According to local sources, state and federal agency personnel were allowed
to pick up the wolf on Ferebee's property on Saturday.

                  Mr. Ferebee's rise as an anti-wolf organizer has coincided with a sharp decline in the red wolf population, a decline the US Fish and Wildlife Services
has done little to stop.  “The Agency seems to be intimidated by the actions of Ferebee,” said Sutherland. “As landowner intolerance for the wolves has grown,
stoked by Ferebee, the number of wolves being shot each year has skyrocketed to a level that will almost certainly lead to the extinction of the red wolf in the wild
in just a few more years,” he added. Since 2012 the total estimated population has declined by 50% to just 45 known wild wolves.



                  Even as the wolf population plummets, the Agency has issued take permits to landowners to kill the animals. In an especially egregious case last year, a
landowner with a permit issued by US Fish and Wildlife Services killed a female red wolf who was still nursing puppies, with the mother red wolf representing
one of fewer than a dozen breeding females left in the wild. The US Fish and Wildlife Service declared their efforts to catch the wolf "abandoned", even though
the landowner had never granted the Agency permission to attempt to live trap the wolf on his property.

                  At the same time, US Fish and Wildlife Service, appears to have already abandoned the species. Under the leadership of Director Dan Ashe, the red
wolf field staff have been cut down to just two employees, the Red Wolf Recovery Coordinator position was eliminated, and the Agency has stopped releasing
new wolves into the wild. The Agency has also stopped its innovative adaptive management program of sterilizing placeholder coyotes, a program that recent
studies have shown was successful at preventing the red wolves from hybridizing from their smaller sister species, the coyote. 

“Science tells us that this wolf is recoverable and a benefit to the ecosystem,” said Sutherland.   “US Fish and Wildlife Services Director Ashe must stop allowing
shooting and lethal trapping of red wolves and he needs to immediately restart active recovery efforts for the red wolf. The Agency has a duty to protect this
critically endangered wolf for future generations. If it does not act now, America’s beautiful red wolf will soon be extinct in the wild,” said Sutherland.

About the Wildlands Network Red Wolf Research Project

Alligator River and Pocosin Lakes National Wildlife Refuges, are home to some of the most impressive concentrations of wildlife in the eastern United States.
Wildlands Network has started a pilot camera trapping study on the refuges and an adjacent tract of private land to begin the process of documenting the
ecological role played by the red wolves. Our results from 22 cameras so far clearly demonstrate that the red wolf recovery area continues to be home to an
amazing diversity and abundance of wildlife.  This  should be good news for hunters, birdwatchers, and nature enthusiasts of all stripes. Wildlands Network
www.wildlandsnetwork.org has posted all of the wildlife photos from the study online, where they can be viewed at www.flickr.com/photos/redwolfreality/albums

If you would rather not receive future communications from Sage Communications Cda, please go to
https://optout.ne.cision.com/en/3ZaB86YcS95SRqPrNd6wfJVsU1ht5MQyKacAT5fXrQv41PuPATrqjpFsDXAb9MsjNcCjMzHLzVxQ7Pg7NQ3VAmCjy5F56X8CW4uhfjgFSDxMr9.
Sage Communications Cda, P.O. Box 275, Rodeo, 88056 NM, USA 

 

Do we have a comment?

If so, Vanessa requests review.

Thanks

Tom

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov



From: Benjamin, Pete
To: Morse, Michael L
Subject: Re: Private trapper contract to trap Mattamuskeet Ventures
Date: Tuesday, March 1, 2016 11:21:23 AM

Yes. That's fine.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:14 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Will do Pete - is latter today ok?  Need to head out to the field now.

On Tue, Mar 1, 2016 at 11:09 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Also, can you provide me an update of the animals that have been removed from Mattamuskeet
this year.  I think we are going to need to circle back with Jamin and company this month to see
how they are feeling about the effort and results, and to discuss future options.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:05 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Sounds good Pete.  Art, can you get a letter ready and Ryan or myself will get it to him
asap.  Let me know - thanks.

On Tue, Mar 1, 2016 at 10:59 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Ok.  Thanks Michael.  We should probably go ahead and issue him a trapping authorization
letter in order to maintain continuity of the trapping effort to the extent possible.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 10:41 AM, Morse, Michael <michael_l_morse@fws.gov>
wrote:

Pete,

As per Becky's request, I've spoken with Matthew Eakes today about possibly
continuing his trapping efforts on Ventures Farms.  I let him know that he couldn't
trap without a letter from us but we would begin that process asap.

Matthew Eakes did express willingness to trap the farm for us.  I let him know that
the letter would most likely be good for 30 days.  He does have a scheduling conflict



in two weeks but will still be able to trap the weekends during that period.  Thank
you.

Regards,

Michael

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Fleming, Jeffrey M
Cc: MacKenzie, Tom; Miranda, Leopoldo; Eversen, Michelle; Cynthia Dohner; Oetker, Michael; Harrison, Rebecca; Viker, David; Mike Bryant; Peters, Kristen E; Davis, Elsie
Subject: Re: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
Date: Tuesday, March 1, 2016 11:31:32 AM
Importance: High

Tom, I can do it if you set it up.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:21 AM, Fleming, Jeffrey <jeffrey_m_fleming@fws.gov> wrote:
I will recommend that you and Tom get on the phone with Corbin and share this.  Be ready to provide context about the ongoing evaluation.  Thanks.

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Tue, Mar 1, 2016 at 11:18 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
If we were going to say anything I think we should take the opportunity to inform the public that the wolf in question is a young female wolf born on private lands in Hyde County in 2013.  She appears to
be in good health and is currently safely being held at our facility as we further evaluate her overall health and make plans for releasing her back into the wild in accordance with our rules.  We will take
steps to reduce the likelihood that she returns to this landowner's property. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:09 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Tue, Mar 1, 2016 at 10:12 AM
Subject: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Tom MacKenzie <tom_mackenzie@fws.gov>
Cc: Gavin Shire <gavin_shire@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Elsie Davis <elsie_davis@fws.gov>

See inquiry from Corbin, do we have a comment?

 

 

 

Best,

Vanessa C. Kauffman

Division of Public Affairs

U.S. Fish and Wildlife Service

5275 Leesburg Pike, MS: EA

Falls Church, VA 22041-3803

 

703-358-2138 (direct)

571-319-6342 (cell)

vanessa_kauffman@fws.gov

Visit us online at: http://www.fws.gov

 

From: Corbin Hiar [mailto:chiar@eenews.net] 
Sent: Tuesday, March 01, 2016 9:42 AM
To: Vanessa Kauffman
Subject: FW: Landowner Traps Endangered Red Wolf

 

Does FWS have any comment on this situation and the network’s allegations? I hope to file a story on this by noon.

 

Thanks, C

 

From: Kim Vacariu [mailto:kim@wildlandsnetwork.org] 
Sent: Tuesday, March 01, 2016 8:03 AM
To: Corbin Hiar <chiar@eenews.net>
Subject: Landowner Traps Endangered Red Wolf

 



NEWS RELEASE
For immediate release – March 1, 2016

Contact:  Susan Holmes, Wildlands Network, (202) 329-1553,

Ron Sutherland, Wildlands Network, 919.401.7271 / 919.641.0060

Landowner Traps Endangered Red Wolf, Demands Permit to Kill
US Fish and Wildlife Service Failing to Protect Last 45 Wild Red Wolves

Creswell, North Carolina ---The red wolf is one of the most critically endangered species in the world --more endangered than the Siberian tiger -- with only 45
known individuals remaining in the wild. Over the weekend, Jett Ferebee, a leading critic of the federal government's 30-year effort to recover the endangered red
wolf, trapped a red wolf. After recently being denied a permit to kill wolves on his property, Ferebee paid a private trapper to catch a red wolf on his land with a
leg hold trap. A wolf was caught on Friday, Feb. 26 (see photo) and then on Saturday, Feb 27 Ferebee sent messages to the US Fish and Wildlife Service
demanding that he be issued a lethal take permit.

“This incident marks just the latest tragic development in the recent history of what has otherwise been a leading effort at restoring a native species to the wild,”
said Dr. Ron Sutherland, a biologist with the Wildlands Network in North Carolina.  The red wolf recovery program has been ongoing since the wolves were first
reintroduced in North Carolina in 1987, and the red wolf population reached a high of 120-130 animals in 2005-2006. There is considerable local and national
support for red wolves. Recently 100 residents who live in the red wolf recovery area sent a petition to US Fish and Wildlife Services expressing support for red
wolves.  

                  Jett Ferebee, has emerged as a vocal opponent of both the US Fish and Wildlife Service and the Agency's red wolf recovery program. In his email
February 27 to US Fish and Wildlife Services field office that was posted to an online forum he demands "You can pick up your runaway canine at the dog pound.
I will contact Tyrrell County Animal Control....I expect my take permit to be issued. "According to local sources, state and federal agency personnel were allowed
to pick up the wolf on Ferebee's property on Saturday.



                  Mr. Ferebee's rise as an anti-wolf organizer has coincided with a sharp decline in the red wolf population, a decline the US Fish and Wildlife Services
has done little to stop.  “The Agency seems to be intimidated by the actions of Ferebee,” said Sutherland. “As landowner intolerance for the wolves has grown,
stoked by Ferebee, the number of wolves being shot each year has skyrocketed to a level that will almost certainly lead to the extinction of the red wolf in the wild
in just a few more years,” he added. Since 2012 the total estimated population has declined by 50% to just 45 known wild wolves.

                  Even as the wolf population plummets, the Agency has issued take permits to landowners to kill the animals. In an especially egregious case last year, a
landowner with a permit issued by US Fish and Wildlife Services killed a female red wolf who was still nursing puppies, with the mother red wolf representing
one of fewer than a dozen breeding females left in the wild. The US Fish and Wildlife Service declared their efforts to catch the wolf "abandoned", even though
the landowner had never granted the Agency permission to attempt to live trap the wolf on his property.

                  At the same time, US Fish and Wildlife Service, appears to have already abandoned the species. Under the leadership of Director Dan Ashe, the red
wolf field staff have been cut down to just two employees, the Red Wolf Recovery Coordinator position was eliminated, and the Agency has stopped releasing
new wolves into the wild. The Agency has also stopped its innovative adaptive management program of sterilizing placeholder coyotes, a program that recent
studies have shown was successful at preventing the red wolves from hybridizing from their smaller sister species, the coyote. 

“Science tells us that this wolf is recoverable and a benefit to the ecosystem,” said Sutherland.   “US Fish and Wildlife Services Director Ashe must stop allowing
shooting and lethal trapping of red wolves and he needs to immediately restart active recovery efforts for the red wolf. The Agency has a duty to protect this
critically endangered wolf for future generations. If it does not act now, America’s beautiful red wolf will soon be extinct in the wild,” said Sutherland.

About the Wildlands Network Red Wolf Research Project

Alligator River and Pocosin Lakes National Wildlife Refuges, are home to some of the most impressive concentrations of wildlife in the eastern United States.
Wildlands Network has started a pilot camera trapping study on the refuges and an adjacent tract of private land to begin the process of documenting the
ecological role played by the red wolves. Our results from 22 cameras so far clearly demonstrate that the red wolf recovery area continues to be home to an
amazing diversity and abundance of wildlife.  This  should be good news for hunters, birdwatchers, and nature enthusiasts of all stripes. Wildlands Network
www.wildlandsnetwork.org has posted all of the wildlife photos from the study online, where they can be viewed at www.flickr.com/photos/redwolfreality/albums

If you would rather not receive future communications from Sage Communications Cda, please go to
https://optout.ne.cision.com/en/3ZaB86YcS95SRqPrNd6wfJVsU1ht5MQyKacAT5fXrQv41PuPATrqjpFsDXAb9MsjNcCjMzHLzVxQ7Pg7NQ3VAmCjy5F56X8CW4uhfjgFSDxMr9.
Sage Communications Cda, P.O. Box 275, Rodeo, 88056 NM, USA 

 

Do we have a comment?

If so, Vanessa requests review.

Thanks

Tom

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov



From: MacKenzie, Tom
To: Benjamin, Pete
Cc: Fleming, Jeffrey M; Miranda, Leopoldo; Eversen, Michelle; Cynthia Dohner; Oetker, Michael; Harrison, Rebecca; Viker, David; Mike Bryant; Peters, Kristen E; Davis, Elsie; Kauffman, Vanessa; Shire, Gavin G; Hires, Brian K
Subject: Re: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
Date: Tuesday, March 1, 2016 11:45:29 AM
Importance: High

We got a time reprieve at will do an interview with him at 2

Vanessa, as requested,  you can see the drift of the conversation in the history.

Tom 

On Tue, Mar 1, 2016 at 11:31 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Tom, I can do it if you set it up.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:21 AM, Fleming, Jeffrey <jeffrey_m_fleming@fws.gov> wrote:
I will recommend that you and Tom get on the phone with Corbin and share this.  Be ready to provide context about the ongoing evaluation.  Thanks.

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Tue, Mar 1, 2016 at 11:18 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
If we were going to say anything I think we should take the opportunity to inform the public that the wolf in question is a young female wolf born on private lands in Hyde County in 2013.  She appears to
be in good health and is currently safely being held at our facility as we further evaluate her overall health and make plans for releasing her back into the wild in accordance with our rules.  We will take
steps to reduce the likelihood that she returns to this landowner's property. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:09 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Tue, Mar 1, 2016 at 10:12 AM
Subject: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Tom MacKenzie <tom_mackenzie@fws.gov>
Cc: Gavin Shire <gavin_shire@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Elsie Davis <elsie_davis@fws.gov>

See inquiry from Corbin, do we have a comment?

 

 

 

Best,

Vanessa C. Kauffman

Division of Public Affairs

U.S. Fish and Wildlife Service

5275 Leesburg Pike, MS: EA

Falls Church, VA 22041-3803

 

703-358-2138 (direct)

571-319-6342 (cell)

vanessa_kauffman@fws.gov

Visit us online at: http://www.fws.gov

 

From: Corbin Hiar [mailto:chiar@eenews.net] 
Sent: Tuesday, March 01, 2016 9:42 AM
To: Vanessa Kauffman
Subject: FW: Landowner Traps Endangered Red Wolf

 

Does FWS have any comment on this situation and the network’s allegations? I hope to file a story on this by noon.

 

Thanks, C

 



From: Kim Vacariu [mailto:kim@wildlandsnetwork.org] 
Sent: Tuesday, March 01, 2016 8:03 AM
To: Corbin Hiar <chiar@eenews.net>
Subject: Landowner Traps Endangered Red Wolf

 

NEWS RELEASE
For immediate release – March 1, 2016

Contact:  Susan Holmes, Wildlands Network, (202) 329-1553,

Ron Sutherland, Wildlands Network, 919.401.7271 / 919.641.0060

Landowner Traps Endangered Red Wolf, Demands Permit to Kill
US Fish and Wildlife Service Failing to Protect Last 45 Wild Red Wolves

Creswell, North Carolina ---The red wolf is one of the most critically endangered species in the world --more endangered than the Siberian tiger -- with only 45
known individuals remaining in the wild. Over the weekend, Jett Ferebee, a leading critic of the federal government's 30-year effort to recover the endangered red
wolf, trapped a red wolf. After recently being denied a permit to kill wolves on his property, Ferebee paid a private trapper to catch a red wolf on his land with a
leg hold trap. A wolf was caught on Friday, Feb. 26 (see photo) and then on Saturday, Feb 27 Ferebee sent messages to the US Fish and Wildlife Service
demanding that he be issued a lethal take permit.

“This incident marks just the latest tragic development in the recent history of what has otherwise been a leading effort at restoring a native species to the wild,”
said Dr. Ron Sutherland, a biologist with the Wildlands Network in North Carolina.  The red wolf recovery program has been ongoing since the wolves were first
reintroduced in North Carolina in 1987, and the red wolf population reached a high of 120-130 animals in 2005-2006. There is considerable local and national
support for red wolves. Recently 100 residents who live in the red wolf recovery area sent a petition to US Fish and Wildlife Services expressing support for red
wolves.  



                  Jett Ferebee, has emerged as a vocal opponent of both the US Fish and Wildlife Service and the Agency's red wolf recovery program. In his email
February 27 to US Fish and Wildlife Services field office that was posted to an online forum he demands "You can pick up your runaway canine at the dog pound.
I will contact Tyrrell County Animal Control....I expect my take permit to be issued. "According to local sources, state and federal agency personnel were allowed
to pick up the wolf on Ferebee's property on Saturday.

                  Mr. Ferebee's rise as an anti-wolf organizer has coincided with a sharp decline in the red wolf population, a decline the US Fish and Wildlife Services
has done little to stop.  “The Agency seems to be intimidated by the actions of Ferebee,” said Sutherland. “As landowner intolerance for the wolves has grown,
stoked by Ferebee, the number of wolves being shot each year has skyrocketed to a level that will almost certainly lead to the extinction of the red wolf in the wild
in just a few more years,” he added. Since 2012 the total estimated population has declined by 50% to just 45 known wild wolves.

                  Even as the wolf population plummets, the Agency has issued take permits to landowners to kill the animals. In an especially egregious case last year, a
landowner with a permit issued by US Fish and Wildlife Services killed a female red wolf who was still nursing puppies, with the mother red wolf representing
one of fewer than a dozen breeding females left in the wild. The US Fish and Wildlife Service declared their efforts to catch the wolf "abandoned", even though
the landowner had never granted the Agency permission to attempt to live trap the wolf on his property.

                  At the same time, US Fish and Wildlife Service, appears to have already abandoned the species. Under the leadership of Director Dan Ashe, the red
wolf field staff have been cut down to just two employees, the Red Wolf Recovery Coordinator position was eliminated, and the Agency has stopped releasing
new wolves into the wild. The Agency has also stopped its innovative adaptive management program of sterilizing placeholder coyotes, a program that recent
studies have shown was successful at preventing the red wolves from hybridizing from their smaller sister species, the coyote. 

“Science tells us that this wolf is recoverable and a benefit to the ecosystem,” said Sutherland.   “US Fish and Wildlife Services Director Ashe must stop allowing
shooting and lethal trapping of red wolves and he needs to immediately restart active recovery efforts for the red wolf. The Agency has a duty to protect this
critically endangered wolf for future generations. If it does not act now, America’s beautiful red wolf will soon be extinct in the wild,” said Sutherland.

About the Wildlands Network Red Wolf Research Project

Alligator River and Pocosin Lakes National Wildlife Refuges, are home to some of the most impressive concentrations of wildlife in the eastern United States.
Wildlands Network has started a pilot camera trapping study on the refuges and an adjacent tract of private land to begin the process of documenting the
ecological role played by the red wolves. Our results from 22 cameras so far clearly demonstrate that the red wolf recovery area continues to be home to an
amazing diversity and abundance of wildlife.  This  should be good news for hunters, birdwatchers, and nature enthusiasts of all stripes. Wildlands Network
www.wildlandsnetwork.org has posted all of the wildlife photos from the study online, where they can be viewed at www.flickr.com/photos/redwolfreality/albums

If you would rather not receive future communications from Sage Communications Cda, please go to
https://optout.ne.cision.com/en/3ZaB86YcS95SRqPrNd6wfJVsU1ht5MQyKacAT5fXrQv41PuPATrqjpFsDXAb9MsjNcCjMzHLzVxQ7Pg7NQ3VAmCjy5F56X8CW4uhfjgFSDxMr9.
Sage Communications Cda, P.O. Box 275, Rodeo, 88056 NM, USA 

 

Do we have a comment?

If so, Vanessa requests review.

Thanks

Tom

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov



From: Benjamin, Pete
To: Jett Ferebee
Subject: Follow-up from this past weekend
Date: Tuesday, March 1, 2016 11:55:33 AM

Hello Jett,

I hope the second half of your weekend was more relaxing than the first half.  As a follow-up, I am
currently coordinating your request for a take authorization with the Regional Office.  In the
meantime, if you are concerned about the potential presence of wolves on your property we can
authorize your trapper to continue work on your property under the authority of our State permit.  

We would only need to issue Mr. Rose a letter identifying him as a designee under our permit.  Let me
know if you and Mr. Rose are interested in this course of action. 

By the way, I haven't gotten a full report on the animal removed from your property last week but I can
tell you it is a female wolf, wild-born in Hyde County in 2013.  The collar on her is our standard VHF
variety.  We are currently holding her at Alligator River NWR.  I'll keep you posted regarding our plans
for her. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Miranda, Leopoldo
Subject: Fwd: Follow-up from this past weekend
Date: Tuesday, March 1, 2016 11:59:04 AM

FYI,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Tue, Mar 1, 2016 at 11:55 AM
Subject: Follow-up from this past weekend
To: Jett Ferebee <jettferebee@aol.com>

Hello Jett,

I hope the second half of your weekend was more relaxing than the first half.  As a follow-up, I am
currently coordinating your request for a take authorization with the Regional Office.  In the
meantime, if you are concerned about the potential presence of wolves on your property we can
authorize your trapper to continue work on your property under the authority of our State permit.  

We would only need to issue Mr. Rose a letter identifying him as a designee under our permit.  Let me
know if you and Mr. Rose are interested in this course of action. 

By the way, I haven't gotten a full report on the animal removed from your property last week but I can
tell you it is a female wolf, wild-born in Hyde County in 2013.  The collar on her is our standard VHF
variety.  We are currently holding her at Alligator River NWR.  I'll keep you posted regarding our plans
for her. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Miranda, Leopoldo
To: MacKenzie, Tom
Cc: Benjamin, Pete; Fleming, Jeffrey M; Eversen, Michelle; Cynthia Dohner; Oetker, Michael; Harrison, Rebecca; Viker, David; Mike Bryant; Peters, Kristen E; Davis, Elsie; Kauffman, Vanessa; Shire, Gavin G; Hires, Brian K
Subject: Re: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
Date: Tuesday, March 1, 2016 12:00:48 PM
Importance: High

Just one addition to Pete's recommendation. The animal will be released on Refuge lands and with a GPS collar as agreed with the NCWRC. I will also add that we are closely coordinating all of
this with NCWRC as described in our MOU...

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Mar 1, 2016, at 10:46 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

We got a time reprieve at will do an interview with him at 2

Vanessa, as requested,  you can see the drift of the conversation in the history.

Tom 

On Tue, Mar 1, 2016 at 11:31 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Tom, I can do it if you set it up.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:21 AM, Fleming, Jeffrey <jeffrey_m_fleming@fws.gov> wrote:
I will recommend that you and Tom get on the phone with Corbin and share this.  Be ready to provide context about the ongoing evaluation.  Thanks.

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Tue, Mar 1, 2016 at 11:18 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
If we were going to say anything I think we should take the opportunity to inform the public that the wolf in question is a young female wolf born on private lands in Hyde County in 2013.  She
appears to be in good health and is currently safely being held at our facility as we further evaluate her overall health and make plans for releasing her back into the wild in accordance with our
rules.  We will take steps to reduce the likelihood that she returns to this landowner's property. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:09 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Tue, Mar 1, 2016 at 10:12 AM
Subject: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Tom MacKenzie <tom_mackenzie@fws.gov>
Cc: Gavin Shire <gavin_shire@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Elsie Davis <elsie_davis@fws.gov>

See inquiry from Corbin, do we have a comment?

 

 

 

Best,

Vanessa C. Kauffman

Division of Public Affairs

U.S. Fish and Wildlife Service

5275 Leesburg Pike, MS: EA

Falls Church, VA 22041-3803

 

703-358-2138 (direct)

571-319-6342 (cell)

vanessa_kauffman@fws.gov

Visit us online at: http://www.fws.gov

 



From: Corbin Hiar [mailto:chiar@eenews.net] 
Sent: Tuesday, March 01, 2016 9:42 AM
To: Vanessa Kauffman
Subject: FW: Landowner Traps Endangered Red Wolf

 

Does FWS have any comment on this situation and the network’s allegations? I hope to file a story on this by noon.

 

Thanks, C

 

From: Kim Vacariu [mailto:kim@wildlandsnetwork.org] 
Sent: Tuesday, March 01, 2016 8:03 AM
To: Corbin Hiar <chiar@eenews.net>
Subject: Landowner Traps Endangered Red Wolf

 

NEWS RELEASE
For immediate release – March 1, 2016

Contact:  Susan Holmes, Wildlands Network, (202) 329-1553,

Ron Sutherland, Wildlands Network, 919.401.7271 / 919.641.0060

Landowner Traps Endangered Red Wolf, Demands Permit to Kill
US Fish and Wildlife Service Failing to Protect Last 45 Wild Red Wolves

Creswell, North Carolina ---The red wolf is one of the most critically endangered species in the world --more endangered than the Siberian tiger -- with
only 45 known individuals remaining in the wild. Over the weekend, Jett Ferebee, a leading critic of the federal government's 30-year effort to recover the
endangered red wolf, trapped a red wolf. After recently being denied a permit to kill wolves on his property, Ferebee paid a private trapper to catch a red
wolf on his land with a leg hold trap. A wolf was caught on Friday, Feb. 26 (see photo) and then on Saturday, Feb 27 Ferebee sent messages to the US Fish
and Wildlife Service demanding that he be issued a lethal take permit.

<image001.jpg>

“This incident marks just the latest tragic development in the recent history of what has otherwise been a leading effort at restoring a native species to the
wild,” said Dr. Ron Sutherland, a biologist with the Wildlands Network in North Carolina.  The red wolf recovery program has been ongoing since the
wolves were first reintroduced in North Carolina in 1987, and the red wolf population reached a high of 120-130 animals in 2005-2006. There is considerable
local and national support for red wolves. Recently 100 residents who live in the red wolf recovery area sent a petition to US Fish and Wildlife Services
expressing support for red wolves.  

                  Jett Ferebee, has emerged as a vocal opponent of both the US Fish and Wildlife Service and the Agency's red wolf recovery program. In his email
February 27 to US Fish and Wildlife Services field office that was posted to an online forum he demands "You can pick up your runaway canine at the dog
pound. I will contact Tyrrell County Animal Control....I expect my take permit to be issued. "According to local sources, state and federal agency personnel
were allowed to pick up the wolf on Ferebee's property on Saturday.

                  Mr. Ferebee's rise as an anti-wolf organizer has coincided with a sharp decline in the red wolf population, a decline the US Fish and Wildlife
Services has done little to stop.  “The Agency seems to be intimidated by the actions of Ferebee,” said Sutherland. “As landowner intolerance for the wolves
has grown, stoked by Ferebee, the number of wolves being shot each year has skyrocketed to a level that will almost certainly lead to the extinction of the red
wolf in the wild in just a few more years,” he added. Since 2012 the total estimated population has declined by 50% to just 45 known wild wolves.

                  Even as the wolf population plummets, the Agency has issued take permits to landowners to kill the animals. In an especially egregious case last
year, a landowner with a permit issued by US Fish and Wildlife Services killed a female red wolf who was still nursing puppies, with the mother red wolf
representing one of fewer than a dozen breeding females left in the wild. The US Fish and Wildlife Service declared their efforts to catch the wolf
"abandoned", even though the landowner had never granted the Agency permission to attempt to live trap the wolf on his property.

                  At the same time, US Fish and Wildlife Service, appears to have already abandoned the species. Under the leadership of Director Dan Ashe, the
red wolf field staff have been cut down to just two employees, the Red Wolf Recovery Coordinator position was eliminated, and the Agency has stopped
releasing new wolves into the wild. The Agency has also stopped its innovative adaptive management program of sterilizing placeholder coyotes, a program
that recent studies have shown was successful at preventing the red wolves from hybridizing from their smaller sister species, the coyote. 

“Science tells us that this wolf is recoverable and a benefit to the ecosystem,” said Sutherland.   “US Fish and Wildlife Services Director Ashe must stop
allowing shooting and lethal trapping of red wolves and he needs to immediately restart active recovery efforts for the red wolf. The Agency has a duty to
protect this critically endangered wolf for future generations. If it does not act now, America’s beautiful red wolf will soon be extinct in the wild,” said
Sutherland.

About the Wildlands Network Red Wolf Research Project

Alligator River and Pocosin Lakes National Wildlife Refuges, are home to some of the most impressive concentrations of wildlife in the eastern United
States. Wildlands Network has started a pilot camera trapping study on the refuges and an adjacent tract of private land to begin the process of documenting
the ecological role played by the red wolves. Our results from 22 cameras so far clearly demonstrate that the red wolf recovery area continues to be home to
an amazing diversity and abundance of wildlife.  This  should be good news for hunters, birdwatchers, and nature enthusiasts of all stripes. Wildlands
Network www.wildlandsnetwork.org has posted all of the wildlife photos from the study online, where they can be viewed at
www.flickr.com/photos/redwolfreality/albums

If you would rather not receive future communications from Sage Communications Cda, please go to
https://optout.ne.cision.com/en/3ZaB86YcS95SRqPrNd6wfJVsU1ht5MQyKacAT5fXrQv41PuPATrqjpFsDXAb9MsjNcCjMzHLzVxQ7Pg7NQ3VAmCjy5F56X8CW4uhfjgFSDxMr9.
Sage Communications Cda, P.O. Box 275, Rodeo, 88056 NM, USA 

<image002.jpg>

 

Do we have a comment?

If so, Vanessa requests review.



Thanks

Tom

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Re: Update
Date: Tuesday, March 1, 2016 12:11:52 PM
Importance: High

Hi Pete,

Here's what I know to the best of my knowledge:

At the REC, we currently have 5 wolves in 3 pens.  All of these animals are captive,
long-term residents of the SSP population.  We have no additional long-term holding
space at the REC.

At Sandy Ridge, we have 16 pens designed for long-term holding, but only 15 are
available (one space needs some fence maintenance).  We currently have 11 wolves,
2 sterilized coyotes, and 4 canids awaiting classification (17 total). Seven of these
animals are captive, long-term residents of the SSP population and 10 have recently
been captured on private lands.  We're awaiting genetic results for 4 of these animals
(2 of which we just received yesterday).  Michael and Ryan are processing them
now.  If they're the same sex, they can be placed together.  If that's possible, then
we'll only have 2 pens open/available at Sandy Ridge.  Otherwise, we'll have one
space left.

Bottom line: no space left at REC, 1-2 pens left at Sandy Ridge. 

I'll pass along additional information from them as they process the animals now.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 11:46 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I'm briefing the DRD at 3:00 today.  How much more space do we have for animals at Sandy Ridge
and the REC?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408





From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Morse, Michael L
Subject: Re: Another question
Date: Tuesday, March 1, 2016 12:14:23 PM
Importance: High

I just spoke with Michael.  Yes, that is accurate.  She has not been thoroughly
examined by us nor a vet yet. From initial observations, she appears very healthy.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:10 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
So reporters are starting to call.  Thus far I've been telling them that the animal removed from
private lands last Friday appears healthy though we have not done a thorough examination as of yet. 
Is that accurate?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Peters, Kristen E
To: Miranda, Leopoldo; Tom MacKenzie
Cc: Benjamin, Pete; Fleming, Jeffrey M; Eversen, Michelle; Cynthia Dohner; Oetker, Michael; Harrison, Rebecca; Viker, David; Mike Bryant; Davis, Elsie; Kauffman, Vanessa; Shire, Gavin G; Hires, Brian K; Hausman, Alyssa B
Subject: RE: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
Date: Tuesday, March 1, 2016 12:26:59 PM
Importance: High

FYI - I just got a call from Josh Bowlen from Rep. Jones office. It was brief and he intends to call me back.  Josh said he has been hearing about this since Friday.  He asked asking if the wolf will or has lost
its leg from trap.  I will tell him that the wolf appears to be in good health when he calls back.
 
From: Leopoldo Miranda [mailto:leopoldo_miranda@fws.gov] 
Sent: Tuesday, March 01, 2016 12:01 PM
To: MacKenzie, Tom
Cc: Benjamin, Pete; Fleming, Jeffrey; Michelle Eversen; Cynthia Dohner; Michael Oetker; Rebecca Harrison; David Viker; Mike Bryant; Kristen Peters; Elsie Davis; Vanessa Kauffman; Gavin Shire; Brian Hires
Subject: Re: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
 
Just one addition to Pete's recommendation. The animal will be released on Refuge lands and with a GPS collar as agreed with the NCWRC. I will also add that we are closely coordinating
all of this with NCWRC as described in our MOU...
 
 

 
 
Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085
 
NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties.
 
Sent from my iPad

On Mar 1, 2016, at 10:46 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

We got a time reprieve at will do an interview with him at 2
 
Vanessa, as requested,  you can see the drift of the conversation in the history.
 
Tom 
 
On Tue, Mar 1, 2016 at 11:31 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Tom, I can do it if you set it up.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Tue, Mar 1, 2016 at 11:21 AM, Fleming, Jeffrey <jeffrey_m_fleming@fws.gov> wrote:
I will recommend that you and Tom get on the phone with Corbin and share this.  Be ready to provide context about the ongoing evaluation.  Thanks.
 

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia
 
404-679-7287 d
404-274-6693 m
 
 
On Tue, Mar 1, 2016 at 11:18 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
If we were going to say anything I think we should take the opportunity to inform the public that the wolf in question is a young female wolf born on private
lands in Hyde County in 2013.  She appears to be in good health and is currently safely being held at our facility as we further evaluate her overall health
and make plans for releasing her back into the wild in accordance with our rules.  We will take steps to reduce the likelihood that she returns to this
landowner's property. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Tue, Mar 1, 2016 at 11:09 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:
 
---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Tue, Mar 1, 2016 at 10:12 AM
Subject: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Tom MacKenzie <tom_mackenzie@fws.gov>
Cc: Gavin Shire <gavin_shire@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Elsie Davis <elsie_davis@fws.gov>

See inquiry from Corbin, do we have a comment?
 
 
 
Best,
Vanessa C. Kauffman
Division of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike, MS: EA
Falls Church, VA 22041-3803
 
703-358-2138 (direct)
571-319-6342 (cell)
vanessa_kauffman@fws.gov
Visit us online at: http://www.fws.gov
 
From: Corbin Hiar [mailto:chiar@eenews.net] 
Sent: Tuesday, March 01, 2016 9:42 AM
To: Vanessa Kauffman



Subject: FW: Landowner Traps Endangered Red Wolf
 
Does FWS have any comment on this situation and the network’s allegations? I hope to file a story on this by noon.
 
Thanks, C
 
From: Kim Vacariu [mailto:kim@wildlandsnetwork.org] 
Sent: Tuesday, March 01, 2016 8:03 AM
To: Corbin Hiar <chiar@eenews.net>
Subject: Landowner Traps Endangered Red Wolf
 

NEWS RELEASE
For immediate release – March 1, 2016

Contact:  Susan Holmes, Wildlands Network, (202) 329-1553,

Ron Sutherland, Wildlands Network, 919.401.7271 / 919.641.0060

Landowner Traps Endangered Red Wolf, Demands Permit to Kill
US Fish and Wildlife Service Failing to Protect Last 45 Wild Red Wolves

Creswell, North Carolina ---The red wolf is one of the most critically endangered species in the world --more endangered than the Siberian tiger -- with
only 45 known individuals remaining in the wild. Over the weekend, Jett Ferebee, a leading critic of the federal government's 30-year effort to recover the
endangered red wolf, trapped a red wolf. After recently being denied a permit to kill wolves on his property, Ferebee paid a private trapper to catch a red
wolf on his land with a leg hold trap. A wolf was caught on Friday, Feb. 26 (see photo) and then on Saturday, Feb 27 Ferebee sent messages to the US Fish
and Wildlife Service demanding that he be issued a lethal take permit.

<image001.jpg>

“This incident marks just the latest tragic development in the recent history of what has otherwise been a leading effort at restoring a native species to the
wild,” said Dr. Ron Sutherland, a biologist with the Wildlands Network in North Carolina.  The red wolf recovery program has been ongoing since the
wolves were first reintroduced in North Carolina in 1987, and the red wolf population reached a high of 120-130 animals in 2005-2006. There is considerable
local and national support for red wolves. Recently 100 residents who live in the red wolf recovery area sent a petition to US Fish and Wildlife Services
expressing support for red wolves.  

                  Jett Ferebee, has emerged as a vocal opponent of both the US Fish and Wildlife Service and the Agency's red wolf recovery program. In his email
February 27 to US Fish and Wildlife Services field office that was posted to an online forum he demands "You can pick up your runaway canine at the dog
pound. I will contact Tyrrell County Animal Control....I expect my take permit to be issued. "According to local sources, state and federal agency personnel
were allowed to pick up the wolf on Ferebee's property on Saturday.

                  Mr. Ferebee's rise as an anti-wolf organizer has coincided with a sharp decline in the red wolf population, a decline the US Fish and Wildlife
Services has done little to stop.  “The Agency seems to be intimidated by the actions of Ferebee,” said Sutherland. “As landowner intolerance for the wolves
has grown, stoked by Ferebee, the number of wolves being shot each year has skyrocketed to a level that will almost certainly lead to the extinction of the red
wolf in the wild in just a few more years,” he added. Since 2012 the total estimated population has declined by 50% to just 45 known wild wolves.

                  Even as the wolf population plummets, the Agency has issued take permits to landowners to kill the animals. In an especially egregious case last
year, a landowner with a permit issued by US Fish and Wildlife Services killed a female red wolf who was still nursing puppies, with the mother red wolf
representing one of fewer than a dozen breeding females left in the wild. The US Fish and Wildlife Service declared their efforts to catch the wolf
"abandoned", even though the landowner had never granted the Agency permission to attempt to live trap the wolf on his property.

                  At the same time, US Fish and Wildlife Service, appears to have already abandoned the species. Under the leadership of Director Dan Ashe, the
red wolf field staff have been cut down to just two employees, the Red Wolf Recovery Coordinator position was eliminated, and the Agency has stopped
releasing new wolves into the wild. The Agency has also stopped its innovative adaptive management program of sterilizing placeholder coyotes, a program
that recent studies have shown was successful at preventing the red wolves from hybridizing from their smaller sister species, the coyote. 

“Science tells us that this wolf is recoverable and a benefit to the ecosystem,” said Sutherland.   “US Fish and Wildlife Services Director Ashe must stop
allowing shooting and lethal trapping of red wolves and he needs to immediately restart active recovery efforts for the red wolf. The Agency has a duty to
protect this critically endangered wolf for future generations. If it does not act now, America’s beautiful red wolf will soon be extinct in the wild,” said
Sutherland.

About the Wildlands Network Red Wolf Research Project

Alligator River and Pocosin Lakes National Wildlife Refuges, are home to some of the most impressive concentrations of wildlife in the eastern United
States. Wildlands Network has started a pilot camera trapping study on the refuges and an adjacent tract of private land to begin the process of documenting
the ecological role played by the red wolves. Our results from 22 cameras so far clearly demonstrate that the red wolf recovery area continues to be home to
an amazing diversity and abundance of wildlife.  This  should be good news for hunters, birdwatchers, and nature enthusiasts of all stripes. Wildlands
Network www.wildlandsnetwork.org has posted all of the wildlife photos from the study online, where they can be viewed at
www.flickr.com/photos/redwolfreality/albums

If you would rather not receive future communications from Sage Communications Cda, please go to
https://optout.ne.cision.com/en/3ZaB86YcS95SRqPrNd6wfJVsU1ht5MQyKacAT5fXrQv41PuPATrqjpFsDXAb9MsjNcCjMzHLzVxQ7Pg7NQ3VAmCjy5F56X8CW4uhfjgFSDxMr9.
Sage Communications Cda, P.O. Box 275, Rodeo, 88056 NM, USA 
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Do we have a comment?
 
If so, Vanessa requests review.
 
Thanks
 
Tom

 



--
 
 
Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov
 
 
 

 
--
 
 
Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov



From: Benjamin, Pete
To: Harrison, Rebecca; Beyer, Arthur
Subject: Re: Update
Date: Tuesday, March 1, 2016 12:30:19 PM
Importance: High

Thanks.  So, we need to coordinate with NCWRC to see if we can release those placeholder coyotes
(with or without GPS collars).  Also, we need to revisit the issue of these SSP animals with Will.  We
really shouldn't be housing any of those animals at Sandy Ridge, and probably should only be keeping
the one pair at the REC should we ever resume outreach activities.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 12:11 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Pete,

Here's what I know to the best of my knowledge:

At the REC, we currently have 5 wolves in 3 pens.  All of these animals are captive,
long-term residents of the SSP population.  We have no additional long-term
holding space at the REC.

At Sandy Ridge, we have 16 pens designed for long-term holding, but only 15 are
available (one space needs some fence maintenance).  We currently have 11
wolves, 2 sterilized coyotes, and 4 canids awaiting classification (17 total). Seven of
these animals are captive, long-term residents of the SSP population and 10 have
recently been captured on private lands.  We're awaiting genetic results for 4 of
these animals (2 of which we just received yesterday).  Michael and Ryan are
processing them now.  If they're the same sex, they can be placed together.  If
that's possible, then we'll only have 2 pens open/available at Sandy Ridge. 
Otherwise, we'll have one space left.

Bottom line: no space left at REC, 1-2 pens left at Sandy Ridge. 

I'll pass along additional information from them as they process the animals now.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245



Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 11:46 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I'm briefing the DRD at 3:00 today.  How much more space do we have for animals at Sandy Ridge
and the REC?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Re: Sorry for the bombardment
Date: Tuesday, March 1, 2016 1:04:02 PM
Attachments: Canids captured on Bee Tree Farms.docx
Importance: High

Hi Pete,

Here's what I pulled together previously---the latter pages are more relevant to these
issues.  This female is a first-time capture on his property.  This yet another incident
of animals moving in from other areas once a sink was created on his property.  All of
the animals captured in 2015 are dead or in captivity.

Here are the summaries that I've previously compiled:
https://drive.google.com/a/doi.gov/folderview?
id=0B0rPdIe7GSD7bUdZYno2ZnV3SGs&usp=sharing

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:32 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Can you point me to the list of the known animals that have come off of Ferebee's property.  
I intend to give him the most recent animal's ID number and assure him it is a first-time visitor to his
land as opposed to a "repeat offender".  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



Canids captured on Bee Tree Farms through trapping efforts 

11/22/2001 11114 dispersing yearling female red wolf captured through USFWS trapping efforts; 
released on Pocosin Lakes NWR (PLNWR) 11/22/01. Recaptured on 11/26/01, released 
same day on PLNWR (Fate: found dead 12/18/02, COD-suspected gunshot, Tyrrell 
County). 

11/22/2001 11115 dispersing yearling male red wolf captured through USFWS trapping efforts; 
released on PLNWR 11/22/01. Recaptured on 11/26/01, released same day on PLNWR 
(Fate: found dead 7/22/2005, COD-unknown, Tyrrell County). 

3/21/2008 20459 male coyote captured through USFWS trapping efforts; euthanized at 
landowner’s request. 

3/27/2008 10978 female red wolf captured through USFWS trapping efforts; held in captivity at 
landowner’s request, released on PLNWR 4/21/08 (Fate: found dead 1/20/09, COD-
unknown, PLNWR). 

3/31/2008 30461 male coyote captured through USFWS trapping efforts; euthanized at 
landowner’s request. 

4/3/2008 11517 female red wolf captured through USFWS trapping efforts; released on Alligator 
River NWR 5/22/08 (Fate: collar went off air 11/8/08, suspected foul play). 

2/10/2012* 20752 male coyote captured through private trapping efforts (M. Sadler); euthanized at 
landowner’s request. 

2/12/2012* 11879 male red wolf captured through private trapping efforts (M. Sadler); released on 
PLNWR 2/12/2012 (Fate: found dead in garbage bag on private property north of home 
range 11/18/2013 resulting in OLE investigation, COD-gunshot). 

5/26/2013 11448 female red wolf captured through USFWS trapping efforts; held in acclimation 
pen then released on PLNWR 9/22/13 (Fate: found dead 11/9/13, COD-gunshot, Tyrrell 
County). 

5/26/2013 11837 female red wolf captured through USFWS trapping efforts; held in acclimation 
pen on PLNWR, then escaped 9/19/13 (Fate: still alive occupying territory in eastern 
Tyrrell County). 

1/23/2014* 12024 yearling female red wolf captured through private trapping efforts (T. Rose); held 
to treat trap-related foot injury, released in Washington County 7/3/14 (Fate: found 
dead 8/14/14, COD-vehicle, Washington County). 

1/25/2014* 11737 male red wolf captured through private trapping efforts (T. Rose); released on 
PLNWR 1/27/14 (Fate: see 2/9/2015 below). 



2/1/2014* 30822 sterilized placeholder male coyote captured through private trapping efforts (T. 
Rose); removed collar and returned to trapper. 

2/10/2014* 11993 female red wolf captured through private trapping efforts (T. Rose); released on 
PLNWR 6/25/14 (Fate: found dead 6/30/14, COD-unknown, Tyrrell County). 

2/12/2014* 11680 female red wolf captured through private trapping efforts (T. Rose); died in trap 
(drown). 

2/6/2015* 11300 10-year-old female red wolf captured through private trapping efforts; 
euthanized 2/27/15 due to mange and overall poor health. 

2/9/2015* 11737 male red wolf captured through private trapping efforts (was also captured in 
2014); held in captivity and then transferred to North Carolina Zoo (Asheboro, NC) 
11/4/15. 

2/26/2015* 11694 8-year-old male red wolf captured through private trapping efforts; euthanized 
4/22/15 after sustaining a leg fracture (same foot trapped) while being held in captivity. 

*Date indicates date received from private trapper as precise date for capture is unknown. 

Total animals: 13 red wolves (16 capture events) and 4 coyotes (4 capture events) 

 

Other: 

June 2006          USFWS staff responded to landowner request to monitor litter of wolves. Staff pushed 
the pups on their property to neighboring parcel. After 3 consistent days of the wolves 
off, landowner communicated appreciation.  Pups were never marked or observed 
again. 

June 2010 USFWS staff responded to landowner request to monitor litter of wolves. Staff pushed 
the pups on their property to neighboring parcel.  

11/13/2007 11418 male red wolf observed dead, COD-gunshot 

2/15/2010 11758 female red wolf observed dead, COD-gunshot 

12/13/2013 20858 female sterilized placeholder coyote, COD-gunshot 

 

 

 

 



From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Beyer, Arthur
Subject: Re: Update
Date: Tuesday, March 1, 2016 1:07:02 PM
Importance: High

It's breeding season.  This would be a very unusual time to move animals around in
the SSP.  I would imagine many facilities would commit to taking more animals right
now given they don't know if their breeding pairs will be having pups or not. 

Do you want me to speak to Will or are you planning on calling him?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:30 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks.  So, we need to coordinate with NCWRC to see if we can release those placeholder coyotes
(with or without GPS collars).  Also, we need to revisit the issue of these SSP animals with Will.  We
really shouldn't be housing any of those animals at Sandy Ridge, and probably should only be keeping
the one pair at the REC should we ever resume outreach activities.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 12:11 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Pete,

Here's what I know to the best of my knowledge:

At the REC, we currently have 5 wolves in 3 pens.  All of these animals are
captive, long-term residents of the SSP population.  We have no additional long-
term holding space at the REC.

At Sandy Ridge, we have 16 pens designed for long-term holding, but only 15 are
available (one space needs some fence maintenance).  We currently have 11
wolves, 2 sterilized coyotes, and 4 canids awaiting classification (17 total). Seven
of these animals are captive, long-term residents of the SSP population and 10



have recently been captured on private lands.  We're awaiting genetic results for
4 of these animals (2 of which we just received yesterday).  Michael and Ryan are
processing them now.  If they're the same sex, they can be placed together.  If
that's possible, then we'll only have 2 pens open/available at Sandy Ridge. 
Otherwise, we'll have one space left.

Bottom line: no space left at REC, 1-2 pens left at Sandy Ridge. 

I'll pass along additional information from them as they process the animals now.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 11:46 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I'm briefing the DRD at 3:00 today.  How much more space do we have for animals at Sandy
Ridge and the REC?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Harrison, Rebecca
Cc: Beyer, Arthur
Subject: Re: Update
Date: Tuesday, March 1, 2016 1:12:14 PM
Importance: High

Yes, please speak with Will.  Our options are limited and mostly grim.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 1:07 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
It's breeding season.  This would be a very unusual time to move animals around in
the SSP.  I would imagine many facilities would commit to taking more animals
right now given they don't know if their breeding pairs will be having pups or not. 

Do you want me to speak to Will or are you planning on calling him?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:30 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks.  So, we need to coordinate with NCWRC to see if we can release those placeholder coyotes
(with or without GPS collars).  Also, we need to revisit the issue of these SSP animals with Will. 
We really shouldn't be housing any of those animals at Sandy Ridge, and probably should only be
keeping the one pair at the REC should we ever resume outreach activities.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 12:11 PM, Harrison, Rebecca <rebecca_harrison@fws.gov>
wrote:

Hi Pete,



Here's what I know to the best of my knowledge:

At the REC, we currently have 5 wolves in 3 pens.  All of these animals are
captive, long-term residents of the SSP population.  We have no additional long-
term holding space at the REC.

At Sandy Ridge, we have 16 pens designed for long-term holding, but only 15
are available (one space needs some fence maintenance).  We currently have
11 wolves, 2 sterilized coyotes, and 4 canids awaiting classification (17 total).
Seven of these animals are captive, long-term residents of the SSP population
and 10 have recently been captured on private lands.  We're awaiting genetic
results for 4 of these animals (2 of which we just received yesterday).  Michael
and Ryan are processing them now.  If they're the same sex, they can be
placed together.  If that's possible, then we'll only have 2 pens open/available
at Sandy Ridge.  Otherwise, we'll have one space left.

Bottom line: no space left at REC, 1-2 pens left at Sandy Ridge. 

I'll pass along additional information from them as they process the animals
now.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 11:46 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I'm briefing the DRD at 3:00 today.  How much more space do we have for animals at Sandy
Ridge and the REC?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Bryant, Mike
To: Elizabeth Souheaver
Cc: Lanier, Scott; Benjamin, Pete; Phillips, Howard; Harrison, Rebecca
Subject: Fwd: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
Date: Tuesday, March 1, 2016 1:17:08 PM
Importance: High

FYI:
Leo mentioned release of this red wolf on refuge land - implying it's policy.  I've been working with Pete concerning this issue because of the lack clarity in the administrative record for release of
an unlimited number of red wolves either on or off refuge.  The original rule set a limit of somewhere between 8-12 red wolves on Alligator River NWR; if my recollection serves me well.  Since it
has been determined that strict adherence to the language in the rules (a subsequent rule added Pocosin Lakes NWR) is the policy then it applies to releases on these two refuges.  Pete's working on
the necessary ESA driven administrative record to clarify this issue.  Meanwhile there seems to be latitude in interpretation of the rules when refuges are being used.

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Tue, Mar 1, 2016 at 12:00 PM
Subject: Re: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
To: "MacKenzie, Tom" <tom_mackenzie@fws.gov>
Cc: "Benjamin, Pete" <pete_benjamin@fws.gov>, "Fleming, Jeffrey" <jeffrey_m_fleming@fws.gov>, Michelle Eversen <michelle_eversen@fws.gov>, Cynthia Dohner
<Cynthia_Dohner@fws.gov>, Michael Oetker <michael_oetker@fws.gov>, Rebecca Harrison <rebecca_harrison@fws.gov>, David Viker <David_Viker@fws.gov>, Mike Bryant
<Mike_Bryant@fws.gov>, Kristen Peters <Kristen_Peters@fws.gov>, Elsie Davis <Elsie_Davis@fws.gov>, Vanessa Kauffman <Vanessa_Kauffman@fws.gov>, Gavin Shire
<gavin_shire@fws.gov>, Brian Hires <brian_hires@fws.gov>

Just one addition to Pete's recommendation. The animal will be released on Refuge lands and with a GPS collar as agreed with the NCWRC. I will also add that we are closely coordinating all of
this with NCWRC as described in our MOU...

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Mar 1, 2016, at 10:46 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

We got a time reprieve at will do an interview with him at 2

Vanessa, as requested,  you can see the drift of the conversation in the history.

Tom 

On Tue, Mar 1, 2016 at 11:31 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Tom, I can do it if you set it up.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:21 AM, Fleming, Jeffrey <jeffrey_m_fleming@fws.gov> wrote:
I will recommend that you and Tom get on the phone with Corbin and share this.  Be ready to provide context about the ongoing evaluation.  Thanks.

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Tue, Mar 1, 2016 at 11:18 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
If we were going to say anything I think we should take the opportunity to inform the public that the wolf in question is a young female wolf born on private lands in Hyde County in 2013.  She
appears to be in good health and is currently safely being held at our facility as we further evaluate her overall health and make plans for releasing her back into the wild in accordance with our
rules.  We will take steps to reduce the likelihood that she returns to this landowner's property. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:09 AM, MacKenzie, Tom <tom_mackenzie@fws.gov> wrote:

---------- Forwarded message ----------
From: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Date: Tue, Mar 1, 2016 at 10:12 AM
Subject: FW: - Reporter inquiry noon deadline - Landowner Traps Endangered Red Wolf
To: Jeffrey Fleming <jeffrey_m_fleming@fws.gov>, Tom MacKenzie <tom_mackenzie@fws.gov>
Cc: Gavin Shire <gavin_shire@fws.gov>, Kristen Peters <kristen_peters@fws.gov>, Elsie Davis <elsie_davis@fws.gov>

See inquiry from Corbin, do we have a comment?

 

 

 

Best,

Vanessa C. Kauffman

Division of Public Affairs



U.S. Fish and Wildlife Service

5275 Leesburg Pike, MS: EA

Falls Church, VA 22041-3803

 

703-358-2138 (direct)

571-319-6342 (cell)

vanessa_kauffman@fws.gov

Visit us online at: http://www.fws.gov

 

From: Corbin Hiar [mailto:chiar@eenews.net] 
Sent: Tuesday, March 01, 2016 9:42 AM
To: Vanessa Kauffman
Subject: FW: Landowner Traps Endangered Red Wolf

 

Does FWS have any comment on this situation and the network’s allegations? I hope to file a story on this by noon.

 

Thanks, C

 

From: Kim Vacariu [mailto:kim@wildlandsnetwork.org] 
Sent: Tuesday, March 01, 2016 8:03 AM
To: Corbin Hiar <chiar@eenews.net>
Subject: Landowner Traps Endangered Red Wolf

 

NEWS RELEASE
For immediate release – March 1, 2016

Contact:  Susan Holmes, Wildlands Network, (202) 329-1553,

Ron Sutherland, Wildlands Network, 919.401.7271 / 919.641.0060

Landowner Traps Endangered Red Wolf, Demands Permit to Kill
US Fish and Wildlife Service Failing to Protect Last 45 Wild Red Wolves

Creswell, North Carolina ---The red wolf is one of the most critically endangered species in the world --more endangered than the Siberian tiger -- with
only 45 known individuals remaining in the wild. Over the weekend, Jett Ferebee, a leading critic of the federal government's 30-year effort to recover the
endangered red wolf, trapped a red wolf. After recently being denied a permit to kill wolves on his property, Ferebee paid a private trapper to catch a red
wolf on his land with a leg hold trap. A wolf was caught on Friday, Feb. 26 (see photo) and then on Saturday, Feb 27 Ferebee sent messages to the US Fish
and Wildlife Service demanding that he be issued a lethal take permit.

<image001.jpg>

“This incident marks just the latest tragic development in the recent history of what has otherwise been a leading effort at restoring a native species to the
wild,” said Dr. Ron Sutherland, a biologist with the Wildlands Network in North Carolina.  The red wolf recovery program has been ongoing since the
wolves were first reintroduced in North Carolina in 1987, and the red wolf population reached a high of 120-130 animals in 2005-2006. There is considerable
local and national support for red wolves. Recently 100 residents who live in the red wolf recovery area sent a petition to US Fish and Wildlife Services
expressing support for red wolves.  

                  Jett Ferebee, has emerged as a vocal opponent of both the US Fish and Wildlife Service and the Agency's red wolf recovery program. In his email
February 27 to US Fish and Wildlife Services field office that was posted to an online forum he demands "You can pick up your runaway canine at the dog
pound. I will contact Tyrrell County Animal Control....I expect my take permit to be issued. "According to local sources, state and federal agency personnel
were allowed to pick up the wolf on Ferebee's property on Saturday.

                  Mr. Ferebee's rise as an anti-wolf organizer has coincided with a sharp decline in the red wolf population, a decline the US Fish and Wildlife
Services has done little to stop.  “The Agency seems to be intimidated by the actions of Ferebee,” said Sutherland. “As landowner intolerance for the wolves
has grown, stoked by Ferebee, the number of wolves being shot each year has skyrocketed to a level that will almost certainly lead to the extinction of the red
wolf in the wild in just a few more years,” he added. Since 2012 the total estimated population has declined by 50% to just 45 known wild wolves.

                  Even as the wolf population plummets, the Agency has issued take permits to landowners to kill the animals. In an especially egregious case last
year, a landowner with a permit issued by US Fish and Wildlife Services killed a female red wolf who was still nursing puppies, with the mother red wolf
representing one of fewer than a dozen breeding females left in the wild. The US Fish and Wildlife Service declared their efforts to catch the wolf
"abandoned", even though the landowner had never granted the Agency permission to attempt to live trap the wolf on his property.

                  At the same time, US Fish and Wildlife Service, appears to have already abandoned the species. Under the leadership of Director Dan Ashe, the
red wolf field staff have been cut down to just two employees, the Red Wolf Recovery Coordinator position was eliminated, and the Agency has stopped
releasing new wolves into the wild. The Agency has also stopped its innovative adaptive management program of sterilizing placeholder coyotes, a program
that recent studies have shown was successful at preventing the red wolves from hybridizing from their smaller sister species, the coyote. 

“Science tells us that this wolf is recoverable and a benefit to the ecosystem,” said Sutherland.   “US Fish and Wildlife Services Director Ashe must stop
allowing shooting and lethal trapping of red wolves and he needs to immediately restart active recovery efforts for the red wolf. The Agency has a duty to
protect this critically endangered wolf for future generations. If it does not act now, America’s beautiful red wolf will soon be extinct in the wild,” said
Sutherland.

About the Wildlands Network Red Wolf Research Project

Alligator River and Pocosin Lakes National Wildlife Refuges, are home to some of the most impressive concentrations of wildlife in the eastern United
States. Wildlands Network has started a pilot camera trapping study on the refuges and an adjacent tract of private land to begin the process of documenting



the ecological role played by the red wolves. Our results from 22 cameras so far clearly demonstrate that the red wolf recovery area continues to be home to
an amazing diversity and abundance of wildlife.  This  should be good news for hunters, birdwatchers, and nature enthusiasts of all stripes. Wildlands
Network www.wildlandsnetwork.org has posted all of the wildlife photos from the study online, where they can be viewed at
www.flickr.com/photos/redwolfreality/albums

If you would rather not receive future communications from Sage Communications Cda, please go to
https://optout.ne.cision.com/en/3ZaB86YcS95SRqPrNd6wfJVsU1ht5MQyKacAT5fXrQv41PuPATrqjpFsDXAb9MsjNcCjMzHLzVxQ7Pg7NQ3VAmCjy5F56X8CW4uhfjgFSDxMr9.
Sage Communications Cda, P.O. Box 275, Rodeo, 88056 NM, USA 
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Do we have a comment?

If so, Vanessa requests review.

Thanks

Tom

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov

-- 

Tom R. MacKenzie  
Media Relations Specialist and Native American Liaison
U.S. Fish and Wildlife Service - Southeast Region
1875 Century Blvd., Ste 410
Atlanta, GA 30345-3319
404-679-7291 Fax:404-679-7286 Cell: 678-296-6400 
http://www.fws.gov/southeast
tom_mackenzie@fws.gov

-- 
Michael R. Bryant
Project Leader
Coastal North Carolina
National Wildlife Refuges Complex
P.O. Box 1969
100 Conservation Way
Manteo, NC  27954
mike_bryant@fws.gov
252-473-1131 ext 222
fax 252-473-1668
cell 252-216-7505



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Sorry for the bombardment
Date: Tuesday, March 1, 2016 1:22:29 PM
Importance: High

So is the current animal (12042) also a litter mate of 12044 that was trapped on Ferebee's property in
January 2014?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 1:04 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Pete,

Here's what I pulled together previously---the latter pages are more relevant to
these issues.  This female is a first-time capture on his property.  This yet another
incident of animals moving in from other areas once a sink was created on his
property.  All of the animals captured in 2015 are dead or in captivity.

Here are the summaries that I've previously compiled:
https://drive.google.com/a/doi.gov/folderview?
id=0B0rPdIe7GSD7bUdZYno2ZnV3SGs&usp=sharing

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:32 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Can you point me to the list of the known animals that have come off of Ferebee's property.  
I intend to give him the most recent animal's ID number and assure him it is a first-time visitor to
his land as opposed to a "repeat offender".  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408





From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Re: Sorry for the bombardment
Date: Tuesday, March 1, 2016 1:36:35 PM
Importance: High

No, just a numbering coincidence, 12044 was born into the Milltail pack on Alligator
River.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 1:22 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
So is the current animal (12042) also a litter mate of 12044 that was trapped on Ferebee's property
in January 2014?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 1:04 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Pete,

Here's what I pulled together previously---the latter pages are more relevant to
these issues.  This female is a first-time capture on his property.  This yet another
incident of animals moving in from other areas once a sink was created on his
property.  All of the animals captured in 2015 are dead or in captivity.

Here are the summaries that I've previously compiled:
https://drive.google.com/a/doi.gov/folderview?
id=0B0rPdIe7GSD7bUdZYno2ZnV3SGs&usp=sharing

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge



Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:32 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Can you point me to the list of the known animals that have come off of Ferebee's property.  
I intend to give him the most recent animal's ID number and assure him it is a first-time visitor to
his land as opposed to a "repeat offender".  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Sorry for the bombardment
Date: Tuesday, March 1, 2016 1:41:48 PM

OK. Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 1:36 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
No, just a numbering coincidence, 12044 was born into the Milltail pack on Alligator
River.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 1:22 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
So is the current animal (12042) also a litter mate of 12044 that was trapped on Ferebee's property
in January 2014?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 1:04 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Pete,

Here's what I pulled together previously---the latter pages are more relevant to
these issues.  This female is a first-time capture on his property.  This yet
another incident of animals moving in from other areas once a sink was created
on his property.  All of the animals captured in 2015 are dead or in captivity.

Here are the summaries that I've previously compiled:
https://drive.google.com/a/doi.gov/folderview?



id=0B0rPdIe7GSD7bUdZYno2ZnV3SGs&usp=sharing

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:32 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Can you point me to the list of the known animals that have come off of Ferebee's property.  
I intend to give him the most recent animal's ID number and assure him it is a first-time visitor
to his land as opposed to a "repeat offender".  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Beyer, Arthur
Subject: Re: Update
Date: Tuesday, March 1, 2016 1:51:33 PM
Importance: High

Clarification: I meant they would NOT commit to taking animals right now...

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 1:12 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Yes, please speak with Will.  Our options are limited and mostly grim.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 1:07 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
It's breeding season.  This would be a very unusual time to move animals around
in the SSP.  I would imagine many facilities would commit to taking more animals
right now given they don't know if their breeding pairs will be having pups or
not. 

Do you want me to speak to Will or are you planning on calling him?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969



Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 12:30 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks.  So, we need to coordinate with NCWRC to see if we can release those placeholder
coyotes (with or without GPS collars).  Also, we need to revisit the issue of these SSP animals
with Will.  We really shouldn't be housing any of those animals at Sandy Ridge, and probably
should only be keeping the one pair at the REC should we ever resume outreach activities.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 12:11 PM, Harrison, Rebecca <rebecca_harrison@fws.gov>
wrote:

Hi Pete,

Here's what I know to the best of my knowledge:

At the REC, we currently have 5 wolves in 3 pens.  All of these animals are
captive, long-term residents of the SSP population.  We have no additional
long-term holding space at the REC.

At Sandy Ridge, we have 16 pens designed for long-term holding, but only 15
are available (one space needs some fence maintenance).  We currently have
11 wolves, 2 sterilized coyotes, and 4 canids awaiting classification (17 total).
Seven of these animals are captive, long-term residents of the SSP population
and 10 have recently been captured on private lands.  We're awaiting genetic
results for 4 of these animals (2 of which we just received yesterday). 
Michael and Ryan are processing them now.  If they're the same sex, they can
be placed together.  If that's possible, then we'll only have 2 pens
open/available at Sandy Ridge.  Otherwise, we'll have one space left.

Bottom line: no space left at REC, 1-2 pens left at Sandy Ridge. 

I'll pass along additional information from them as they process the animals
now.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service



P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 11:46 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I'm briefing the DRD at 3:00 today.  How much more space do we have for animals at Sandy
Ridge and the REC?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Beyer, Arthur
To: Benjamin, Pete
Subject: Re: Update
Date: Tuesday, March 1, 2016 2:59:52 PM
Importance: High

Will do, and will get one out to Matthew Eakes as well.

On Tue, Mar 1, 2016 at 11:20 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
See the email chain.  Make the authorization out to Otis Lynn Clayton, Jr.  The properties belong to
Mr. Webb and Mr. Holbert.  We'll want to make sure we are clear that we need to know where any
animals are trapped. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Tue, Mar 1, 2016 at 11:19 AM
Subject: Re: Update
To: Rodney Glass <mrrglass@hotmail.com>

Will do.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 11:17 AM, Rodney Glass <mrrglass@hotmail.com> wrote:
Just those two.  

Make it out to Otis Lynn Clayton Jr.  Thanks.

Date: Tue, 1 Mar 2016 09:05:36 -0500

Subject: Re: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi again,

Also are we talking about Mr. Webb's and Mr. Holbert's properties or are there others you are
trapping?

Pete Benjamin
Field Supervisor



Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 8:44 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I need to provide it to the one doing the trapping.  The trapper is essentially
working on our behalf.  So, it would be fairly easy to give a letter to you and a
separate letter to whomever you may hire.  These are much easier to process that
other authorizations; Art Beyer actually signs the letters since it is his name on our
State permit.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 29, 2016 at 6:23 PM, Rodney Glass <mrrglass@hotmail.com>
wrote:

Can you make it out to me and anyone I hire?
 

Date: Mon, 29 Feb 2016 12:47:44 -0500
Subject: Re: Update

From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hey Rodney,  

Are you still doing the trapping yourself?  I need to know whose
name to put on the authorization letter. 
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Sat, Feb 27, 2016 at 8:38 PM, Rodney Glass
<mrrglass@hotmail.com> wrote:

Thanks

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 20:05:40 -0500

Subject: RE: Update
To: mrrglass@hotmail.com



Yeah, I don't see why we couldn't do that again. 
I'll work on the authorization on Monday. 

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 7:49 PM (GMT-05:00) 
To: "Benjamin, Pete"
<pete_benjamin@fws.gov> 
Subject: RE: Update 

That's correct.
 

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 18:49:28 -0500
Subject: RE: Update
To: mrrglass@hotmail.com

I trying to remember - Last year did we authorize
you to trap under our state permit?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 5:49 PM (GMT-05:00) 
To: "Benjamin, Pete"
<pete_benjamin@fws.gov> 
Subject: RE: Update 

Pete,

Trapping goes out Monday and I would like to
keep going for awhile.  Would it be possible to
get a permit again?  Thanks.

rg

From: pete_benjamin@fws.gov
Date: Fri, 26 Feb 2016 09:26:48 -0500
Subject: RE: Update



To: mrrglass@hotmail.com

Yes, she's sterile.  It is interesting that she didn't
just turn left and head straight back to New Lake.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/26/2016 8:31 AM (GMT-05:00) 
To: "Benjamin, Pete"
<pete_benjamin@fws.gov> 
Subject: RE: Update 

Morning Pete.  One question, is that coyote
sterile?  Did you spay it before re-release? 
Thanks.
 
rg
 

From: mrrglass@hotmail.com
To: pete_benjamin@fws.gov
Subject: RE: Update
Date: Thu, 25 Feb 2016 18:41:49 -0500

Hi Pete.  I hate to say I told you it was going to
come back, but I told it would come back.  :)

We've been trapping.  Weather hasn't been great
for it.  Biggest problem is that these things know
they are being trapped.  Been there, done that. 
Seen that bait, smelled that lure.  We are trying
some new stuff.  May want to get a depredation
permit to keep going awhile.  Thanks for the
update.

rg

Date: Thu, 25 Feb 2016 09:36:45 -0500
Subject: Update
From: pete_benjamin@fws.gov
To: mrrglass@hotmail.com

Hi Rodney,



Attached is the latest location info on the GPS-
collared coyote.  Looks like it has flown the coop.  I'm
going to ask the WRC if we can start getting more
frequent location fixes on the animal now that it is
off-refuge.  

Also, the last time we talked you said you were
planning to do some trapping.  Any luck?  Hope your
are well.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Morse, Michael L; Harrison, Rebecca; Beyer, Arthur
Subject: Ventures
Date: Tuesday, March 1, 2016 5:00:54 PM

Sorry I keep pestering you guys.  I want to send a note to Jamin and Bill suggesting we meet soon to
discuss progress and next steps.  I want to include in my note a full accounting of what has come off
the property to day and I keep getting confused. I'll suggest that we meet as soon as possible once we
learn the status of the unknown animals.  Can you please, one more time, give me a list of all the
animals (wolf, coyote, unknown) that have been trapped this season.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Simms, Winnett; Beyer, Arthur
Cc: Benjamin, Pete
Subject: Fwd:
Date: Wednesday, March 2, 2016 11:42:29 AM
Attachments: 20160301uthorizationtotrap_Clayton.docx
Importance: High

Thanks Art.  Can we please keep Frank looped in as these letters get issued--thanks!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 3:51 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Attached is a draft letter for Clayton for your review.  Once completed I will attach a copy
of our permit and send by mail.  I'll put together a similar one for Matthew as well.



 
 

            March 1, 2016 
 
Otis Lyn Clayton 
485 Crabtree Rd. 
Belhaven, NC 27810 
 
Dear Mr. Clayton, 
 
This relates to the request by Mr. Rodney Glass on February 26, 2016 to continue trapping 
efforts for red wolves on properties in Tyrrell County belonging Mr. Rick Webb and Mr. 
Thomas Holbert.  It is my understanding that this request is based on a desire that wolves no 
longer access these properties.  It is also my understanding that Mr. Glass has asked you to trap 
these properties and is seeking authorization for you to act as a sub-permittee under our Special 
Research Permit (Permit). Trappers licensed by the State of North Carolina (State) may be 
authorized to work under a Permit issued to the U.S. Fish and Wildlife Service (Service) on 
January 12, 2016 by the North Carolina Wildlife Resource Commission.   
 
As a State licensed trapper, you are hereby authorized to engage in activities to capture and trap 
red wolves on the properties mentioned above and represented by Mr. Glass subject to the 
following conditions: 
 

1. All conditions of the Permit must be followed. 
2. You must carry a copy of the Permit and this letter of authorization when engaging in the 

covered activities. 
3. You must have prior written consent by the landowner or his/her designee. 
4. You must notify the Service immediately upon capture of any canid.  Captured animals 

may not be harmed or killed prior to our arrival.  You may call Mike Morse at (252) 475-
8350 or Ryan Nordsven at (252) 475-8353.  Service personnel will retrieve the animal to 
conduct sampling as required under the Permit.  All non-wolves will be returned to you.  
Detailed location information must be provided for each captured. 

5. This letter of authorization is good for 30 days beginning on the date of this letter.   
6. As a State licensed trapper you must follow all rules and regulations as they pertain to 

trapping.  When using staked traps, either double stakes on swivels with a minimum of 
24” stakes, or Berkshire stakes, must be used. 

 
If you have any questions or require further assistance, feel free to contact me. 
 
Sincerely,  
 
 
Art Beyer 
(252) 473-1131 x241  

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
RED WOLF RECOVERY PROGRAM 

Post Office Box 1969 / 100 Conservation Way 
Manteo, North Carolina 27954 



From: Cobb, David T.
To: Sherrill, Brandon L; Benjamin, Pete
Subject: RE: captured coyote for release
Date: Wednesday, March 2, 2016 11:49:24 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

I have broached this idea with Director Myers and Deputy Director Briggs. 
Before we move any further, Gordon would like a map showing the location of
all the current wolf packs, with as much detail as possible, including but not
limited to those on federal lands.  Thanks
 
David
 
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Sherrill, Brandon L 
Sent: Wednesday, March 02, 2016 11:10 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: captured coyote for release
 
David,
Art called today because they have another coyote that can potentially be released. It was trapped
on Rodney Glass’s property. There may be a second from another property as well. The refuge folks
are not interested in releasing any coyotes on federal property (Art made it seem like they weren’t
real happy about the first release), so Art wanted to see if we would want to release it on game



lands. I told him we probably would, but wanted your confirmation first. Let me know what you
think.
 
Brandon
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 











From: Benjamin, Pete
To: Harrison, Rebecca; Beyer, Arthur
Subject: Fwd: captured coyote for release
Date: Wednesday, March 2, 2016 11:50:58 AM
Attachments: image002.png
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image003.png
image004.png

We can talk about this later. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Cobb, David T. <david.cobb@ncwildlife.org>
Date: Wed, Mar 2, 2016 at 11:49 AM
Subject: RE: captured coyote for release
To: "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>, "Benjamin, Pete"
<pete_benjamin@fws.gov>

I have broached this idea with Director Myers and Deputy Director Briggs. 
Before we move any further, Gordon would like a map showing the location of
all the current wolf packs, with as much detail as possible, including but not
limited to those on federal lands.  Thanks

 

David

 

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 



Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Sherrill, Brandon L 
Sent: Wednesday, March 02, 2016 11:10 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Subject: captured coyote for release

 

David,

Art called today because they have another coyote that can potentially be released. It was
trapped on Rodney Glass’s property. There may be a second from another property as well.
The refuge folks are not interested in releasing any coyotes on federal property (Art made it
seem like they weren’t real happy about the first release), so Art wanted to see if we would
want to release it on game lands. I told him we probably would, but wanted your confirmation
first. Let me know what you think.

 

Brandon

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist



 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 











From: Simms, Winnett
To: Harrison, Rebecca
Cc: Simms, Winnett; Beyer, Arthur; Benjamin, Pete
Subject: Re: Fwd:
Date: Wednesday, March 2, 2016 12:01:27 PM
Importance: High

I would like to see three things added to these permits.

1. Notification to FWS personnel be made only to the names mentioned in the permit. 
2. FWS law enforcement will accompany FWS biologist when retrieving captured or deceased
canids.
3. Trapped animals be kept at the trap site until retrieved. They may be kept in a kennel but at
the trap site.

Sent from my iPhone

On Mar 2, 2016, at 11:42 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:

Thanks Art.  Can we please keep Frank looped in as these letters get
issued--thanks!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 3:51 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Attached is a draft letter for Clayton for your review.  Once completed I will
attach a copy of our permit and send by mail.  I'll put together a similar one for
Matthew as well.

<20160301uthorizationtotrap_Clayton.docx>



From: Cobb, David T.
To: Benjamin, Pete; Beyer, Arthur
Subject: coyotes from Glass property
Date: Wednesday, March 2, 2016 12:41:41 PM
Attachments: image001.png

image002.png
image003.png
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Importance: High

Are these coyotes coming from property Rodney Glass actually owns or
property he farms/leases/traps on/hunts ?????
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.











From: Benjamin, Pete
To: Cobb, David T.
Cc: Beyer, Arthur
Subject: Re: coyotes from Glass property
Date: Wednesday, March 2, 2016 1:06:18 PM
Attachments: image002.png
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Importance: High

Farms.  I think at least one animal is off of Ventures or Lux.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 12:41 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Are these coyotes coming from property Rodney Glass actually owns or
property he farms/leases/traps on/hunts ?????

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 



         

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.











From: Cobb, David T.
To: Benjamin, Pete
Cc: Beyer, Arthur
Subject: RE: coyotes from Glass property
Date: Wednesday, March 2, 2016 2:22:49 PM
Attachments: image001.png
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Importance: High

Can we find out these locations?
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Wednesday, March 02, 2016 1:06 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Beyer, Arthur <arthur_beyer@fws.gov>
Subject: Re: coyotes from Glass property
 
Farms.  I think at least one animal is off of Ventures or Lux.  
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
 
On Wed, Mar 2, 2016 at 12:41 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Are these coyotes coming from property Rodney Glass actually owns or
property he farms/leases/traps on/hunts ?????



 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

           
 
 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 











From: Miranda, Leopoldo
To: Oetker, Michael; Eversen, Michelle; Benjamin, Pete; Arnold, Jack
Subject: Fwd: Trapping Update MV
Date: Wednesday, March 2, 2016 2:41:55 PM
Importance: High

Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>, <leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves. Somehow I
hope we are able to track what is happening with these
wolves.  Remember, your resolution addresses any illegally
released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is mandated given
what we know today about the lack of Federal land habitat
suitability.  Also if we know the wolves will migrate to more
suitable private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section 7 consult
should be required before they are placed in danger.

Thanks,



Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and 10 coyotes out of
the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released again on the farm I
made sure I got that answer from them before the last day of the season. All
wolves will be released on a North Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have been able to
get a permit from the wolf people to trap 30 more days to try to get the wolves off
the property, maybe I can pull some more off the farm when I have time and
when the weather will let me. 

I've pulled a lot of animals off the farm in a short amount of time, just wish I
could have trapped more of the farm, but it has been so wet, the roads would not
let me. 

Please forward to any partners of mattamuskeet ventures that may want to know. 

Thanks, Matthew Eakes



From: Benjamin, Pete
To: Beyer, Arthur; Harrison, Rebecca
Subject: Fwd: Trapping Update MV
Date: Wednesday, March 2, 2016 2:44:25 PM
Importance: High

Well, are these correct?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Mar 2, 2016 at 2:41 PM
Subject: Fwd: Trapping Update MV
To: michael_oetker@fws.gov, Michelle Eversen <michelle_eversen@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Jack Arnold <jack_arnold@fws.gov>

Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>, <leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves. Somehow I
hope we are able to track what is happening with these
wolves.  Remember, your resolution addresses any illegally



released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is mandated given
what we know today about the lack of Federal land habitat
suitability.  Also if we know the wolves will migrate to more
suitable private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section 7 consult
should be required before they are placed in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and 10 coyotes out of
the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released again on the farm I
made sure I got that answer from them before the last day of the season. All
wolves will be released on a North Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have been able to
get a permit from the wolf people to trap 30 more days to try to get the wolves off
the property, maybe I can pull some more off the farm when I have time and
when the weather will let me. 

I've pulled a lot of animals off the farm in a short amount of time, just wish I
could have trapped more of the farm, but it has been so wet, the roads would not
let me. 

Please forward to any partners of mattamuskeet ventures that may want to know. 



Thanks, Matthew Eakes



From: Beyer, Arthur
To: Benjamin, Pete
Subject: Fwd: coyotes from Glass property
Date: Wednesday, March 2, 2016 2:47:58 PM
Attachments: image002.png

image001.png
image003.png
image004.png

Importance: High

forgot to copy you on this.

---------- Forwarded message ----------
From: Beyer, Arthur <arthur_beyer@fws.gov>
Date: Wed, Mar 2, 2016 at 2:45 PM
Subject: Re: coyotes from Glass property
To: "Cobb, David T." <david.cobb@ncwildlife.org>

The most recent one came off the west end of Lux, according to the trapper.  The earlier one
was by the trapper, who I believe is also the landowner, and was located south of Roper.  I'll
need to check with Mike for more details.

Regarding releasing these coyotes, the intent would really just be if WRC wanted to track any
sterile coyotes with gps collars.  We really don't have any interest in using them as
placeholders at this time, given the location and with so few wolves on the landscape now. 
The crew here though is running out of holding space so we'll need to do something with them
soon - either release or put down/return to trapper.

Regarding the map, last I heard is Anna (not sure that was the name) had contacted Ford
Mauney, but I don't know where it stands on her end.   

On Wed, Mar 2, 2016 at 2:22 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Can we find out these locations?

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division



N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Wednesday, March 02, 2016 1:06 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Beyer, Arthur <arthur_beyer@fws.gov>
Subject: Re: coyotes from Glass property

 

Farms.  I think at least one animal is off of Ventures or Lux.  

 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

On Wed, Mar 2, 2016 at 12:41 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Are these coyotes coming from property Rodney Glass actually owns or
property he farms/leases/traps on/hunts ?????

 



 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist

National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 











From: Benjamin, Pete
To: Miranda, Leopoldo
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 2:49:29 PM
Importance: High

I'll double check.  The overall number (16) looks right, but remember we have (I think) 4 animals that
did not have PIT tags in them, so we are awaiting genetic work to determine their status.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:41 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>, <leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves. Somehow I
hope we are able to track what is happening with these
wolves.  Remember, your resolution addresses any illegally
released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is mandated given



what we know today about the lack of Federal land habitat
suitability.  Also if we know the wolves will migrate to more
suitable private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section 7 consult
should be required before they are placed in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and 10 coyotes out
of the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released again on the farm
I made sure I got that answer from them before the last day of the season. All
wolves will be released on a North Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have been able
to get a permit from the wolf people to trap 30 more days to try to get the
wolves off the property, maybe I can pull some more off the farm when I have
time and when the weather will let me. 

I've pulled a lot of animals off the farm in a short amount of time, just wish I
could have trapped more of the farm, but it has been so wet, the roads would not
let me. 

Please forward to any partners of mattamuskeet ventures that may want to
know. 

Thanks, Matthew Eakes





From: Beyer, Arthur
To: Benjamin, Pete
Cc: Harrison, Rebecca
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 2:51:08 PM
Importance: High

We have not confirmed 4 or the 6 "wolves" from Eakes yet.  One sample is currently being
analyzed, I'm sending the other 3 out today.  Also, we have not sent him a permit, or
authorization under our permit.

On Wed, Mar 2, 2016 at 2:44 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Well, are these correct?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Mar 2, 2016 at 2:41 PM
Subject: Fwd: Trapping Update MV
To: michael_oetker@fws.gov, Michelle Eversen <michelle_eversen@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Jack Arnold <jack_arnold@fws.gov>

Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>, <leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV



Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves. Somehow I
hope we are able to track what is happening with these
wolves.  Remember, your resolution addresses any illegally
released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is mandated given
what we know today about the lack of Federal land habitat
suitability.  Also if we know the wolves will migrate to more
suitable private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section 7 consult
should be required before they are placed in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and 10 coyotes out
of the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released again on the farm
I made sure I got that answer from them before the last day of the season. All
wolves will be released on a North Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have been able
to get a permit from the wolf people to trap 30 more days to try to get the
wolves off the property, maybe I can pull some more off the farm when I have
time and when the weather will let me. 



I've pulled a lot of animals off the farm in a short amount of time, just wish I
could have trapped more of the farm, but it has been so wet, the roads would not
let me. 

Please forward to any partners of mattamuskeet ventures that may want to
know. 

Thanks, Matthew Eakes



From: Miranda, Leopoldo
To: Benjamin, Pete
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 2:51:14 PM
Importance: High

Oh! That's right, those are the ones I had in mind.... 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Mar 2, 2016, at 1:49 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I'll double check.  The overall number (16) looks right, but remember we have (I think) 4
animals that did not have PIT tags in them, so we are awaiting genetic work to determine
their status.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:41 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:

Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

Sent from my iPad

Begin forwarded message:



From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>,
<leopoldo_miranda@fws.gov>, <cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves.
Somehow I hope we are able to track what is
happening with these wolves.  Remember, your
resolution addresses any illegally released wolves
and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is
mandated given what we know today about the
lack of Federal land habitat suitability.  Also if we
know the wolves will migrate to more suitable
private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section 7
consult should be required before they are placed
in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping



Just wanted to let you know I was able to pull off 6 wolves and 10
coyotes out of the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released
again on the farm I made sure I got that answer from them before
the last day of the season. All wolves will be released on a North
Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have
been able to get a permit from the wolf people to trap 30 more days
to try to get the wolves off the property, maybe I can pull some
more off the farm when I have time and when the weather will let
me. 

I've pulled a lot of animals off the farm in a short amount of time,
just wish I could have trapped more of the farm, but it has been so
wet, the roads would not let me. 

Please forward to any partners of mattamuskeet ventures that may
want to know. 

Thanks, Matthew Eakes



From: Benjamin, Pete
To: Beyer, Arthur
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 2:52:21 PM
Importance: High

Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:51 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
We have not confirmed 4 or the 6 "wolves" from Eakes yet.  One sample is currently being
analyzed, I'm sending the other 3 out today.  Also, we have not sent him a permit, or
authorization under our permit.

On Wed, Mar 2, 2016 at 2:44 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Well, are these correct?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Mar 2, 2016 at 2:41 PM
Subject: Fwd: Trapping Update MV
To: michael_oetker@fws.gov, Michelle Eversen <michelle_eversen@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Jack Arnold <jack_arnold@fws.gov>

Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:



From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>, <leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves. Somehow
I hope we are able to track what is happening with these
wolves.  Remember, your resolution addresses any illegally
released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is mandated given
what we know today about the lack of Federal land habitat
suitability.  Also if we know the wolves will migrate to more
suitable private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section 7 consult
should be required before they are placed in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and 10 coyotes out
of the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released again on the



farm I made sure I got that answer from them before the last day of the
season. All wolves will be released on a North Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have been able
to get a permit from the wolf people to trap 30 more days to try to get the
wolves off the property, maybe I can pull some more off the farm when I
have time and when the weather will let me. 

I've pulled a lot of animals off the farm in a short amount of time, just wish I
could have trapped more of the farm, but it has been so wet, the roads would
not let me. 

Please forward to any partners of mattamuskeet ventures that may want to
know. 

Thanks, Matthew Eakes



From: Harrison, Rebecca
To: Beyer, Arthur
Cc: Benjamin, Pete
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 2:53:00 PM
Importance: High

To expand on what Art said, I'm unclear on how many coyotes he caught, but we
have only 1 sterile coyote from him.  In addition, we have 3 wolves and 4 animals
awaiting genetic testing.  In total, we've taken 8 animals from Matthew.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 2, 2016 at 2:51 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
We have not confirmed 4 or the 6 "wolves" from Eakes yet.  One sample is currently being
analyzed, I'm sending the other 3 out today.  Also, we have not sent him a permit, or
authorization under our permit.

On Wed, Mar 2, 2016 at 2:44 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Well, are these correct?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Mar 2, 2016 at 2:41 PM
Subject: Fwd: Trapping Update MV
To: michael_oetker@fws.gov, Michelle Eversen <michelle_eversen@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Jack Arnold <jack_arnold@fws.gov>

Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda



Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>, <leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves. Somehow
I hope we are able to track what is happening with these
wolves.  Remember, your resolution addresses any illegally
released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is mandated given
what we know today about the lack of Federal land habitat
suitability.  Also if we know the wolves will migrate to more
suitable private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section 7 consult
should be required before they are placed in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI



 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and 10 coyotes out
of the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released again on the
farm I made sure I got that answer from them before the last day of the
season. All wolves will be released on a North Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have been able
to get a permit from the wolf people to trap 30 more days to try to get the
wolves off the property, maybe I can pull some more off the farm when I
have time and when the weather will let me. 

I've pulled a lot of animals off the farm in a short amount of time, just wish I
could have trapped more of the farm, but it has been so wet, the roads would
not let me. 

Please forward to any partners of mattamuskeet ventures that may want to
know. 

Thanks, Matthew Eakes



From: Harrison, Rebecca
To: Beyer, Arthur; Morse, Michael L; Nordsven, Ryan
Cc: Benjamin, Pete
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 2:54:27 PM
Importance: High

We may have examined additional animals--I'll need verification from Michael on how
many--but we haven't taken more beyond the 8.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 2, 2016 at 2:53 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
To expand on what Art said, I'm unclear on how many coyotes he caught, but we
have only 1 sterile coyote from him.  In addition, we have 3 wolves and 4 animals
awaiting genetic testing.  In total, we've taken 8 animals from Matthew.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 2, 2016 at 2:51 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
We have not confirmed 4 or the 6 "wolves" from Eakes yet.  One sample is currently
being analyzed, I'm sending the other 3 out today.  Also, we have not sent him a permit, or
authorization under our permit.

On Wed, Mar 2, 2016 at 2:44 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Well, are these correct?



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Leopoldo Miranda <leopoldo_miranda@fws.gov>
Date: Wed, Mar 2, 2016 at 2:41 PM
Subject: Fwd: Trapping Update MV
To: michael_oetker@fws.gov, Michelle Eversen <michelle_eversen@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Jack Arnold <jack_arnold@fws.gov>

Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed to third
parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>, <leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves.
Somehow I hope we are able to track what is happening
with these wolves.  Remember, your resolution addresses
any illegally released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is mandated



given what we know today about the lack of Federal land
habitat suitability.  Also if we know the wolves will migrate
to more suitable private land and 60 of the 64 gun shot
wolves occurred on private land, I believe a new section 7
consult should be required before they are placed in
danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and 10 coyotes
out of the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released again on the
farm I made sure I got that answer from them before the last day of the
season. All wolves will be released on a North Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I have been
able to get a permit from the wolf people to trap 30 more days to try to get
the wolves off the property, maybe I can pull some more off the farm when
I have time and when the weather will let me. 

I've pulled a lot of animals off the farm in a short amount of time, just wish
I could have trapped more of the farm, but it has been so wet, the roads
would not let me. 

Please forward to any partners of mattamuskeet ventures that may want to
know. 

Thanks, Matthew Eakes





From: Benjamin, Pete
To: Miranda, Leopoldo; Eversen, Michelle
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 2:59:54 PM
Importance: High

We can't verify how many total coyotes he caught.  We have received 8 animals from the trapper - 1
sterile coyote, 3 wolves and 4 unknown awaiting testing.  The guys have examined some of the other
animals he caught to confirm they were coyotes, but we don't know that we saw everything.  

So, my plan is to reach out the Jamin Simmons and Bill Blount from Ventures soon (I was going to do it
this week then all the other stuff happened) to try to set up a meeting to discuss how they wish to
proceed (i.e., how can we work together).  I'll want to have the genetic results in hand before that
meeting so we can give them a full report, and I'd like to have some clarity from the RO regarding my
ability to discuss details of a landowner agreement with them.  

In other news, I've got a call set up with Gordan for Friday morning.  We've got a lot to talk about.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:51 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
Oh! That's right, those are the ones I had in mind.... 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Mar 2, 2016, at 1:49 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I'll double check.  The overall number (16) looks right, but remember we have (I think)
4 animals that did not have PIT tags in them, so we are awaiting genetic work to
determine their status.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:41 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:



Pete, could you verify these numbers? I thought we had a few more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this
sender is subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>,
<leopoldo_miranda@fws.gov>, <cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>, <coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8 wolves.
Somehow I hope we are able to track what is
happening with these wolves.  Remember, your
resolution addresses any illegally released wolves
and their offspring.  

Cindy and Leo,
I would think a new habitat assessment is
mandated given what we know today about the
lack of Federal land habitat suitability.  Also if we
know the wolves will migrate to more suitable
private land and 60 of the 64 gun shot wolves
occurred on private land, I believe a new section
7 consult should be required before they are
placed in danger.

Thanks,



Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6 wolves and
10 coyotes out of the area, in the past couple of weeks. 

Note: all wolves that are taken off of farm will not be released
again on the farm I made sure I got that answer from them before
the last day of the season. All wolves will be released on a North
Carolina wildlife refuge.

There are still a few wolves and some coyotes on the farm so I
have been able to get a permit from the wolf people to trap 30
more days to try to get the wolves off the property, maybe I can
pull some more off the farm when I have time and when the
weather will let me. 

I've pulled a lot of animals off the farm in a short amount of time,
just wish I could have trapped more of the farm, but it has been
so wet, the roads would not let me. 

Please forward to any partners of mattamuskeet ventures that
may want to know. 

Thanks, Matthew Eakes



From: Miranda, Leopoldo
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 3:09:33 PM
Importance: High

Thanks Pete! 
About the agreements, feel free to talk about them and get as much feedback as possible. just
make sure they understand that we don't have a document/agreement set and that we only are
looking for,that feedback on what it may take to get into an agreement with us.... 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Mar 2, 2016, at 1:59 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

We can't verify how many total coyotes he caught.  We have received 8 animals from the
trapper - 1 sterile coyote, 3 wolves and 4 unknown awaiting testing.  The guys have
examined some of the other animals he caught to confirm they were coyotes, but we
don't know that we saw everything.  

So, my plan is to reach out the Jamin Simmons and Bill Blount from Ventures soon (I was
going to do it this week then all the other stuff happened) to try to set up a meeting to
discuss how they wish to proceed (i.e., how can we work together).  I'll want to have the
genetic results in hand before that meeting so we can give them a full report, and I'd like
to have some clarity from the RO regarding my ability to discuss details of a landowner
agreement with them.  

In other news, I've got a call set up with Gordan for Friday morning.  We've got a lot to
talk about.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:51 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:

Oh! That's right, those are the ones I had in mind.... 



Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

Sent from my iPad

On Mar 2, 2016, at 1:49 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

I'll double check.  The overall number (16) looks right, but remember we
have (I think) 4 animals that did not have PIT tags in them, so we are
awaiting genetic work to determine their status.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:41 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:

Pete, could you verify these numbers? I thought we had a few
more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and
from this sender is subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>,
<leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>,



<coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is 8
wolves. Somehow I hope we are able to
track what is happening with these
wolves.  Remember, your resolution
addresses any illegally released wolves
and their offspring.  

Cindy and Leo,
I would think a new habitat assessment
is mandated given what we know today
about the lack of Federal land habitat
suitability.  Also if we know the wolves
will migrate to more suitable private land
and 60 of the 64 gun shot wolves
occurred on private land, I believe a new
section 7 consult should be required
before they are placed in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 
Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6
wolves and 10 coyotes out of the area, in the past



couple of weeks. 

Note: all wolves that are taken off of farm will not be
released again on the farm I made sure I got that
answer from them before the last day of the season.
All wolves will be released on a North Carolina
wildlife refuge.

There are still a few wolves and some coyotes on the
farm so I have been able to get a permit from the
wolf people to trap 30 more days to try to get the
wolves off the property, maybe I can pull some more
off the farm when I have time and when the weather
will let me. 

I've pulled a lot of animals off the farm in a short
amount of time, just wish I could have trapped more
of the farm, but it has been so wet, the roads would
not let me. 

Please forward to any partners of mattamuskeet
ventures that may want to know. 

Thanks, Matthew Eakes



From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Eversen, Michelle
Subject: Re: Trapping Update MV
Date: Wednesday, March 2, 2016 3:11:33 PM

10-4.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 3:09 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
Thanks Pete! 
About the agreements, feel free to talk about them and get as much feedback as possible.
just make sure they understand that we don't have a document/agreement set and that we
only are looking for,that feedback on what it may take to get into an agreement with us.... 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Mar 2, 2016, at 1:59 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

We can't verify how many total coyotes he caught.  We have received 8 animals from
the trapper - 1 sterile coyote, 3 wolves and 4 unknown awaiting testing.  The guys have
examined some of the other animals he caught to confirm they were coyotes, but we
don't know that we saw everything.  

So, my plan is to reach out the Jamin Simmons and Bill Blount from Ventures soon (I
was going to do it this week then all the other stuff happened) to try to set up a
meeting to discuss how they wish to proceed (i.e., how can we work together).  I'll
want to have the genetic results in hand before that meeting so we can give them a full
report, and I'd like to have some clarity from the RO regarding my ability to discuss
details of a landowner agreement with them.  

In other news, I've got a call set up with Gordan for Friday morning.  We've got a lot to
talk about.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



On Wed, Mar 2, 2016 at 2:51 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:

Oh! That's right, those are the ones I had in mind.... 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this
sender is subject to the Freedom of Information Act (FOIA) and may be
disclosed to third parties.

Sent from my iPad

On Mar 2, 2016, at 1:49 PM, Benjamin, Pete <pete_benjamin@fws.gov>
wrote:

I'll double check.  The overall number (16) looks right, but remember
we have (I think) 4 animals that did not have PIT tags in them, so we
are awaiting genetic work to determine their status.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 2:41 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:

Pete, could you verify these numbers? I thought we had a few
more.... Right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and
from this sender is subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:



From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 1:27:26 PM CST
To: <gordon.myers@ncwildlife.org>,
<leopoldo_miranda@fws.gov>,
<cynthia_dohner@fws.gov>
Cc: <John.Clark@sampsonbladen.com>,
<coley@bpropnc.com>
Subject: Fwd: FW: Trapping Update MV

Gordon,
FYI, so here are 6 wolves plus my 2 is
8 wolves. Somehow I hope we are
able to track what is happening with
these wolves.  Remember, your
resolution addresses any illegally
released wolves and their offspring.  

Cindy and Leo,
I would think a new habitat
assessment is mandated given what
we know today about the lack of
Federal land habitat suitability.  Also if
we know the wolves will migrate to
more suitable private land and 60 of
the 64 gun shot wolves occurred on
private land, I believe a new section 7
consult should be required before they
are placed in danger.

Thanks,
Jett

-----Original Message-----

To: Jett Ferebee <jettferebee@aol.com>
Sent: Wed, Mar 2, 2016 2:02 pm
Subject: FW: Trapping Update MV

FYI
 



Sent from my U.S. Cellular® Smartphone
-------- Original message --------
From: John Eakes <johneakes15@gmail.com> 
Date: 03/01/2016 8:48 PM (GMT-05:00) 
> 
Subject: Trapping

Just wanted to let you know I was able to pull off 6
wolves and 10 coyotes out of the area, in the past
couple of weeks. 

Note: all wolves that are taken off of farm will not
be released again on the farm I made sure I got that
answer from them before the last day of the
season. All wolves will be released on a North
Carolina wildlife refuge.

There are still a few wolves and some coyotes on
the farm so I have been able to get a permit from
the wolf people to trap 30 more days to try to get
the wolves off the property, maybe I can pull some
more off the farm when I have time and when the
weather will let me. 

I've pulled a lot of animals off the farm in a short
amount of time, just wish I could have trapped
more of the farm, but it has been so wet, the roads
would not let me. 

Please forward to any partners of mattamuskeet
ventures that may want to know. 

Thanks, Matthew Eakes



From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Eversen, Michelle; Oetker, Michael; Arnold, Jack
Subject: Re: 2016 trapping season
Date: Thursday, March 3, 2016 7:26:43 AM
Importance: High

As predicted, his property is now overrun with coyotes.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 11:43 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
FYI 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 8:50:27 PM CST
To: Gordon Myers <gordon.myers@ncwildlife.org>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>
Subject: Fwd: 2016 trapping season

FYI. I have DNA samples for all the animals. 

Sent from my iPhone

Begin forwarded message:

From: 
Date: March 2, 2016 at 9:33:17 PM EST
To: "jettferebee@aol.com" <jettferebee@aol.com>
Subject: 2016 trapping season



Feb 6 2016 / 1 female coyote 

Feb 7 2016 / 1 female coyote 

Feb 9 2016 / 1 female coyote 

Feb 9 2016 / 1 male coyote 

Feb 16 2016 / 1 male coyote 

Feb 22 2016 / 1 male coyote 

Feb 25 2016 / 1 male  coyote 

Feb 26 2016 / 1 female wolf turned over to NCWRC

Feb 29 2016 / 1 wolf turned over to NCWRC 

Feb 29 2016 / 1 male coyote 



From: Eversen, Michelle
To: Benjamin, Pete
Subject: Re: 2016 trapping season
Date: Thursday, March 3, 2016 9:56:54 AM
Importance: High

Did he draw his own blood samples or get access to our data.  Just curious how he came to
have this data.  

On Thu, Mar 3, 2016 at 7:26 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
As predicted, his property is now overrun with coyotes.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 11:43 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov>
wrote:

FYI 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

Begin forwarded message:

From: Jett Ferebee <jettferebee@aol.com>
Date: March 2, 2016 at 8:50:27 PM CST
To: Gordon Myers <gordon.myers@ncwildlife.org>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>
Subject: Fwd: 2016 trapping season

FYI. I have DNA samples for all the animals. 

Sent from my iPhone

Begin forwarded message:



From: 
Date: March 2, 2016 at 9:33:17 PM EST
To: "jettferebee@aol.com" <jettferebee@aol.com>
Subject: 2016 trapping season

Feb 6 2016 / 1 female coyote 

Feb 7 2016 / 1 female coyote 

Feb 9 2016 / 1 female coyote 

Feb 9 2016 / 1 male coyote 

Feb 16 2016 / 1 male coyote 

Feb 22 2016 / 1 male coyote 

Feb 25 2016 / 1 male  coyote 

Feb 26 2016 / 1 female wolf turned over to NCWRC

Feb 29 2016 / 1 wolf turned over to NCWRC 

Feb 29 2016 / 1 male coyote 

-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)

1875 Century Blvd.
Atlanta, GA. 30345

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: 2016 trapping season
Date: Thursday, March 3, 2016 10:09:20 AM

I have no idea what he means by DNA samples or what he plans to do with them. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Mar 3, 2016 at 9:56 AM, Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Did he draw his own blood samples or get access to our data.  Just curious how he came to
have this data.  

On Thu, Mar 3, 2016 at 7:26 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
As predicted, his property is now overrun with coyotes.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 2, 2016 at 11:43 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov>
wrote:

FYI 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed to third
parties.

Sent from my iPad

Begin forwarded message:

From: >
Date: March 2, 2016 at 8:50:27 PM CST
To: Gordon Myers <gordon.myers@ncwildlife.org>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>
Subject: Fwd: 2016 trapping season



FYI. I have DNA samples for all the animals. 

Sent from my iPhone

Begin forwarded message:

From: 
Date: March 2, 2016 at 9:33:17 PM EST
To: " >
Subject: 2016 trapping season

Feb 6 2016 / 1 female coyote 

Feb 7 2016 / 1 female coyote 

Feb 9 2016 / 1 female coyote 

Feb 9 2016 / 1 male coyote 

Feb 16 2016 / 1 male coyote 

Feb 22 2016 / 1 male coyote 

Feb 25 2016 / 1 male  coyote 

Feb 26 2016 / 1 female wolf turned over to NCWRC

Feb 29 2016 / 1 wolf turned over to NCWRC 

Feb 29 2016 / 1 male coyote 

-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)



1875 Century Blvd.
Atlanta, GA. 30345

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Beyer, Arthur
To: Benjamin, Pete
Cc: Harrison, Rebecca
Subject: Re: Protocol for escaped animals
Date: Friday, March 4, 2016 8:01:40 AM
Importance: High

We don't have anything in writing that I can find, such as an sop.  We do have somewhat of a
protocol or response that we typically go by including pulling crew in, locating as soon as
possible, different capture techniques depending on whether they are out of the perimeter or
not, or even captive vs wild wolves, with follow-up on pen repairs.  Like a lot of things it
seems obvious how to respond, but probably because we have done it enough times here and
have helped at zoos or islands and talked with them about it.  Just don't think it's written
down.....yet.

On Thu, Mar 3, 2016 at 4:36 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Guys,

Do we have a protocol for dealing with escaped animals?  Leo, seems to remember us needing to
have one per the AZA?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Beyer, Arthur
To: Simms, Winnett
Cc: Harrison, Rebecca; Simms, Winnett; Benjamin, Pete
Subject: Re: Fwd:
Date: Friday, March 4, 2016 9:51:34 AM
Attachments: 20160301uthorizationtotrap_Clayton.docx
Importance: High

Good additions Frank - thank you for reviewing and commenting.

All, please see the revised draft and let me know what you think.  I will then forward to
Brandon (WRC) for review.

Thanks

On Wed, Mar 2, 2016 at 12:01 PM, Winnett Simms <winnett_simms@fws.gov> wrote:
I would like to see three things added to these permits.

1. Notification to FWS personnel be made only to the names mentioned in the permit. 
2. FWS law enforcement will accompany FWS biologist when retrieving captured or
deceased canids.
3. Trapped animals be kept at the trap site until retrieved. They may be kept in a kennel but
at the trap site.

Sent from my iPhone

On Mar 2, 2016, at 11:42 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:

Thanks Art.  Can we please keep Frank looped in as these letters get
issued--thanks!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 3:51 PM, Beyer, Arthur <arthur_beyer@fws.gov>
wrote:

Attached is a draft letter for Clayton for your review.  Once completed I will



attach a copy of our permit and send by mail.  I'll put together a similar one
for Matthew as well.

<20160301uthorizationtotrap_Clayton.docx>



 
 

            March 4, 2016 
 
Otis Lyn Clayton 
485 Crabtree Rd. 
Belhaven, NC 27810 
 
Dear Mr. Clayton, 
 
This relates to the request by Mr. Rodney Glass on February 26, 2016 to continue trapping 
efforts for red wolves on properties in Tyrrell County belonging Mr. Rick Webb and Mr. 
Thomas Holbert.  It is my understanding that this request is based on a desire that wolves no 
longer access these properties.  It is also my understanding that Mr. Glass has asked you to trap 
these properties and is seeking authorization for you to act as a sub-permittee under our Special 
Research Permit (Permit). Trappers licensed by the State of North Carolina (State) may be 
authorized to work under a Permit issued to the U.S. Fish and Wildlife Service (Service) on 
January 12, 2016 by the North Carolina Wildlife Resource Commission.   
 
As a State licensed trapper, you are hereby authorized to engage in activities to capture and trap 
red wolves on the properties mentioned above and represented by Mr. Glass subject to the 
following conditions: 
 

1. All conditions of the Permit must be followed. 
2. You must carry a copy of the Permit and this letter of authorization when engaging in the 

covered activities. 
3. You must have prior written consent by the landowner or his/her designee. 
4. You must notify one of the Service personnel listed on the Permit immediately upon 

capture of any canid.  You can call Mike Morse at (252) 475-8350 or Ryan Nordsven at 
(252) 475-8353.  Service personnel will retrieve the animal to conduct sampling as 
required under the Permit.  Service law enforcement will accompany Service biologists 
when retrieving captured canids.  All non-wolves will be returned to you 

5. Captured animals may not be harmed or killed prior to our arrival. Trapped canids must 
be kept at the trap site until retrieved. They may be kept in a kennel but at the trap site.  

6. This letter of authorization is good for 30 days beginning on the date of this letter.   
7. As a State licensed trapper you must follow all rules and regulations as they pertain to 

trapping.  When using staked traps, either double stakes on swivels with a minimum of 
24” stakes, or Berkshire stakes, must be used. 

 
If you have any questions or require further assistance, feel free to contact me. 
 
Sincerely,  
 
 
Art Beyer 
(252) 473-1131 x241  

United States Department of the Interior 
 

FISH AND WILDLIFE SERVICE 
RED WOLF RECOVERY PROGRAM 

Post Office Box 1969 / 100 Conservation Way 
Manteo, North Carolina 27954 



From: Simms, Winnett
To: Beyer, Arthur
Cc: Harrison, Rebecca; Simms, Winnett; Benjamin, Pete
Subject: Re: Fwd:
Date: Friday, March 4, 2016 11:12:56 AM
Importance: High

I like it.

Sent from my iPhone

On Mar 4, 2016, at 9:51 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:

Good additions Frank - thank you for reviewing and commenting.

All, please see the revised draft and let me know what you think.  I will then
forward to Brandon (WRC) for review.

Thanks

On Wed, Mar 2, 2016 at 12:01 PM, Winnett Simms <winnett_simms@fws.gov>
wrote:

I would like to see three things added to these permits.

1. Notification to FWS personnel be made only to the names mentioned in the
permit. 
2. FWS law enforcement will accompany FWS biologist when retrieving
captured or deceased canids.
3. Trapped animals be kept at the trap site until retrieved. They may be kept in a
kennel but at the trap site.

Sent from my iPhone

On Mar 2, 2016, at 11:42 AM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

Thanks Art.  Can we please keep Frank looped in as these
letters get issued--thanks!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service



P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Mar 1, 2016 at 3:51 PM, Beyer, Arthur
<arthur_beyer@fws.gov> wrote:

Attached is a draft letter for Clayton for your review.  Once
completed I will attach a copy of our permit and send by mail. 
I'll put together a similar one for Matthew as well.

<20160301uthorizationtotrap_Clayton.docx>

<20160301uthorizationtotrap_Clayton.docx>



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Two items for you
Date: Friday, March 4, 2016 4:54:51 PM

I'm going to be sharing to google drive folders with you.  One provides an accounting of what happened
and will be happening with respect to the two wolves, and the other provides information about the
Timberlake incident.  Let me know if you need more.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: parentage of recent captures
Date: Monday, March 7, 2016 2:23:47 PM
Attachments: 20160307parentage of captures.pdf

RedWolf_Studbook2014.pdf
Importance: High

Hi Pete,

As requested, I've traced the parentage of the recent captured red wolves.  As we're
still waiting for genetic results for 4 of them, this effort includes 12126, 12129, 12130
(all caught on Ventures) and 12042 (caught on Mr. Ferebee's property).  I didn't
trace them all back to the original 8 wolves reintroduced in 1987, but stopped when I
found an ancestral line with a captive- or island-born relative.  I did this really quickly
and am attaching the studbook if you want to review/verify anything.

As you know the program released many wolves into the recovery area as part of
ongoing efforts to grow the population in the early years.  Given that this species was
extirpated once already in the wild, all the reintroduced animals can eventually be
traced back to the captive-born founders.

Please let me know if you have any questions.

Becky
Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov
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Red Wolf  
Canis rufus 

 

International Studbook 
 

 

 
 

                                                                                                            Becky (Bartel) Harrison/USFWS 

 
 
            
           
 
William Waddell   
International Studbook Keeper – Red Wolf        
Point Defiance Zoo & Aquarium         
Data current through 18 May 2015 
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Introduction 

 

The data reported in this studbook was compiled by:  

 

William Waddell 

Red Wolf International Studbook Keeper 

Point Defiance Zoo & Aquarium 

5400 North Pearl Street 

Tacoma, Washington 98407, USA 

Ph: +1 253-858-9172 

Fax: +1 253-591-5448 

william.waddell@pdza.org 

 

 

USFWS and IUCN status 

The red wolf is listed as endangered under the U. S. Endangered Species Act (ESA) (United States Public Law No. 

93-205; United States Code Title 16 Section 1531 et seq.). Wild red wolves inhabiting the northeastern North 

Carolina (NENC), USA recovery area and a single island propagation site (St. Vincent NWR, Florida) are 

designated as non-essential experimental populations under Section 10(j) of the ESA. Red wolves managed within 

the red wolf SSP are classified as government-owned and retain endangered species status. The IUCN Red List of 

Threatened Species lists the red wolf’s status as critically endangered. 

 

Current ex situ population status 

The data reported in this studbook are current through 18 May 2015. As of that date, the historical studbook 

consists of 906.945.51 (1902) red wolves and the living ex situ population of 90.113.0 (203) at 45 institutions. Red 

wolf population management events entered since the last studbook publication dated 27 January 2014 include: 

 

Births: captive – 27.28.1 (56); wild – 10.9.0 (19) 

Transfers: 20.18 (38) 

Deaths: captive – 16.26.1 (43); wild – 14.7.0 (21)  

 

The most recent population analysis used to generate annual breeding and transfer recommendations took place at 

the Akron Zoo, OH in July 2014.  Demographic and genetic summaries (Table 1) created from that planning 

meeting and a current population census (Fig. 1) are included below. 
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Figure 1. Annual census of the Red Wolf SSP population from Akron Zoo planning meeting 

 
 
 

Table 1. Demographic and genetic summaries July 2015 

 
       

DEMOGRAPHY 

Current Population Size (at time of analyses) 198 (85.113) 

Animals Excluded from Genetic Analyses 22 (7.15) 

Population size following exclusions 176 (78.98) 

Target Population Size  200 

Number of Participating Institutions  44 

Mean Generation Time (years)   5.50 

Population Growth Rates (λ; lambda)*: Historical / 5 –year / Projected 1.034 / 1.001 / 1.017 
*Historical - life tables (N. Am., 1980 - 2013); 5-year - PopLink census; Projected - PMx stochastic 20 yr projections 

 

                                                                        GENETICS         Current Potential 

Number of Founders 12 0 

Founder Genome Equivalents (FGE) 4.61 7.40 

Gene Diversity (%GD) 89.15 93.24 

Population Mean Kinship (MK) 0.1085 -- 

Mean Inbreeding Coefficient (F) 0.0769 -- 

Percent pedigree known before assumptions/exclusions 100 -- 
Percent pedigree known after assumptions/exclusions 100 -- 

Effective Population Size to Census Size Ratio (Ne/N) 0.1720 0.1720  

Years to 90% Gene Diversity already < 90% < 90% 

Years to 85% GD 15 17 

Year to 10% Loss in GD 40 44 

Gene Diversity at 100 Years From Present (%) 65.9 67.9 

Assuming Kt = 200   λ = 1.00 λ =1.02 

 

 

 

Current in situ population status 

An estimated 60 – 80 red wolves inhabit more than 6000 km2 encompassing the current five-county red wolf 

recovery area located in NENC. At the end of May 2015, 50 known red wolves (i.e. monitored via functioning 

radio-collars) occupied the recovery area. The population includes 8 packs totaling 31wolves with 7 breeding pairs 

and 8 mixed packs comprising 8 wolves and 8 sterile coyotes. An additional 11wolves are not known to be 

associated with a pack. Additional wolves are likely present but have not been captured/radio collared or their 
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presence otherwise confirmed. The NENC population is also supported by an island propagation site located at St. 

Vincent National Wildlife Refuge, Florida, USA through a strategy of providing wild-born wolves trans-located for 

release at NENC. 

 

The free-ranging red wolf population in NENC was on a positive population trajectory through the implementation 

of an effective adaptive management approach. However, at present the fate of the program to reestablish the 

world’s only wild red wolf population at this location is uncertain. Increased human caused mortalities over the last 

decade, specifically those associated with gunshot, have negated those encouraging population trends and the 

cumulative effects are being seen in the loss of breeding wolves and the subsequent reduction in pup production and 

population recruitment. The U.S. Fish and Wildlife Service recently announced that it will suspend red wolf 

reintroductions until a review of the recovery program is completed 

http://www.fws.gov/news/ShowNews.cfm?ID=456CB36D-F587-7CD1-7021195729AF7928 . 

 

Taxonomy 

The USFWS retains distinct species status for the red wolf. A review of red wolf taxonomy is included in Chambers 

et al. (2012) “An account of North American wolves from morphological and genetic analyses” is available at 

http://www.fwspubs.org/toc/nafa//77. 

 

Links to additional resources 

 

Hinton, J. W., M. J. Chamberlain, and D. R. Rabon Jr.  2013.  Red wolf (Canis rufus) recovery: A review with 

suggestions for future research. Animals 3:722-744. http://www.mdpi.com/2076-2615/3/3/772  

 

Bartel, R. A. and D. R. Rabon Jr.  2013. Re-introduction and recovery of the red wolf in the southeastern USA.  

Pages 107 – 115 in  P.S. Soorae (ed.). Global Reintroduction Perspectives: 2013. Further case studies from around 

the globe. Gland, Switzerland: IUCN/SSC Re-introduction Specialists Group and Abu Dhabi, UAE: Environment 

Agency – Abu Dhabi. xiv+282 pp. https://cmsdata.iucn.org/downloads/rsg_book_2013.pdf 

 

Bibliography and program reports http://www.fws.gov/redwolf/ 



 

 

Scope  This studbook report includes a listing of red wolves living by location as of 18 May 2015, a 

report on births, transfers, and deaths that occurred since the previous studbook publication 

on 27 January 2014 to 18 May 2015, and an historical listing by studbook number. 

 

Data Field Description  

 

Studbook ID A listing of all animals entering the program and assigned a permanent studbook number  

 

Birth Date  All dates listed as DD/MM/YYYY 

 

Birth Date Est.  “None” indicates no estimate. Other estimates by Day, Month, or Year   

 

Sire/Dam  By studbook number if known  

 WILD indicates wild born parents. Wild-born individuals of the contemporary 

reintroduced/free-ranging populations with parents having an assigned studbook 

number are entered as such in the studbook database.  

 UNK if parental identity is unknown. 

 

Sex    Male, Female, or Unknown if sex undetermined 

   

Reproductive  Not contracepted or neutered/sterile 

 

Event Management activities in an animal’s lifetime including Birth, Transfer, Death, and Lost to 

Follow up (Go LTF). Individuals in the historical section with the first Event listed as Wild 

Capture indicate an estimated birth year based on historical records 

  

Locations  Location where event occurred and listed by ISIS mnemonic 

 

Local ID  Accession number reported by the holding institution 

 

Date Date when event occurred  

 

UDF User defined field (historical section)  

 Y = animal determined a hybrid  

 N = animal not hybrid 

 U = undetermined unless confirmed 

 

Institutions that have contributed data to the current studbook publication are marked with * in the location glossary 

beginning on page 163. Those institutions that are not identified by an asterisk, no longer maintain red wolves. 
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Studbook 

ID 

Birth 

Date 

Birth 

Date 

Est. 

Sire Dam Sex Reproductive Event Location Local ID Date Transponder ID 

AKRON - Akron Zoological Park, Akron, OH, USA 

1856 4/24/2011 None 1414 1722 Female Not Contracepted Birth BLOOMINGT M11020 4/24/2011 00-06CB-9954  

       
Transfer AKRON 101263 7/4/2013 

 
1857 4/24/2011 None 1414 1722 Female Not Contracepted Birth BLOOMINGT M11021 4/24/2011 00-06C6-7D63  

       
Transfer AKRON 101264 7/4/2013 

 
Totals: 0.2.0 (2) 

ALEXANDRI - Alexandria Zoological Park, Alexandria, LA, USA 

1203 4/21/2002 None 471 919 Female Not Contracepted Birth ASHEBORO 1576 4/21/2002 433A112072 

       
Transfer CHEHAW M03010 5/29/2003 

 

       
Transfer TALLAHASE 04L003 12/14/2004 

 

       
Transfer ALEXANDRI M00276 2/9/2007 

 
Totals: 0.1.0 (1) 

ASHEBORO - North Carolina Zoological Park, Asheboro, NC, 

USA 

1194 4/10/2002 None 953 918 Male Not Contracepted Birth DURHAM MS 3M0202 4/10/2002 45311E182A  

       
Transfer ASHEBORO 1676 11/3/2004 

 
1195 4/10/2002 None 953 918 Female Not Contracepted Birth DURHAM MS 4M0202 4/10/2002 00-012E-8F2F  

       
Transfer OKLAHOMA 770118 10/9/2002 

 

       
Transfer TREVOR A5M673 1/11/2005 

 

       
Transfer SALIS NC 1195 8/5/2006 

 

       
Transfer ASHEBORO 1960 10/18/2012 

 
1197 4/10/2002 None 953 918 Female Neutered/Sterile Birth DURHAM MS 6M0202 4/10/2002 00-064D-6777  

       
Transfer OKLAHOMA 770120 10/9/2002 

 

       
Transfer ASHEBORO 1689 12/2/2004 

 
1359 4/18/2004 None 1125 818 Male Not Contracepted Birth ASHEBORO 1639 4/18/2004 44613456E  

       
Transfer TALLAHASE 05L009 12/15/2005 

 

       
Transfer ASHEBORO 1639 3/5/2014 

 
1392 4/29/2005 None 1125 1197 Female Not Contracepted Birth ASHEBORO 1710 4/29/2005 4412042279 

1403 5/6/2005 None 953 1021 Female Not Contracepted Birth WHEELING 3527 5/6/2005 00-0676-C9F7 

       
Transfer SANDYRIDG 11403 1/12/2006 4C1 526 3547  

       
Transfer AWENDA 11403 12/3/2008 

 

       
Transfer ASHEBORO 1927 11/2/2011 

 
1604 5/4/2007 None 957 1204 Male Not Contracepted Birth SPRINGFIE 902 5/4/2007 026-891-332  

       
Transfer ASHEBORO 1808 10/29/2008 

 

       
Transfer CHEHAW M1003 4/14/2010 

 

       
Transfer ASHEBORO 1808 12/3/2013 

 
1714 4/28/2008 None 1020 1361 Male Not Contracepted Birth BREVARD 28032 4/28/2008 020-793-803  

       
Transfer HOMOSASSA HS0822 11/25/2008 

 

       
Transfer ASHEBORO 2060 11/21/2014 
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Studbook 

ID 

Birth 

Date 

Birth 

Date 

Est. 

Sire Dam Sex Reproductive Event Location Local ID Date Transponder ID 

1942 5/14/2012 None 1278 1366 Male Not Contracepted Birth TACOMA 01942 5/14/2012 003-073-830  

       
Transfer ASHEBORO 2061 12/8/2014 

985 112 005 685 

132  

Totals: 5.4.0 (9) 

AWENDA - Cape Romain Nat'l Wildlife Refuge, Awenda, SC, 

USA 

1598 4/26/2007 None 1273 1126 Female Not Contracepted Birth VA MUSEUM 1268 4/26/2007 00-069B-1EAD  

       
Transfer SANDYRIDG 11598 9/5/2007 

 

       
Transfer AWENDA 11598 5/21/2013 

 
1719 5/4/2008 None 974 1126 Female Not Contracepted Birth SALISBURY 1703 5/4/2008 00-06C6-7360  

       
Transfer AWENDA 11719 11/1/2012 

 
1720 5/4/2008 None 974 1126 Female Not Contracepted Birth SALISBURY 1705 5/4/2008 00-06CB-916B  

       
Transfer AWENDA 11720 11/1/2012 

 
2055 4/8/2014 None 1400 1598 Male Not Contracepted Birth AWENDA 12055 4/8/2014 0001-BA9-D93  

2056 4/8/2014 None 1400 1598 Male Not Contracepted Birth AWENDA 12056 4/8/2014 0001-DC1-3C5  

Totals: 2.3.0 (5) 

BINGHAMTO - Binghamton Zoo at Ross Park, Binghamton, NY, 

USA 

1127 5/16/2001 None 477 793 Female Not Contracepted Birth BREVARD 940708 5/16/2001 00-0636-3426  

       
Transfer BRIDGEPRT 101359 5/30/2001 

 

       
Transfer VA MUSEUM 1079 1/15/2003 

 

       
Transfer BRIDGEPRT 101359 11/8/2004 

 

       
Transfer BINGHAMTO 14001 1/16/2014 

 
1613 5/6/2007 None 817 1127 Female Not Contracepted Birth BRIDGEPRT 101822 5/6/2007 089-077-019  

       
Transfer BINGHAMTO 14002 1/16/2014 

 
1614 5/6/2007 None 817 1127 Female Not Contracepted Birth BRIDGEPRT 101825 5/6/2007 089-077-604  

       
Transfer BINGHAMTO 14003 1/16/2014 

 
Totals: 0.3.0 (3) 

BLOOMINGT - Miller Park Zoo, Bloomington, IL, USA 

1917 4/23/2012 None 1604 1564 Male Not Contracepted Birth CHEHAW 11081 4/23/2012 003326516  

       
Transfer BLOOMINGT M14086 10/21/2014 

 
1930 5/7/2012 None 1490 1382 Female Not Contracepted Birth TACOMA 01930 5/7/2012 00-069B-201A  

       
Transfer BLOOMINGT M14090 11/25/2014 

 
Totals: 1.1.0 (2) 

BREVARD - Brevard Zoo, Melbourne, FL, USA 

1361 4/18/2004 None 1125 818 Female Not Contracepted Birth ASHEBORO 1641 4/18/2004 4531491E76  

       
Transfer BREVARD 27010 2/6/2007 

 
1715 4/28/2008 None 1020 1361 Female Not Contracepted Birth BREVARD 28033 4/28/2008 020-878-794  

Totals: 0.2.0 (2) 

BRIDGEPRT - Connecticut's Beardsley Zoo, Bridgeport, CT, USA 
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Studbook 

ID 

Birth 

Date 

Birth 

Date 

Est. 

Sire Dam Sex Reproductive Event Location Local ID Date Transponder ID 

1291 5/13/2003 None 791 637 Female Not Contracepted Birth TREVOR A3M632 5/13/2003 00-061B-05F3  

       
Transfer NYWOLF 1291 12/22/2004 

 

       
Transfer BRIDGEPRT 102399 12/11/2014 

 
1394 5/1/2005 None 1091 983 Male Not Contracepted Birth WNCNATCTR 05M301 5/1/2005 00-0669-2EBD 

       
Transfer MILL MOUN 582 12/19/2007 

 

       
Transfer NYWOLF 1394 12/20/2011 

 

       
Transfer BRIDGEPRT 102398 12/11/2014 

 
Totals: 1.1.0 (2) 

CHARLESLD - Animal Forest, Charleston, SC, USA 

1924 5/2/2012 None 1400 1479 Female Not Contracepted Birth TREVOR 1308 5/2/2012 00-06E1-7A8B  

       
Transfer CHARLESLD 223 6/13/2013 

 
1925 5/2/2012 None 1400 1479 Female Not Contracepted Birth TREVOR 1309 5/2/2012 00-06CE-BE7D  

       
Transfer CHARLESLD 224 6/13/2013 

 
1926 5/2/2012 None 1400 1479 Female Not Contracepted Birth TREVOR 1310 5/2/2012 00-06DF-BA7C  

       
Transfer CHARLESLD 225 6/13/2013 

 
Totals: 0.3.0 (3) 

CHATT NAT – Reflection Riding Arboretum and Nature Center, 

Chattanooga, TN, USA 

1275 4/24/2003 Day 932 725 Female Neutered/Sterile Birth TALLAHASE 03L011 4/24/2003 
 

       
Transfer SANDYRIDG 11275 4/2/2004 

 

       
Transfer CHATT NAT 1275 11/5/2006 

 
1390 4/29/2005 None 1125 1197 Male Not Contracepted Birth ASHEBORO 1708 4/29/2005 44137F7133 

       
Transfer DURHAM MS 09M05 12/19/2005 

 

       
Transfer SANDYRIDG 11390 9/29/2008 

 

       
Transfer JACKSONVL 810312 2/8/2010 

 

       
Transfer JACKSON 201077 1/19/2012 

 

       
Transfer CHATT NAT 1390 12/19/2012 

 
1395 5/1/2005 None 1091 983 Male Not Contracepted Birth WNCNATCTR 05M302 5/1/2005 00-0669-1C3C 

       
Transfer MILL MOUN 583 12/19/2007 

 

       
Transfer KNOXVILLE 4175 6/4/2010 

 

       
Transfer CHATT NAT 1395 11/21/2014 

 
1567 4/3/2007 None 1200 1275 Male Not Contracepted Birth CHATT NAT 1567 4/3/2007 00-0668-64BE  

1858 4/30/2011 None 1408 1370 Female Not Contracepted Birth CHATT NAT 1858 4/30/2011 00-06E7-67B0  

1909 4/17/2012 None 1467 1723 Female Not Contracepted Birth SIOUX FAL 4402 4/17/2012 072111832  

       
Transfer CHATT NAT 1909 5/30/2013 

 
Totals: 3.3.0 (6) 

CHEHAW - Chehaw Wild Animal Park, Albany, GA, USA 

1718 5/4/2008 None 974 1126 Male Not Contracepted Birth SALISBURY 1706 5/4/2008 00-06C6-8F25  

       
Transfer AWENDA 11718 12/17/2009 4C1 719 334D  
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Studbook 

ID 

Birth 

Date 

Birth 

Date 

Est. 

Sire Dam Sex Reproductive Event Location Local ID Date Transponder ID 

       
Transfer ASHEBORO 1926 11/2/2011 

 

       
Transfer CHEHAW 140056 11/17/2014 

 
1914 4/22/2012 None 1414 1722 Male Not Contracepted Birth BLOOMINGT 120030 4/22/2012 00-06CB-BF00  

       
Transfer SPRINGFIE 1115 7/3/2013 

 

       
Transfer CHEHAW 140047 10/21/2014 

 
1918 4/23/2012 None 1604 1564 Female Not Contracepted Birth CHEHAW 11082 4/23/2012 003295769  

1919 4/23/2012 None 1604 1564 Female Not Contracepted Birth CHEHAW 11083 4/23/2012 003314776  

2104 3/29/2015 None 1914 1919 Male Not Contracepted Birth CHEHAW 150045 3/29/2015 
 

2106 3/29/2015 None 1914 1919 Female Not Contracepted Birth CHEHAW 150047 3/29/2015 
 

2107 4/4/2015 None 1718 1918 Male Not Contracepted Birth CHEHAW 150048 4/4/2015 
 

Totals: 4.3.0 (7) 

CHICAGOLP - Lincoln Park Zoological Gardens, Chicago, IL, 

USA 

1353 4/13/2004 None 923 921 Female Neutered/Sterile Birth ALEXANDRI M00199 4/13/2004 065-086-608  

       
Transfer CHICAGOLP 21456 5/4/2005 00-0647-C6CC  

1652 4/23/2007 Day 932 1203 Male Not Contracepted Birth ALEXANDRI M00292 4/23/2007 098-365-373  

       
Transfer OKLAHOMA 770622 4/7/2010 

 

       
Transfer CHICAGOLP 23296 10/2/2013 

 
Totals: 1.1.0 (2) 

COAL VAL - Niabi Zoo, Coal Valley, IL, USA 

1386 4/28/2005 None 687 1123 Male Not Contracepted Birth FRESNO 250024 4/28/2005 084-047-043  

       
Transfer COAL VAL M2315 10/8/2013 

 
1722 5/6/2008 None 924 958 Female Not Contracepted Birth SIOUX FAL 3751 5/6/2008 104-796-843  

       
Transfer BLOOMINGT M09057 10/19/2009 

 

       
Transfer COAL VAL M2333 9/22/2014 

 
2111 4/14/2015 None 1386 1722 Male Not Contracepted Birth COAL VAL M2341 4/14/2015 481C4F6D06  

2112 4/14/2015 None 1386 1722 Female Not Contracepted Birth COAL VAL M2346 4/14/2015 002 880 623  

2113 4/14/2015 None 1386 1722 Female Not Contracepted Birth COAL VAL M2347 4/14/2015 002 873 871  

2114 4/14/2015 None 1386 1722 Female Not Contracepted Birth COAL VAL M2348 4/14/2015 002 881 102  

Totals: 2.4.0 (6) 

DURHAM MS - N C Museum of Life and Science, Durham, NC, 

USA 

1784 4/14/2010 None 1414 1722 Male Not Contracepted Birth BLOOMINGT M10019 4/14/2010 00-06C6-7580  

       
Transfer NCS RAL 1784 2/11/2012 

 

       
Transfer DURHAM MS 07M-14 11/3/2014 

 
1794 4/17/2010 None 1122 1353 Female Not Contracepted Birth CHICAGOLP 22478 4/17/2010 00-06DF-47BB  

       
Transfer DURHAM MS 08M-14 11/12/2014 

 
Totals: 1.1.0 (2) 

FORTWORTH - Fort Worth Zoological Park, Ft Worth, TX, USA 
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Studbook 

ID 

Birth 

Date 

Birth 

Date 

Est. 

Sire Dam Sex Reproductive Event Location Local ID Date Transponder ID 

1581 4/20/2007 None 1091 1363 Male Not Contracepted Birth FOSSILRIM 5057 4/20/2007 095-060-631  

       
Transfer FORTWORTH 205954 7/16/2009 

 
1619 5/23/2007 None 1284 1228 Female Not Contracepted Birth TACOMA 01619 5/23/2007 00-0695-7FED  

       
Transfer FRESNO 290255 11/12/2009 00-0695-9C1C  

       
Transfer FORTWORTH 208207 12/19/2013 

 
Totals: 1.1.0 (2) 

FOSSILRIM - Fossil Rim Wildlife Center, Glen Rose, TX, USA 

1582 4/20/2007 None 1091 1363 Female Neutered/Sterile Birth FOSSILRIM 5058 4/20/2007 095-063-124  

1791 4/17/2010 None 1122 1353 Male Not Contracepted Birth CHICAGOLP 22475 4/17/2010 00-06CE-6877  

       
Transfer WCSRC 201104 1/11/2011 

 

       
Transfer FOSSILRIM 5063 10/9/2012 

 
Totals: 1.1.0 (2) 

FRESNO - Fresno Chaffee Zoo, Fresno, CA, USA 

1580 4/20/2007 None 1091 1363 Male Not Contracepted Birth FOSSILRIM 5056 4/20/2007 095-034-346  

       
Transfer FORTWORTH 205953 7/16/2009 

 

       
Transfer FRESNO 204097 11/5/2013 

 
2076 5/18/2014 None 1580 1589 Male Not Contracepted Birth FRESNO 205070 5/18/2014 4C2 319 1C0C  

2077 5/18/2014 None 1580 1589 Male Not Contracepted Birth FRESNO 205071 5/18/2014 4C2 320 1D17  

2078 5/18/2014 None 1580 1589 Female Not Contracepted Birth FRESNO 205072 5/18/2014 4C2 138 4264  

Totals: 3.1.0 (4) 

GOLDENPND - Land Between the Lakes, Golden Pond, KY, USA 

1201 4/21/2002 None 471 919 Male Not Contracepted Birth ASHEBORO 1574 4/21/2002 4330343C22 

       
Transfer GOLDENPND 1201 2/5/2003 

 
1612 5/6/2007 None 817 1127 Female Not Contracepted Birth BRIDGEPRT 101821 5/6/2007 089-078-093  

       
Transfer KNOXVILLE 4095 12/16/2009 

 

       
Transfer GOLDENPND 1612 4/16/2010 

 
2068 5/2/2014 None 1201 1612 Female Not Contracepted Birth GOLDENPND 2068 5/2/2014 981020011895599  

Totals: 1.2.0 (3) 

GREENBAY - NEW Zoo, Green Bay, WI, USA 

1467 4/30/2006 None 1284 1010 Male Not Contracepted Birth TACOMA 01467 4/30/2006 00-0669-0113  

       
Transfer SIOUX FAL 4072 12/2/2009 

 

       
Transfer GREENBAY 201240 12/18/2012 

 
1742 5/5/2009 None 953 983 Female Not Contracepted Birth WNCNATCTR 9M0301 5/5/2009 00-0695-857D  

       
Transfer GREENBAY 201337 10/16/2013 

 
2079 5/22/2014 None 1467 1742 Male Not Contracepted Birth GREENBAY 201410 5/22/2014 028 609 847  

2080 5/22/2014 None 1467 1742 Male Not Contracepted Birth GREENBAY 201411 5/22/2014 028 606 579  

2081 5/22/2014 None 1467 1742 Male Not Contracepted Birth GREENBAY 201412 5/22/2014 028 621 544  

2082 5/22/2014 None 1467 1742 Male Not Contracepted Birth GREENBAY 201413 5/22/2014 028 870 583  

2083 5/22/2014 None 1467 1742 Female Not Contracepted Birth GREENBAY 201414 5/22/2014 028 639 053  
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Studbook 

ID 

Birth 

Date 

Birth 

Date 

Est. 

Sire Dam Sex Reproductive Event Location Local ID Date Transponder ID 

Totals: 5.2.0 (7) 

HOMOSASSA - Homosassa Springs Wildlife State Park, 

Homosassa, FL, USA 

1651 4/23/2007 Day 932 1203 Female Not Contracepted Birth ALEXANDRI M00291 4/23/2007 098-366-011  

       
Transfer HOMOSASSA HS2004 12/4/2014 

 
1713 4/28/2008 None 1020 1361 Male Not Contracepted Birth BREVARD 28031 4/28/2008 020-877-313  

       
Transfer HOMOSASSA HS0821 11/25/2008 

 
Totals: 1.1.0 (2) 

JACKSON - Jackson Zoological Park, Jackson, MS, USA 

1609 5/6/2007 None 817 1127 Male Not Contracepted Birth BRIDGEPRT 101820 5/6/2007 089-083-263  

       
Transfer WSC MN 1609 1/10/2008 

 

       
Transfer WCSRC 201013 12/10/2010 

 

       
Transfer CHATT NAT 1609 12/22/2010 

 

       
Transfer JACKSON 201032 12/19/2012 

 
1734 4/1/2009 Day 1200 1276 Female Not Contracepted Birth SANDYRIDG 11734 4/1/2009 

 

       
Transfer JACKSON 201033 12/19/2012 

 
1994 4/23/2013 None 1609 1734 Male Not Contracepted Birth JACKSON 201148 4/23/2013 008-842-781  

1995 4/23/2013 None 1609 1734 Male Not Contracepted Birth JACKSON 201149 4/23/2013 008-826-005  

1996 4/23/2013 None 1609 1734 Male Not Contracepted Birth JACKSON 201150 4/23/2013 008-832-104  

2048 3/30/2014 None 1609 1734 Male Not Contracepted Birth JACKSON 201192 3/30/2014 008803769  

2050 3/30/2014 None 1609 1734 Female Not Contracepted Birth JACKSON 201194 3/30/2014 008798359  

2052 3/30/2014 None 1609 1734 Female Not Contracepted Birth JACKSON 201196 3/30/2014 008821793  

2054 3/30/2014 None 1609 1734 Female Not Contracepted Birth JACKSON 201198 3/30/2014 008810014  

Totals: 5.4.0 (9) 

JACKSONVL - Jacksonville Zoo and Gardens, Jacksonville, FL, 

USA 

1292 5/13/2003 None 791 637 Male Neutered/Sterile Birth TREVOR A3M633 5/13/2003 00-0077-D581  

       
Transfer NYWOLF 1292 12/22/2004 00-061B-1AF0  

       
Transfer PROVIDNCE 100196 3/8/2005 

 

       
Transfer AWENDA 11292 3/19/2009 

 

       
Transfer JACKSONVL 812302 2/8/2012 

 
1376 4/9/2005 None 932 1203 Female Not Contracepted Birth TALLAHASE 05L002 4/9/2005 00-0665-E45D 

       
Transfer JACKSONVL 808326 2/11/2008 

 
Totals: 1.1.0 (2) 

KNOXVILLE - Knoxville Zoological Gardens, Knoxville, TN, 

USA 

1607 5/4/2007 None 957 1204 Female Not Contracepted Birth SPRINGFIE 905 5/4/2007 026-882-088  

       
Transfer KNOXVILLE 4439 11/15/2011 

 
1735 4/24/2009 None 1122 1353 Male Not Contracepted Birth CHICAGOLP 22290 4/24/2009 00-06CE-B34F  

       
Transfer WCSRC 201101 1/11/2011 
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Transfer KNOXVILLE 4580 10/3/2012 

 
1736 4/24/2009 None 1122 1353 Male Not Contracepted Birth CHICAGOLP 22291 4/24/2009 00-06CE-9449  

       
Transfer WCSRC 201102 1/11/2011 

 

       
Transfer KNOXVILLE 4581 10/3/2012 

 
1859 4/30/2011 None 1408 1370 Female Not Contracepted Birth CHATT NAT 1859 4/30/2011 00-0702-2ED3  

       
Transfer KNOXVILLE 4933 11/21/2014 

 
Totals: 2.2.0 (4) 

LOWRY - Tampa's Lowry Park Zoo, Tampa, FL, USA 

1460 5/29/2005 Day 689 793 Male Not Contracepted Birth LOWRY 102082 5/29/2005 075-329-303  

1564 3/26/2007 None 779 1274 Female Not Contracepted Birth LOWRY 102335 3/26/2007 092-616-347  

       
Transfer CHEHAW M1004 4/29/2010 

 

       
Transfer LOWRY 102335 2/11/2014 

 
Totals: 1.1.0 (2) 

MANTEO - Alligator River Nat'l Wildlife Refuge, Manteo, NC, 

USA. Free-ranging population 

873 4/12/1996 Day 442 508 Female Not Contracepted Go LTF MANTEO 10873 3/9/1996 000-1BB-C8E4 

       
Birth MANTEO 10873 4/12/1996 

 
979 4/27/1997 Day 675 593 Male Not Contracepted Go LTF MANTEO 10979 5/1/1990 

 

       
Birth MANTEO 10979 4/27/1997 

 
1333 4/16/2004 Day 1171 1170 Male Not Contracepted Birth MANTEO 11333 4/16/2004 

 
1357 4/17/2004 Day 780 1130 Female Not Contracepted Birth AWENDA 11357 4/17/2004 

 

       
Transfer MANTEO 11357 5/2/2004 

 
1469 4/30/2006 None 1284 1010 Male Not Contracepted Birth TACOMA 01469 4/30/2006 00064336C7  

       
Transfer MANTEO 11469 5/13/2006 

 
1470 4/30/2006 None 1284 1010 Female Not Contracepted Birth TACOMA 01470 4/30/2006 0006435C23  

       
Transfer MANTEO 11470 5/13/2006 

 
1515 4/18/2006 Day 1246 978 Male Not Contracepted Birth MANTEO 11515 4/18/2006 

 
1516 4/18/2006 Day 1246 978 Male Not Contracepted Birth MANTEO 11516 4/18/2006 

 
1539 4/19/2006 Day 1048 1045 Female Not Contracepted Birth MANTEO 11539 4/19/2006 

 
1547 5/1/2005 Day 1124 982 Male Not Contracepted Birth ST.VINCE 11547 5/1/2005 

 

       
Transfer MANTEO 11547 9/5/2006 

 
1577 4/17/2007 None 816 1195 Female Not Contracepted Birth SALIS NC 1577 4/17/2007 

 

       
Transfer MANTEO 11577 4/24/2007 

 
1620 4/12/2007 Day 1301 1358 Male Not Contracepted Birth MANTEO 11620 4/12/2007 

 
1662 4/3/2008 None 1544 1357 Female Not Contracepted Birth MANTEO 11662 4/3/2008 

 
1672 4/14/2008 None 1547 1148 Male Not Contracepted Birth MANTEO 11672 4/14/2008 

 
1678 4/15/2008 None 1519 1448 Female Not Contracepted Birth MANTEO 11678 4/15/2008 

 
1686 4/17/2008 None 1435 1132 Female Not Contracepted Birth MANTEO 11686 4/17/2008 

 
1705 4/24/2008 None 1185 1207 Male Not Contracepted Birth MANTEO 11705 4/24/2008 
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1706 4/24/2008 None 1185 1207 Female Not Contracepted Birth MANTEO 11706 4/24/2008 
 

1737 4/24/2009 None 1122 1353 Male Not Contracepted Birth CHICAGOLP 22292 4/24/2009 00-06E1-7A97  

       
Transfer MANTEO 11737 5/1/2009 

 
1743 4/9/2009 None 1421 1357 Female Not Contracepted Birth MANTEO 11743 4/9/2009 

 
1747 4/14/2009 None 1301 1358 Male Not Contracepted Birth MANTEO 11747 4/14/2009 

 
1760 4/16/2009 None 1519 1448 Male Not Contracepted Birth MANTEO 11760 4/16/2009 

 
1768 4/20/2009 None 1316 1170 Female Not Contracepted Birth MANTEO 11768 4/20/2009 

 
1779 4/22/2009 None 1644 1298 Female Not Contracepted Birth MANTEO 11779 4/22/2009 

 
1781 4/22/2009 None 1644 1298 Male Not Contracepted Birth MANTEO 11781 4/22/2009 

 
1812 4/16/2010 Day 1547 1170 Female Not Contracepted Birth MANTEO 11812 4/16/2010 

 
1819 4/15/2010 Day 1703 1633 Female Not Contracepted Birth MANTEO 11819 4/15/2010 

 
1835 4/16/2010 Day 1684 1440 Male Not Contracepted Birth MANTEO 11835 4/16/2010 

 
1837 4/14/2010 Day 1519 1448 Female Not Contracepted Birth MANTEO 11837 4/14/2010 

 
1848 4/23/2010 Day 1544 1357 Male Not Contracepted Birth MANTEO 11848 4/23/2010 

 
1849 4/23/2010 Day 1544 1357 Female Not Contracepted Birth MANTEO 11849 4/23/2010 

 
1851 5/1/2010 Day 1628 1470 Male Not Contracepted Birth MANTEO 11851 5/1/2010 

 
1870 4/12/2011 Day 1516 1686 Female Not Contracepted Birth MANTEO 11870 4/12/2011 

 
1872 4/12/2011 Day 1516 1686 Male Not Contracepted Birth MANTEO 11872 4/12/2011 

 
1887 4/19/2011 Day 1547 1768 Female Not Contracepted Birth MANTEO 11887 4/19/2011 

 
1906 4/19/2011 Day 1238 1577 Female Not Contracepted Birth MANTEO 11906 4/19/2011 

 
1951 4/11/2012 Day UNK 1693 Male Not Contracepted Birth MANTEO 11951 4/11/2012 

 
1952 4/11/2012 Day UNK 1693 Male Not Contracepted Birth MANTEO 11952 4/11/2012 

 
1953 4/11/2012 Day UNK 1693 Female Not Contracepted Birth MANTEO 11953 4/11/2012 

 
1954 4/11/2012 Day 1547 1768 Male Not Contracepted Birth MANTEO 11954 4/11/2012 

 
1958 4/11/2012 Day 1547 1768 Male Not Contracepted Birth MANTEO 11958 4/11/2012 

 
1959 4/13/2012 Day 1515 1686 Male Not Contracepted Birth MANTEO 11959 4/13/2012 

 
1963 4/13/2012 Day 1747 1706 Male Not Contracepted Birth MANTEO 11963 4/13/2012 

 
1964 4/13/2012 Day 1747 1706 Female Not Contracepted Birth MANTEO 11964 4/13/2012 

 
1965 4/13/2012 Day 1747 1706 Female Not Contracepted Birth MANTEO 11965 4/13/2012 

 
1966 4/13/2012 Day 1747 1706 Female Not Contracepted Birth MANTEO 11966 4/13/2012 

 
1985 4/20/2012 Day 1628 1470 Female Not Contracepted Birth MANTEO 11985 4/20/2012 

 
2017 4/14/2013 None 1835 1849 Female Not Contracepted Birth MANTEO 12017 4/14/2013 

 
2019 4/17/2013 None 1515 1686 Female Not Contracepted Birth MANTEO 12019 4/17/2013 

 
2022 4/17/2013 None 1515 1686 Male Not Contracepted Birth MANTEO 12022 4/17/2013 

 
2025 4/19/2013 None 1747 1706 Male Not Contracepted Birth MANTEO 12025 4/19/2013 

 
2028 4/19/2013 None 1747 1706 Male Not Contracepted Birth MANTEO 12028 4/19/2013 

 
2029 4/19/2013 None 1848 1706 Female Not Contracepted Birth MANTEO 12029 4/19/2013 

 
2030 4/19/2013 None 1747 1706 Female Not Contracepted Birth MANTEO 12030 4/19/2013 

 
2044 4/14/2013 None 1835 1849 Male Not Contracepted Birth MANTEO 12044 4/14/2013 
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2045 4/14/2013 None 1835 1849 Female Not Contracepted Birth MANTEO 12045 4/14/2013 
 

2046 4/14/2013 None 1835 1849 Male Not Contracepted Birth MANTEO 12046 4/14/2013 
 

2057 4/8/2014 None 1400 1598 Female Not Contracepted Birth AWENDA 12057 4/8/2014 
 

       
Transfer MANTEO 12057 4/18/2014 

 
2058 4/8/2014 None 1400 1598 Female Not Contracepted Birth AWENDA 12058 4/8/2014 

 

       
Transfer MANTEO 12058 4/18/2014 

 
2086 4/13/2014 None 1547 1768 Male Not Contracepted Birth MANTEO 12086 4/13/2014 

 
2087 4/8/2014 None 1727 1812 Female Not Contracepted Birth MANTEO 12087 4/8/2014 

 
2088 4/8/2014 None 1727 1812 Female Not Contracepted Birth MANTEO 12088 4/8/2014 

 
2089 4/8/2014 None 1727 1812 Female Not Contracepted Birth MANTEO 12089 4/8/2014 

 
2091 4/14/2014 None 1672 1779 Male Not Contracepted Birth MANTEO 12091 4/14/2014 

 
2093 4/14/2014 None 1672 1779 Male Not Contracepted Birth MANTEO 12093 4/14/2014 

 
2094 4/14/2014 None 1672 1779 Female Not Contracepted Birth MANTEO 12094 4/14/2014 

 
2096 4/14/2014 None 1672 1779 Female Not Contracepted Birth MANTEO 12096 4/14/2014 

 
2097 4/14/2014 None 1672 1779 Female Not Contracepted Birth MANTEO 12097 4/14/2014 

 
2098 4/19/2014 None 1747 1706 Male Not Contracepted Birth MANTEO 12098 4/19/2014 

 
2099 4/19/2014 None 1747 1706 Female Not Contracepted Birth MANTEO 12099 4/19/2014 

 
2100 4/19/2014 None 1747 1706 Male Not Contracepted Birth MANTEO 12100 4/19/2014 

 
2101 4/19/2014 None 1747 1706 Male Not Contracepted Birth MANTEO 12101 4/19/2014 

 
2102 4/19/2014 None 1747 1706 Male Not Contracepted Birth MANTEO 12102 4/19/2014 

 
2103 4/19/2014 None 1747 1706 Female Not Contracepted Birth MANTEO 12103 4/19/2014 

 
Totals: 35.39.0 (74) 

MILL MOUN - Mill Mountain Zoo, Roanoke, VA, USA 

1565 4/3/2007 None 1200 1275 Male Not Contracepted Birth CHATT NAT 1565 4/3/2007 00-0669-206D  

       
Transfer ST.VINCE 11565 2/3/2009 981020001865994  

       
Transfer NYWOLF 1565 12/7/2013 

 

       
Transfer MILL MOUN 14015 12/10/2014 

 
1568 4/3/2007 None 1200 1275 Female Not Contracepted Birth CHATT NAT 1568 4/3/2007 00-0669-00DB  

       
Transfer GOLDENPND 1568 11/18/2008 

 

       
Transfer MILL MOUN 11027 11/21/2011 

 
1569 4/3/2007 None 1200 1275 Female Not Contracepted Birth CHATT NAT 1569 4/3/2007 00-0668-7240  

       
Transfer GOLDENPND 1569 11/18/2008 

 

       
Transfer MILL MOUN 11028 11/21/2011 

 
1653 4/23/2007 Day 932 1203 Female Not Contracepted Birth ALEXANDRI M00293 4/23/2007 098-517-839  

       
Transfer MILL MOUN 10049 6/9/2010 

 
Totals: 1.3.0 (4) 

NCS RAL - North Carolina State University, Raleigh, NC, USA 

1574 4/16/2007 None 1020 1361 Female Not Contracepted Birth BREVARD 27029 4/16/2007 096-358-380  

       
Transfer TALLAHASE L09002 12/28/2008 
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Transfer NCS RAL 1574 1/20/2012 

 
1716 4/28/2008 None 1020 1361 Female Not Contracepted Birth BREVARD 28034 4/28/2008 020-804-058  

       
Transfer NCS RAL 1716 1/19/2012 

 
1731 4/1/2009 Day 1200 1276 Male Not Contracepted Birth SANDYRIDG 11731 4/1/2009 00-06CE-9AC4  

       
Transfer CHATT NAT 1731 1/9/2010 

 

       
Transfer SANDYRIDG 11731 1/8/2011 

 

       
Transfer NCS RAL 1731 1/27/2012 

 
1732 4/1/2009 Day 1200 1276 Male Not Contracepted Birth SANDYRIDG 11732 4/1/2009 00-06C9-AEF5  

       
Transfer CHATT NAT 1732 1/9/2010 

 

       
Transfer SANDYRIDG 11732 1/8/2011 

 

       
Transfer NCS RAL 1732 1/27/2012 

 
2061 4/20/2014 None 1784 1716 Female Not Contracepted Birth NCS RAL 2061 4/20/2014 

 
2062 4/20/2014 None 1784 1716 Female Not Contracepted Birth NCS RAL 2062 4/20/2014 

 
2063 4/20/2014 None 1784 1716 Female Not Contracepted Birth NCS RAL 2063 4/20/2014 

 
Totals: 2.5.0 (7) 

NYWOLF - Wolf Conservation Center, South Salem, NY, USA 

1397 5/1/2005 None 1091 983 Female Not Contracepted Birth WNCNATCTR 05M304 5/1/2005 00-0669-08A4 

       
Transfer ASHEBORO 1755 3/28/2007 

 

       
Transfer NYWOLF 1397 9/30/2009 

 
1563 3/26/2007 None 779 1274 Female Not Contracepted Birth LOWRY 102334 3/26/2007 092-611-321  

       
Transfer BRIDGEPRT 102331 11/20/2013 

 

       
Transfer NYWOLF 1563 12/11/2014 

 
1566 4/3/2007 None 1200 1275 Male Not Contracepted Birth CHATT NAT 1566 4/3/2007 00-0669-249F  

       
Transfer MILL MOUN 12009 9/26/2012 

 

       
Transfer NYWOLF 1566 12/10/2014 

 
1803 5/6/2010 None 1483 1397 Male Not Contracepted Birth NYWOLF 1803 5/6/2010 00-068D-9889  

       
Transfer BRIDGEPRT 102336 1/30/2014 

 

       
Transfer NYWOLF 1803 12/11/2014 

 
2073 5/8/2014 None 1803 1563 Female Not Contracepted Birth BRIDGEPRT 102350 5/8/2014 013 520 631  

       
Transfer NYWOLF 2073 12/11/2014 

 
2074 5/8/2014 None 1803 1563 Female Not Contracepted Birth BRIDGEPRT 102351 5/8/2014 013 363 527  

       
Transfer NYWOLF 2074 12/11/2014 

 
2075 5/8/2014 None 1803 1563 Male Not Contracepted Birth BRIDGEPRT 102352 5/8/2014 013 362 595  

       
Transfer NYWOLF 2075 12/11/2014 

 
2116 5/2/2015 None 1803 1563 Male Not Contracepted Birth NYWOLF 2116 5/2/2015 

 
2117 5/2/2015 None 1803 1563 Male Not Contracepted Birth NYWOLF 2117 5/2/2015 

 
2118 5/2/2015 None 1803 1563 Male Not Contracepted Birth NYWOLF 2118 5/2/2015 

 
2119 5/2/2015 None 1803 1563 Male Not Contracepted Birth NYWOLF 2119 5/2/2015 

 
2120 5/2/2015 None 1803 1563 Male Not Contracepted Birth NYWOLF 2120 5/2/2015 
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2121 5/2/2015 None 1803 1563 Female Not Contracepted Birth NYWOLF 2121 5/2/2015 
 

Totals: 8.5.0 (13) 

PROVIDNCE - Roger Williams Park Zoo, Providence, RI, USA 

1587 4/21/2007 None 1122 1353 Male Not Contracepted Birth CHICAGOLP 21878 4/21/2007 00-01BB-B39B  

       
Transfer MILL MOUN 9004 2/18/2009 

 

       
Transfer NYWOLF 1587 10/1/2009 

 

       
Transfer PROVIDNCE 100304 12/13/2011 

 
1938 5/9/2012 None 1717 1742 Female Not Contracepted Birth WNCNATCTR 12M032 5/9/2012 51551561  

       
Transfer PROVIDNCE 100380 12/11/2014 

 
Totals: 1.1.0 (2) 

RWOLF EHF - Red Wolf Education and Health Facility, 

Columbia, NC, USA 

1200 4/21/2002 None 471 919 Male Not Contracepted Birth ASHEBORO 1573 4/21/2002 43304C0454 

       
Transfer GOLDENPND 1200 2/5/2003 

 

       
Transfer KNOXVILLE 2769 11/18/2003 

 

       
Transfer CHATT NAT 1200 11/14/2006 

 

       
Transfer SANDYRIDG 11200 12/5/2008 

 

       
Transfer RWOLF EHF 11200 10/16/2012 

 
1276 4/24/2003 Day 932 725 Female Not Contracepted Birth TALLAHASE 03L012 4/24/2003 

 

       
Transfer SANDYRIDG 11276 4/2/2004 

 

       
Transfer RWOLF EHF 11276 10/16/2012 

 
1400 5/6/2005 None 953 1021 Male Not Contracepted Birth WHEELING 3528 5/6/2005 00-0676-B611 

       
Transfer SANDYRIDG 11400 1/12/2006 

 

       
Transfer JACKSON 200821 12/3/2008 

 

       
Transfer TREVOR 1293 1/17/2012 

 

       
Transfer SANDYRIDG 11400 1/17/2013 

 

       
Transfer AWENDA 11400 5/21/2013 

 

       
Transfer RWOLF EHF 11400 12/2/2014 

 
1606 5/4/2007 None 957 1204 Male Not Contracepted Birth SPRINGFIE 904 5/4/2007 027-014-380  

       
Transfer ASHEBORO 1810 10/29/2008 

 

       
Transfer SANDYRIDG 11606 10/15/2010 

 

       
Transfer RWOLF EHF 11606 3/6/2015 

 
1615 5/6/2007 None 817 1127 Female Neutered/Sterile Birth BRIDGEPRT 101826 5/6/2007 089-085-079  

       
Transfer PROVIDNCE 100293 12/6/2010 

 

       
Transfer RWOLF EHF 11615 12/2/2014 

 
Totals: 3.2.0 (5) 

SALIS NC - Dan Nicholas Nature Center, Salisbury, NC, USA 

1575 4/17/2007 None 816 1195 Female Not Contracepted Birth SALIS NC 1575 4/17/2007 086-619-797  

1576 4/17/2007 None 816 1195 Female Not Contracepted Birth SALIS NC 1576 4/17/2007 086-630-635  



RED WOLF STUDBOOK                                                                                 

Living by Location – 19 May 2015 

 

 

17 

Studbook 

ID 

Birth 

Date 

Birth 

Date 

Est. 

Sire Dam Sex Reproductive Event Location Local ID Date Transponder ID 

Totals: 0.2.0 (2) 

SALISBURY - Salisbury Zoological Park, Salisbury, MD, USA 

1721 5/4/2008 None 974 1126 Female Not Contracepted Birth SALISBURY 1704 5/4/2008 00-06C6-7F39  

1790 4/17/2010 None 1122 1353 Male Not Contracepted Birth CHICAGOLP 22474 4/17/2010 00-06CE-AD93  

       
Transfer WCSRC 201103 1/11/2011 

 

       
Transfer SALISBURY 1893 10/3/2014 

 
Totals: 1.1.0 (2) 

SANDYRIDG - Alligator River National Wildlife Refuge Captive 

Facility, Manteo, NC, USA 

1473 5/1/2006 None 1273 1126 Female Not Contracepted Birth VA MUSEUM 1231 5/1/2006 00-0669-2235  

       
Transfer SANDYRIDG 11473 9/5/2007 

 
1599 4/26/2007 None 1273 1126 Female Not Contracepted Birth VA MUSEUM 1269 4/26/2007 00-069B-1D25  

       
Transfer SANDYRIDG 11599 9/5/2007 

 
1600 4/26/2007 None 1273 1126 Female Not Contracepted Birth VA MUSEUM 1270 4/26/2007 00-069A-F3C7  

       
Transfer SANDYRIDG 11600 9/5/2007 

 
2065 4/22/2014 None 1606 1600 Male Not Contracepted Birth SANDYRIDG 12065 4/22/2014 00074F1FD7  

2066 4/22/2014 None 1606 1600 Male Not Contracepted Birth SANDYRIDG 12066 4/22/2014 00074DDB3F  

2067 4/22/2014 None 1606 1600 Female Not Contracepted Birth SANDYRIDG 12067 4/22/2014 00074FAFA8  

Totals: 2.4.0 (6) 

SIOUX FAL - Great Plains Zoo, Sioux Falls, SD, USA 

1611 5/6/2007 None 817 1127 Male Not Contracepted Birth BRIDGEPRT 101824 5/6/2007 089-076-605  

       
Transfer WSC MN 1611 1/10/2008 

 

       
Transfer SIOUX FAL 4578 3/25/2014 

 
1723 5/6/2008 None 924 958 Female Not Contracepted Birth SIOUX FAL 3752 5/6/2008 104-835-635  

Totals: 1.1.0 (2) 

SPRINGFIE - Henson Robinson Zoo, Springfield, IL, USA 

1717 5/4/2008 None 974 1126 Male Not Contracepted Birth SALISBURY 1707 5/4/2008 00-06C6-8567  

       
Transfer CHEHAW ______ 12/17/2009 

 

       
Transfer WNCNATCTR 11M031 12/14/2011 

 

       
Transfer SPRINGFIE 1143 11/19/2014 

 
2084 5/22/2014 None 1467 1742 Female Not Contracepted Birth GREENBAY 201415 5/22/2014 028 874 027  

       
Transfer SPRINGFIE 1154 4/16/2015 

 
Totals: 1.1.0 (2) 

ST.VINCE - St.Vincent National Wildlife Refuge, Apalachicola, 

FL, USA 

1804 5/6/2010 None 1483 1397 Male Not Contracepted Birth NYWOLF 1804 5/6/2010 00-068D-A78B  

       
Transfer ST.VINCE 11804 12/7/2013 

 
1923 5/2/2012 None 1400 1479 Female Not Contracepted Birth TREVOR 1307 5/2/2012 00-06E1-7A03  

       
Transfer CHARLESLD 222 6/13/2013 
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Transfer ST.VINCE 11923 1/19/2015 

 
Totals: 1.1.0 (2) 

SYRACUSE - Rosamond Gifford Zoo at Burnet Park, Syracuse, 

NY, USA 

1379 4/23/2005 None 791 1195 Male Not Contracepted Birth TREVOR A5M678 4/23/2005 00-0670-8A24  

       
Transfer SYRACUSE M07095 10/26/2007 

 
Totals: 1.0.0 (1) 

TACOMA - Point Defiance Zoo & Aquarium, Tacoma, WA, USA 

1095 5/3/2000 None 791 603 Male Not Contracepted Birth TACOMA 01095 5/3/2000 00-0114-251F 

1224 5/5/2002 None 651 925 Female Neutered/Sterile Birth TACOMA 01224 5/5/2002 00-0605-6EB0 

1278 4/28/2003 None 939 1009 Male Not Contracepted Birth TACOMA 01278 4/28/2003 00-0605-4790  

1366 5/3/2004 None 816 743 Female Not Contracepted Birth MILL MOUN 511 5/3/2004 066-074-873  

       
Transfer ASHEBORO 1654 7/22/2004 

 

       
Transfer TACOMA 01366 10/10/2011 

 
1369 5/8/2004 None 1131 958 Male Not Contracepted Birth BINGHAMTO M04103 5/8/2004 00-0665-CE51  

       
Transfer SANDYRIDG 11369 12/14/2004 

 

       
Transfer NYWOLF 1369 3/10/2005 

 

       
Transfer DURHAM MS 03M08 11/3/2008 

 

       
Transfer TACOMA 01369 10/23/2012 

 
1381 4/24/2005 None 688 1009 Male Not Contracepted Birth WOLFHAVEN 1381 4/24/2005 00-0605-5A22  

       
Transfer TACOMA 01381 4/26/2005 

 
1382 4/24/2005 None 688 1009 Female Neutered/Sterile Birth WOLFHAVEN 1382 4/24/2005 00-0605-47A9  

       
Transfer TACOMA 01382 4/27/2005 

 
1407 5/10/2005 None 1284 1010 Female Not Contracepted Birth TACOMA 01407 5/10/2005 00-0668-5595 

1410 5/13/2005 None 621 918 Female Not Contracepted Birth WCSRC 200536 5/13/2005 00-066E-1C15  

       
Transfer COAL VAL M2003 8/2/2007 

 

       
Transfer TACOMA 01410 11/30/2013 

 
1415 5/21/2005 None 702 938 Female Not Contracepted Birth TACOMA 01415 5/21/2005 00-0605-6BBF  

1416 5/21/2005 None 702 938 Female Not Contracepted Birth TACOMA 01416 5/21/2005 00-0605-62CE  

1487 5/8/2006 None 1286 1123 Female Not Contracepted Birth TACOMA 01487 5/8/2006 00-0669-3645  

1490 5/11/2006 None 1095 1224 Male Not Contracepted Birth TACOMA 01490 5/11/2006 00-0668-8381  

1491 5/11/2006 None 1095 1224 Male Not Contracepted Birth TACOMA 01491 5/11/2006 00-0669-0782  

1496 5/11/2006 None 939 925 Female Neutered/Sterile Birth TACOMA 01496 5/11/2006 00-0669-275F  

1585 4/20/2007 None 1091 1363 Female Not Contracepted Birth FOSSILRIM 5061 4/20/2007 095-051-619  

       
Transfer VICTOR TX 200902 1/8/2009 

 

       
Transfer TACOMA 01585 5/9/2011 

 
1590 4/21/2007 None 1122 1353 Female Not Contracepted Birth CHICAGOLP 21881 4/21/2007 00-0143-20D2  

       
Transfer TACOMA 01590 12/10/2008 

 
1591 4/21/2007 None 1122 1353 Female Not Contracepted Birth CHICAGOLP 21882 4/21/2007 00-01BA-6903  
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Transfer TACOMA 01591 12/10/2008 

 
1602 5/3/2007 None 1381 1364 Female Not Contracepted Birth TACOMA 01602 5/3/2007 00-069B-2009  

       
Transfer WOLFHAVEN 1602 2/11/2010 

 

       
Transfer TACOMA 01602 3/25/2010 

 
1603 5/3/2007 None 1381 1364 Female Not Contracepted Birth TACOMA 01603 5/3/2007 00-0695-9AF9  

1807 5/9/2010 None 1277 1364 Female Not Contracepted Birth TACOMA 01807 5/9/2010 00-069A-EB3E  

1861 5/10/2011 None 1284 1385 Male Not Contracepted Birth TACOMA 01861 5/10/2011 00-069B-21A6  

1862 5/10/2011 None 1284 1385 Female Not Contracepted Birth TACOMA 01862 5/10/2011 00-0695-8BA3  

1927 5/7/2012 None 1490 1382 Male Not Contracepted Birth TACOMA 01927 5/7/2012 00-0695-7F58  

1928 5/7/2012 None 1490 1382 Male Not Contracepted Birth TACOMA 01928 5/7/2012 00-0695-8632  

1929 5/7/2012 None 1490 1382 Female Not Contracepted Birth TACOMA 01929 5/7/2012 00-069A-FB04  

1931 5/7/2012 None 1490 1382 Female Not Contracepted Birth TACOMA 01931 5/7/2012 00-069B-10EA  

1932 5/7/2012 None 1490 1382 Female Not Contracepted Birth TACOMA 01932 5/7/2012 00-069B-0B7A  

           
012 547 885  

1933 5/7/2012 None 1490 1382 Female Not Contracepted Birth TACOMA 01933 5/7/2012 00-069A-FAAD  

1934 5/7/2012 None 1490 1382 Female Not Contracepted Birth TACOMA 01934 5/7/2012 00-069B-14CA  

1935 5/7/2012 None 1490 1382 Female Not Contracepted Birth TACOMA 01935 5/7/2012 00-0695-87D9  

1941 5/14/2012 None 1278 1366 Male Not Contracepted Birth TACOMA 01941 5/14/2012 003-093-378  

           
010-048-535  

1943 5/14/2012 None 1278 1366 Male Not Contracepted Birth TACOMA 01943 5/14/2012 003-082-796  

1944 5/14/2012 None 1278 1366 Male Not Contracepted Birth TACOMA 01944 5/14/2012 003-085-055  

1945 5/14/2012 None 1278 1366 Female Not Contracepted Birth TACOMA 01945 5/14/2012 003-094-065  

2001 5/5/2013 None 1381 1488 Female Not Contracepted Birth TACOMA 02001 5/5/2013 008-780-362  

2002 5/5/2013 None 1381 1488 Female Not Contracepted Birth TACOMA 02002 5/5/2013 008-774-107  

2003 5/5/2013 None 1381 1488 Female Not Contracepted Birth TACOMA 02003 5/5/2013 010-062-550  

2005 5/9/2013 None 1369 1487 Male Not Contracepted Birth TACOMA 02005 5/9/2013 008-775-875  

2006 5/9/2013 None 1369 1487 Male Not Contracepted Birth TACOMA 02006 5/9/2013 008-634-325  

2007 5/9/2013 None 1369 1487 Female Not Contracepted Birth TACOMA 02007 5/9/2013 008-624-594  

2008 5/9/2013 None 1369 1487 Female Not Contracepted Birth TACOMA 02008 5/9/2013 008-780-313  

2009 5/9/2013 None 1369 1487 Female Not Contracepted Birth TACOMA 02009 5/9/2013 041-061-606  

Totals: 14.29.0 (43) 

TALLAHASE - Tallahassee Museum of Natural History, 

Tallahassee, FL, USA 

1375 4/9/2005 None 932 1203 Male Not Contracepted Birth TALLAHASE 05L001 4/9/2005 00-0669-12C6 

       
Transfer LOWRY 102291 12/7/2006 

 

       
Transfer TALLAHASE 05L001 9/15/2010 

 
1378 4/9/2005 None 932 1203 Female Not Contracepted Birth TALLAHASE 05L004 4/9/2005 00-0665-FAC4 

1712 4/28/2008 None 1020 1361 Male Not Contracepted Birth BREVARD 28030 4/28/2008 020-770-802  

       
Transfer HOMOSASSA HS0823 11/25/2008 
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Transfer TALLAHASE L14002 11/21/2014 

 
1786 4/14/2010 None 1414 1722 Female Not Contracepted Birth BLOOMINGT M10021 4/14/2010 00-06CB-BFE6  

       
Transfer CHEHAW 11048 2/2/2012 

 

       
Transfer TALLAHASE L20121 12/6/2012 

 
Totals: 2.2.0 (4) 

TREVOR - Trevor Zoo, Millbrook, NY, USA 

1479 5/3/2006 None 817 1127 Female Neutered/Sterile Birth BRIDGEPRT 101728 5/3/2006 
 

       
Transfer TREVOR 1067 11/7/2007 

 
1921 5/2/2012 None 1400 1479 Male Not Contracepted Birth TREVOR 1306 5/2/2012 00-06CE-D56D  

       
Transfer NYWOLF 1921 1/30/2013 00-06CE-B01C  

       
Transfer TREVOR 1306 4/3/2013 

 
1922 5/2/2012 None 1400 1479 Male Not Contracepted Birth TREVOR 1311 5/2/2012 00-06CE-9283  

       
Transfer NYWOLF 1922 1/30/2013 00-06DF-920C  

       
Transfer TREVOR 1311 4/3/2013 

 
Totals: 2.1.0 (3) 

VA MUSEUM - Virginia Living Museum, Newport News, VA, 

USA 

1273 4/24/2003 Day 932 725 Male Not Contracepted Birth TALLAHASE 03L009 4/24/2003 
 

       
Transfer SANDYRIDG 11273 8/3/2004 

 

       
Transfer VA MUSEUM 1222 11/16/2005 

 
1595 4/26/2007 None 1273 1126 Male Neutered/Sterile Birth VA MUSEUM 1265 4/26/2007 00-069B-08FF  

1596 4/26/2007 None 1273 1126 Male Not Contracepted Birth VA MUSEUM 1266 4/26/2007 00-0695-AD28  

Totals: 3.0.0 (3) 

VICTOR TX - Texas Zoo, Victoria, TX, USA 

1583 4/20/2007 None 1091 1363 Female Not Contracepted Birth FOSSILRIM 5059 4/20/2007 095-067-280  

       
Transfer VICTOR TX 200900 1/8/2009 

 
Totals: 0.1.0 (1) 

WCSRC - Endangered Wolf Center, Eureka, MO, USA 

1402 5/6/2005 None 953 1021 Male Not Contracepted Birth WHEELING 3531 5/6/2005 00-0676-D697 

       
Transfer WSC MN 1402 10/26/2005 

 

       
Transfer WCSRC 201105 2/8/2011 

 
1586 4/20/2007 None 1091 1363 Female Not Contracepted Birth FOSSILRIM 5062 4/20/2007 095-080-531  

       
Transfer WCSRC 201206 10/9/2012 

 
1795 4/17/2010 None 1122 1353 Female Not Contracepted Birth CHICAGOLP 22479 4/17/2010 00-06CE-6234  

       
Transfer WCSRC 201406 11/13/2014 

 
1916 4/23/2012 None 1604 1564 Male Not Contracepted Birth CHEHAW 11080 4/23/2012 003325113  

       
Transfer WCSRC 201404 10/21/2014 

 
Totals: 2.2.0 (4) 
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WNCNATCTR - Western North Carolina Nature Center, Asheville, 

NC, USA 

1936 5/9/2012 None 1717 1742 Male Not Contracepted Birth WNCNATCTR 12M031 5/9/2012 51563312  

1937 5/9/2012 None 1717 1742 Male Not Contracepted Birth WNCNATCTR 12M033 5/9/2012 51557827  

Totals: 2.0.0 (2) 

WOLFHAVEN - Wolf Haven International, Tenino, WA, USA 

1405 5/10/2005 None 1284 1010 Male Not Contracepted Birth TACOMA 01405 5/10/2005 00-0669-3367 

       
Transfer WOLFHAVEN 1405 2/8/2009 

 
1480 5/3/2006 None 1091 1363 Female Not Contracepted Birth FOSSILRIM 5054 5/3/2006 463-A7C-4533  

       
Transfer TACOMA 01480 11/15/2007 

 

       
Transfer WOLFHAVEN 1480 12/21/2007 

 
1482 5/8/2006 None 1286 1123 Male Not Contracepted Birth TACOMA 01482 5/8/2006 00-0669-1D0D  

       
Transfer WOLFHAVEN 1482 9/10/2010 

 
1485 5/8/2006 None 1286 1123 Female Not Contracepted Birth TACOMA 01485 5/8/2006 00-0665-E0F2  

       
Transfer WOLFHAVEN 1485 9/10/2010 

 
Totals: 2.2.0 (4) 

WSC MN - Wildlife Science Center, Columbus, MN, USA 

1225 5/5/2002 None 651 925 Female Not Contracepted Birth TACOMA 01225 5/5/2002 00-01BB-9CCC 

       
Transfer WSC MN 1225 1/15/2004 

 
1610 5/6/2007 None 817 1127 Male Not Contracepted Birth BRIDGEPRT 101823 5/6/2007 089-084-046  

       
Transfer WSC MN 1610 1/10/2008 

 

       
Transfer SIOUX FAL 4080 2/10/2010 

 

       
Transfer WSC MN 1610 7/8/2011 

 
1787 4/14/2010 None 1414 1722 Female Not Contracepted Birth BLOOMINGT M10022 4/14/2010 00-06CA-D736  

       
Transfer WSC MN 1787 2/9/2012 

 
Totals: 1.2.0 (3) 

TOTALS: 126.152.0 (278) 
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Report ordered by: birth date...                       

 

Studbook ID Birth Date Sire Dam Sex Event Location Local ID Date 

2047 3/30/2014 1609 1734 Male Birth JACKSON 201191 3/30/2014 

     
Death JACKSON AACKN 5/26/2014 

2048 3/30/2014 1609 1734 Male Birth JACKSON 201192 3/30/2014 

2049 3/30/2014 1609 1734 Male Birth JACKSON 201193 3/30/2014 

     
Death JACKSON AACKN 5/8/2014 

2050 3/30/2014 1609 1734 Female Birth JACKSON 201194 3/30/2014 

2051 3/30/2014 1609 1734 Female Birth JACKSON 201195 3/30/2014 

     
Death JACKSON NHY N 6/12/2014 

2052 3/30/2014 1609 1734 Female Birth JACKSON 201196 3/30/2014 

2053 3/30/2014 1609 1734 Female Birth JACKSON 201197 3/30/2014 

     
Death JACKSON NHY N 6/12/2014 

2054 3/30/2014 1609 1734 Female Birth JACKSON 201198 3/30/2014 

2055 4/8/2014 1400 1598 Male Birth AWENDA 12055 4/8/2014 

2056 4/8/2014 1400 1598 Male Birth AWENDA 12056 4/8/2014 

2057 4/8/2014 1400 1598 Female Birth AWENDA 12057 4/8/2014 

     
Transfer MANTEO 12057 4/18/2014 

2058 4/8/2014 1400 1598 Female Birth AWENDA 12058 4/8/2014 

     
Transfer MANTEO 12058 4/18/2014 

2059 4/8/2014 1400 1598 Female Birth AWENDA 12059 4/8/2014 

     
Death AWENDA NHN N 4/10/2014 

2060 4/8/2014 1400 1598 Female Birth AWENDA 12060 4/8/2014 

     
Death AWENDA NHN N 4/10/2014 

2087 4/8/2014 1727 1812 Female Birth MANTEO 12087 4/8/2014 

2088 4/8/2014 1727 1812 Female Birth MANTEO 12088 4/8/2014 

2089 4/8/2014 1727 1812 Female Birth MANTEO 12089 4/8/2014 

2085 4/13/2014 1547 1768 Female Birth MANTEO 12085 4/13/2014 

     
Death MANTEO 12085 1/24/2015 

2086 4/13/2014 1547 1768 Male Birth MANTEO 12086 4/13/2014 

2090 4/14/2014 1672 1779 Male Birth MANTEO 12090 4/14/2014 

     
Death MANTEO NHY N 4/23/2014 

2091 4/14/2014 1672 1779 Male Birth MANTEO 12091 4/14/2014 

2092 4/14/2014 1672 1779 Male Birth MANTEO 12092 4/14/2014 

     
Death MANTEO 12092 10/21/2014 

2093 4/14/2014 1672 1779 Male Birth MANTEO 12093 4/14/2014 

2094 4/14/2014 1672 1779 Female Birth MANTEO 12094 4/14/2014 

2095 4/14/2014 1672 1779 Male Birth MANTEO 12095 4/14/2014 

     
Death MANTEO NHY N 4/23/2014 

2096 4/14/2014 1672 1779 Female Birth MANTEO 12096 4/14/2014 
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2097 4/14/2014 1672 1779 Female Birth MANTEO 12097 4/14/2014 

2098 4/19/2014 1747 1706 Male Birth MANTEO 12098 4/19/2014 

2099 4/19/2014 1747 1706 Female Birth MANTEO 12099 4/19/2014 

2100 4/19/2014 1747 1706 Male Birth MANTEO 12100 4/19/2014 

2101 4/19/2014 1747 1706 Male Birth MANTEO 12101 4/19/2014 

2102 4/19/2014 1747 1706 Male Birth MANTEO 12102 4/19/2014 

2103 4/19/2014 1747 1706 Female Birth MANTEO 12103 4/19/2014 

2061 4/20/2014 1784 1716 Female Birth NCS RAL 2061 4/20/2014 

2062 4/20/2014 1784 1716 Female Birth NCS RAL 2062 4/20/2014 

2063 4/20/2014 1784 1716 Female Birth NCS RAL 2063 4/20/2014 

2064 4/20/2014 1405 1485 Unknown Birth WOLFHAVEN 2064 4/20/2014 

     
Death WOLFHAVEN NHN N 5/7/2014 

2065 4/22/2014 1606 1600 Male Birth SANDYRIDG 12065 4/22/2014 

2066 4/22/2014 1606 1600 Male Birth SANDYRIDG 12066 4/22/2014 

2067 4/22/2014 1606 1600 Female Birth SANDYRIDG 12067 4/22/2014 

2068 5/2/2014 1201 1612 Female Birth GOLDENPND 2068 5/2/2014 

2069 5/2/2014 1201 1612 Female Birth GOLDENPND 2069 5/2/2014 

     
Death GOLDENPND NHY N 5/4/2014 

2070 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102347 5/8/2014 

     
Death BRIDGEPRT FAGIY 8/25/2014 

2071 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102348 5/8/2014 

     
Death BRIDGEPRT FAHRN 5/17/2014 

2072 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102349 5/8/2014 

     
Death BRIDGEPRT CAAKY 5/9/2014 

2073 5/8/2014 1803 1563 Female Birth BRIDGEPRT 102350 5/8/2014 

     
Transfer NYWOLF 2073 12/11/2014 

2074 5/8/2014 1803 1563 Female Birth BRIDGEPRT 102351 5/8/2014 

     
Transfer NYWOLF 2074 12/11/2014 

2075 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102352 5/8/2014 

     
Transfer NYWOLF 2075 12/11/2014 

2076 5/18/2014 1580 1589 Male Birth FRESNO 205070 5/18/2014 

2077 5/18/2014 1580 1589 Male Birth FRESNO 205071 5/18/2014 

2078 5/18/2014 1580 1589 Female Birth FRESNO 205072 5/18/2014 

2079 5/22/2014 1467 1742 Male Birth GREENBAY 201410 5/22/2014 

2080 5/22/2014 1467 1742 Male Birth GREENBAY 201411 5/22/2014 

2081 5/22/2014 1467 1742 Male Birth GREENBAY 201412 5/22/2014 

2082 5/22/2014 1467 1742 Male Birth GREENBAY 201413 5/22/2014 

2083 5/22/2014 1467 1742 Female Birth GREENBAY 201414 5/22/2014 

2084 5/22/2014 1467 1742 Female Birth GREENBAY 201415 5/22/2014 

     
Transfer SPRINGFIE 1154 4/16/2015 
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2104 3/29/2015 1914 1919 Male Birth CHEHAW 150045 3/29/2015 

2105 3/29/2015 1914 1919 Female Birth CHEHAW 150046 3/29/2015 

     
Death CHEHAW 150046 4/14/2015 

2106 3/29/2015 1914 1919 Female Birth CHEHAW 150047 3/29/2015 

2107 4/4/2015 1718 1918 Male Birth CHEHAW 150048 4/4/2015 

2108 4/4/2015 1718 1918 Female Birth CHEHAW 150049 4/4/2015 

     
Death CHEHAW 150049 4/7/2015 

2109 4/4/2015 1718 1918 Female Birth CHEHAW 150050 4/4/2015 

     
Death CHEHAW 150050 5/12/2015 

2110 4/14/2015 1386 1722 Male Birth COAL VAL M2345 4/14/2015 

     
Death COAL VAL M2345 4/14/2015 

2111 4/14/2015 1386 1722 Male Birth COAL VAL M2341 4/14/2015 

2112 4/14/2015 1386 1722 Female Birth COAL VAL M2346 4/14/2015 

2113 4/14/2015 1386 1722 Female Birth COAL VAL M2347 4/14/2015 

2114 4/14/2015 1386 1722 Female Birth COAL VAL M2348 4/14/2015 

2115 5/2/2015 1803 1563 Male Birth NYWOLF 2115 5/2/2015 

     
Death NYWOLF 2115 5/6/2015 

2116 5/2/2015 1803 1563 Male Birth NYWOLF 2116 5/2/2015 

2117 5/2/2015 1803 1563 Male Birth NYWOLF 2117 5/2/2015 

2118 5/2/2015 1803 1563 Male Birth NYWOLF 2118 5/2/2015 

2119 5/2/2015 1803 1563 Male Birth NYWOLF 2119 5/2/2015 

2120 5/2/2015 1803 1563 Male Birth NYWOLF 2120 5/2/2015 

2121 5/2/2015 1803 1563 Female Birth NYWOLF 2121 5/2/2015 

Totals: 37.37.1 (75) 

 

 

Event: Transfers   

 

Studbook ID Birth Date Sire Dam Sex Event Location Local ID Date 

1291 5/13/2003 791 637 Female Birth TREVOR A3M632 5/13/2003 

     
Transfer NYWOLF 1291 12/22/2004 

     
Transfer BRIDGEPRT 102399 12/11/2014 

1359 4/18/2004 1125 818 Male Birth ASHEBORO 1639 4/18/2004 

     
Transfer TALLAHASE 05L009 12/15/2005 

     
Transfer ASHEBORO 1639 3/5/2014 

1394 5/1/2005 1091 983 Male Birth WNCNATCTR 05M301 5/1/2005 

     
Transfer MILL MOUN 582 12/19/2007 

     
Transfer NYWOLF 1394 12/20/2011 

     
Transfer BRIDGEPRT 102398 12/11/2014 

1395 5/1/2005 1091 983 Male Birth WNCNATCTR 05M302 5/1/2005 

     
Transfer MILL MOUN 583 12/19/2007 

     
Transfer KNOXVILLE 4175 6/4/2010 
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Transfer CHATT NAT 1395 11/21/2014 

1400 5/6/2005 953 1021 Male Birth WHEELING 3528 5/6/2005 

     
Transfer SANDYRIDG 11400 1/12/2006 

     
Transfer JACKSON 200821 12/3/2008 

     
Transfer TREVOR 1293 1/17/2012 

     
Transfer SANDYRIDG 11400 1/17/2013 

     
Transfer AWENDA 11400 5/21/2013 

     
Transfer RWOLF EHF 11400 12/2/2014 

1563 3/26/2007 779 1274 Female Birth LOWRY 102334 3/26/2007 

     
Transfer BRIDGEPRT 102331 11/20/2013 

     
Transfer NYWOLF 1563 12/11/2014 

1564 3/26/2007 779 1274 Female Birth LOWRY 102335 3/26/2007 

     
Transfer CHEHAW M1004 4/29/2010 

     
Transfer LOWRY 102335 2/11/2014 

1565 4/3/2007 1200 1275 Male Birth CHATT NAT 1565 4/3/2007 

     
Transfer ST.VINCE 11565 2/3/2009 

     
Transfer NYWOLF 1565 12/7/2013 

     
Transfer MILL MOUN 14015 12/10/2014 

1566 4/3/2007 1200 1275 Male Birth CHATT NAT 1566 4/3/2007 

     
Transfer MILL MOUN 12009 9/26/2012 

     
Transfer NYWOLF 1566 12/10/2014 

1606 5/4/2007 957 1204 Male Birth SPRINGFIE 904 5/4/2007 

     
Transfer ASHEBORO 1810 10/29/2008 

     
Transfer SANDYRIDG 11606 10/15/2010 

     
Transfer RWOLF EHF 11606 3/6/2015 

1611 5/6/2007 817 1127 Male Birth BRIDGEPRT 101824 5/6/2007 

     
Transfer WSC MN 1611 1/10/2008 

     
Transfer SIOUX FAL 4578 3/25/2014 

1615 5/6/2007 817 1127 Female Birth BRIDGEPRT 101826 5/6/2007 

     
Transfer PROVIDNCE 100293 12/6/2010 

     
Transfer RWOLF EHF 11615 12/2/2014 

1651 4/23/2007 932 1203 Female Birth ALEXANDRI M00291 4/23/2007 

     
Transfer HOMOSASSA HS2004 12/4/2014 

1712 4/28/2008 1020 1361 Male Birth BREVARD 28030 4/28/2008 

     
Transfer HOMOSASSA HS0823 11/25/2008 

     
Transfer TALLAHASE L14002 11/21/2014 

1714 4/28/2008 1020 1361 Male Birth BREVARD 28032 4/28/2008 

     
Transfer HOMOSASSA HS0822 11/25/2008 

     
Transfer ASHEBORO 2060 11/21/2014 

1717 5/4/2008 974 1126 Male Birth SALISBURY 1707 5/4/2008 
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Transfer CHEHAW ______ 12/17/2009 

     
Transfer WNCNATCTR 11M031 12/14/2011 

     
Transfer SPRINGFIE 1143 11/19/2014 

1718 5/4/2008 974 1126 Male Birth SALISBURY 1706 5/4/2008 

     
Transfer AWENDA 11718 12/17/2009 

     
Transfer ASHEBORO 1926 11/2/2011 

     
Transfer CHEHAW 140056 11/17/2014 

1722 5/6/2008 924 958 Female Birth SIOUX FAL 3751 5/6/2008 

     
Transfer BLOOMINGT M09057 10/19/2009 

     
Transfer COAL VAL M2333 9/22/2014 

1784 4/14/2010 1414 1722 Male Birth BLOOMINGT M10019 4/14/2010 

     
Transfer NCS RAL 1784 2/11/2012 

     
Transfer DURHAM MS 07M-14 11/3/2014 

1790 4/17/2010 1122 1353 Male Birth CHICAGOLP 22474 4/17/2010 

     
Transfer WCSRC 201103 1/11/2011 

     
Transfer SALISBURY 1893 10/3/2014 

1794 4/17/2010 1122 1353 Female Birth CHICAGOLP 22478 4/17/2010 

     
Transfer DURHAM MS 08M-14 11/12/2014 

1795 4/17/2010 1122 1353 Female Birth CHICAGOLP 22479 4/17/2010 

     
Transfer WCSRC 201406 11/13/2014 

1803 5/6/2010 1483 1397 Male Birth NYWOLF 1803 5/6/2010 

     
Transfer BRIDGEPRT 102336 1/30/2014 

     
Transfer NYWOLF 1803 12/11/2014 

1859 4/30/2011 1408 1370 Female Birth CHATT NAT 1859 4/30/2011 

     
Transfer KNOXVILLE 4933 11/21/2014 

1910 4/17/2012 1467 1723 Female Birth SIOUX FAL 4403 4/17/2012 

     
Transfer WSC MN 1910 3/25/2014 

     
Death WSC MN BHY N 7/16/2014 

1914 4/22/2012 1414 1722 Male Birth BLOOMINGT 120030 4/22/2012 

     
Transfer SPRINGFIE 1115 7/3/2013 

     
Transfer CHEHAW 140047 10/21/2014 

1916 4/23/2012 1604 1564 Male Birth CHEHAW 11080 4/23/2012 

     
Transfer WCSRC 201404 10/21/2014 

1917 4/23/2012 1604 1564 Male Birth CHEHAW 11081 4/23/2012 

     
Transfer BLOOMINGT M14086 10/21/2014 

1923 5/2/2012 1400 1479 Female Birth TREVOR 1307 5/2/2012 

     
Transfer CHARLESLD 222 6/13/2013 

     
Transfer ST.VINCE 11923 1/19/2015 

1930 5/7/2012 1490 1382 Female Birth TACOMA 01930 5/7/2012 

     
Transfer BLOOMINGT M14090 11/25/2014 
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1938 5/9/2012 1717 1742 Female Birth WNCNATCTR 12M032 5/9/2012 

     
Transfer PROVIDNCE 100380 12/11/2014 

1942 5/14/2012 1278 1366 Male Birth TACOMA 01942 5/14/2012 

     
Transfer ASHEBORO 2061 12/8/2014 

2057 4/8/2014 1400 1598 Female Birth AWENDA 12057 4/8/2014 

     
Transfer MANTEO 12057 4/18/2014 

2058 4/8/2014 1400 1598 Female Birth AWENDA 12058 4/8/2014 

     
Transfer MANTEO 12058 4/18/2014 

2073 5/8/2014 1803 1563 Female Birth BRIDGEPRT 102350 5/8/2014 

     
Transfer NYWOLF 2073 12/11/2014 

2074 5/8/2014 1803 1563 Female Birth BRIDGEPRT 102351 5/8/2014 

     
Transfer NYWOLF 2074 12/11/2014 

2075 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102352 5/8/2014 

     
Transfer NYWOLF 2075 12/11/2014 

2084 5/22/2014 1467 1742 Female Birth GREENBAY 201415 5/22/2014 

     
Transfer SPRINGFIE 1154 4/16/2015 

Totals: 20.18.0 (38) 

 

 

 

Event: Deaths (captive and wild)                         

 

Studbook ID Birth Date Sire Dam Sex Event Location Local ID Date 

1091 4/27/2000 432 531 Male Birth WNCNATCTR 03M301 4/27/2000 

     
Transfer ASHEBORO 1562 10/29/2001 

     
Transfer JACKSONVL 802347 12/10/2002 

     
Transfer WNCNATCTR 03M301 10/29/2003 

     
Transfer FOSSILRIM 5053 2/9/2006 

     
Transfer TACOMA 01091 6/29/2011 

     
Death TACOMA AAGNN 6/15/2014 

1126 5/16/2001 477 793 Female Birth BREVARD 940707 5/16/2001 

     
Transfer BRIDGEPRT 101360 5/30/2001 

     
Transfer VA MUSEUM 1080 1/15/2003 

     
Transfer SALISBURY 1693 12/20/2007 

     
Death SALISBURY EAY N 6/12/2014 

1196 4/10/2002 953 918 Female Birth DURHAM MS 5M0202 4/10/2002 

     
Transfer OKLAHOMA 770119 10/9/2002 

     
Transfer WOLFHAVEN 1196 9/25/2013 

     
Death WOLFHAVEN 1196 1/19/2015 

1279 4/28/2003 939 1009 Male Birth TACOMA 01279 4/28/2003 

     
Death TACOMA AAGNY 2/13/2014 

1281 4/28/2003 939 1009 Female Birth TACOMA 01281 4/28/2003 
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Death TACOMA 01281 4/8/2015 

1284 5/1/2003 816 743 Male Birth MILL MOUN 495 5/1/2003 

     
Transfer TACOMA 01284 7/17/2003 

     
Death TACOMA 01284 11/12/2014 

1287 5/12/2003 924 576 Female Birth TACOMA 01287 5/12/2003 

     
Transfer PROVIDNCE 100192 1/4/2005 

     
Transfer DURHAM MS 07M10 10/12/2010 

     
Death DURHAM MS 07M10 11/3/2014 

1300 4/12/2004 1048 1045 Female Birth MANTEO 11300 4/12/2004 

     
Death MANTEO 11300 2/27/2015 

1301 4/12/2004 1048 1045 Male Birth MANTEO 11301 4/12/2004 

     
Death MANTEO NHYGN 8/26/2014 

1360 4/18/2004 1125 818 Female Birth ASHEBORO 1640 4/18/2004 

     
Transfer KNOXVILLE 3167 8/28/2005 

     
Transfer ASHEBORO 1640 11/14/2011 

     
Death ASHEBORO 1640 12/9/2014 

1363 4/23/2004 956 937 Female Birth FORTWORTH 202953 4/23/2004 

     
Transfer FOSSILRIM 5051 2/9/2005 

     
Transfer TACOMA 01363 6/29/2011 

     
Death TACOMA 01363 2/24/2015 

1393 4/29/2005 1125 1197 Female Birth ASHEBORO 1711 4/29/2005 

     
Death ASHEBORO AAY N 5/27/2014 

1398 5/1/2005 1091 983 Female Birth WNCNATCTR 05M305 5/1/2005 

     
Transfer SYRACUSE M05094 10/20/2005 

     
Death SYRACUSE M05094 3/25/2015 

1401 5/6/2005 953 1021 Male Birth WHEELING 3529 5/6/2005 

     
Transfer WSC MN 1401 10/26/2005 

     
Death WSC MN 1401 4/7/2015 

1409 5/13/2005 621 918 Female Birth WCSRC 200535 5/13/2005 

     
Transfer COAL VAL M2002 8/2/2007 

     
Death COAL VAL FAKBN 5/5/2014 

1414 5/21/2005 702 938 Male Birth TACOMA 01414 5/21/2005 

     
Transfer BLOOMINGT MO7007 1/25/2007 

     
Transfer DURHAM MS 05M-12 11/7/2012 

     
Death DURHAM MS AHGNN 9/30/2014 

1458 4/24/2005 1034 1044 Male Birth MANTEO 11458 4/24/2005 

     
Death MANTEO DHAKN 9/26/2014 

1464 4/23/2006 791 819 Male Birth WCSRC 200603 4/23/2006 

     
Transfer GREENBAY 200744 12/8/2007 

     
Transfer TACOMA 01464 11/9/2012 



RED WOLF STUDBOOK                                                                                 

Births, Transfers, Deaths since last studbook publication (27 Jan. 2014) 

 

 

29 

Studbook ID Birth Date Sire Dam Sex Event Location Local ID Date 

     
Death TACOMA 01464 4/18/2015 

1468 4/30/2006 1284 1010 Male Birth TACOMA 01468 4/30/2006 

     
Death TACOMA 01468 5/14/2015 

1488 5/8/2006 1286 1123 Female Birth TACOMA 01488 5/8/2006 

     
Death TACOMA AAY N 9/27/2014 

1584 4/20/2007 1091 1363 Female Birth FOSSILRIM 5060 4/20/2007 

     
Transfer VICTOR TX 200901 1/8/2009 

     
Death VICTOR TX NHY N 7/29/2014 

1589 4/21/2007 1122 1353 Female Birth CHICAGOLP 21880 4/21/2007 

     
Transfer TACOMA 01589 12/10/2008 

     
Transfer FRESNO 205005 1/7/2014 

     
Death FRESNO FHGRN 10/25/2014 

1593 4/25/2007 791 819 Female Birth WCSRC 200701 4/25/2007 

     
Death WCSRC AAKBY 5/7/2014 

1608 5/4/2007 957 1204 Female Birth SPRINGFIE 906 5/4/2007 

     
Death SPRINGFIE 906 3/25/2015 

1680 4/15/2008 1519 1448 Female Birth MANTEO 11680 4/15/2008 

     
Death MANTEO DHN N 2/12/2014 

1683 4/16/2008 1540 1419 Male Birth MANTEO 11683 4/16/2008 

     
Death MANTEO 11683 3/3/2015 

1684 4/16/2008 1540 1419 Male Birth MANTEO 11684 4/16/2008 

     
Death MANTEO 11684 2/1/2015 

1727 5/1/2008 1124 982 Male Birth ST.VINCE 11727 5/1/2008 

     
Transfer MANTEO 11727 1/29/2009 

     
Death MANTEO NHY N 9/22/2014 

1729 5/1/2008 1124 982 Female Birth ST.VINCE 11729 5/1/2008 

     
Death ST.VINCE 11729 1/5/2015 

1741 4/24/2009 1122 1353 Female Birth CHICAGOLP 22296 4/24/2009 

     
Transfer MANTEO 11741 5/1/2009 

     
Death MANTEO 11741 12/13/2014 

1750 4/14/2009 1540 1419 Male Birth MANTEO 11750 4/14/2009 

     
Death MANTEO 11750 10/3/2014 

1885 4/19/2011 1547 1768 Male Birth MANTEO 11885 4/19/2011 

     
Death MANTEO 11885 1/14/2015 

1886 4/19/2011 1547 1768 Male Birth MANTEO 11886 4/19/2011 

     
Death MANTEO 11886 12/5/2014 

1902 4/19/2011 1238 1577 Male Birth MANTEO 11902 4/19/2011 

     
Death MANTEO DHY N 3/11/2014 

1908 4/17/2012 1467 1723 Male Birth SIOUX FAL 4401 4/17/2012 

     
Death SIOUX FAL AAEAY 4/9/2014 
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1910 4/17/2012 1467 1723 Female Birth SIOUX FAL 4403 4/17/2012 

     
Transfer WSC MN 1910 3/25/2014 

     
Death WSC MN BHY N 7/16/2014 

1915 4/22/2012 1414 1722 Female Birth BLOOMINGT 120031 4/22/2012 

     
Death BLOOMINGT NHY N 8/5/2014 

1939 5/9/2012 1717 1742 Female Birth WNCNATCTR 12M034 5/9/2012 

     
Transfer ASHEBORO 1997 12/4/2013 

     
Death ASHEBORO AACKY 4/11/2014 

1946 5/14/2012 1278 1366 Female Birth TACOMA 01946 5/14/2012 

     
Death TACOMA AAGBN 8/19/2014 

1993 4/21/2013 1606 1600 Female Birth SANDYRIDG 11993 4/21/2013 

     
Transfer MANTEO 11993 5/1/2013 

     
Death MANTEO NLN N 6/30/2014 

2000 5/5/2013 1381 1488 Male Birth TACOMA 02000 5/5/2013 

     
Death TACOMA 02000 2/6/2015 

2024 4/20/2013 1737 1680 Female Birth MANTEO 12024 4/20/2013 

     
Death MANTEO DHAKN 8/14/2014 

2026 4/19/2013 1747 1706 Male Birth MANTEO 12026 4/19/2013 

     
Death MANTEO DHAKN 6/17/2014 

2037 4/23/2013 1672 1779 Male Birth MANTEO 12037 4/23/2013 

     
Return From LTF MANTEO 12037 10/20/2014 

     
Death MANTEO 12037 10/20/2014 

2047 3/30/2014 1609 1734 Male Birth JACKSON 201191 3/30/2014 

     
Death JACKSON AACKN 5/26/2014 

2049 3/30/2014 1609 1734 Male Birth JACKSON 201193 3/30/2014 

     
Death JACKSON AACKN 5/8/2014 

2051 3/30/2014 1609 1734 Female Birth JACKSON 201195 3/30/2014 

     
Death JACKSON NHY N 6/12/2014 

2053 3/30/2014 1609 1734 Female Birth JACKSON 201197 3/30/2014 

     
Death JACKSON NHY N 6/12/2014 

2059 4/8/2014 1400 1598 Female Birth AWENDA 12059 4/8/2014 

     
Death AWENDA NHN N 4/10/2014 

2060 4/8/2014 1400 1598 Female Birth AWENDA 12060 4/8/2014 

     
Death AWENDA NHN N 4/10/2014 

2064 4/20/2014 1405 1485 Unknown Birth WOLFHAVEN 2064 4/20/2014 

     
Death WOLFHAVEN NHN N 5/7/2014 

2069 5/2/2014 1201 1612 Female Birth GOLDENPND 2069 5/2/2014 

     
Death GOLDENPND NHY N 5/4/2014 

2070 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102347 5/8/2014 

     
Death BRIDGEPRT FAGIY 8/25/2014 
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2071 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102348 5/8/2014 

     
Death BRIDGEPRT FAHRN 5/17/2014 

2072 5/8/2014 1803 1563 Male Birth BRIDGEPRT 102349 5/8/2014 

     
Death BRIDGEPRT CAAKY 5/9/2014 

2085 4/13/2014 1547 1768 Female Birth MANTEO 12085 4/13/2014 

     
Death MANTEO 12085 1/24/2015 

2090 4/14/2014 1672 1779 Male Birth MANTEO 12090 4/14/2014 

     
Death MANTEO NHY N 4/23/2014 

2092 4/14/2014 1672 1779 Male Birth MANTEO 12092 4/14/2014 

     
Death MANTEO 12092 10/21/2014 

2095 4/14/2014 1672 1779 Male Birth MANTEO 12095 4/14/2014 

     
Death MANTEO NHY N 4/23/2014 

2105 3/29/2015 1914 1919 Female Birth CHEHAW 150046 3/29/2015 

     
Death CHEHAW 150046 4/14/2015 

2108 4/4/2015 1718 1918 Female Birth CHEHAW 150049 4/4/2015 

     
Death CHEHAW 150049 4/7/2015 

2109 4/4/2015 1718 1918 Female Birth CHEHAW 150050 4/4/2015 

     
Death CHEHAW 150050 5/12/2015 

2110 4/14/2015 1386 1722 Male Birth COAL VAL M2345 4/14/2015 

     
Death COAL VAL M2345 4/14/2015 

2115 5/2/2015 1803 1563 Male Birth NYWOLF 2115 5/2/2015 

     
Death NYWOLF 2115 5/6/2015 

Totals: 30.33.1 

 

 

 

Compiled by: William Waddell thru Point Defiance Zoo & Aquarium                 

Data current thru: 18 May 2015 - International                                 

PopLink 2.4 
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Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

1 4/1/1966 Year WILD WILD Female Wild Capture TEXAS 9C6 2/13/1969 U 

      
Transfer OKLAHOMA 012804 4/23/1969 

 

      
Transfer TACOMA 0001 5/31/1974 

 

      
Death TACOMA NHN 2/18/1975 

 
2 4/1/1967 Year WILD WILD Male Wild Capture TEXAS 76103 1/1/1969 Y 

      
Transfer TACOMA 0019 9/9/1976 

 

      
Death TACOMA NHN 7/12/1981 

 
3 4/1/1968 Year WILD WILD Male Wild Capture TEXAS 2010 2/20/1971 Y 

      
Transfer WSC MN 2010 3/12/1971 

 

      
Transfer TACOMA 0003 1/1/1972 

 

      
Death TACOMA NHN 7/11/1980 

 
4 4/1/1968 Year WILD WILD Female Wild Capture TEXAS 74098 10/19/1974 Y 

      
Transfer TACOMA 0008 10/1/1976 

 

      
Death TACOMA NHN 12/15/1976 

 
5 4/1/1969 Year WILD WILD Female Wild Capture TEXAS 77022 2/5/1977 Y 

      
Transfer TACOMA 0030 1/1/1978 

 

      
Death TACOMA NHN 1/26/1979 

 
6 4/1/1970 Year WILD WILD Male Wild Capture TEXAS 74001 2/6/1974 N 

      
Transfer TACOMA 0004 2/14/1974 

 

      
Death TACOMA NHN 6/23/1982 

 
7 4/1/1970 Year WILD WILD Female Wild Capture TEXAS 1099 11/3/1970 Y 

      
Transfer WSC MN 1099 11/18/1970 

 

      
Transfer TACOMA 0002 1/1/1971 

 

      
Death TACOMA NHN 4/23/1979 

 
8 4/1/1971 Year WILD WILD Male Wild Capture TEXAS 74093 7/31/1974 N 

      
Transfer TACOMA 0006 8/12/1974 

 

      
Death TACOMA NHN 4/26/1985 

 
9 4/1/1971 Year WILD WILD Male Wild Capture TEXAS 74102 10/12/1974 Y 

      
Transfer TACOMA 0007 3/1/1975 

 

      
Death TACOMA NHN 4/8/1975 

 
10 4/1/1971 Year WILD WILD Male Wild Capture TEXAS 76044 1/21/1976 U 

      
Transfer TACOMA 0010 2/19/1976 

 

      
Transfer AWENDA 76044 11/4/1976 

 

      
Transfer TACOMA 0010 4/1/1977 

 

      
Death TACOMA NHN 3/31/1978 

 
11 4/1/1971 Year WILD WILD Male Wild Capture LOUISIAN 75114 9/30/1975 N 

      
Transfer TACOMA 0015 6/9/1977 

 

      
Transfer WCSRC 8108 10/20/1981 

 

      
Death WCSRC NHN 11/11/1988 
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12 4/1/1971 Year WILD WILD Female Wild Capture TEXAS 74002 2/6/1974 N 

      
Transfer TACOMA 0005 2/14/1974 

 

      
Death TACOMA NHN 3/17/1983 

 
13 4/1/1971 Year WILD WILD Female Wild Capture TEXAS 75016 2/28/1975 N 

      
Transfer TACOMA 0012 3/6/1975 

 

      
Death TACOMA NHN 5/1/1981 

 
14 4/1/1971 Year WILD WILD Female Wild Capture TEXAS 76102 8/31/1976 N 

      
Transfer TACOMA 0018 9/9/1976 

 

      
Death TACOMA NHN 9/3/1981 

 
15 4/1/1971 Year WILD WILD Female Wild Capture TEXAS 76123 10/3/1976 Y 

      
Transfer TACOMA 0020 10/28/1976 

 

      
Death TACOMA NHN 7/28/1982 

 
16 4/1/1971 Year WILD WILD Female Wild Capture TEXAS 76124 10/6/1976 N 

      
Transfer TACOMA 0022 10/28/1976 

 

      
Death TACOMA NHN 11/25/1978 

 
17 4/1/1972 Year WILD WILD Male Wild Capture LOUISIAN 75012 2/2/1975 N 

      
Transfer TACOMA 0009 3/6/1975 

 

      
Death TACOMA NHN 12/22/1980 

 
18 4/1/1972 Year WILD WILD Male Wild Capture TEXAS 75015 2/26/1975 Y 

      
Transfer LONG A 0013 2/26/1975 

 

      
Death LONG A NHN 8/7/1982 

 
19 4/1/1972 Year WILD WILD Male Wild Capture TEXAS 75081 2/21/1975 Y 

      
Transfer TACOMA 0014 5/6/1975 

 

      
Death TACOMA NHN 4/3/1981 

 
20 4/1/1972 Year WILD WILD Male Wild Capture TEXAS 76132 10/3/1976 Y 

      
Transfer TACOMA 0021 10/3/1976 

 

      
Death TACOMA NHN 12/15/1976 

 
21 4/1/1972 Year WILD WILD Male Wild Capture LOUISIAN 77072 11/18/1977 U 

      
Transfer LONG A 0037 11/18/1977 

 

      
Death LONG A NHN 12/15/1977 

 
22 4/1/1972 Year WILD WILD Female Wild Capture TEXAS 76045 1/21/1976 U 

      
Transfer TACOMA 0011 2/19/1976 

 

      
Transfer AWENDA 76045 11/4/1976 

 

      
Death AWENDA FHKX 4/1/1977 

 
23 4/1/1972 Year WILD WILD Female Wild Capture TEXAS 76131 10/1/1976 Y 

      
Transfer TACOMA 0023 10/3/1976 

 

      
Death TACOMA NHN 6/28/1977 

 
24 4/1/1973 Year WILD WILD Male Wild Capture LOUISIAN 76065 4/20/1976 N 

      
Transfer TACOMA 0017 3/3/1977 
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Death TACOMA NHN 6/17/1989 

 
25 4/1/1973 Year WILD WILD Male Wild Capture LOUISIAN 77007 1/21/1977 Y 

      
Transfer TACOMA 0027 1/21/1977 

 

      
Death TACOMA NHN 8/21/1980 

 
26 4/1/1973 Year WILD WILD Male Wild Capture LOUISIAN 77045 3/17/1977 N 

      
Transfer AWENDA 77045 7/5/1977 

 

      
Transfer LONG A 77045 11/1/1977 

 

      
Transfer TACOMA 0032 6/18/1980 

 

      
Death TACOMA NHN 1/22/1985 

 
27 4/1/1973 Year WILD WILD Male Wild Capture TEXAS 77051 4/27/1977 Y 

      
Transfer LONG A 0035 4/27/1977 

 

      
Death LONG A NHN 9/9/1977 

 
28 4/1/1973 Year WILD WILD Male Wild Capture LOUISIAN 77073 11/18/1977 Y 

      
Transfer LONG A 77073 11/18/1977 

 

      
Transfer TACOMA 0038 1/9/1979 

 

      
Death TACOMA NHN 8/12/1979 

 
29 4/1/1973 Year WILD WILD Female Wild Capture LOUISIAN 75118 11/4/1975 Y 

      
Transfer TACOMA 0016 12/1/1975 

 

      
Death TACOMA NHN 11/8/1979 

 
30 4/1/1973 Year WILD WILD Female Wild Capture LOUISIAN 77019 2/1/1977 N 

      
Transfer TACOMA 0028 3/3/1977 

 

      
Death TACOMA NHN 11/5/1980 

 
31 4/1/1973 Year WILD WILD Female Wild Capture LOUISIAN 77044 3/17/1977 U 

      
Transfer AWENDA 77044 7/5/1977 

 

      
Transfer LONG A 0031 11/1/1978 

 

      
Death LONG A NHN 4/6/1981 

 
32 4/1/1973 Year WILD WILD Female Wild Capture LOUISIAN 78031 3/28/1978 Y 

      
Transfer LONG A 0039 3/28/1978 

 

      
Death LONG A NHN 11/15/1978 

 
33 4/1/1974 Year WILD WILD Male Wild Capture TEXAS 77021 2/4/1977 N 

      
Transfer TACOMA 0029 3/3/1977 

 

      
Death TACOMA NHN 7/9/1981 

 
34 4/1/1974 Year WILD WILD Male Wild Capture TEXAS 79046 10/3/1979 N 

      
Transfer TACOMA 0127 12/4/1979 

 

      
Death TACOMA NHN 3/12/1987 

 
35 4/1/1974 Year WILD WILD Female Wild Capture LOUISIAN 78028 3/19/1978 Y 

      
Transfer TACOMA 0033 5/24/1978 

 

      
Death TACOMA NHN 7/2/1984 

 
36 4/1/1974 Year WILD WILD Female Wild Capture TEXAS 77052 4/27/1977 Y 
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Transfer LONG A 0036 4/27/1977 

 

      
Death LONG A NHN 3/4/1979 

 
37 4/1/1974 Year WILD WILD Female Wild Capture LOUISIAN 76058 6/29/1976 Y 

      
Transfer LONG A 0245 6/29/1976 

 

      
Death LONG A NHN 6/12/1980 

 
38 4/1/1975 Year WILD WILD Male Wild Capture LOUISIAN 77002 1/7/1978 Y 

      
Transfer TACOMA 0026 1/8/1978 

 

      
Death TACOMA NHN 7/21/1978 

 
39 4/1/1975 Year WILD WILD Male Wild Capture TEXAS 77050 4/27/1977 Y 

      
Transfer TACOMA 0034 4/30/1977 

 

      
Death TACOMA NHN 7/18/1979 

 
40 4/1/1975 Year WILD WILD Female Wild Capture TEXAS 76133 10/3/1976 Y 

      
Transfer LONG A 0024 10/3/1976 

 

      
Death LONG A NHN 7/15/1978 

 
41 4/1/1975 Year WILD WILD Female Wild Capture LOUISIAN 77001 1/6/1977 Y 

      
Transfer TACOMA 0025 1/10/1977 

 

      
Death TACOMA NHN 7/21/1978 

 
42 4/1/1976 Year WILD WILD Male Wild Capture LOUISIAN 78041 4/6/1978 N 

      
Transfer TACOMA 0040 5/24/1978 

 

      
Death TACOMA NHN 2/5/1981 

 
43 5/3/1977 None 18 40 Unknown Birth LONG A 0239 5/3/1977 Y 

      
Death LONG A NHN 5/14/1977 

 
44 5/3/1977 None 18 40 Male Birth LONG A 0240 5/3/1977 Y 

      
Death LONG A NHN 8/1/1978 

 
45 5/3/1977 None 18 40 Female Birth LONG A 0241 5/3/1977 Y 

      
Death LONG A NHN 5/3/1978 

 
46 5/3/1977 None 18 40 Unknown Birth LONG A 0238 5/3/1977 Y 

      
Death LONG A NHN 5/3/1978 

 
47 5/4/1977 None 8 23 Male Birth TACOMA 0041 5/4/1977 Y 

      
Death TACOMA NHN 5/5/1977 

 
48 5/4/1977 None 8 23 Female Birth TACOMA 0043 5/4/1977 Y 

      
Death TACOMA NHN 2/12/1983 

 
49 5/4/1977 None 8 23 Unknown Birth TACOMA 0042 5/4/1977 Y 

      
Death TACOMA NHN 5/12/1977 

 
50 5/13/1977 None 6 12 Male Birth TACOMA OO44 5/13/1977 N 

      
Death TACOMA NHN 5/17/1977 

 
51 5/13/1977 None 6 12 Male Birth TACOMA 0047 5/13/1977 N 

      
Death TACOMA NHN 1/19/1979 

 
52 5/13/1977 None 6 12 Male Birth TACOMA 0048 5/13/1977 N 
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Death TACOMA NHN 12/22/1989 

 
53 5/13/1977 None 6 12 Male Birth TACOMA 0049 5/13/1977 N 

      
Transfer AUDUBON 271 10/30/1980 

 

      
Death AUDUBON NHN 5/9/1985 

 
54 5/13/1977 None 6 12 Female Birth TACOMA 0046 5/13/1977 N 

      
Transfer WCSRC 8109 10/20/1981 

 

      
Death WCSRC NHN 11/22/1989 

 
55 5/13/1977 None 6 12 Unknown Birth TACOMA 0045 5/13/1977 N 

      
Death TACOMA NHN 5/15/1977 

 
56 5/16/1977 None 2 14 Male Birth TACOMA 0054 5/16/1977 Y 

      
Death TACOMA NHN 7/21/1978 

 
57 5/16/1977 None 2 14 Male Birth TACOMA 0055 5/16/1977 Y 

      
Death TACOMA NHN 7/21/1978 

 
58 5/16/1977 None 2 14 Female Birth TACOMA 0050 5/16/1977 Y 

      
Death TACOMA NHN 7/21/1978 

 
59 5/16/1977 None 2 14 Female Birth TACOMA 0051 5/16/1977 Y 

      
Death TACOMA NHN 7/21/1978 

 
60 5/16/1977 None 2 14 Female Birth TACOMA OO52 5/16/1977 Y 

      
Death TACOMA NHN 7/21/1978 

 
61 5/16/1977 None 2 14 Female Birth TACOMA 0053 5/16/1977 Y 

      
Death TACOMA NHN 7/21/1978 

 
62 5/23/1977 None 3 7 Male Birth TACOMA 0057 5/23/1977 Y 

      
Death TACOMA NHN 5/1/1979 

 
63 5/23/1977 None 3 7 Male Birth TACOMA 0058 5/23/1977 Y 

      
Death TACOMA NHN 2/14/1978 

 
64 5/23/1977 None 3 7 Female Birth TACOMA 0056 5/23/1977 Y 

      
Death TACOMA NHN 7/21/1978 

 
65 4/1/1978 Year WILD WILD Female Wild Capture TEXAS 80019 3/20/1980 Y 

      
Transfer TACOMA 0246 6/18/1980 

 

      
Death TACOMA NHN 7/24/1985 

 
66 4/20/1978 None WILD 32 Female Birth LONG A 0242 4/20/1978 Y 

      
Death LONG A NHN 1/10/1979 

 
67 4/20/1978 None WILD 32 Female Birth LONG A 0243 4/20/1978 Y 

      
Death LONG A NHN 5/15/1978 

 
68 4/25/1978 None 28 40 Male Birth LONG A 0073 4/25/1978 Y 

      
Death LONG A NHN 1/15/1979 

 
69 4/25/1978 None 28 40 Unknown Birth LONG A 0070 4/25/1978 Y 

      
Death LONG A NHN 5/25/1978 

 
70 4/25/1978 None 28 40 Unknown Birth LONG A 0071 4/25/1978 Y 
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Death LONG A NHN 5/25/1978 

 
71 4/25/1978 None 28 40 Unknown Birth LONG A 0072 4/25/1978 Y 

      
Death LONG A NHN 5/25/1978 

 
72 4/28/1978 None 18 36 Male Birth LONG A 0089 4/28/1978 Y 

      
Death LONG A NHN 10/1/1980 

 
73 4/28/1978 None 18 36 Female Birth LONG A 0088 4/28/1978 Y 

      
Death LONG A NHN 4/23/1980 

 
74 4/28/1978 None 18 36 Unknown Birth LONG A 0090 4/28/1978 Y 

      
Death LONG A NHN 5/1/1978 

 
75 5/5/1978 None 17 29 Unknown Birth TACOMA 0059 5/5/1978 Y 

      
Death TACOMA NHN 5/20/1978 

 
76 5/5/1978 None 17 29 Unknown Birth TACOMA 0060 5/5/1978 Y 

      
Death TACOMA NHN 5/23/1978 

 
77 5/5/1978 None 17 29 Unknown Birth TACOMA 0061 5/5/1978 Y 

      
Death TACOMA NHN 6/6/1978 

 
78 5/5/1978 None 17 29 Unknown Birth TACOMA 0062 5/5/1978 Y 

      
Death TACOMA NHN 6/14/1978 

 
79 5/5/1978 None 8 16 Female Birth TACOMA 0095 5/5/1978 N 

      
Transfer AUDUBON 270 10/30/1980 

 

      
Transfer WCSRC 0095 1/29/1987 

 

      
Transfer TACOMA 0095 12/2/1988 

 

      
Death TACOMA NHN 4/21/1990 

 
80 5/5/1978 None 8 16 Unknown Birth TACOMA 0091 5/5/1978 N 

      
Death TACOMA NHN 5/6/1978 

 
81 5/5/1978 None 8 16 Unknown Birth TACOMA 0092 5/5/1978 N 

      
Death TACOMA NHN 5/6/1978 

 
82 5/5/1978 None 8 16 Unknown Birth TACOMA 0093 5/5/1978 N 

      
Death TACOMA NHN 5/6/1978 

 
83 5/5/1978 None 8 16 Unknown Birth TACOMA 0094 5/5/1978 N 

      
Death TACOMA NHN 5/8/1978 

 
84 5/10/1978 None 33 15 Male Birth TACOMA 0081 5/10/1978 Y 

      
Transfer LONG A 0081 10/20/1980 

 

      
Death LONG A NHN 5/1/1984 

 
85 5/10/1978 None 33 15 Male Birth TACOMA 0082 5/10/1978 Y 

      
Death TACOMA NHN 8/9/1979 

 
86 5/10/1978 None 33 15 Male Birth TACOMA 0083 5/10/1978 Y 

      
Death TACOMA NHN 8/9/1979 

 
87 5/10/1978 None 33 15 Female Birth TACOMA 0084 5/10/1978 Y 

      
Death TACOMA NHN 2/27/1979 
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88 5/10/1978 None 33 15 Female Birth TACOMA 0085 5/10/1978 Y 

      
Death TACOMA NHN 2/28/1979 

 
89 5/10/1978 None 33 15 Female Birth TACOMA 0086 5/10/1978 Y 

      
Death TACOMA NHN 8/9/1979 

 
90 5/10/1978 None 33 15 Female Birth TACOMA 0087 5/10/1978 Y 

      
Transfer LONG A 0087 10/20/1980 

 

      
Death LONG A NHN 5/1/1984 

 
91 5/16/1978 None 24 30 Unknown Birth TACOMA 0063 5/16/1978 N 

      
Death TACOMA NHN 5/22/1978 

 
92 5/16/1978 None 24 30 Unknown Birth TACOMA 0064 5/16/1978 N 

      
Death TACOMA NHN 5/22/1978 

 
93 5/16/1978 None 24 30 Unknown Birth TACOMA 0065 5/16/1978 N 

      
Death TACOMA NHN 5/22/1978 

 
94 5/16/1978 None 6 12 Female Birth TACOMA 0101 5/16/1978 N 

      
Death TACOMA NHN 4/5/1982 

 
95 5/16/1978 None 6 12 Unknown Birth TACOMA 0096 5/16/1978 N 

      
Death TACOMA NHN 5/19/1978 

 
96 5/16/1978 None 6 12 Unknown Birth TACOMA 0097 5/16/1978 N 

      
Death TACOMA NHN 5/19/1978 

 
97 5/16/1978 None 6 12 Unknown Birth TACOMA 0098 5/16/1978 N 

      
Death TACOMA NHN 5/21/1978 

 
98 5/16/1978 None 6 12 Unknown Birth TACOMA 0099 5/16/1978 N 

      
Death TACOMA NHN 5/22/1978 

 
99 5/16/1978 None 6 12 Unknown Birth TACOMA 0100 5/16/1978 N 

      
Death TACOMA NHN 6/24/1978 

 
100 5/18/1978 None 3 7 Male Birth TACOMA 0080 5/18/1978 Y 

      
Death TACOMA NHN 11/7/1978 

 
101 5/18/1978 None 3 7 Female Birth TACOMA 0079 5/18/1978 Y 

      
Death TACOMA NHN 2/28/1979 

 
102 5/18/1978 None 3 7 Unknown Birth TACOMA 0074 5/18/1978 Y 

      
Death TACOMA NHN 6/18/1978 

 
103 5/18/1978 None 3 7 Unknown Birth TACOMA 0075 5/18/1978 Y 

      
Death TACOMA NHN 6/18/1978 

 
104 5/18/1978 None 3 7 Unknown Birth TACOMA 0076 5/18/1978 Y 

      
Death TACOMA NHN 6/18/1978 

 
105 5/18/1978 None 3 7 Unknown Birth TACOMA 0077 5/18/1978 Y 

      
Death TACOMA NHN 6/18/1978 

 
106 5/18/1978 None 3 7 Unknown Birth TACOMA 0078 5/18/1978 Y 

      
Death TACOMA NHN 6/18/1978 
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107 5/25/1978 None 2 13 Unknown Birth TACOMA 0066 5/25/1978 Y 

      
Death TACOMA NHN 7/14/1978 

 
108 5/25/1978 None 2 13 Unknown Birth TACOMA 0067 5/25/1978 Y 

      
Death TACOMA NHN 7/14/1978 

 
109 5/25/1978 None 2 13 Unknown Birth TACOMA 0068 5/25/1978 Y 

      
Death TACOMA NHN 7/14/1978 

 
110 5/25/1978 None 2 13 Unknown Birth TACOMA 0069 5/25/1978 Y 

      
Death TACOMA NHN 7/14/1978 

 
111 4/28/1979 None 33 14 Female Birth TACOMA 0114 4/28/1979 N 

      
Death TACOMA NHN 3/31/1991 

 
112 4/28/1979 None 33 14 Female Birth TACOMA 0115 4/28/1979 N 

      
Transfer VICTOR TX ______ 3/22/1983 

 

      
Death VICTOR TX NHN 2/5/1987 

 
113 4/28/1979 None 33 14 Unknown Birth TACOMA 0110 4/28/1979 N 

      
Death TACOMA NHN 4/28/1979 

 
114 4/28/1979 None 33 14 Unknown Birth TACOMA 0111 4/28/1979 N 

      
Death TACOMA NHN 4/28/1979 

 
115 4/28/1979 None 33 14 Unknown Birth TACOMA 0112 4/28/1979 N 

      
Death TACOMA NHN 5/3/1979 

 
116 4/28/1979 None 33 14 Unknown Birth TACOMA 0113 4/28/1979 N 

      
Death TACOMA NHN 5/3/1979 

 
117 5/1/1979 None 39 54 Male Birth TACOMA 0116 5/1/1979 Y 

      
Death TACOMA NHN 5/4/1979 

 
118 5/1/1979 None 39 54 Male Birth TACOMA 0117 5/1/1979 Y 

      
Death TACOMA NHN 11/15/1981 

 
119 5/1/1979 None 39 54 Male Birth TACOMA 0118 5/1/1979 Y 

      
Death TACOMA NHN 8/16/1979 

 
120 5/1/1979 None 39 54 Female Birth TACOMA 0119 5/1/1979 Y 

      
Death TACOMA NHN 8/8/1979 

 
121 5/2/1979 None 17 29 Male Birth TACOMA 0121 5/2/1979 Y 

      
Death TACOMA NHN 9/7/1979 

 
122 5/2/1979 None 17 29 Female Birth TACOMA 0120 5/2/1979 Y 

      
Death TACOMA NHN 5/8/1979 

 
123 5/2/1979 None 17 29 Female Birth TACOMA 0122 5/2/1979 Y 

      
Death TACOMA NHN 1/25/1985 

 
124 5/2/1979 None 17 29 Unknown Birth TACOMA 0244 5/2/1979 Y 

      
Death TACOMA NHN 5/5/1979 

 
125 5/8/1979 None 8 15 Unknown Birth TACOMA 0102 5/8/1979 Y 

      
Death TACOMA NHN 5/10/1979 
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126 5/8/1979 None 8 15 Unknown Birth TACOMA 0103 5/8/1979 Y 

      
Death TACOMA NHN 5/10/1979 

 
127 5/11/1979 None 6 12 Male Birth TACOMA 0106 5/11/1979 N 

      
Death TACOMA NHN 9/27/1979 

 
128 5/11/1979 None 6 12 Male Birth TACOMA 0107 5/11/1979 N 

      
Death TACOMA NHN 11/4/1980 

 
129 5/11/1979 None 6 12 Male Birth TACOMA 0108 5/11/1979 N 

      
Death TACOMA NHN 1/20/1983 

 
130 5/11/1979 None 6 12 Female Birth TACOMA 0104 5/11/1979 N 

      
Death TACOMA NHN 5/18/1979 

 
131 5/11/1979 None 6 12 Female Birth TACOMA 0105 5/11/1979 N 

      
Death TACOMA NHN 8/3/1979 

 
132 5/11/1979 None 6 12 Female Birth TACOMA 0109 5/11/1979 N 

      
Transfer FRESNO 6700 9/18/1989 

 

      
Transfer TACOMA 0109 1/9/1991 

 

      
Death TACOMA NHN 1/14/1992 

 
133 5/11/1979 None 24 30 Male Birth TACOMA 0124 5/11/1979 N 

      
Death TACOMA NHN 7/10/1979 

 
134 5/11/1979 None 24 30 Male Birth TACOMA 0125 5/11/1979 N 

      
Death TACOMA NHN 7/30/1979 

 
135 5/11/1979 None 24 30 Male Birth TACOMA 0126 5/11/1979 N 

      
Transfer VICTOR TX ______ 1/28/1986 

 

      
Transfer TACOMA 0126 11/29/1988 

 

      
Death TACOMA NHN 1/7/1990 

 
136 5/11/1979 None 24 30 Unknown Birth TACOMA 0123 5/11/1979 N 

      
Death TACOMA NHN 5/14/1979 

 
137 4/20/1980 None 17 132 Male Birth TACOMA 0129 4/20/1980 N 

      
Transfer VICTOR TX ______ 3/22/1983 

 

      
Death VICTOR TX NHN 9/9/1984 

 
138 4/20/1980 None 17 132 Female Birth TACOMA 0128 4/20/1980 N 

      
Death TACOMA NHN 4/7/1989 

 
139 4/27/1980 None 11 54 Male Birth TACOMA 0152 4/27/1980 N 

      
Death TACOMA NHN 12/4/1983 

 
140 4/27/1980 None 11 54 Male Birth TACOMA 0153 4/27/1980 N 

      
Transfer MANTEO 10140 11/12/1986 

 

      
Death MANTEO NHN 6/15/1988 

 
141 4/27/1980 None 11 54 Male Birth TACOMA 0154 4/27/1980 N 

      
Death TACOMA NHN 6/19/1981 

 
142 4/27/1980 None 11 54 Female Birth TACOMA 0155 4/27/1980 N 
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Transfer FOSSILRIM 5005 2/7/1989 

 

      
Death FOSSILRIM NHN 2/13/1991 

 
143 4/27/1980 None 11 54 Female Birth TACOMA 0156 4/27/1980 N 

      
Transfer LOSANGELE 003272 2/12/1989 

 

      
Death LOSANGELE NCAX 9/25/1995 

 
144 5/3/1980 None 42 79 Male Birth TACOMA 0163 5/3/1980 N 

      
Death TACOMA NHN 2/4/1985 

 
145 5/3/1980 None 42 79 Male Birth TACOMA 0164 5/3/1980 N 

      
Death TACOMA NHN 2/8/1983 

 
146 5/3/1980 None 42 79 Male Birth TACOMA 0165 5/3/1980 N 

      
Transfer ALEXANDRI 131001 12/15/1983 

 

      
Transfer TACOMA 0165 1/12/1987 

 

      
Death TACOMA NHN 4/19/1988 

 
147 5/3/1980 None 42 79 Male Birth TACOMA 0166 5/3/1980 N 

      
Death TACOMA NHN 8/4/1981 

 
148 5/3/1980 None 42 79 Male Birth TACOMA 0167 5/3/1980 N 

      
Death TACOMA NHN 5/5/1980 

 
149 5/3/1980 None 42 79 Female Birth TACOMA 0168 5/3/1980 N 

      
Death TACOMA NHN 5/5/1980 

 
150 5/5/1980 None 53 14 Male Birth TACOMA 0150 5/5/1980 N 

      
Death TACOMA NHN 5/7/1980 

 
151 5/5/1980 None 53 14 Male Birth TACOMA 0151 5/5/1980 N 

      
Death TACOMA NHN 5/10/1980 

 
152 5/5/1980 None 53 14 Female Birth TACOMA 0144 5/5/1980 N 

      
Death TACOMA NHN 1/26/1984 

 
153 5/5/1980 None 53 14 Female Birth TACOMA 0145 5/5/1980 N 

      
Death TACOMA NHN 2/28/1982 

 
154 5/5/1980 None 53 14 Female Birth TACOMA 0146 5/5/1980 N 

      
Death TACOMA NHN 7/26/1980 

 
155 5/5/1980 None 53 14 Female Birth TACOMA 0147 5/5/1980 N 

      
Death TACOMA NHN 12/17/1992 

 
156 5/5/1980 None 53 14 Female Birth TACOMA 0148 5/5/1980 N 

      
Death TACOMA NHN 5/16/1980 

 
157 5/5/1980 None 53 14 Female Birth TACOMA 0149 5/5/1980 N 

      
Death TACOMA NHN 6/26/1980 

 
158 5/5/1980 None 24 35 Male Birth TACOMA 0157 5/5/1980 Y 

      
Death TACOMA NHN 8/4/1981 

 
159 5/5/1980 None 24 35 Male Birth TACOMA 0158 5/5/1980 Y 

      
Death TACOMA NHN 1/26/1984 
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160 5/5/1980 None 24 35 Male Birth TACOMA 0162 5/5/1980 Y 

      
Death TACOMA NHN 5/8/1980 

 
161 5/5/1980 None 24 35 Female Birth TACOMA 0159 5/5/1980 Y 

      
Death TACOMA NHN 10/28/1980 

 
162 5/5/1980 None 24 35 Female Birth TACOMA 0160 5/5/1980 Y 

      
Death TACOMA NHN 4/29/1981 

 
163 5/5/1980 None 24 35 Female Birth TACOMA 0161 5/5/1980 Y 

      
Death TACOMA NHN 5/8/1980 

 
164 5/10/1980 None 6 13 Male Birth TACOMA 0137 5/10/1980 N 

      
Death TACOMA NHN 10/2/1986 

 
165 5/10/1980 None 6 13 Male Birth TACOMA 0138 5/10/1980 N 

      
Death TACOMA NHN 2/10/1993 

 
166 5/10/1980 None 6 13 Male Birth TACOMA 0142 5/10/1980 N 

      
Death TACOMA NHN 6/14/1980 

 
167 5/10/1980 None 6 13 Male Birth TACOMA 0143 5/10/1980 N 

      
Death TACOMA NHN 6/18/1980 

 
168 5/10/1980 None 6 13 Female Birth TACOMA 0136 5/10/1980 N 

      
Death TACOMA NHN 8/3/1981 

 
169 5/10/1980 None 6 13 Female Birth TACOMA 0139 5/10/1980 N 

      
Death TACOMA NHN 5/13/1980 

 
170 5/10/1980 None 6 13 Female Birth TACOMA 0140 5/10/1980 N 

      
Death TACOMA NHN 6/5/1980 

 
171 5/10/1980 None 6 13 Female Birth TACOMA 0141 5/10/1980 N 

      
Death TACOMA NHN 6/10/1980 

 
172 5/12/1980 None 8 15 Male Birth TACOMA 0133 5/12/1980 Y 

      
Death TACOMA NHN 8/3/1981 

 
173 5/12/1980 None 8 15 Male Birth TACOMA 0134 5/12/1980 Y 

      
Death TACOMA NHN 8/4/1981 

 
174 5/12/1980 None 8 15 Male Birth TACOMA 0135 5/12/1980 Y 

      
Death TACOMA NHN 8/4/1981 

 
175 5/12/1980 None 8 15 Female Birth TACOMA 0130 5/12/1980 Y 

      
Death TACOMA NHN 8/3/1981 

 
176 5/12/1980 None 8 15 Female Birth TACOMA 0131 5/12/1980 Y 

      
Death TACOMA NHN 8/3/1981 

 
177 5/12/1980 None 8 15 Female Birth TACOMA 0132 5/12/1980 Y 

      
Death TACOMA NHN 7/25/1980 

 
178 4/23/1981 None 24 152 Male Birth TACOMA 0188 4/23/1981 N 

      
Death TACOMA NHN 4/25/1981 

 
179 4/23/1981 None 24 152 Male Birth TACOMA 0189 4/23/1981 N 
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Transfer BATONROUG 2201 2/1/1990 

 

      
Death BATONROUG NHN 6/25/1991 

 
180 4/23/1981 None 24 152 Male Birth TACOMA 0190 4/23/1981 N 

      
Transfer FOSSILRIM 5002 2/7/1989 

 

      
Death FOSSILRIM NHN 1/6/1992 

 
181 4/23/1981 None 24 152 Female Birth TACOMA 0191 4/23/1981 N 

      
Death TACOMA NHN 2/15/1982 

 
182 4/23/1981 None 24 152 Female Birth TACOMA 0192 4/23/1981 N 

      
Death TACOMA NHN 4/23/1981 

 
183 4/23/1981 None 24 152 Female Birth TACOMA 0193 4/23/1981 N 

      
Death TACOMA NHN 6/28/1981 

 
184 5/1/1981 None 34 132 Male Birth TACOMA 0169 5/1/1981 N 

      
Transfer MANTEO 10184 11/12/1986 

 

      
Death MANTEO NHN 5/29/1988 

 
185 5/1/1981 None 34 132 Female Birth TACOMA 0170 5/1/1981 N 

      
Death TACOMA NHN 1/23/1982 

 
186 5/1/1981 None 34 132 Female Birth TACOMA 0171 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
187 5/1/1981 None 8 13 Male Birth TACOMA 0174 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
188 5/1/1981 None 8 13 Male Birth TACOMA 0175 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
189 5/1/1981 None 8 13 Male Birth TACOMA 0176 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
190 5/1/1981 None 8 13 Female Birth TACOMA 0177 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
191 5/1/1981 None 8 13 Female Birth TACOMA 0178 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
192 5/1/1981 None 8 13 Female Birth TACOMA 0179 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
193 5/1/1981 None 8 13 Female Birth TACOMA 0180 5/1/1981 N 

      
Death TACOMA NHN 5/1/1981 

 
194 5/1/1981 None 8 13 Female Birth TACOMA 0181 5/1/1981 N 

      
Transfer MANTEO 10194 11/12/1986 

 

      
Transfer SANDYRIDG 10194 12/11/1987 

 

      
Death SANDYRIDG NHN 12/28/1987 

 
195 5/1/1981 None 8 13 Female Birth TACOMA 0182 5/1/1981 N 

      
Death TACOMA NHN 9/14/1992 

 
196 5/1/1981 None 26 54 Female Birth TACOMA 0186 5/1/1981 N 
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Transfer MANTEO 10196 11/12/1986 

 

      
Death MANTEO NHN N 6/23/1988 

 
197 5/1/1981 None 26 54 Female Birth TACOMA 0187 5/1/1981 N 

      
Death TACOMA NHN 8/25/1981 

 
198 5/18/1981 None 11 15 Male Birth TACOMA 0172 5/18/1981 Y 

      
Death TACOMA NHN 5/26/1981 

 
199 5/18/1981 None 11 15 Female Birth TACOMA 0173 5/18/1981 Y 

      
Death TACOMA NHN 9/6/1981 

 
200 5/25/1981 None 6 65 Male Birth TACOMA 0183 5/25/1981 Y 

      
Death TACOMA NHN 6/23/1981 

 
201 5/25/1981 None 6 65 Female Birth TACOMA 0184 5/25/1981 Y 

      
Death TACOMA NHN 5/25/1981 

 
202 5/25/1981 None 6 65 Female Birth TACOMA 0185 5/25/1981 Y 

      
Death TACOMA NHN 7/2/1984 

 
203 4/23/1982 None 11 54 Male Birth WCSRC 0208 4/23/1982 N 

      
Death WCSRC NHN 11/1/1982 

 
204 4/23/1982 None 11 54 Male Birth WCSRC 0209 4/23/1982 N 

      
Death WCSRC NHN 4/25/1982 

 
205 4/23/1982 None 11 54 Female Birth WCSRC 0205 4/23/1982 N 

      
Transfer MANTEO 10205 11/12/1986 

 

      
Transfer SANDYRIDG 10205 11/3/1991 

 

      
Transfer TACOMA 0205 12/19/1991 

 

      
Death TACOMA NHXX 1/13/1994 

 
206 4/23/1982 None 11 54 Female Birth WCSRC 0206 4/23/1982 N 

      
Transfer TACOMA 0206 7/23/1987 

 

      
Death TACOMA NHN 8/4/1987 

 
207 4/23/1982 None 11 54 Female Birth WCSRC 0207 4/23/1982 N 

      
Death WCSRC NHN 11/1/1982 

 
208 4/29/1982 None 52 132 Male Birth TACOMA 0195 4/29/1982 N 

      
Transfer MANTEO 10208 1/11/1989 

 

      
Death MANTEO NHN N 7/31/1989 

 
209 4/29/1982 None 52 132 Male Birth TACOMA 0196 4/29/1982 N 

      
Death TACOMA NHN 7/12/1982 

 
210 4/29/1982 None 52 132 Female Birth TACOMA 0194 4/29/1982 N 

      
Death TACOMA NHN 1/29/1983 

 
211 4/29/1982 None 24 112 Male Birth TACOMA 0197 4/29/1982 N 

      
Transfer MANTEO 10211 11/12/1986 

 

      
Death MANTEO NHN 12/27/1988 

 
212 4/29/1982 None 24 112 Male Birth TACOMA 0198 4/29/1982 N 
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Death TACOMA NHN 2/26/1992 

 
213 4/29/1982 None 24 112 Male Birth TACOMA 0199 4/29/1982 N 

      
Transfer GULF BREZ TZ-97 4/25/1984 

 

      
Transfer BATONROUG 1718 8/31/1986 

 

      
Transfer TACOMA 0199 10/8/1987 

 

      
Transfer SANDYRIDG 10213 1/22/1988 

 

      
Death SANDYRIDG NHN 9/27/1988 

 
214 4/29/1982 None 24 112 Female Birth TACOMA 0200 4/29/1982 N 

      
Death TACOMA NHN 7/7/1982 

 
215 4/29/1982 None 24 112 Female Birth TACOMA 0201 4/29/1982 N 

      
Transfer SYRACUSE M86039 4/3/1986 

 

      
Transfer TACOMA 0201 2/22/1989 

 

      
Death TACOMA FCAX 8/10/1994 

 
216 4/29/1982 None 24 112 Female Birth TACOMA 0202 4/29/1982 N 

      
Transfer ALEXANDRI 132002 12/15/1983 

 

      
Death ALEXANDRI NHN 8/21/1988 

 
217 4/29/1982 None 24 112 Female Birth TACOMA 0203 4/29/1982 N 

      
Death TACOMA NHN 8/20/1982 

 
218 4/29/1982 None 24 112 Female Birth TACOMA 0204 4/29/1982 N 

      
Death TACOMA NHN 9/3/1985 

 
219 4/19/1983 None 53 79 Male Birth AUDUBON 0503 4/19/1983 N 

      
Transfer TACOMA 0234 11/20/1984 

 

      
Transfer TALLAHASE 106 2/11/1988 

 

      
Transfer ST.VINCE 10219 1/17/1990 

 

      
Transfer GATLINBRG 10219 1/28/1991 

 

      
Transfer SANDYRIDG 10219 5/13/1992 

 

      
Transfer TACOMA 0234 1/13/1993 

 

      
Death TACOMA FHAX 12/22/1997 

 
220 4/19/1983 None 53 79 Female Birth AUDUBON 0504 4/19/1983 N 

      
Death AUDUBON NHN 8/30/1983 

 
221 4/19/1983 None 53 79 Female Birth AUDUBON 0505 4/19/1983 N 

      
Transfer TACOMA 0236 11/20/1984 

 

      
Death TACOMA NHN 12/17/1992 

 
222 4/19/1983 None 53 79 Female Birth AUDUBON 0506 4/19/1983 N 

      
Transfer TACOMA 0237 11/20/1984 

 

      
Transfer TALLAHASE 109 2/11/1988 

 

      
Transfer TACOMA 0237 12/7/1988 

 

      
Transfer BIRMINGHM 2281 11/20/1991 

 

      
Transfer VICTOR TX 890283 12/19/1991 
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Death VICTOR TX FCAB 4/17/1996 

 
223 4/19/1983 None 53 79 Unknown Birth AUDUBON 0502 4/19/1983 N 

      
Death AUDUBON NHN 4/24/1983 

 
224 4/23/1983 None 11 54 Male Birth WCSRC 0211 4/23/1983 N 

      
Transfer BATONROUG 2024 12/7/1988 

 

      
Transfer TACOMA 0211 12/5/1989 

 

      
Death TACOMA AHAX 9/25/1998 

 
225 4/23/1983 None 11 54 Male Birth WCSRC 0212 4/23/1983 N 

      
Transfer TACOMA 0212 1/16/1991 

 

      
Death TACOMA NHN 2/5/1992 

 
226 4/23/1983 None 11 54 Unknown Birth WCSRC 0210 4/23/1983 N 

      
Death WCSRC NHN 4/28/1983 

 
227 4/23/1983 None 164 196 Male Birth TACOMA 0213 4/23/1983 N 

      
Transfer MANTEO 10227 11/12/1986 

 

      
Death MANTEO NHN N 9/4/1989 

 
228 4/23/1983 None 164 196 Male Birth TACOMA 0214 4/23/1983 N 

      
Death TACOMA NHN 5/1/1983 

 
229 4/23/1983 None 164 196 Female Birth TACOMA 0215 4/23/1983 N 

      
Death TACOMA NHN 5/2/1983 

 
230 5/8/1983 None 146 152 Female Birth TACOMA 0216 5/8/1983 N 

      
Transfer VICTOR TX ______ 2/10/1987 

 

      
Death VICTOR TX NHN 10/15/1988 

 
231 5/8/1983 None 146 152 Female Birth TACOMA 0217 5/8/1983 N 

      
Transfer MANTEO 10231 11/12/1986 

 

      
Death MANTEO NHN N 12/16/1987 

 
232 5/8/1983 None 146 152 Female Birth TACOMA 0218 5/8/1983 N 

      
Death TACOMA NHN 3/10/1984 

 
233 5/8/1983 None 146 152 Female Birth TACOMA 0219 5/8/1983 N 

      
Transfer FOSSILRIM 5008 2/7/1989 

 

      
Transfer VICTOR TX 890160 1/8/1991 

 

      
Death VICTOR TX NHN 1/11/1991 

 
234 5/10/1983 None 140 35 Male Birth TACOMA 0220 5/10/1983 Y 

      
Death TACOMA NHN 11/28/1984 

 
235 5/10/1983 None 140 35 Male Birth TACOMA 0221 5/10/1983 Y 

      
Death TACOMA NHN 5/23/1983 

 
236 5/10/1983 None 140 35 Male Birth TACOMA 0222 5/10/1983 Y 

      
Death TACOMA NHN 5/23/1983 

 
237 5/10/1983 None 140 35 Male Birth TACOMA 0223 5/10/1983 Y 

      
Death TACOMA NHN 6/10/1983 
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238 5/10/1983 None 140 35 Female Birth TACOMA 0224 5/10/1983 Y 

      
Death TACOMA NHN 7/24/1984 

 
239 5/10/1983 None 140 35 Female Birth TACOMA 0225 5/10/1983 Y 

      
Death TACOMA NHN 5/16/1983 

 
240 5/10/1983 None 140 35 Female Birth TACOMA 0226 5/10/1983 Y 

      
Death TACOMA NHN 5/31/1983 

 
241 5/10/1983 None 140 35 Female Birth TACOMA 0227 5/10/1983 Y 

      
Death TACOMA NHN 6/23/1983 

 
242 5/13/1983 None 52 195 Male Birth TACOMA 0232 5/13/1983 N 

      
Transfer AWENDA 10242 11/19/1987 

 

      
Death AWENDA NHN 11/4/1989 

 
243 5/13/1983 None 52 195 Female Birth TACOMA 0228 5/13/1983 N 

      
Transfer BRIDGEPRT 10102 6/8/1989 

 

      
Transfer TALLAHASE 243 1/15/1991 

 

      
Transfer TACOMA 0228 12/3/1991 

 

      
Death TACOMA NHN 3/16/1992 

 
244 5/13/1983 None 52 195 Female Birth TACOMA 0229 5/13/1983 N 

      
Transfer GULF BREZ 281 4/25/1984 

 

      
Death GULF BREZ NHN 7/14/1986 

 
245 5/13/1983 None 52 195 Female Birth TACOMA 0230 5/13/1983 N 

      
Transfer SANDYRIDG 10245 1/22/1988 

 

      
Transfer OCEAN SPR 10245 1/10/1989 

 

      
Death OCEAN SPR NHN 9/27/1989 

 
246 5/13/1983 None 52 195 Female Birth TACOMA 0231 5/13/1983 N 

      
Death TACOMA NHN 5/14/1983 

 
247 4/19/1984 None 11 54 Male Birth WCSRC 8401 4/19/1984 N 

      
Transfer TACOMA 0247 7/23/1987 

 

      
Transfer FOSSILRIM 5004 2/7/1989 

 

      
Transfer TACOMA 0247 7/21/1989 

 

      
Death TACOMA NCXX 7/26/1993 

 
248 4/19/1984 None 11 54 Female Birth WCSRC 0248 4/19/1984 N 

      
Transfer ALEXANDRI ______ 1/27/1989 

 

      
Transfer VICTOR TX 890129 1/3/1990 

 

      
Transfer KNOXVILLE 1414 1/17/1991 

 

      
Transfer FOSSILRIM 5021 12/10/1991 

 

      
Death FOSSILRIM AHAX 5/14/1997 

 
249 4/19/1984 None 11 54 Male Birth WCSRC 0249 4/19/1984 N 

      
Death WCSRC NHN 4/28/1984 

 
250 4/19/1984 None 11 54 Female Birth WCSRC 0250 4/19/1984 N 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

48 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

      
Death WCSRC NHN 4/28/1984 

 
251 4/21/1984 None 146 216 Female Birth ALEXANDRI 112003 4/21/1984 N 

      
Transfer TACOMA 0251 2/4/1986 

 

      
Transfer FOSSILRIM 5007 2/7/1989 

 

      
Transfer TACOMA 0251 1/15/1991 

 

      
Death TACOMA FHKB 3/16/1992 

 
252 4/21/1984 None 146 216 Female Birth ALEXANDRI 112004 4/21/1984 N 

      
Transfer TACOMA 0252 10/8/1987 

 

      
Transfer FOSSILRIM 5006 2/7/1989 

 

      
Death FOSSILRIM NHN 5/9/1990 

 
253 4/21/1984 None 146 216 Female Birth ALEXANDRI 112005 4/21/1984 N 

      
Transfer TACOMA 0253 12/13/1990 

 

      
Death TACOMA ACAL 8/24/1994 

 
254 4/21/1984 None 146 216 Female Birth ALEXANDRI 112006 4/21/1984 N 

      
Death ALEXANDRI NHN 1/8/1989 

 
255 4/23/1984 None 137 112 Male Birth VICTOR TX ______ 4/23/1984 N 

      
Transfer TACOMA 0255 11/8/1985 

 

      
Death TACOMA AHAX 6/16/1998 

 
256 4/23/1984 None 137 112 Male Birth VICTOR TX 0256 4/23/1984 N 

      
Go LTF VICTOR TX 0256 4/23/1984 

 
257 4/23/1984 None 137 112 Male Birth VICTOR TX 0257 4/23/1984 N 

      
Death VICTOR TX NHN 6/26/1984 

 
258 4/23/1984 None 137 112 Female Birth VICTOR TX 0258 4/23/1984 N 

      
Death VICTOR TX NHN 6/26/1984 

 
259 4/23/1984 None 137 112 Female Birth VICTOR TX 0259 4/23/1984 N 

      
Death VICTOR TX NHN 6/26/1984 

 
260 4/23/1984 None 137 112 Female Birth VICTOR TX 260 4/23/1984 N 

      
Death VICTOR TX NHN 6/26/1984 

 
261 5/18/1984 None 144 65 Male Birth TACOMA 0261 5/18/1984 Y 

      
Death TACOMA NHN 7/24/1985 

 
262 5/18/1984 None 144 65 Male Birth TACOMA 0262 5/18/1984 Y 

      
Death TACOMA NHN 7/24/1985 

 
263 5/18/1984 None 144 65 Male Birth TACOMA 0263 5/18/1984 Y 

      
Death TACOMA NHN 7/24/1985 

 
264 5/18/1984 None 144 65 Female Birth TACOMA 0264 5/18/1984 Y 

      
Death TACOMA NHN 7/24/1985 

 
265 5/18/1984 None 144 65 Female Birth TACOMA 0265 5/18/1984 Y 

      
Death TACOMA NHN 7/24/1985 

 
266 5/18/1984 None 144 65 Female Birth TACOMA 0266 5/18/1984 Y 
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Death TACOMA NHN 7/24/1985 

 
267 4/23/1985 None 53 79 Male Birth AUDUBON 692 4/23/1985 N 

      
Death AUDUBON IHXX 4/23/1985 

 
268 4/23/1985 None 53 79 Male Birth AUDUBON 693 4/23/1985 N 

      
Transfer SYRACUSE M86040 4/3/1986 

 

      
Transfer FOSSILRIM 5014 12/13/1989 

 

      
Transfer TACOMA 0268 1/15/1991 

 

      
Death TACOMA AIFR 2/9/2000 

 
269 4/23/1985 None 53 79 Female Birth AUDUBON 694 4/23/1985 N 

      
Transfer TACOMA 0269 1/20/1989 

 

      
Death TACOMA AHAR 1/4/1999 

 
270 4/23/1985 None 53 79 Female Birth AUDUBON 695 4/23/1985 N 

      
Transfer FOSSILRIM 5023 12/10/1991 

 

      
Transfer TACOMA 0270 12/15/1992 

 

      
Death TACOMA NCAL 1/6/1996 

 
271 4/23/1985 None 53 79 Female Birth AUDUBON 696 4/23/1985 N 

      
Death AUDUBON NHN 4/23/1985 

 
272 5/3/1985 None 11 54 Male Birth WCSRC 0272 5/3/1985 N 

      
Transfer ALEXANDRI 701011 12/7/1988 

 

      
Transfer TACOMA 0272 12/13/1990 

 

      
Death TACOMA ACAR 7/12/1997 

 
273 5/3/1985 None 11 54 Male Birth WCSRC 0273 5/3/1985 N 

      
Death WCSRC NHN 5/8/1985 

 
274 5/3/1985 None 11 54 Female Birth WCSRC 0274 5/3/1985 N 

      
Death WCSRC NHN 5/8/1985 

 
275 5/3/1985 None 11 54 Female Birth WCSRC 0275 5/3/1985 N 

      
Death WCSRC NHN 5/8/1985 

 
276 5/3/1985 None 11 54 Female Birth WCSRC 0276 5/3/1985 N 

      
Death WCSRC NHN 5/8/1985 

 
277 5/6/1985 None 34 132 Female Birth TACOMA 0277 5/6/1985 N 

      
Transfer SYRACUSE M89001 1/9/1989 

 

      
Transfer TACOMA 0277 12/13/1989 

 

      
Transfer NZP-WASH 109767 9/19/1990 

 

      
Death NZP-WASH AHAX 11/14/2000 

 
278 5/6/1985 None 34 132 Female Birth TACOMA 0278 5/6/1985 N 

      
Transfer WHEELING 1250 12/28/1988 

 

      
Transfer KNOXVILLE 1411 12/18/1990 

 

      
Transfer VICTOR TX 890161 1/17/1991 

 

      
Transfer KNOXVILLE 1411 11/20/1991 
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Transfer SPRINGFIE 407 12/19/1992 

 

      
Transfer GATLINBRG 10278 12/27/1996 

 

      
Transfer WNCNATCTR 278 1/2/1997 

 

      
Death WNCNATCTR NHYX 6/10/1999 

 
279 5/6/1985 None 34 132 Female Birth TACOMA 0279 5/6/1985 N 

      
Transfer AWENDA 10279 11/19/1987 

 

      
Death AWENDA NHN 7/29/1988 

 
280 5/7/1985 None 213 244 Male Birth GULF BREZ TZ-181 5/7/1985 N 

      
Transfer BATONROUG 1719 8/31/1986 

 

      
Transfer TACOMA 0280 10/8/1987 

 

      
Transfer AUDUBON 922 12/17/1987 

 

      
Transfer SANDYRIDG 10280 12/7/1988 

 

      
Transfer OCEAN SPR 10280 1/10/1989 

 

      
Transfer SANDYRIDG 10280 1/5/1990 

 

      
Death SANDYRIDG NHN N 11/22/1991 

 
281 5/7/1985 None 213 244 Male Birth GULF BREZ 0281 5/7/1985 N 

      
Death GULF BREZ NHN 7/14/1986 

 
282 5/7/1985 None 213 244 Male Birth GULF BREZ TZ-183 5/7/1985 N 

      
Transfer BATONROUG 1720 8/31/1986 

 

      
Transfer TACOMA 0282 10/8/1987 

 

      
Transfer WHEELING 1249 12/28/1988 

 

      
Transfer MILL MOUN A001 12/16/1992 

 

      
Death MILL MOUN NCAX 4/21/1995 

 
283 5/7/1985 None 213 244 Female Birth GULF BREZ ______ 5/7/1985 N 

      
Death GULF BREZ NHN 9/12/1985 

 
284 4/21/1986 None 11 54 Male Birth WCSRC 0284 4/21/1986 N 

      
Death WCSRC NHN 8/15/1986 

 
285 4/21/1986 None 11 54 Female Birth WCSRC 0285 4/21/1986 N 

      
Death WCSRC NHN 4/29/1986 

 
286 4/21/1986 None 11 54 Female Birth WCSRC 0286 4/21/1986 N 

      
Death WCSRC NHN 5/7/1986 

 
287 4/21/1986 None 11 54 Female Birth WCSRC 0287 4/21/1986 N 

      
Death WCSRC NHN 8/15/1986 

 
288 4/21/1986 None 11 54 Female Birth WCSRC 0288 4/21/1986 N 

      
Death WCSRC NHN 10/27/1986 

 
289 4/28/1986 None 213 244 Female Birth GULF BREZ ______ 4/28/1986 N 

      
Transfer TACOMA 0289 9/25/1986 

 

      
Transfer AWENDA 10289 11/22/1988 

 

      
Death AWENDA NHN 8/19/1989 
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290 4/28/1986 None 213 244 Female Birth GULF BREZ ______ 4/28/1986 N 

      
Transfer TACOMA 0290 9/25/1986 

 

      
Death TACOMA NHN 12/11/1986 

 
291 4/28/1986 None 213 244 Male Birth GULF BREZ ______ 4/28/1986 N 

      
Transfer TACOMA 0291 9/25/1986 

 

      
Transfer FOSSILRIM 5003 2/7/1989 

 

      
Transfer LOSANGELE 003860 12/20/1990 

 

      
Transfer TACOMA 291 9/6/1996 

 

      
Death TACOMA AHAX 4/1/1999 

 
292 4/28/1986 None 213 244 Male Birth GULF BREZ ______ 4/28/1986 N 

      
Transfer TACOMA 0292 9/25/1986 

 

      
Transfer LOSANGELE 003273 2/12/1989 

 

      
Transfer FOSSILRIM 5015 1/30/1991 

 

      
Transfer DURHAM MS 292 12/15/1992 

 

      
Death DURHAM MS AHAX 1/13/1997 

 
293 4/28/1986 None 213 244 Male Birth GULF BREZ ______ 4/28/1986 N 

      
Transfer TACOMA 0293 9/25/1986 

 

      
Transfer VICTOR TX 890019 11/30/1988 

 

      
Death VICTOR TX AHAX 3/17/1999 

 
294 4/29/1986 None 24 196 Male Birth TACOMA 0294 4/29/1986 N 

      
Transfer AUDUBON 0989 12/6/1988 

 

      
Transfer TACOMA 0294 12/5/1989 

 

      
Death TACOMA NIGK 3/17/2002 

 
295 4/29/1986 None 24 196 Male Birth TACOMA 0295 4/29/1986 N 

      
Death TACOMA NHN 10/2/1986 

 
296 4/29/1986 None 24 196 Female Birth TACOMA 0296 4/29/1986 N 

      
Death TACOMA NHN 12/23/1986 

 
297 4/29/1986 None 24 196 Female Birth TACOMA 0297 4/29/1986 N 

      
Transfer FRESNO 1673 1/7/1991 

 

      
Transfer FOSSILRIM 5025 12/18/1991 

 

      
Transfer KNOXVILLE 1547 12/21/1992 

 

      
Transfer GOLDENPND 297 2/15/1994 

 

      
Death GOLDENPND FCAX 4/16/1996 

 
298 4/29/1986 None 24 196 Female Birth TACOMA 0298 4/29/1986 N 

      
Death TACOMA NHN 7/6/1986 

 
299 5/6/1986 None 227 194 Male Birth TACOMA 0299 5/6/1986 N 

      
Transfer FOSSILRIM 5001 2/7/1989 

 

      
Transfer KNOXVILLE 1415 1/17/1991 

 

      
Transfer PROVIDNCE 921088 12/16/1992 
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Transfer FORTWORTH 974 2/2/1994 

 

      
Death FORTWORTH AHXX 4/2/1997 

 
300 5/6/1986 None 227 194 Female Birth TACOMA 0300 5/6/1986 N 

      
Transfer MANTEO 10300 1/22/1988 

 

      
Death MANTEO NCAX 8/12/1994 

 
301 5/6/1986 None 227 194 Female Birth TACOMA 0301 5/6/1986 N 

      
Transfer VICTOR TX 890018 11/30/1988 

 

      
Transfer TACOMA 0301 12/19/1989 

 

      
Death TACOMA AIAR 1/3/2002 

 
302 5/6/1986 None 227 194 Female Birth TACOMA 0302 5/6/1986 N 

      
Transfer BIRMINGHM 1825 5/8/1989 

 

      
Transfer FOSSILRIM 5016 12/6/1990 

 

      
Death FOSSILRIM NHN 4/10/1991 

 
303 5/6/1986 None 227 194 Female Birth TACOMA 0303 5/6/1986 N 

      
Transfer TALLAHASE WG303F 12/6/1988 

 

      
Transfer ST.VINCE 10303 1/17/1990 

 

      
Transfer GATLINBRG 10303 1/28/1991 

 

      
Transfer SANDYRIDG 10303 9/20/1992 

 

      
Transfer BRIDGEPRT 10502 1/6/1993 

 

      
Death BRIDGEPRT NHGN 6/29/2000 

 
304 5/6/1986 None 227 194 Female Birth TACOMA 0304 5/6/1986 N 

      
Transfer BINGHAMTO 891268 1/9/1989 

 

      
Transfer MANTEO 10304 7/12/1990 

 

      
Transfer SANDYRIDG 10304 11/19/1990 

 

      
Transfer WNCNATCTR 304 11/24/1991 

 

      
Transfer AWENDA 10304 12/4/1996 

 

      
Death AWENDA NCYX 8/3/1997 

 
305 5/6/1986 None 227 194 Female Birth TACOMA 0305 5/6/1986 N 

      
Transfer WCSRC 0305 12/6/1988 

 

      
Transfer GOLDENPND 305 2/3/1993 

 

      
Transfer TACOMA 0305 2/3/1994 

 

      
Death TACOMA FHAX 11/30/1998 

 
306 5/6/1986 None 227 194 Female Birth TACOMA 0306 5/6/1986 N 

      
Death TACOMA NHN 7/14/1986 

 
307 4/18/1987 None 247 54 Male Birth WCSRC 0307 4/18/1987 N 

      
Death WCSRC NHN 4/28/1987 

 
308 4/18/1987 None 247 54 Unknown Birth WCSRC 0308 4/18/1987 N 

      
Death WCSRC NHN 4/27/1987 

 
309 4/18/1987 None 247 54 Unknown Birth WCSRC 0309 4/18/1987 N 
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Death WCSRC NHN 4/27/1987 

 
310 4/25/1987 None 227 194 Male Birth SANDYRIDG 10310 4/25/1987 N 

      
Death SANDYRIDG NHN N 4/29/1987 

 
311 4/26/1987 None 242 279 Male Birth TACOMA 0311 4/26/1987 N 

      
Death TACOMA NHN 8/21/1987 

 
312 4/26/1987 None 242 279 Male Birth TACOMA 0312 4/26/1987 N 

      
Transfer ALEXANDRI HR0011 12/6/1988 

 

      
Transfer TACOMA 0312 12/14/1989 

 

      
Transfer WCSRC 0312 1/25/1991 

 

      
Transfer TACOMA 0312 12/18/1991 

 

      
Death TACOMA ACAX 12/19/1996 

 
313 4/26/1987 None 242 279 Female Birth TACOMA 0313 4/26/1987 N 

      
Transfer MANTEO 10313 1/22/1988 

 

      
Transfer SANDYRIDG 10313 9/18/1991 

 

      
Transfer WILDS 940205 2/9/1994 

 

      
Transfer LOWRY 100781 9/10/1996 

 

      
Transfer WNCNATCTR 313 1/15/1998 

 

      
Death WNCNATCTR NHYX 6/21/1998 

 
314 4/26/1987 None 242 279 Female Birth TACOMA 0314 4/26/1987 N 

      
Death TACOMA NHN 2/8/1988 

 
315 4/26/1987 None 242 279 Female Birth TACOMA 0315 4/26/1987 N 

      
Transfer BATONROUG 2025 12/6/1988 

 

      
Transfer AUDUBON 1504 12/30/1992 

 

      
Transfer AUDUB SSC M94001 11/3/1993 

 

      
Transfer AUDUBON 1504 5/31/1996 

 

      
Transfer GATLINBRG 10315 4/15/1997 

 

      
Transfer SANDYRIDG 10315 10/20/1998 

 

      
Death SANDYRIDG AHXX 2/1/1999 

 
316 4/26/1987 None 242 279 Female Birth TACOMA 0316 4/26/1987 N 

      
Transfer MANTEO 10316 1/22/1988 

 

      
Go LTF MANTEO 10316 12/20/1989 

 
317 4/26/1987 None 52 142 Male Birth TACOMA 0317 4/26/1987 N 

      
Death TACOMA NHN 8/11/1987 

 
318 4/26/1987 None 52 142 Male Birth TACOMA 0318 4/26/1987 N 

      
Death TACOMA NHN 8/11/1987 

 
319 4/26/1987 None 52 142 Male Birth TACOMA 0319 4/26/1987 N 

      
Transfer MANTEO 10319 1/22/1988 

 

      
Death MANTEO NHAX 4/1/1994 

 
320 5/12/1987 None 179 245 Female Birth TACOMA 0320 5/12/1987 N 
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Death TACOMA NHN 8/13/1987 

 
321 5/12/1987 None 179 245 Female Birth TACOMA 0321 5/12/1987 N 

      
Death TACOMA NHN 6/6/1993 

 
322 5/12/1987 None 179 245 Female Birth TACOMA 0322 5/12/1987 N 

      
Transfer MANTEO 10322 1/22/1988 

 

      
Transfer SANDYRIDG 10322 6/6/1988 

 

      
Transfer TACOMA 0322 12/13/1990 

 

      
Death TACOMA ACAX 1/17/1997 

 
323 5/12/1987 None 179 245 Female Birth TACOMA 0323 5/12/1987 N 

      
Transfer GOLDENPND 323 1/28/1991 

 

      
Transfer ALEXANDRI 131006 1/26/1993 

 

      
Death ALEXANDRI AHAX 3/21/1995 

 
324 5/12/1987 None 179 245 Female Birth TACOMA 0324 5/12/1987 N 

      
Transfer BRIDGEPRT 10320 1/28/1991 

 

      
Transfer TREVOR 93M406 1/11/1993 

 

      
Death TREVOR AHGR 10/19/2000 

 
325 5/12/1987 None 179 245 Female Birth TACOMA 0325 5/12/1987 N 

      
Death TACOMA ACAX 6/4/1996 

 
326 5/12/1987 None 179 245 Female Birth TACOMA 0326 5/12/1987 N 

      
Death TACOMA NHN 8/16/1987 

 
327 5/12/1987 None 179 245 Male Birth TACOMA 0327 5/12/1987 N 

      
Transfer BINGHAMTO 891267 1/9/1989 

 

      
Transfer MANTEO 10327 7/12/1990 

 

      
Death MANTEO NHN N 10/4/1990 

 
328 5/12/1987 None 179 245 Male Birth TACOMA 0328 5/12/1987 N 

      
Transfer MANTEO 10328 1/22/1988 

 

      
Transfer SANDYRIDG 10328 7/1/1991 

 

      
Transfer TACOMA 0328 12/19/1991 

 

      
Death TACOMA NHN 8/27/1992 

 
329 4/21/1988 None 242 279 Male Birth AWENDA 10329 4/21/1988 N 

      
Death AWENDA NHN 4/25/1988 

 
330 4/21/1988 None 242 279 Female Birth AWENDA 10330 4/21/1988 N 

      
Death AWENDA NHN 6/14/1988 

 
331 4/21/1988 None 242 279 Male Birth AWENDA 10331 4/21/1988 N 

      
Transfer MANTEO 10331 1/18/1989 

 

      
Death MANTEO AHN 10/3/2001 

 
332 4/21/1988 None 242 279 Male Birth AWENDA 10332 4/21/1988 N 

      
Transfer MANTEO 10332 1/18/1989 

 

      
Death MANTEO NHN N 11/21/1989 
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333 5/5/1988 None 213 245 Male Birth SANDYRIDG 10333 5/5/1988 N 

      
Death SANDYRIDG NHN 5/10/1988 

 
334 5/5/1988 None 213 245 Male Birth SANDYRIDG 10334 5/5/1988 N 

      
Death SANDYRIDG NHN 5/25/1988 

 
335 5/5/1988 None 213 245 Male Birth SANDYRIDG 10335 5/5/1988 N 

      
Transfer TACOMA 0335 12/8/1988 

 

      
Transfer NZP-WASH 109766 9/19/1990 

 

      
Transfer BATONROUG 2476 12/3/1991 

 

      
Transfer TACOMA 0335 2/9/1993 

 

      
Death TACOMA AIAX 1/10/1999 

 
336 5/5/1988 None 213 245 Male Birth SANDYRIDG 10336 5/5/1988 N 

      
Transfer TACOMA 0336 8/23/1990 

 

      
Death TACOMA NHN 2/5/1992 

 
337 5/5/1988 None 213 245 Female Birth SANDYRIDG 10337 5/5/1988 N 

      
Transfer MANTEO 10337 8/13/1991 

 

      
Transfer GATLINBRG 10337 5/12/1992 

 

      
Death GATLINBRG NHY 6/26/1993 

 
338 5/5/1988 None 213 245 Female Birth SANDYRIDG 10338 5/5/1988 N 

      
Transfer TACOMA 0338 12/8/1988 

 

      
Transfer ALEXANDRI 131004 12/12/1990 

 

      
Transfer TACOMA 0338 12/30/1992 

 

      
Death TACOMA KCAX 1/21/1997 

 
339 5/5/1988 None 213 245 Female Birth SANDYRIDG 10339 5/5/1988 N 

      
Transfer TACOMA 0339 12/8/1988 

 

      
Death TACOMA NHN 11/27/1990 

 
340 5/18/1988 None 268 215 Male Birth SYRACUSE M88062 5/18/1988 N 

      
Death SYRACUSE NHN 7/26/1988 

 
341 5/18/1988 None 268 215 Male Birth SYRACUSE M88063 5/18/1988 N 

      
Transfer BRIDGEPRT 10103 6/8/1989 

 

      
Transfer GATLINBRG 10341 1/15/1991 

 

      
Death GATLINBRG KCYX 1/21/1997 

 
342 5/18/1988 None 268 215 Female Birth SYRACUSE M88065 5/18/1988 N 

      
Transfer TACOMA 0342 2/22/1989 

 

      
Transfer LOWRY 100309 12/5/1990 

 

      
Transfer FORTWORTH 975 2/2/1994 

 

      
Transfer FRESNO 990114 11/9/1999 

 

      
Death FRESNO AIAO 7/30/2002 

 
343 5/18/1988 None 268 215 Female Birth SYRACUSE M88064 5/18/1988 N 

      
Death SYRACUSE NHN 7/29/1988 
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344 5/5/1988 None 211 196 Female Birth MANTEO 10344 5/5/1988 N 

      
Go LTF MANTEO 10344 11/21/1995 

 
345 5/10/1988 None 291 289 Male Birth TACOMA 0345 5/10/1988 N 

      
Death TACOMA NHN 7/3/1988 

 
346 5/10/1988 None 291 289 Male Birth TACOMA 0346 5/10/1988 N 

      
Death TACOMA NHN 10/10/1989 

 
347 5/3/1988 None 280 269 Female Birth AUDUBON 0966 5/3/1988 N 

      
Transfer TACOMA 0347 1/20/1989 

 

      
Death TACOMA ACAX 2/8/1996 

 
348 5/3/1988 None 280 269 Female Birth AUDUBON 967 5/3/1988 N 

      
Transfer TACOMA 0348 1/20/1989 

 

      
Transfer PROVIDNCE 911002 1/7/1991 

 

      
Death PROVIDNCE AAFR 1/14/2004 

 
349 5/3/1988 None 280 269 Male Birth AUDUBON 0964 5/3/1988 N 

      
Transfer TACOMA 0349 1/20/1989 

 

      
Transfer BIRMINGHM 1824 5/8/1989 

 

      
Transfer GOLDENPND 349 1/30/1991 

 

      
Transfer SANDYRIDG 10349 1/26/1993 

 

      
Death SANDYRIDG NHN 4/24/1993 

 
350 5/3/1988 None 280 269 Male Birth AUDUBON 0965 5/3/1988 N 

      
Transfer TACOMA 0350 1/20/1989 

 

      
Transfer FRESNO 1674 9/18/1989 

 

      
Transfer WCSRC 350 12/18/1991 

 

      
Transfer GOLDENPND 350 2/3/1993 

 

      
Transfer WCSRC 350 2/7/1994 

 

      
Death WCSRC AHAX 6/12/1996 

 
351 4/28/1988 None 184 205 Female Birth MANTEO 10351 4/28/1988 N 

      
Death MANTEO NHN N 1/24/1991 

 
352 4/15/1989 None 219 303 Male Birth TALLAHASE 101014 4/15/1989 N 

      
Transfer MANTEO 10352 12/6/1990 

 

      
Death MANTEO NHN 9/15/1991 

 
353 4/15/1989 None 219 303 Male Birth TALLAHASE 101015 4/15/1989 N 

      
Transfer BINGHAMTO 901325 9/5/1990 

 

      
Transfer TACOMA 0353 2/6/1998 

 

      
Death TACOMA AHAX 7/24/1998 

 
354 4/15/1989 None 219 303 Male Birth TALLAHASE 101013 4/15/1989 N 

      
Death TALLAHASE NHN 10/2/1991 

 
355 4/29/1989 None 293 301 Male Birth VICTOR TX 890053 4/29/1989 N 

      
Death VICTOR TX NHN 4/29/1989 
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356 4/29/1989 None 293 301 Male Birth VICTOR TX 890049 4/29/1989 N 

      
Transfer AUDUBON 1031 12/19/1989 

 

      
Transfer FOSSILRIM 5022 12/10/1991 

 

      
Transfer KNOXVILLE 1548 12/21/1992 

 

      
Transfer TACOMA 0356 2/2/1994 

 

      
Death TACOMA AHAX 4/1/1999 

 
357 4/29/1989 None 293 301 Male Birth VICTOR TX 890050 4/29/1989 N 

      
Transfer TACOMA 0357 12/19/1989 

 

      
Transfer SANDYRIDG 10357 11/14/1991 

 

      
Transfer GATLINBRG 10357 5/12/1992 

 

      
Death GATLINBRG NHAX 10/11/1993 

 
358 4/29/1989 None 293 301 Male Birth VICTOR TX 890052 4/29/1989 N 

      
Transfer TACOMA 0358 12/19/1989 

 

      
Transfer OCEAN SPR 10358 1/16/1991 

 

      
Transfer MANTEO 10358 12/8/1992 

 

      
Death MANTEO FCBHY 10/12/1994 

 
359 4/29/1989 None 293 301 Male Birth VICTOR TX 890051 4/29/1989 N 

      
Transfer LOWRY 100236 1/3/1990 

 

      
Death LOWRY NHY 2/28/2003 

 
360 4/29/1989 None 293 301 Female Birth VICTOR TX 890048 4/29/1989 N 

      
Transfer TACOMA 0360 12/19/1989 

 

      
Death TACOMA NHN 5/3/1991 

 
361 4/29/1989 None 293 301 Female Birth VICTOR TX 890047 4/29/1989 N 

      
Transfer LOWRY 100237 1/3/1990 

 

      
Death LOWRY NHN 11/22/1990 

 
362 5/2/1989 None 268 277 Male Birth SYRACUSE M89033 5/2/1989 N 

      
Death SYRACUSE NHN 8/4/1989 

 
363 5/2/1989 None 268 277 Female Birth SYRACUSE M89034 5/2/1989 N 

      
Transfer WHEELING 1480 12/12/1990 

 

      
Transfer TACOMA 0363 12/4/1991 

 

      
Death TACOMA AIY 3/10/2000 

 
364 5/2/1989 None 268 277 Female Birth SYRACUSE M89035 5/2/1989 N 

      
Transfer FOSSILRIM 5049 1/23/1997 

 

      
Transfer TACOMA 0364 1/10/2001 

 

      
Death TACOMA AAKB 4/16/2003 

 
365 5/2/1989 None 268 277 Female Birth SYRACUSE M89036 5/2/1989 N 

      
Death SYRACUSE NHN 5/3/1989 

 
366 5/3/1989 None 327 304 Female Birth BINGHAMTO 891272 5/3/1989 N 

      
Death BINGHAMTO NHN 5/3/1989 
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367 5/3/1989 None 291 233 Male Birth FOSSILRIM 5012 5/3/1989 N 

      
Death FOSSILRIM NHN 5/6/1989 

 
368 5/3/1989 None 291 233 Male Birth FOSSILRIM 5009 5/3/1989 N 

      
Transfer TACOMA 0368 12/11/1990 

 

      
Death TACOMA NHN 2/5/1992 

 
369 5/3/1989 None 291 233 Male Birth FOSSILRIM 5010 5/3/1989 N 

      
Transfer BIRMINGHM 2101 12/11/1990 

 

      
Transfer TACOMA 0369 1/17/1992 

 

      
Death TACOMA NCAX 3/16/1995 

 
370 5/3/1989 None 291 233 Female Birth FOSSILRIM 5013 5/3/1989 N 

      
Death FOSSILRIM NHN 5/4/1989 

 
371 5/3/1989 None 291 233 Female Birth FOSSILRIM 5011 5/3/1989 N 

      
Transfer TACOMA 0371 12/13/1989 

 

      
Death TACOMA FHAX 9/25/1998 

 
372 5/6/1989 None 280 245 Male Birth OCEAN SPR 10372 5/6/1989 N 

      
Transfer MANTEO 10372 3/18/1991 

 

      
Death MANTEO BCAX 4/3/1994 

 
373 5/6/1989 None 280 245 Male Birth OCEAN SPR 10373 5/6/1989 N 

      
Transfer SANDYRIDG 10373 11/9/1990 

 

      
Transfer GATLINBRG 10373 10/20/1992 

 

      
Death GATLINBRG NHXX 1/12/1994 

 
374 5/6/1989 None 280 245 Male Birth OCEAN SPR 10374 5/6/1989 N 

      
Transfer MANTEO 10374 1/5/1990 

 

      
Transfer SANDYRIDG 10374 3/10/1994 

 

      
Death SANDYRIDG ACXX 2/23/1995 

 
375 5/6/1989 None 280 245 Male Birth OCEAN SPR 10375 5/6/1989 N 

      
Transfer MANTEO 10375 1/5/1990 

 

      
Transfer AWENDA 10375 1/15/1990 

 

      
Transfer MANTEO 10375 11/14/1992 

 

      
Death MANTEO DHXX 11/9/1994 

 
376 5/6/1989 None 280 245 Female Birth OCEAN SPR 10376 5/6/1989 N 

      
Transfer ST.VINCE 10376 3/6/1991 

 

      
Death ST.VINCE NHN 6/4/1991 

 
377 5/6/1989 None 280 245 Female Birth OCEAN SPR 10377 5/6/1989 N 

      
Transfer MANTEO 10377 12/8/1992 

 

      
Death MANTEO NHXXN 1/1/1994 

 
378 5/6/1989 None 280 245 Female Birth OCEAN SPR 10378 5/6/1989 N 

      
Transfer SANDYRIDG 10378 12/6/1990 

 

      
Transfer GATLINBRG 10378 1/15/1991 
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Transfer SANDYRIDG 10378 7/20/1998 

 

      
Death SANDYRIDG AHXX 2/1/1999 

 
379 5/14/1989 None 242 289 Female Birth AWENDA 10379 5/14/1989 N 

      
Transfer MANTEO 10379 11/14/1992 

 

      
Death MANTEO DHXXN 11/5/1995 

 
380 5/14/1989 None 242 289 Female Birth AWENDA 10380 5/14/1989 N 

      
Transfer TACOMA 0380 2/8/1990 

 

      
Transfer SANDYRIDG 10380 4/17/1990 

 

      
Transfer ST.VINCE 10380 1/22/1992 

 

      
Death ST.VINCE NHN 7/13/1992 

 
381 5/14/1989 None 242 289 Female Birth AWENDA 10381 5/14/1989 N 

      
Death AWENDA NHN 8/31/1989 

 
382 5/14/1989 None 242 289 Female Birth AWENDA 10382 5/14/1989 N 

      
Transfer TACOMA 0382 2/8/1990 

 

      
Transfer MANTEO 10382 4/17/1990 

 

      
Go LTF MANTEO 10382 2/19/1998 

 
383 5/14/1989 None 242 289 Female Birth AWENDA 10383 5/14/1989 N 

      
Transfer MANTEO 10383 1/16/1990 

 

      
Death MANTEO NCXX 5/29/1994 

 
384 5/21/1989 None 212 195 Male Birth TACOMA 0384 5/21/1989 N 

      
Death TACOMA NHN 5/23/1989 

 
385 5/21/1989 None 212 195 Male Birth TACOMA 0385 5/21/1989 N 

      
Death TACOMA NHN 5/24/1989 

 
386 5/21/1989 None 212 195 Male Birth TACOMA 0386 5/21/1989 N 

      
Transfer PROVIDNCE 911001 1/7/1991 

 

      
Transfer NZP-WASH 110381 12/12/1991 

 

      
Transfer FOSSILRIM 5040 2/28/1994 

 

      
Go LTF FOSSILRIM 5040 2/28/1994 

 
387 5/21/1989 None 212 195 Male Birth TACOMA 0387 5/21/1989 N 

      
Transfer SYRACUSE M90082 12/4/1990 

 

      
Death SYRACUSE AAY 2/6/2004 

 
388 5/21/1989 None 212 195 Female Birth TACOMA 0388 5/21/1989 N 

      
Transfer BINGHAMTO 901326 9/5/1990 

 

      
Death BINGHAMTO NHN 3/20/2002 

 
389 5/21/1989 None 212 195 Female Birth TACOMA 0389 5/21/1989 N 

      
Death TACOMA NHN 12/5/1989 

 
390 5/21/1989 None 212 195 Female Birth TACOMA 0390 5/21/1989 N 

      
Transfer BIRMINGHM 2100 12/4/1990 

 

      
Transfer FOSSILRIM 5038 1/13/1993 
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Transfer BREVARD 940270 2/13/1997 

 

      
Transfer FOSSILRIM 5038 10/15/1998 

 

      
Death FOSSILRIM AHAR 10/22/2002 

 
391 5/21/1989 None 212 195 Female Birth TACOMA 0391 5/21/1989 N 

      
Death TACOMA NCAK 5/31/1995 

 
392 4/27/1989 None 227 205 Male Birth SANDYRIDG 10392 4/27/1989 N 

      
Transfer MANTEO 10392 8/1/1989 

 

      
Death MANTEO AHXX 5/5/1997 

 
393 4/27/1989 None 227 205 Female Birth SANDYRIDG 10393 4/27/1989 N 

      
Transfer MANTEO 10393 8/1/1989 

 

      
Death MANTEO DHXX 1/24/1990 

 
394 4/27/1989 None 227 205 Female Birth SANDYRIDG 10394 4/27/1989 N 

      
Transfer MANTEO 10394 8/1/1989 

 

      
Death MANTEO NHYXN 3/23/1997 

 
395 4/27/1989 None 227 205 Female Birth SANDYRIDG 10395 4/27/1989 N 

      
Transfer MANTEO 10395 8/1/1989 

 

      
Death MANTEO NHN 1/11/1990 

 
396 4/9/1990 None 327 304 Male Birth BINGHAMTO 901300 4/9/1990 N 

      
Death BINGHAMTO NHN 4/11/1990 

 
397 4/9/1990 None 327 304 Male Birth BINGHAMTO 901303 4/9/1990 N 

      
Transfer MANTEO 10397 7/12/1990 

 

      
Death MANTEO NHN 10/12/1990 

 
398 4/9/1990 None 327 304 Female Birth BINGHAMTO 901304 4/9/1990 N 

      
Transfer MANTEO 10398 7/12/1990 

 

      
Death MANTEO NHN N 10/14/1990 

 
399 4/9/1990 None 327 304 Female Birth BINGHAMTO 901305 4/9/1990 N 

      
Transfer MANTEO 10399 7/12/1990 

 

      
Go LTF MANTEO 10399 10/12/1990 

 
400 4/9/1990 None 327 304 Female Birth BINGHAMTO 901306 4/9/1990 N 

      
Transfer SANDYRIDG 10400 7/12/1990 

 

      
Death SANDYRIDG NHN 8/7/1990 

 
401 4/9/1990 None 327 304 Unknown Birth BINGHAMTO 901301 4/9/1990 N 

      
Death BINGHAMTO NHN 5/3/1990 

 
402 4/9/1990 None 327 304 Unknown Birth BINGHAMTO 901302 4/9/1990 N 

      
Death BINGHAMTO NHN 5/3/1990 

 
403 4/10/1990 None 293 248 Male Birth VICTOR TX 890130 4/10/1990 N 

      
Death VICTOR TX NHN 4/11/1990 

 
404 4/10/1990 None 293 248 Male Birth VICTOR TX 890131 4/10/1990 N 

      
Death VICTOR TX NHN 4/12/1990 
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405 4/10/1990 None 293 248 Male Birth VICTOR TX 890143 4/10/1990 N 

      
Transfer BRIDGEPRT 10301 12/13/1990 

 

      
Transfer SIOUX FAL 1683 2/15/1995 

 

      
Transfer KNOXVILLE 1784 11/10/1997 

 

      
Death KNOXVILLE ACCR 12/28/2000 

 
406 4/10/1990 None 293 248 Male Birth VICTOR TX 890134 4/10/1990 N 

      
Transfer ALEXANDRI 131003 12/19/1990 

 

      
Transfer SANDYRIDG 10406 11/13/2001 

 

      
Transfer NCS RAL 10406 12/5/2001 

 

      
Death NCS RAL AEAR 8/22/2005 

 
407 4/10/1990 None 293 248 Female Birth VICTOR TX 890132 4/10/1990 N 

      
Death VICTOR TX NHN 4/19/1990 

 
408 4/10/1990 None 293 248 Female Birth VICTOR TX 890135 4/10/1990 N 

      
Transfer FOSSILRIM 5019 1/8/1991 

 

      
Transfer MANTEO 10408 11/21/1991 

 

      
Death MANTEO NCAX 8/26/1994 

 
409 4/10/1990 None 293 248 Female Birth VICTOR TX 890133 4/10/1990 N 

      
Transfer FOSSILRIM 5020 1/8/1991 

 

      
Transfer SANDYRIDG 10409 11/21/1991 

 

      
Transfer WILDS 930101 1/6/1993 

 

      
Transfer TACOMA 0409 2/8/1994 

 

      
Death TACOMA AAHO 5/6/2006 

 
410 4/23/1990 None 219 303 Male Birth ST.VINCE 10410 4/23/1990 N 

      
Death ST.VINCE NHN 6/19/1991 

 
411 4/23/1990 None 219 303 Male Birth ST.VINCE 10411 4/23/1990 N 

      
Transfer SANDYRIDG 10411 12/6/1990 

 

      
Transfer ST.VINCE 10411 1/22/1992 

 

      
Transfer SANDYRIDG 10411 12/2/1992 

 

      
Transfer ST.VINCE 10411 12/15/1993 

 

      
Transfer TALLAHASE 97L001 1/2/1997 

 

      
Transfer ST.VINCE 10411 2/5/1997 

 

      
Death ST.VINCE NHN 3/18/2000 

 
412 4/29/1990 None 335 277 Male Birth TACOMA 0412 4/29/1990 N 

      
Death TACOMA NHN 4/30/1990 

 
413 4/29/1990 None 335 277 Male Birth TACOMA 0413 4/29/1990 N 

      
Death TACOMA NHN 4/30/1990 

 
414 4/29/1990 None 335 277 Male Birth TACOMA 0414 4/29/1990 N 

      
Death TACOMA NHN 4/30/1990 

 
415 4/29/1990 None 335 277 Male Birth TACOMA 0415 4/29/1990 N 
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Death TACOMA NHN 4/30/1990 

 
416 4/29/1990 None 335 277 Male Birth TACOMA 0416 4/29/1990 N 

      
Death TACOMA NHN 4/30/1990 

 
417 4/29/1990 None 335 277 Female Birth TACOMA 0417 4/29/1990 N 

      
Death TACOMA NHN 4/30/1990 

 
418 4/29/1990 None 335 277 Female Birth TACOMA 0418 4/29/1990 N 

      
Death TACOMA NHN 4/30/1990 

 
419 4/29/1990 None 335 277 Female Birth TACOMA 0419 4/29/1990 N 

      
Transfer SIOUX FAL 1439 2/6/1993 

 

      
Death SIOUX FAL AADR 8/25/2003 

 
420 4/29/1990 None 335 277 Female Birth TACOMA 0420 4/29/1990 N 

      
Transfer BLOOMINGT M854 6/23/1993 

 

      
Transfer WCSRC 9502 1/31/1995 

 

      
Death WCSRC ABFX 10/25/1999 

 
421 5/1/1990 None 282 278 Male Birth WHEELING 1376 5/1/1990 N 

      
Transfer TACOMA 0421 12/13/1990 

 

      
Death TACOMA AEAN 3/22/1996 

 
422 5/1/1990 None 282 278 Female Birth WHEELING 1374 5/1/1990 N 

      
Death WHEELING NHN 5/1/1990 

 
423 5/1/1990 None 282 278 Female Birth WHEELING 1375 5/1/1990 N 

      
Death WHEELING NHN 5/3/1990 

 
424 5/1/1990 None 282 278 Female Birth WHEELING 1377 5/1/1990 N 

      
Death WHEELING NHN 1/15/1991 

 
425 5/1/1990 None 282 278 Female Birth WHEELING 1378 5/1/1990 N 

      
Transfer WILDS 911014 10/4/1991 

 

      
Transfer PITTSBURG 100479 3/3/1992 

 

      
Death PITTSBURG NCN 8/24/1994 

 
426 5/2/1990 None 328 313 Male Birth SANDYRIDG 10426 5/2/1990 N 

      
Transfer MANTEO 10426 10/3/1990 

 

      
Death MANTEO NHN 7/15/1991 

 
427 5/2/1990 None 328 313 Male Birth SANDYRIDG 10427 5/2/1990 N 

      
Transfer MANTEO 10427 10/3/1990 

 

      
Death MANTEO NHN 10/20/1990 

 
428 5/2/1990 None 328 313 Male Birth SANDYRIDG 10428 5/2/1990 N 

      
Transfer TACOMA 0428 8/23/1990 

 

      
Transfer VICTOR TX 890204 11/20/1991 

 

      
Transfer FOSSILRIM 5024 12/10/1991 

 

      
Death FOSSILRIM CCXK 1/29/1996 

 
429 5/2/1990 None 328 313 Male Birth SANDYRIDG 10429 5/2/1990 N 
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Transfer TACOMA 0429 11/20/1990 

 

      
Death TACOMA NHN 1/28/1991 

 
430 5/2/1990 None 328 313 Female Birth SANDYRIDG 10430 5/2/1990 N 

      
Transfer MANTEO 10430 10/3/1990 

 

      
Death MANTEO NHN 5/18/1992 

 
431 5/4/1990 None 212 297 Male Birth TACOMA 0431 5/4/1990 N 

      
Transfer TALLAHASE 0431 12/18/1991 

 

      
Transfer NZP-WASH 113012 12/18/1996 

 

      
Death NZP-WASH AAAR 5/19/2000 

 
432 5/4/1990 None 212 297 Male Birth TACOMA 0432 5/4/1990 N 

      
Transfer WNCNATCTR 432 12/18/1991 

 

      
Transfer ASHEBORO 1607 9/18/2003 

 

      
Death ASHEBORO AAGR 10/20/2004 

 
433 5/4/1990 None 212 297 Female Birth TACOMA 0433 5/4/1990 N 

      
Death TACOMA NHN 5/5/1990 

 
434 5/4/1990 None 212 297 Female Birth TACOMA 0434 5/4/1990 N 

      
Death TACOMA NHN 1/28/1991 

 
435 5/10/1990 None 294 301 Male Birth TACOMA 0435 5/10/1990 N 

      
Death TACOMA NHN 5/18/1990 

 
436 5/10/1990 None 294 301 Male Birth TACOMA 0436 5/10/1990 N 

      
Transfer WILDS 911206 12/11/1991 

 

      
Transfer PITTSBURG 100478 3/3/1992 

 

      
Transfer TACOMA 0436 2/16/1994 

 

      
Death TACOMA AAAR 4/22/2004 

 
437 5/10/1990 None 294 301 Female Birth TACOMA 0437 5/10/1990 N 

      
Transfer MANTEO 10437 2/1/1993 

 

      
Transfer SANDYRIDG 10437 3/8/1994 

 

      
Transfer ST.VINCE 10437 2/17/1995 

 

      
Transfer OCEAN SPR 10437 1/8/1997 

 

      
Transfer GATLINBRG 10437 12/12/1997 

 

      
Transfer SANDYRIDG 10437 1/2/1998 

 

      
Death SANDYRIDG AHXX 2/1/1999 

 
438 5/10/1990 None 294 301 Female Birth TACOMA 0438 5/10/1990 N 

      
Death TACOMA NHN 9/30/1991 

 
439 5/10/1990 None 294 301 Female Birth TACOMA 0439 5/10/1990 N 

      
Transfer WHEELING 1566 12/18/1991 

 

      
Transfer TACOMA 0439 12/16/1992 

 

      
Death TACOMA FAGR 11/30/2004 

 
440 5/17/1990 None 341 243 Female Birth BRIDGEPRT 10252 5/17/1990 N 
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Transfer FOSSILRIM 5017 1/22/1991 

 

      
Transfer TACOMA 0440 4/11/1991 

 

      
Transfer WHEELING 1564 11/22/1991 

 

      
Transfer TACOMA 0440 1/14/1992 

 

      
Death TACOMA CHAK 1/29/1998 

 
441 5/17/1990 None 341 243 Female Birth BRIDGEPRT 10251 5/17/1990 N 

      
Transfer FOSSILRIM 5018 1/22/1991 

 

      
Transfer TALLAHASE 441 12/3/1991 

 

      
Transfer DURHAM MS 441 6/14/1994 

 

      
Transfer ASHEBORO 1473 10/26/1999 

 

      
Death ASHEBORO AAAX 11/15/2004 

 
442 5/1/1990 None 319 300 Male Birth MANTEO 10442 5/1/1990 N 

      
Go LTF MANTEO 10442 12/7/1998 

 
443 5/1/1990 None 319 300 Female Birth MANTEO 10443 5/1/1990 N 

      
Death MANTEO NCXX 7/3/1995 

 
444 5/1/1990 None 319 300 Female Birth MANTEO 10444 5/1/1990 N 

      
Death MANTEO NHYX 2/3/1997 

 
445 4/24/1991 None 350 297 Male Birth FRESNO 1679 4/24/1991 N 

      
Transfer MANTEO 10445 1/19/1993 

 

      
Death MANTEO NHXX 10/23/1993 

 
446 4/24/1991 None 350 297 Male Birth FRESNO 1680 4/24/1991 N 

      
Transfer TACOMA 0446 1/28/1993 

 

      
Death TACOMA AHAX 12/9/1998 

 
447 4/24/1991 None 350 297 Female Birth FRESNO 1675 4/24/1991 N 

      
Death FRESNO NHN 12/26/1991 

 
448 4/24/1991 None 350 297 Female Birth FRESNO 1678 4/24/1991 N 

      
Transfer MANTEO 10448 1/19/1993 

 

      
Transfer SANDYRIDG 10448 2/14/1994 

 

      
Death SANDYRIDG AHAXN 2/23/1998 

 
449 4/24/1991 None 350 297 Female Birth FRESNO 1676 4/24/1991 N 

      
Transfer AWENDA 10449 1/14/1993 

 

      
Death AWENDA EBN 5/30/2006 

 
450 4/24/1991 None 350 297 Female Birth FRESNO 1677 4/24/1991 N 

      
Death FRESNO CCAK 9/7/1995 

 
451 4/25/1991 None 356 270 Male Birth AUDUBON 1138 4/25/1991 N 

      
Transfer GATLINBRG 10451 12/22/1992 

 

      
Death GATLINBRG AAXX 2/24/1995 

 
452 4/25/1991 None 356 270 Male Birth AUDUBON 1139 4/25/1991 N 

      
Transfer AWENDA 10452 12/29/1992 
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Death AWENDA NHN 7/13/1999 

 
453 4/25/1991 None 356 270 Female Birth AUDUBON 1140 4/25/1991 N 

      
Transfer ST.VINCE 10453 12/16/1992 

 

      
Death ST.VINCE NHN 7/31/1994 

 
454 4/25/1991 None 212 371 Male Birth TACOMA 0454 4/25/1991 N 

      
Death TACOMA NHN 4/27/1991 

 
455 4/25/1991 None 212 371 Male Birth TACOMA 0455 4/25/1991 N 

      
Death TACOMA NIGX 1/23/2001 

 
456 4/25/1991 None 212 371 Female Birth TACOMA 0456 4/25/1991 N 

      
Death TACOMA AIKB 3/31/2000 

 
457 4/25/1991 None 212 371 Female Birth TACOMA 0457 4/25/1991 N 

      
Transfer MILL MOUN A002 2/3/1993 

 

      
Transfer ASHEBORO 1384 12/20/1995 

 

      
Transfer WCSRC 9905 10/27/1999 

 

      
Death WCSRC NBGN 7/27/2000 

 
458 4/25/1991 None 212 371 Female Birth TACOMA 0458 4/25/1991 N 

      
Death TACOMA NHN 1/18/1993 

 
459 4/25/1991 None 352 337 Male Birth SANDYRIDG 10459 4/25/1991 N 

      
Transfer MANTEO 10459 8/13/1991 

 

      
Death MANTEO NHN 9/9/1991 

 
460 4/25/1991 None 352 337 Male Birth SANDYRIDG 10460 4/25/1991 N 

      
Transfer MANTEO 10460 8/13/1991 

 

      
Death MANTEO NHN 9/9/1991 

 
461 4/25/1991 None 352 337 Male Birth SANDYRIDG 10461 4/25/1991 N 

      
Transfer MANTEO 10461 8/13/1991 

 

      
Death MANTEO NHN 9/10/1991 

 
462 4/25/1991 None 352 337 Female Birth SANDYRIDG 10462 4/25/1991 N 

      
Transfer MANTEO 10462 8/13/1991 

 

      
Death MANTEO NHN N 9/10/1991 

 
463 4/25/1991 None 352 337 Female Birth SANDYRIDG 10463 4/25/1991 N 

      
Death SANDYRIDG NHN 5/13/1991 

 
464 4/26/1991 None 219 303 Male Birth GATLINBRG 10464 4/26/1991 N 

      
Transfer MANTEO 10464 7/23/1991 

 

      
Death MANTEO DHXX 4/22/1995 

 
465 4/26/1991 None 219 303 Male Birth GATLINBRG 10465 4/26/1991 N 

      
Transfer MANTEO 10465 7/23/1991 

 

      
Death MANTEO NHN 2/15/1994 

 
466 4/26/1991 None 219 303 Female Birth GATLINBRG 10466 4/26/1991 N 

      
Transfer MANTEO 10466 7/23/1991 
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Death MANTEO NHN 9/12/1991 

 
467 4/26/1991 None 219 303 Female Birth GATLINBRG 10467 4/26/1991 N 

      
Transfer OCEAN SPR 10467 4/4/1994 

 

      
Death OCEAN SPR NHN 4/13/1994 

 
468 4/26/1991 None 219 303 Female Birth GATLINBRG 10468 4/26/1991 N 

      
Death GATLINBRG GHXX 9/11/1996 

 
469 4/26/1991 None 282 363 Male Birth WHEELING 1504 4/26/1991 N 

      
Transfer TACOMA 0469 12/4/1991 

 

      
Transfer FOSSILRIM 5039 1/27/1993 

 

      
Transfer VICTOR TX 950011 2/10/1995 

 

      
Transfer FOSSILRIM 5039 5/10/1995 

 

      
Transfer LOWRY 100817 1/21/1997 

 

      
Death LOWRY AAEL 11/12/2004 

 
470 4/28/1991 None 299 248 Male Birth KNOXVILLE 1435 4/28/1991 N 

      
Transfer WILDS 911101 11/12/1991 

 

      
Transfer ST.VINCE 10470 1/14/1993 

 

      
Death ST.VINCE NHXX 7/17/1993 

 
471 4/28/1991 None 299 248 Male Birth KNOXVILLE 1436 4/28/1991 N 

      
Transfer WILDS 911105 11/12/1991 

 

      
Transfer WHEELING 1814 2/4/1994 

 

      
Transfer GATLINBRG 10471 12/18/1997 

 

      
Transfer GOLDENPND 471 10/2/1998 

 

      
Transfer ASHEBORO 1474 11/1/1999 

 

      
Transfer BREVARD 2348 9/23/2003 

 

      
Transfer JACKSONVL 804386 11/18/2004 

 

      
Death JACKSONVL EAAP 12/30/2004 

 
472 4/28/1991 None 299 248 Female Birth KNOXVILLE 1437 4/28/1991 N 

      
Transfer WILDS 911102 11/12/1991 

 

      
Transfer TACOMA 0472 11/18/1992 

 

      
Death TACOMA NHN 12/9/1992 

 
473 4/28/1991 None 299 248 Female Birth KNOXVILLE 1439 4/28/1991 N 

      
Transfer WILDS 911103 11/12/1991 

 

      
Transfer TACOMA 0473 11/18/1992 

 

      
Death TACOMA NHN 12/9/1992 

 
474 4/28/1991 None 299 248 Female Birth KNOXVILLE 1440 4/28/1991 N 

      
Transfer WILDS 911104 11/12/1991 

 

      
Transfer TACOMA 0474 11/18/1992 

 

      
Death TACOMA NHN 12/9/1992 

 
475 4/28/1991 None 299 248 Female Birth KNOXVILLE 1438 4/28/1991 N 
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Death KNOXVILLE NHN 5/19/1991 

 
476 5/1/1991 None 293 278 Male Birth VICTOR TX 890179 5/1/1991 N 

      
Transfer WILDS 911106 11/20/1991 

 

      
Transfer PROVIDNCE 921001 1/9/1992 

 

      
Transfer TREVOR 93M407 1/19/1993 

 

      
Transfer GOLDENPND 476 2/17/1994 

 

      
Death GOLDENPND LHAX 6/26/1998 

 
477 5/1/1991 None 293 278 Male Birth VICTOR TX 890180 5/1/1991 N 

      
Transfer WILDS 911107 11/20/1991 

 

      
Transfer WSC MN 477 12/18/1996 

 

      
Transfer BREVARD 940651 1/23/2001 

 

      
Transfer TALLAHASE 03L006 2/15/2003 

 

      
Death TALLAHASE ABN 10/24/2005 

 
478 5/1/1991 None 293 278 Male Birth VICTOR TX 890181 5/1/1991 N 

      
Transfer WILDS 911108 11/20/1991 

 

      
Transfer WSC MN 478 12/18/1996 

 

      
Transfer AWENDA 10478 1/16/2001 

 

      
Death AWENDA AHAR 1/6/2003 

 
479 5/1/1991 None 293 278 Male Birth VICTOR TX 890182 5/1/1991 N 

      
Transfer WILDS 911109 11/20/1991 

 

      
Transfer WSC MN 479 12/18/1996 

 

      
Transfer GREENBAY 200429 11/30/2004 

 

      
Death GREENBAY ABAR 12/11/2006 

 
480 5/1/1991 None 293 278 Female Birth VICTOR TX 890183 5/1/1991 N 

      
Transfer WILDS 911110 11/20/1991 

 

      
Transfer TACOMA 0480 1/14/1993 

 

      
Death TACOMA NHN 5/23/1993 

 
481 5/1/1991 None 335 277 Male Birth NZP-WASH 110072 5/1/1991 N 

      
Transfer BIRMINGHM 2313 1/8/1992 

 

      
Transfer TACOMA 0481 1/13/1993 

 

      
Death TACOMA AIAR 4/9/2002 

 
482 5/1/1991 None 335 277 Male Birth NZP-WASH 110073 5/1/1991 N 

      
Transfer WILDS 911203 12/11/1991 

 

      
Transfer LOWRY 100780 9/10/1996 

 

      
Transfer ASHEBORO 1467 12/30/1998 

 

      
Death ASHEBORO AAAR 10/20/2004 

 
483 5/1/1991 None 335 277 Female Birth NZP-WASH 110074 5/1/1991 N 

      
Transfer WILDS 911204 12/11/1991 

 

      
Transfer WSC MN 483 8/5/1999 
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Death WSC MN CBN 10/23/2005 

 
484 5/1/1991 None 335 277 Female Birth NZP-WASH 110075 5/1/1991 N 

      
Death NZP-WASH NHN 10/27/1991 

 
485 5/1/1991 None 335 277 Female Birth NZP-WASH 110076 5/1/1991 N 

      
Transfer WILDS 911205 12/11/1991 

 

      
Death WILDS FHYX 6/28/1999 

 
486 5/1/1991 None 335 277 Unknown Birth NZP-WASH 110077 5/1/1991 N 

      
Death NZP-WASH NHN 5/2/1991 

 
487 5/9/1991 None 294 253 Male Birth TACOMA 0487 5/9/1991 N 

      
Death TACOMA NHN 6/6/1991 

 
488 5/9/1991 None 294 253 Female Birth TACOMA 0488 5/9/1991 N 

      
Death TACOMA NHN 5/11/1991 

 
489 5/10/1991 None 272 195 Male Birth TACOMA 0489 5/10/1991 N 

      
Transfer AUDUBON 1508 1/27/1993 

 

      
Transfer AUDUB SSC M94002 11/3/1993 

 

      
Transfer AUDUBON 1508 5/31/1996 

 

      
Transfer GATLINBRG 10489 4/15/1997 

 

      
Transfer KNOXVILLE 1755 5/15/1997 

 

      
Transfer SIOUX FAL 2113 11/14/1997 

 

      
Death SIOUX FAL NAGX 10/1/2000 

 
490 5/10/1991 None 272 195 Male Birth TACOMA 0490 5/10/1991 N 

      
Transfer BLOOMINGT M853 6/23/1993 

 

      
Death BLOOMINGT AAAO 8/7/2002 

 
491 5/10/1991 None 272 195 Male Birth TACOMA 0491 5/10/1991 N 

      
Transfer SPRINGFIE 413 2/2/1993 

 

      
Transfer WCSRC 9906 11/4/1999 

 

      
Transfer TACOMA 0491 10/16/2002 

 

      
Death TACOMA NAFN 3/19/2004 

 
492 5/10/1991 None 272 195 Male Birth TACOMA 0492 5/10/1991 N 

      
Transfer SIOUX FAL 1440 2/6/1993 

 

      
Transfer TACOMA 0492 8/17/1994 

 

      
Death TACOMA NAGN 12/6/2003 

 
493 5/10/1991 None 272 195 Female Birth TACOMA 0493 5/10/1991 N 

      
Transfer DURHAM MS 493 2/1/1993 

 

      
Transfer WCSRC 493 2/16/1994 

 

      
Transfer MILL MOUN 436 10/5/1999 

 

      
Death MILL MOUN NBGN 6/6/2003 

 
494 5/10/1991 None 272 195 Female Birth TACOMA 0494 5/10/1991 N 

      
Transfer TALLAHASE 94M001 3/2/1994 

 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

69 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

      
Death TALLAHASE EBN 9/26/2006 

 
495 5/10/1991 None 272 195 Female Birth TACOMA 94M001 5/10/1991 N 

      
Death TACOMA AIAO 11/8/2001 

 
496 4/15/1991 None 328 313 Female Birth MANTEO 10496 4/15/1991 N 

      
Transfer GATLINBRG 10496 4/21/1995 

 

      
Death GATLINBRG NHXX 10/11/1995 

 
497 4/15/1991 None 328 313 Male Birth MANTEO 10497 4/15/1991 N 

      
Death MANTEO DHYXN 12/22/1994 

 
498 4/15/1991 None 328 313 Female Birth MANTEO 10498 4/15/1991 N 

      
Death MANTEO NHN 12/15/1991 

 
499 4/15/1991 None 328 313 Unknown Birth MANTEO 10499 4/15/1991 N 

      
Go LTF MANTEO 10499 4/15/1991 

 
500 5/1/1991 None 392 344 Female Birth MANTEO 10500 5/1/1991 N 

      
Go LTF MANTEO 10500 8/5/1996 

 
501 5/1/1991 None 392 344 Male Birth MANTEO 10501 5/1/1991 N 

      
Transfer GATLINBRG 10501 1/22/1995 

 

      
Death GATLINBRG NCAK 2/7/1996 

 
502 5/1/1991 None 392 344 Female Birth MANTEO 10502 5/1/1991 N 

      
Death MANTEO NHAXN 3/21/1998 

 
503 5/1/1991 None 392 344 Female Birth MANTEO 10503 5/1/1991 N 

      
Death MANTEO NHXX 11/21/1998 

 
504 5/1/1991 None 392 344 Male Birth MANTEO 10504 5/1/1991 N 

      
Transfer GATLINBRG 10504 4/21/1995 

 

      
Death GATLINBRG NHXX 12/25/1995 

 
505 4/28/1991 None 331 205 Female Birth MANTEO 10505 4/28/1991 N 

      
Go LTF MANTEO 10505 10/5/2001 

 
506 4/28/1991 None 331 205 Male Birth MANTEO 10506 4/28/1991 N 

      
Go LTF MANTEO 10506 7/21/1995 

 
507 4/28/1991 None 331 205 Male Birth MANTEO 10507 4/28/1991 N 

      
Death MANTEO NCXXN 7/29/1995 

 
508 4/28/1991 None 331 205 Female Birth MANTEO 10508 4/28/1991 N 

      
Death MANTEO EHY 2/9/2004 

 
509 5/1/1990 Year 319 300 Unknown Birth MANTEO 10509 4/25/1994 N 

      
Go LTF MANTEO 10509 3/22/1995 

 
510 5/10/1989 None 208 300 Unknown Birth SANDYRIDG 10510 5/10/1989 N 

      
Death SANDYRIDG NHN 5/12/1989 

 
511 4/4/1992 None 356 248 Male Birth FOSSILRIM 5026 4/4/1992 N 

      
Transfer FRESNO 6583 2/8/1993 

 

      
Transfer WSC MN 511 5/21/2003 
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Death WSC MN NHY 3/10/2004 

 
512 4/4/1992 None 356 248 Male Birth FOSSILRIM 5027 4/4/1992 N 

      
Transfer FRESNO 6584 2/8/1993 

 

      
Death FRESNO FHFI 5/25/1999 

 
513 4/4/1992 None 356 248 Male Birth FOSSILRIM 5028 4/4/1992 N 

      
Transfer AUDUB SSC M94006 2/22/1994 

 

      
Transfer CHATT NAT 513 6/17/1996 

 

      
Transfer FOSSILRIM 5028 6/9/2001 

 

      
Death FOSSILRIM AAAR 3/10/2008 

 
514 4/4/1992 None 356 248 Male Birth FOSSILRIM 5029 4/4/1992 N 

      
Transfer AUDUB SSC M94007 2/22/1994 

 

      
Transfer CHATT NAT 514 6/17/1996 

 

      
Transfer FOSSILRIM 5029 6/9/2001 

 

      
Death FOSSILRIM ABAR 10/16/2006 

 
515 4/4/1992 None 356 248 Female Birth FOSSILRIM 5030 4/4/1992 N 

      
Transfer AUDUB SSC M94008 2/22/1994 

 

      
Transfer TACOMA 0515 7/3/1996 

 

      
Transfer WOLFHAVEN 515 5/13/2003 

 

      
Transfer TACOMA 0515 3/1/2004 

 

      
Transfer WOLFHAVEN 515 4/1/2004 

 

      
Transfer TACOMA 0515 12/6/2004 

 

      
Death TACOMA EAER 1/20/2008 

 
516 4/4/1992 None 356 248 Female Birth FOSSILRIM 5031 4/4/1992 N 

      
Transfer AUDUB SSC M94009 2/22/1994 

 

      
Transfer CHATT NAT 516 6/17/1996 

 

      
Death CHATT NAT NAGN 4/12/2003 

 
517 4/14/1992 None 372 382 Male Birth SANDYRIDG 10517 4/14/1992 N 

      
Transfer MANTEO 10517 8/3/1992 

 

      
Go LTF MANTEO 10517 10/14/1992 

 
518 4/14/1992 None 372 382 Male Birth SANDYRIDG 10518 4/14/1992 N 

      
Transfer MANTEO 10518 8/3/1992 

 

      
Death MANTEO NHXX 10/17/1993 

 
519 4/14/1992 None 372 382 Male Birth SANDYRIDG 10519 4/14/1992 N 

      
Transfer MANTEO 10519 8/3/1992 

 

      
Death MANTEO NHY N 6/22/1996 

 
520 4/14/1992 None 372 382 Male Birth SANDYRIDG 10520 4/14/1992 N 

      
Transfer GATLINBRG 10520 5/12/1992 

 

      
Transfer SANDYRIDG 10520 6/18/1993 

 

      
Death SANDYRIDG NHY 9/18/2003 
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521 4/14/1992 None 372 382 Male Birth SANDYRIDG 10521 4/14/1992 N 

      
Transfer GATLINBRG 10521 5/12/1992 

 

      
Transfer SANDYRIDG 10521 6/18/1993 

 

      
Transfer AWENDA 10521 3/20/1996 

 

      
Death AWENDA AAEG 1/6/2004 

 
522 4/14/1992 None 372 382 Female Birth SANDYRIDG 10522 4/14/1992 N 

      
Transfer GATLINBRG 10522 5/12/1992 

 

      
Transfer SANDYRIDG 10522 6/18/1993 

 

      
Transfer GATLINBRG 10522 1/15/1996 

 

      
Transfer SPRINGFIE 497 12/23/1996 

 

      
Death SPRINGFIE NHAR 8/14/2002 

 
523 4/14/1992 None 372 382 Female Birth SANDYRIDG 10523 4/14/1992 N 

      
Transfer MANTEO 10523 8/3/1992 

 

      
Transfer OCEAN SPR 10523 12/1/1994 

 

      
Transfer GATLINBRG 10523 12/11/1996 

 

      
Go LTF GATLINBRG 10523 12/11/1996 

 
524 4/14/1992 None 372 382 Unknown Birth SANDYRIDG 10524 4/14/1992 N 

      
Death SANDYRIDG NHN 4/15/1992 

 
525 4/14/1992 None 357 337 Male Birth SANDYRIDG 10525 4/14/1992 N 

      
Transfer GATLINBRG 10525 5/12/1992 

 

      
Death GATLINBRG AAAX 1/17/1996 

 
526 4/14/1992 None 357 337 Male Birth SANDYRIDG 10526 4/14/1992 N 

      
Death SANDYRIDG NHN 4/20/1992 

 
527 4/14/1992 None 357 337 Male Birth SANDYRIDG 10527 4/14/1992 N 

      
Death SANDYRIDG NHN 4/20/1992 

 
528 4/14/1992 None 357 337 Female Birth SANDYRIDG 10528 4/14/1992 N 

      
Death SANDYRIDG NHN 4/20/1992 

 
529 4/16/1992 None 272 371 Male Birth TACOMA 0529 4/16/1992 N 

      
Death TACOMA NHN 4/16/1992 

 
530 4/17/1992 None 299 278 Female Birth KNOXVILLE 1510 4/17/1992 N 

      
Transfer SANDYRIDG 10530 1/20/1993 

 

      
Transfer FOSSILRIM 5046 7/21/1994 

 

      
Death FOSSILRIM CCAX 10/5/1995 

 
531 4/17/1992 None 299 278 Female Birth KNOXVILLE 1509 4/17/1992 N 

      
Transfer SANDYRIDG 10531 1/20/1993 

 

      
Transfer FOSSILRIM 5047 7/21/1994 

 

      
Transfer SYRACUSE M97003 1/21/1997 

 

      
Transfer WNCNATCTR 531 10/15/1999 

 

      
Transfer TACOMA 0531 10/24/2001 
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Death TACOMA NAGN 12/25/2002 

 
532 4/22/1992 None 282 439 Female Birth WHEELING 1616 4/22/1992 N 

      
Transfer WILDS 940201 2/4/1994 

 

      
Death WILDS NHXX 5/23/1995 

 
533 4/22/1992 None 282 439 Female Birth WHEELING 1617 4/22/1992 N 

      
Transfer WILDS 940202 2/4/1994 

 

      
Transfer WSC MN 533 8/5/1999 

 

      
Death WSC MN FHKB 4/5/2005 

 
534 4/22/1992 None 282 439 Female Birth WHEELING 1618 4/22/1992 N 

      
Transfer WILDS 940203 2/4/1994 

 

      
Transfer WSC MN 534 8/5/1999 

 

      
Death WSC MN ABAO 1/31/2006 

 
535 4/22/1992 None 282 439 Female Birth WHEELING 1619 4/22/1992 N 

      
Transfer WILDS 940204 2/4/1994 

 

      
Transfer WSC MN 535 12/18/1996 

 

      
Transfer BLOOMINGT M02031 11/23/2002 

 

      
Transfer GREENBAY 200401 2/26/2004 

 

      
Death GREENBAY EBAN 2/5/2007 

 
536 4/22/1992 None 282 439 Female Birth WHEELING 1620 4/22/1992 N 

      
Death WHEELING NHN 7/7/1992 

 
537 4/25/1992 None 341 378 Male Birth GATLINBRG 10537 4/25/1992 N 

      
Transfer SANDYRIDG 10537 9/2/1994 

 

      
Transfer VA MUSEUM ______ 11/9/2004 

 

      
Death VA MUSEUM EEY 11/7/2005 

 
538 4/25/1992 None 341 378 Male Birth GATLINBRG 10538 4/25/1992 N 

      
Death GATLINBRG NHXX 5/15/1998 

 
539 4/25/1992 None 341 378 Male Birth GATLINBRG 10539 4/25/1992 N 

      
Transfer SANDYRIDG 10539 9/2/1994 

 

      
Transfer GATLINBRG 10539 1/31/1995 

 

      
Death GATLINBRG DHYX 3/20/1998 

 
540 4/25/1992 None 341 378 Male Birth GATLINBRG 10540 4/25/1992 N 

      
Death GATLINBRG NHN 4/28/1992 

 
541 4/25/1992 None 341 378 Female Birth GATLINBRG 10541 4/25/1992 N 

      
Go LTF GATLINBRG 10541 12/7/1998 

 
542 4/25/1992 None 341 378 Female Birth GATLINBRG 10542 4/25/1992 N 

      
Death GATLINBRG NHN 4/30/1992 

 
543 4/26/1992 None 386 277 Male Birth NZP-WASH 110578 4/26/1992 N 

      
Transfer WILDS 930103 1/27/1993 

 

      
Transfer LOWRY 100778 8/28/1996 
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Transfer ASHEBORO 1402 12/18/1996 

 

      
Transfer TACOMA 0543 11/9/1998 

 

      
Death TACOMA AAAR 4/17/2008 

 
544 4/26/1992 None 386 277 Male Birth NZP-WASH 110579 4/26/1992 N 

      
Transfer WILDS 930104 1/27/1993 

 

      
Transfer LOWRY 100779 8/28/1996 

 

      
Transfer FOSSILRIM 5048 1/23/1997 

 

      
Transfer FORTWORTH 1394 12/16/1997 

 

      
Death FORTWORTH FHAB 7/30/1999 

 
545 4/26/1992 None 386 277 Female Birth NZP-WASH 110580 4/26/1992 N 

      
Transfer WILDS 930102 1/27/1993 

 

      
Transfer WHEELING 1813 2/4/1994 

 

      
Transfer RACINE M001 1/6/2000 

 

      
Death RACINE AAGX 1/8/2002 

 
546 5/1/1992 None 335 315 Male Birth BATONROUG ______ 5/1/1992 N 

      
Death BATONROUG NHN 5/11/1992 

 
547 5/1/1992 None 335 315 Male Birth BATONROUG ______ 5/1/1992 N 

      
Death BATONROUG NHN 5/11/1992 

 
548 5/1/1992 None 335 315 Male Birth BATONROUG ______ 5/1/1992 N 

      
Death BATONROUG NHN 5/11/1992 

 
549 5/1/1992 None 335 315 Male Birth BATONROUG 2534 5/1/1992 N 

      
Transfer WCSRC 9508 5/5/1995 

 

      
Transfer ASHEBORO 1381 11/15/1995 

 

      
Transfer TALLAHASE 97L002 3/18/1997 

 

      
Transfer AWENDA 10549 1/7/2003 

 

      
Death AWENDA AAAR 8/18/2008 

 
550 5/1/1992 None 335 315 Female Birth BATONROUG 2535 5/1/1992 N 

      
Transfer WCSRC 9509 5/5/1995 

 

      
Transfer ASHEBORO 1382 11/15/1995 

 

      
Death ASHEBORO FAAR 4/29/2004 

 
551 5/1/1992 None 335 315 Female Birth BATONROUG 2536 5/1/1992 N 

      
Transfer WCSRC 9510 5/5/1995 

 

      
Transfer ASHEBORO 1383 11/15/1995 

 

      
Death ASHEBORO AHY 12/23/2003 

 
552 5/1/1992 None 335 315 Female Birth BATONROUG ______ 5/1/1992 N 

      
Death BATONROUG NHN 5/4/1992 

 
553 5/1/1992 None 335 315 Female Birth BATONROUG ______ 5/1/1992 N 

      
Death BATONROUG NHN 5/11/1992 

 
554 5/1/1992 None 292 270 Male Birth FOSSILRIM 5032 5/1/1992 N 
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Death FOSSILRIM NHN 5/4/1992 

 
555 5/1/1992 None 292 270 Male Birth FOSSILRIM 5033 5/1/1992 N 

      
Death FOSSILRIM NHN 6/9/1992 

 
556 5/1/1992 None 292 270 Female Birth FOSSILRIM 5034 5/1/1992 N 

      
Death FOSSILRIM NHXX 7/24/1993 

 
557 5/1/1992 None 292 270 Female Birth FOSSILRIM 5035 5/1/1992 N 

      
Transfer VICTOR TX 960029 6/20/1996 

 

      
Transfer JACKSONVL 801304 1/24/2001 

 

      
Death JACKSONVL AHY 9/16/2007 

 
558 5/1/1992 None 292 270 Female Birth FOSSILRIM 5036 5/1/1992 N 

      
Death FOSSILRIM AHXX 8/9/1993 

 
559 5/1/1992 None 292 270 Female Birth FOSSILRIM 5037 5/1/1992 N 

      
Transfer VICTOR TX 960028 6/20/1996 

 

      
Death VICTOR TX AAY 2/6/2008 

 
560 5/2/1992 None 406 338 Male Birth ALEXANDRI ______ 5/2/1992 N 

      
Death ALEXANDRI NHN 5/7/1992 

 
561 5/2/1992 None 406 338 Female Birth ALEXANDRI 131005 5/2/1992 N 

      
Transfer MANTEO 10561 12/30/1992 

 

      
Transfer SANDYRIDG 10561 3/22/1995 

 

      
Death SANDYRIDG NHY N 12/4/1999 

 
562 5/6/1992 None 294 253 Female Birth TACOMA 0562 5/6/1992 N 

      
Death TACOMA FAHK 2/7/2005 

 
563 5/6/1992 None 294 253 Female Birth TACOMA 0563 5/6/1992 N 

      
Death TACOMA CCAX 2/27/1995 

 
564 5/6/1992 None 350 305 Male Birth WCSRC 564 5/6/1992 N 

      
Transfer GOLDENPND 564 2/7/1994 

 

      
Transfer GATLINBRG 10564 2/15/1994 

 

      
Transfer OCEAN SPR 10564 4/4/1994 

 

      
Transfer GATLINBRG 10564 12/12/1997 

 

      
Transfer SANDYRIDG 10564 10/20/1998 

 

      
Death SANDYRIDG NHY N 8/16/1999 

 
565 5/6/1992 None 350 305 Female Birth WCSRC 565 5/6/1992 N 

      
Transfer GOLDENPND 565 2/7/1994 

 

      
Transfer GATLINBRG 10565 2/15/1994 

 

      
Death GATLINBRG DHYX 12/13/1997 

 
566 5/6/1992 None 350 305 Female Birth WCSRC ______ 5/6/1992 N 

      
Death WCSRC NHN 5/13/1992 

 
567 5/8/1992 None 247 347 Male Birth TACOMA 0567 5/8/1992 N 

      
Death TACOMA AHAX 11/18/1998 
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568 5/8/1992 None 247 347 Male Birth TACOMA 0568 5/8/1992 N 

      
Death TACOMA ACCK 8/28/2004 

 
569 5/8/1992 None 247 347 Male Birth TACOMA 0569 5/8/1992 N 

      
Transfer BINGHAMTO 981000 2/2/1998 

 

      
Transfer RACINE M0002 2/2/2000 

 

      
Transfer TACOMA 0569 1/9/2002 

 

      
Death TACOMA AAAR 9/30/2006 

 
570 5/8/1992 None 247 347 Male Birth TACOMA 0570 5/8/1992 N 

      
Death TACOMA ACAX 3/9/1995 

 
571 5/8/1992 None 247 347 Female Birth TACOMA 0571 5/8/1992 N 

      
Transfer SYRACUSE M99164 12/7/1999 

 

      
Transfer BRIDGEPRT 101336 1/31/2001 

 

      
Transfer DURHAM MS 10M-04 11/7/2004 

 

      
Death DURHAM MS AAHR 8/5/2005 

 
572 5/8/1992 None 247 347 Female Birth TACOMA 0572 5/8/1992 N 

      
Death TACOMA AIDR 1/25/2001 

 
573 5/11/1992 None 369 195 Male Birth TACOMA 0573 5/11/1992 N 

      
Death TACOMA AAAX 3/2/1999 

 
574 5/11/1992 None 369 195 Male Birth TACOMA 0574 5/11/1992 N 

      
Death TACOMA NAGR 7/1/2005 

 
575 5/11/1992 None 369 195 Female Birth TACOMA 0575 5/11/1992 N 

      
Death TACOMA NCAX 7/30/1994 

 
576 5/11/1992 None 369 195 Female Birth TACOMA 0576 5/11/1992 N 

      
Death TACOMA NADL 2/2/2005 

 
577 5/15/1992 None 268 301 Male Birth TACOMA 0577 5/15/1992 N 

      
Death TACOMA NHN 2/18/1993 

 
578 5/15/1992 None 268 301 Female Birth TACOMA 0578 5/15/1992 N 

      
Transfer LOWRY 101351 1/18/2001 

 

      
Death LOWRY NHEX 12/18/2002 

 
579 5/15/1992 None 268 301 Female Birth TACOMA 0579 5/15/1992 N 

      
Transfer FORTWORTH 200766 6/8/2001 

 

      
Transfer AWENDA 10579 11/19/2003 

 

      
Death AWENDA AAFR 12/24/2003 

 
580 5/1/1992 None 319 300 Female Birth MANTEO 10580 5/1/1992 N 

      
Death MANTEO NHN 3/1/1993 

 
581 5/1/1992 None 319 300 Male Birth MANTEO 10581 5/1/1992 N 

      
Death MANTEO NHN 3/29/1993 

 
582 5/1/1992 None 319 300 Female Birth MANTEO 10582 5/1/1992 N 

      
Death MANTEO NHY 5/20/2000 
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583 4/28/1992 None 392 344 Male Birth MANTEO 10583 4/28/1992 N 

      
Go LTF MANTEO 10583 8/7/2002 

 
584 4/13/1993 None 359 342 Male Birth LOWRY 100541 4/13/1993 N 

      
Death LOWRY AHXX 12/14/1994 

 
585 4/13/1993 None 359 342 Female Birth LOWRY 100542 4/13/1993 N 

      
Death LOWRY ACXX 5/25/1995 

 
586 4/18/1993 None 464 408 Male Birth SANDYRIDG 10586 4/18/1993 N 

      
Transfer MANTEO 10586 8/23/1993 

 

      
Death MANTEO NCAXN 8/3/1994 

 
587 4/18/1993 None 464 408 Female Birth SANDYRIDG 10587 4/18/1993 N 

      
Transfer MANTEO 10587 8/23/1993 

 

      
Go LTF MANTEO 10587 9/18/1993 

 
588 4/18/1993 None 464 408 Female Birth SANDYRIDG 10588 4/18/1993 N 

      
Transfer MANTEO 10588 8/23/1993 

 

      
Death MANTEO NHN 6/17/1994 

 
589 4/18/1993 None 464 408 Female Birth SANDYRIDG 10589 4/18/1993 N 

      
Transfer MANTEO 10589 8/23/1993 

 

      
Death MANTEO NHN 6/22/1994 

 
590 4/18/1993 None 464 408 Female Birth SANDYRIDG 10590 4/18/1993 N 

      
Transfer MANTEO 10590 8/23/1993 

 

      
Death MANTEO AHXX 12/13/1993 

 
591 4/18/1993 None 464 408 Female Birth SANDYRIDG 10591 4/18/1993 N 

      
Transfer MANTEO 10591 8/23/1993 

 

      
Death MANTEO ACAX 8/16/1994 

 
592 4/18/1993 None 357 337 Male Birth GATLINBRG 10592 4/18/1993 N 

      
Transfer SANDYRIDG 10592 4/21/1994 

 

      
Death SANDYRIDG AHYX 12/20/1996 

 
593 4/18/1993 None 357 337 Female Birth GATLINBRG 10593 4/18/1993 N 

      
Transfer MANTEO 10593 4/21/1994 

 

      
Go LTF MANTEO 10593 5/24/1999 

 
594 4/18/1993 None 357 337 Female Birth GATLINBRG 10594 4/18/1993 N 

      
Death GATLINBRG GAXX 8/8/1993 

 
595 4/20/1993 None 341 378 Male Birth GATLINBRG 10595 4/20/1993 N 

      
Death GATLINBRG NAXX 7/31/1993 

 
596 4/20/1993 None 341 378 Female Birth GATLINBRG 10596 4/20/1993 N 

      
Death GATLINBRG NAXX 7/31/1993 

 
597 4/20/1993 None 341 378 Female Birth GATLINBRG 10597 4/20/1993 N 

      
Death GATLINBRG NAXX 7/28/1993 

 
598 4/20/1993 None 341 378 Female Birth GATLINBRG 10598 4/20/1993 N 
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Death GATLINBRG NAXX 7/27/1993 

 
599 4/20/1993 None 386 277 Male Birth NZP-WASH 110969 4/20/1993 N 

      
Death NZP-WASH NHN 4/20/1993 

 
600 4/20/1993 None 386 277 Male Birth NZP-WASH 110967 4/20/1993 N 

      
Transfer FORTWORTH 1327 1/16/1997 

 

      
Death FORTWORTH KCAL 7/23/1997 

 
601 4/20/1993 None 386 277 Female Birth NZP-WASH 110968 4/20/1993 N 

      
Death NZP-WASH NHN 4/20/1993 

 
602 4/20/1993 None 386 277 Female Birth NZP-WASH 110964 4/20/1993 N 

      
Transfer SANDYRIDG 10602 4/5/1994 

 

      
Transfer ASHEBORO 1346 1/19/1995 

 

      
Transfer GATLINBRG 10602 1/8/1997 

 

      
Transfer ST.VINCE 10602 1/31/1997 

 

      
Death ST.VINCE NHN 3/18/2000 

 
603 4/20/1993 None 386 277 Female Birth NZP-WASH 110965 4/20/1993 N 

      
Transfer SANDYRIDG 10603 4/5/1994 

 

      
Transfer ASHEBORO 1347 1/19/1995 

 

      
Transfer TACOMA 0603 12/17/1996 

 

      
Death TACOMA AAFR 1/6/2005 

 
604 4/20/1993 None 386 277 Female Birth NZP-WASH 110966 4/20/1993 N 

      
Transfer SANDYRIDG 10604 4/5/1994 

 

      
Transfer ASHEBORO 1348 1/19/1995 

 

      
Transfer OCEAN SPR 10604 3/13/1998 

 

      
Transfer SANDYRIDG 10604 4/22/1998 

 

      
Transfer TACOMA 0604 11/24/1998 

 

      
Transfer AWENDA 10604 12/18/2001 

 

      
Transfer SPRINGFIE 761 11/13/2002 

 

      
Death SPRINGFIE EAHX 4/22/2004 

 
605 4/24/1993 None 294 371 Male Birth TACOMA 0605 4/24/1993 N 

      
Transfer WHEELING 2261 1/21/1998 

 

      
Transfer BINGHAMTO ______ 2/8/2000 

 

      
Transfer FORTWORTH 200931 11/28/2001 

 

      
Death FORTWORTH AHHO 12/18/2002 

 
606 4/24/1993 None 294 371 Female Birth TACOMA 0606 4/24/1993 N 

      
Death TACOMA NHY 12/30/2002 

 
607 4/24/1993 None 294 371 Female Birth TACOMA 0607 4/24/1993 N 

      
Transfer SIOUX FAL 2876 12/18/2002 

 

      
Death SIOUX FAL CAYK 1/18/2003 

 
608 4/24/1993 None 294 371 Female Birth TACOMA 0608 4/24/1993 N 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

78 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

      
Death TACOMA AIJX 2/10/2000 

 
609 4/25/1993 None 405 303 Male Birth BRIDGEPRT 10713 4/25/1993 N 

      
Death BRIDGEPRT NHN 4/28/1993 

 
610 4/25/1993 None 405 303 Male Birth BRIDGEPRT 10714 4/25/1993 N 

      
Death BRIDGEPRT NHN 4/28/1993 

 
611 4/25/1993 None 405 303 Male Birth BRIDGEPRT 10715 4/25/1993 N 

      
Death BRIDGEPRT NHN 4/28/1993 

 
612 4/25/1993 None 405 303 Male Birth BRIDGEPRT 10716 4/25/1993 N 

      
Death BRIDGEPRT NHN 4/28/1993 

 
613 4/25/1993 None 405 303 Male Birth BRIDGEPRT 10717 4/25/1993 N 

      
Death BRIDGEPRT NHN 4/28/1993 

 
614 4/25/1993 None 405 303 Female Birth BRIDGEPRT 10718 4/25/1993 N 

      
Death BRIDGEPRT NHN 4/27/1993 

 
615 4/27/1993 None 350 305 Male Birth GOLDENPND 615 4/27/1993 N 

      
Transfer WCSRC 615 2/7/1994 

 

      
Death WCSRC KAAX 12/3/1998 

 
616 4/27/1993 None 350 305 Male Birth GOLDENPND 616 4/27/1993 N 

      
Transfer WCSRC 616 2/7/1994 

 

      
Death WCSRC KHAX 2/24/1999 

 
617 4/27/1993 None 350 305 Female Birth GOLDENPND 617 4/27/1993 N 

      
Transfer TACOMA 0617 2/3/1994 

 

      
Death TACOMA ACHR 6/17/1996 

 
618 4/27/1993 None 350 305 Female Birth GOLDENPND 618 4/27/1993 N 

      
Death GOLDENPND NHXX 12/18/1993 

 
619 4/29/1993 None 356 297 Male Birth KNOXVILLE 1566 4/29/1993 N 

      
Transfer SIOUX FAL 2025 6/18/1997 

 

      
Transfer WSC MN 619 2/7/2000 

 

      
Transfer WCSRC 200209 11/23/2002 

 

      
Transfer OKLAHOMA 770521 12/2/2004 

 

      
Death OKLAHOMA AAY 5/13/2009 

 
620 4/29/1993 None 356 297 Male Birth KNOXVILLE 1567 4/29/1993 N 

      
Transfer SIOUX FAL 2027 6/18/1997 

 

      
Transfer WSC MN 620 2/7/2000 

 

      
Transfer CHATT NAT 620 7/12/2001 

 

      
Transfer KNOXVILLE 1567 2/1/2003 

 

      
Transfer CHATT NAT 620 4/2/2003 

 

      
Death CHATT NAT EAY 1/30/2009 

 
621 4/29/1993 None 356 297 Male Birth KNOXVILLE 1569 4/29/1993 N 

      
Transfer SIOUX FAL 2026 6/18/1997 
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Transfer WSC MN 621 2/7/2000 

 

      
Transfer WCSRC 200210 11/23/2002 

 

      
Death WCSRC AIDB 8/1/2006 

 
622 4/29/1993 None 356 297 Female Birth KNOXVILLE 1568 4/29/1993 N 

      
Death KNOXVILLE EIY 12/3/2008 

 
623 5/1/1993 None 299 348 Male Birth PROVIDNCE 931050 5/1/1993 N 

      
Death PROVIDNCE NHN 5/1/1993 

 
624 5/1/1993 None 299 348 Female Birth PROVIDNCE 931051 5/1/1993 N 

      
Death PROVIDNCE AAAR 10/9/2008 

 
625 5/3/1993 None 292 493 Male Birth DURHAM MS 625 5/3/1993 N 

      
Transfer WCSRC 625 2/17/1994 

 

      
Death WCSRC AIHO 5/18/2001 

 
626 5/3/1993 None 292 493 Male Birth DURHAM MS 626 5/3/1993 N 

      
Transfer WCSRC 626 2/17/1994 

 

      
Death WCSRC CBAK 4/29/1994 

 
627 5/3/1993 None 292 493 Male Birth DURHAM MS 627 5/3/1993 N 

      
Transfer WCSRC 627 2/17/1994 

 

      
Death WCSRC ACHO 12/1/2000 

 
628 5/3/1993 None 292 493 Female Birth DURHAM MS 628 5/3/1993 N 

      
Transfer WCSRC 628 2/16/1994 

 

      
Death WCSRC CHAK 1/25/1998 

 
629 5/3/1993 None 292 493 Female Birth DURHAM MS 629 5/3/1993 N 

      
Transfer WCSRC 629 2/16/1994 

 

      
Transfer ALEXANDRI 131007 5/10/1995 

 

      
Transfer SANDYRIDG 10629 11/13/2001 

 

      
Transfer NCS RAL 10629 12/5/2001 

 

      
Death NCS RAL AHGB 8/12/2002 

 
630 5/3/1993 None 292 493 Female Birth DURHAM MS 630 5/3/1993 N 

      
Transfer WCSRC 630 2/16/1994 

 

      
Death WCSRC LCAX 2/16/1994 

 
631 5/3/1993 None 292 493 Female Birth DURHAM MS 631 5/3/1993 N 

      
Death DURHAM MS NHXX 12/18/1993 

 
632 5/2/1993 None 445 383 Male Birth SANDYRIDG 10632 5/2/1993 N 

      
Transfer MANTEO 10632 9/15/1993 

 

      
Transfer SANDYRIDG 10632 2/27/1994 

 

      
Transfer NCS RAL 10632 12/5/2001 

 

      
Death NCS RAL AAAR 10/19/2007 

 
633 5/2/1993 None 445 383 Male Birth SANDYRIDG 10633 5/2/1993 N 

      
Transfer MANTEO 10633 9/15/1993 
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Transfer SANDYRIDG 10633 3/26/1994 

 

      
Death SANDYRIDG AHN 6/9/2000 

 
634 5/2/1993 None 445 383 Male Birth SANDYRIDG 10634 5/2/1993 N 

      
Transfer MANTEO 10634 9/15/1993 

 

      
Go LTF MANTEO 10634 12/31/1993 

 
635 5/4/1993 None 476 324 Male Birth TREVOR 93M419 5/4/1993 N 

      
Death TREVOR NHN 5/5/1993 

 
636 5/4/1993 None 476 324 Male Birth TREVOR 93M423 5/4/1993 N 

      
Transfer SYRACUSE M95001 1/27/1995 

 

      
Transfer TREVOR 93M423 4/28/1995 

 

      
Death TREVOR AELA 1/29/2003 

 
637 5/4/1993 None 476 324 Female Birth TREVOR 93M422 5/4/1993 N 

      
Transfer SYRACUSE ______ 11/27/1995 

 

      
Transfer GOLDENPND 637 5/14/1996 

 

      
Transfer TREVOR 93M422 12/13/2002 

 

      
Transfer ASHEBORO 1621 10/22/2003 

 

      
Death ASHEBORO AAFR 2/8/2006 

 
638 5/4/1993 None 476 324 Female Birth TREVOR 93M421 5/4/1993 N 

      
Transfer RACINE 9626 10/31/1996 

 

      
Transfer TACOMA 0638 12/1/1999 

 

      
Death TACOMA AIAR 10/16/2001 

 
639 5/4/1993 None 476 324 Female Birth TREVOR 93M420 5/4/1993 N 

      
Death TREVOR AHXX 11/1/1993 

 
640 5/4/1993 None 452 449 Male Birth AWENDA 10640 5/4/1993 N 

      
Transfer MANTEO 10640 1/11/1996 

 

      
Transfer SANDYRIDG 10640 5/26/1996 

 

      
Transfer AWENDA 10640 6/12/1996 

 

      
Transfer SANDYRIDG 10640 2/3/2005 

 

      
Transfer NCS RAL 10640 4/13/2006 

 

      
Death NCS RAL AAY 9/6/2009 

 
641 5/4/1993 None 452 449 Male Birth AWENDA 10641 5/4/1993 N 

      
Transfer SANDYRIDG 10641 1/11/1996 

 

      
Transfer GATLINBRG 10641 2/11/1996 

 

      
Transfer SANDYRIDG 10641 7/20/1998 

 

      
Death SANDYRIDG AHYX 2/1/1999 

 
642 5/4/1993 None 452 449 Female Birth AWENDA 10642 5/4/1993 N 

      
Transfer SANDYRIDG 10642 1/11/1996 

 

      
Transfer GATLINBRG 10642 1/15/1996 

 

      
Transfer SANDYRIDG 10642 7/20/1998 

 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

81 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

      
Death SANDYRIDG AHYX 2/1/1999 

 
643 5/5/1993 None 436 425 Male Birth PITTSBURG 100732 5/5/1993 N 

      
Transfer GREENBAY 990002 1/21/1999 

 

      
Death GREENBAY NHY 5/29/2001 

 
644 5/5/1993 None 436 425 Male Birth PITTSBURG 100733 5/5/1993 N 

      
Death PITTSBURG KCAX 11/8/1994 

 
645 5/5/1993 None 436 425 Male Birth PITTSBURG 100734 5/5/1993 N 

      
Transfer GREENBAY 990003 1/21/1999 

 

      
Transfer TACOMA 0645 11/17/2004 

 

      
Death TACOMA AAY 11/7/2008 

 
646 5/5/1993 None 436 425 Female Birth PITTSBURG 100735 5/5/1993 N 

      
Transfer GREENBAY 990004 1/21/1999 

 

      
Transfer SIOUX FAL 3035 12/18/2003 

 

      
Death SIOUX FAL AAAO 2/19/2004 

 
647 5/5/1993 None 436 425 Female Birth PITTSBURG 100736 5/5/1993 N 

      
Transfer SANDYRIDG 10647 8/26/1996 

 

      
Transfer TALLAHASE 00L007 7/27/2000 

 

      
Transfer AWENDA 10647 1/7/2003 

 

      
Death AWENDA EHKR 8/8/2008 

 
648 5/8/1993 None 335 205 Female Birth TACOMA 0648 5/8/1993 N 

      
Death TACOMA CAY 12/14/2008 

 
649 5/8/1993 None 335 205 Female Birth TACOMA 0649 5/8/1993 N 

      
Death TACOMA NHXX 12/8/1993 

 
650 5/10/1993 None 268 253 Male Birth TACOMA 0650 5/10/1993 N 

      
Death TACOMA CCAK 4/13/1995 

 
651 5/14/1993 None 247 338 Male Birth TACOMA 0651 5/14/1993 N 

      
Death TACOMA FAY 9/28/2005 

 
652 5/14/1993 None 247 338 Male Birth TACOMA 0652 5/14/1993 N 

      
Death TACOMA NAHX 6/1/2004 

 
653 5/14/1993 None 247 338 Male Birth TACOMA 0653 5/14/1993 N 

      
Transfer LOWRY 101040 1/14/1999 

 

      
Death LOWRY AIAR 1/2/2002 

 
654 5/14/1993 None 247 338 Female Birth TACOMA 0654 5/14/1993 N 

      
Death TACOMA NHN 5/15/1993 

 
655 5/14/1993 None 247 338 Female Birth TACOMA 0655 5/14/1993 N 

      
Death TACOMA NHN 5/16/1993 

 
656 5/17/1993 None 272 391 Female Birth TACOMA 0656 5/17/1993 N 

      
Death TACOMA FAAR 5/6/1999 

 
657 5/17/1993 None 490 420 Unknown Birth TACOMA 0657 5/17/1993 N 
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Death TACOMA NHN 5/18/1993 

 
658 4/15/1993 None 506 502 Male Birth MANTEO 10658 4/15/1993 N 

      
Death MANTEO NHN 6/5/1993 

 
659 4/16/1993 None 331 394 Male Birth MANTEO 10659 4/16/1993 N 

      
Death MANTEO NHXX 10/26/1993 

 
660 4/16/1993 None 331 394 Female Birth MANTEO 10660 4/16/1993 N 

      
Transfer GATLINBRG 10660 1/22/1995 

 

      
Go LTF GATLINBRG 10660 1/22/1995 

 
661 4/16/1993 None 331 394 Male Birth MANTEO 10661 4/16/1993 N 

      
Death MANTEO NHN 5/17/1995 

 
662 4/16/1993 None 331 394 Male Birth MANTEO 10662 4/16/1993 N 

      
Death MANTEO KHY 2/8/2003 

 
663 4/16/1993 None 331 394 Male Birth MANTEO 10663 4/16/1993 N 

      
Death MANTEO NHYXN 1/14/1997 

 
664 5/1/1993 None 392 344 Male Birth MANTEO 10664 5/1/1993 N 

      
Death MANTEO NHYXN 12/15/1994 

 
665 5/1/1993 None 392 344 Female Birth MANTEO 10665 5/1/1993 N 

      
Go LTF MANTEO 10665 10/21/1997 

 
666 5/1/1993 None 392 344 Male Birth MANTEO 10666 5/1/1993 N 

      
Death MANTEO NHN 1/1/2001 

 
667 5/1/1993 None 392 344 Unknown Birth MANTEO 10667 5/1/1993 N 

      
Go LTF MANTEO 10667 5/1/1993 

 
668 5/1/1993 None 504 496 Male Birth MANTEO 10668 5/1/1993 N 

      
Transfer GATLINBRG 10668 1/15/1996 

 

      
Death GATLINBRG NHXX 8/30/1996 

 
669 5/1/1993 None UNK 496 Female Birth MANTEO 10669 5/1/1993 U 

      
Go LTF MANTEO 10669 11/23/1993 

 
670 5/1/1993 None UNK 508 Male Birth MANTEO 90205 5/1/1993 Y 

      
Death MANTEO OHN N 2/9/2004 

 
671 5/1/1993 None UNK 508 Male Birth MANTEO 90121 5/1/1993 Y 

      
Death MANTEO OHN N 2/16/2001 

 
672 5/1/1993 None 504 496 Female Birth MANTEO 10672 5/1/1993 N 

      
Death MANTEO DHXX 11/12/1993 

 
673 4/15/1993 None 506 502 Female Birth MANTEO 10673 5/1/1993 N 

      
Go LTF MANTEO 10673 2/8/2002 

 
674 5/1/1993 None 504 496 Male Birth MANTEO 10674 5/1/1993 N 

      
Death MANTEO NHY 11/4/2002 

 
675 5/1/1993 None 504 496 Male Birth MANTEO 10675 5/1/1993 N 

      
Death MANTEO NHY 9/21/2001 
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676 4/13/1994 None 374 437 Male Birth SANDYRIDG 10676 4/13/1994 N 

      
Death SANDYRIDG NHYX 4/15/1994 

 
677 4/13/1994 None 374 437 Male Birth SANDYRIDG 10677 4/13/1994 N 

      
Death SANDYRIDG AHYX 2/1/1999 

 
678 4/13/1994 None 374 437 Female Birth SANDYRIDG 10678 4/13/1994 N 

      
Death SANDYRIDG AHYX 2/1/1999 

 
679 4/14/1994 None 386 277 Male Birth NZP-WASH 111254 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
680 4/14/1994 None 386 277 Male Birth NZP-WASH 111255 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
681 4/14/1994 None 386 277 Female Birth NZP-WASH 111256 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
682 4/14/1994 None 386 277 Female Birth NZP-WASH 111257 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
683 4/14/1994 None 386 277 Female Birth NZP-WASH 111258 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
684 4/14/1994 None 386 277 Female Birth NZP-WASH 111259 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
685 4/14/1994 None 386 277 Female Birth NZP-WASH 111260 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
686 4/14/1994 None 386 277 Female Birth NZP-WASH 111261 4/14/1994 N 

      
Death NZP-WASH IAAX 4/14/1994 

 
687 4/20/1994 None 405 303 Male Birth BRIDGEPRT 10876 4/20/1994 N 

      
Transfer SIOUX FAL 1684 2/15/1995 

 

      
Transfer RACINE 9514 7/20/1995 

 

      
Transfer TACOMA 0687 7/28/1998 

 

      
Transfer FRESNO 230126 11/13/2003 

 

      
Death FRESNO AAAR 8/2/2008 

 
688 4/20/1994 None 405 303 Male Birth BRIDGEPRT 10877 4/20/1994 N 

      
Transfer SIOUX FAL 1686 2/15/1995 

 

      
Transfer RACINE 9515 7/20/1995 

 

      
Transfer TACOMA 0688 4/7/1999 

 

      
Transfer WOLFHAVEN 688 5/13/2003 

 

      
Death WOLFHAVEN NBGNY 3/20/2009 

 
689 4/20/1994 None 405 303 Male Birth BRIDGEPRT 10878 4/20/1994 N 

      
Transfer SIOUX FAL 1685 2/15/1995 

 

      
Transfer RACINE 9516 7/20/1995 

 

      
Transfer SPRINGFIE ______ 11/30/1999 

 

      
Transfer LOWRY 102003 11/15/2004 

 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

84 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

      
Death LOWRY NAN 9/1/2005 

 
690 4/20/1994 None 405 303 Female Birth BRIDGEPRT 10879 4/20/1994 N 

      
Transfer SYRACUSE M01009 1/31/2001 

 

      
Transfer CHATT NAT 690 10/7/2003 

 

      
Death CHATT NAT AEY 2/28/2008 

 
691 4/20/1994 None 405 303 Female Birth BRIDGEPRT 10880 4/20/1994 N 

      
Death BRIDGEPRT NHXX 10/20/1994 

 
692 4/20/1994 None 405 303 Female Birth BRIDGEPRT 10881 4/20/1994 N 

      
Transfer FOSSILRIM ______ 10/15/1998 

 

      
Death FOSSILRIM CAAK 1/14/2009 

 
693 4/21/1994 Day 497 383 Male Birth MANTEO 10693 4/21/1994 N 

      
Death MANTEO NHN 5/29/1994 

 
694 4/21/1994 Day 497 383 Male Birth MANTEO 10694 4/21/1994 N 

      
Death MANTEO NHN 5/29/1994 

 
695 4/21/1994 Day 497 383 Male Birth MANTEO 10695 4/21/1994 N 

      
Death MANTEO NHN 5/29/1994 

 
696 4/21/1994 Day 497 383 Female Birth MANTEO 10696 4/21/1994 N 

      
Death MANTEO NHN 5/29/1994 

 
697 4/21/1994 Day 497 383 Female Birth MANTEO 10697 4/21/1994 N 

      
Death MANTEO NHN 5/29/1994 

 
698 4/10/1994 Day 504 496 Female Birth MANTEO 10698 4/10/1994 N 

      
Death MANTEO DHXX 1/27/1995 

 
699 4/10/1994 Day UNK 496 Female Birth MANTEO 10699 4/10/1994 U 

      
Transfer GATLINBRG 10699 4/21/1995 

 

      
Death GATLINBRG DAAK 11/25/1995 

 
700 4/10/1994 Day UNK 496 Unknown Birth MANTEO 10700 4/10/1994 U 

      
Go LTF MANTEO 10700 4/10/1994 

 
701 4/22/1994 None 436 409 Male Birth TACOMA 0701 4/22/1994 N 

      
Transfer CHEHAW MO4022 11/23/2004 

 

      
Transfer ASHEBORO 1725 11/17/2005 

 

      
Death ASHEBORO FAY 12/10/2006 

 
702 4/22/1994 None 436 409 Male Birth TACOMA 0702 4/22/1994 N 

      
Death TACOMA AAAR 5/30/2007 

 
703 4/22/1994 None 436 409 Female Birth TACOMA 0703 4/22/1994 N 

      
Death TACOMA NAGN 4/28/2004 

 
704 4/22/1994 None 436 409 Female Birth TACOMA 0704 4/22/1994 N 

      
Death TACOMA AAAR 6/26/2008 

 
705 4/22/1994 None 436 409 Female Birth TACOMA 0705 4/22/1994 N 

      
Death TACOMA FAAN 5/20/2007 
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706 4/25/1994 None 451 468 Male Birth GATLINBRG 10706 4/25/1994 N 

      
Death GATLINBRG AHXX 5/29/1996 

 
707 4/25/1994 None 451 468 Male Birth GATLINBRG 10707 4/25/1994 N 

      
Go LTF GATLINBRG 10707 4/25/1994 

 
708 4/25/1994 None 451 468 Male Birth GATLINBRG 10708 4/25/1994 N 

      
Death GATLINBRG NHN 5/10/1994 

 
709 4/25/1994 None 451 468 Male Birth GATLINBRG 10709 4/25/1994 N 

      
Death GATLINBRG AHXX 5/29/1996 

 
710 4/25/1994 None 451 468 Female Birth GATLINBRG 10710 4/25/1994 N 

      
Go LTF GATLINBRG 10710 4/25/1994 

 
711 4/25/1994 None 451 468 Female Birth GATLINBRG 10711 4/25/1994 N 

      
Death GATLINBRG NCAX 2/17/1996 

 
712 4/25/1994 None 451 468 Female Birth GATLINBRG 10712 4/25/1994 N 

      
Go LTF GATLINBRG 10712 4/25/1994 

 
713 4/25/1994 None 451 468 Female Birth GATLINBRG 10713 4/25/1994 N 

      
Transfer SANDYRIDG 10713 2/11/1996 

 

      
Death SANDYRIDG AHXX 2/1/1999 

 
714 4/26/1994 None 489 315 Female Birth AUDUB SSC M94011 4/26/1994 N 

      
Death AUDUB SSC AHAK 5/1/1994 

 
715 4/26/1994 None 489 315 Male Birth AUDUB SSC M94013 4/26/1994 N 

      
Death AUDUB SSC AHN 5/1/1994 

 
716 4/26/1994 None 489 315 Female Birth AUDUB SSC M94012 4/26/1994 N 

      
Death AUDUB SSC NHN 5/1/1994 

 
717 4/26/1994 None 489 315 Unknown Birth AUDUB SSC M94014 4/26/1994 N 

      
Death AUDUB SSC IHN 4/26/1994 

 
718 5/2/1994 None 341 378 Male Birth GATLINBRG 10718 5/2/1994 N 

      
Death GATLINBRG NHN 5/19/1994 

 
719 5/2/1994 None 341 378 Female Birth GATLINBRG 10719 4/25/1994 N 

      
Transfer SANDYRIDG 10719 2/11/1996 

 

      
Transfer KNOXVILLE 2745 10/25/2003 

 

      
Death KNOXVILLE FIKB 3/9/2005 

 
720 5/2/1994 None 341 378 Female Transfer SANDYRIDG 10720 2/11/1996 N 

      
Birth GATLINBRG 10720 5/1/1996 

 

      
Transfer ASHEBORO 1665 9/22/2003 

 

      
Transfer BREVARD 2349 9/23/2003 

 

      
Transfer LOWRY 102308 2/6/2007 

 

      
Death LOWRY EAY 1/29/2009 

 
721 5/2/1994 None 341 378 Female Birth GATLINBRG 10721 5/2/1994 N 

      
Death GATLINBRG NHXX 5/2/1994 
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722 5/3/1994 None 428 390 Male Birth FOSSILRIM 5041 5/3/1994 N 

      
Transfer BREVARD 940180 4/26/1996 

 

      
Transfer GOLDENPND 722 11/30/1999 

 

      
Transfer CHATT NAT 722 1/24/2003 

 

      
Death CHATT NAT NCN 8/11/2008 

 
723 5/3/1994 None 428 390 Male Birth FOSSILRIM 5042 5/3/1994 N 

      
Transfer BREVARD 940181 4/26/1996 

 

      
Transfer AWENDA 10723 12/29/2000 

 

      
Death AWENDA FAN 8/9/2004 

 
724 5/3/1994 None 428 390 Male Birth FOSSILRIM 5043 5/3/1994 N 

      
Transfer BREVARD 940182 4/26/1996 

 

      
Transfer AWENDA 10724 12/29/2000 

 

      
Transfer JACKSON 200377 12/30/2004 

 

      
Death JACKSON AAY 1/16/2008 

 
725 5/3/1994 None 428 390 Female Birth FOSSILRIM 5044 5/3/1994 N 

      
Transfer LOWRY 100721 11/16/1995 

 

      
Transfer TALLAHASE 03L004 2/15/2003 

 

      
Transfer GOLDENPND 725 12/8/2004 

 

      
Death GOLDENPND ABAO 4/13/2009 

 
726 5/3/1994 None 428 390 Female Birth FOSSILRIM 5045 5/3/1994 N 

      
Transfer LOWRY 100722 11/16/1995 

 

      
Death LOWRY AIHO 8/15/2006 

 
727 5/8/1994 None 282 457 Male Birth MILL MOUN A004 5/8/1994 N 

      
Death MILL MOUN NCAX 11/21/1995 

 
728 5/8/1994 None 282 457 Male Birth MILL MOUN A007 5/8/1994 N 

      
Death MILL MOUN KAAM 11/21/1998 

 
729 5/8/1994 None 282 457 Male Birth MILL MOUN A008 5/8/1994 N 

      
Transfer SANDYRIDG 10729 12/6/2001 

 

      
Transfer BLOOMINGT M04002 2/18/2004 

 

      
Death BLOOMINGT ACFR 6/19/2006 

 
730 5/8/1994 None 282 457 Female Birth MILL MOUN A005 5/8/1994 N 

      
Transfer ASHEBORO 1385 12/20/1995 

 

      
Transfer LOWRY 101760 2/4/2003 

 

      
Transfer MILL MOUN A005 11/10/2005 

 

      
Death MILL MOUN ABAR 4/10/2006 

 
731 5/8/1994 None 282 457 Female Birth MILL MOUN A006 5/8/1994 N 

      
Transfer ASHEBORO 1386 12/20/1995 

 

      
Death ASHEBORO FHYX 6/27/1998 

 
732 5/9/1994 None UNK 541 Male Birth GATLINBRG 732 5/9/1994 Y 
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Death GATLINBRG AHN 12/15/1995 

 
733 5/9/1994 None UNK 541 Male Birth GATLINBRG 733 5/9/1994 Y 

      
Death GATLINBRG AHN 12/15/1995 

 
734 5/9/1994 None UNK 541 Male Birth GATLINBRG 734 5/9/1994 Y 

      
Death GATLINBRG AHN 12/15/1995 

 
735 5/9/1994 None UNK 541 Male Birth GATLINBRG 735 5/9/1994 Y 

      
Death GATLINBRG NHN 5/17/1994 

 
736 5/9/1994 None UNK 541 Female Birth GATLINBRG 736 5/9/1994 Y 

      
Death GATLINBRG AHN 12/15/1995 

 
737 5/12/1994 None 294 495 Unknown Birth TACOMA 0737 5/12/1994 N 

      
Death TACOMA NHN 5/13/1994 

 
738 5/12/1994 None 294 495 Unknown Birth TACOMA 0738 5/12/1994 N 

      
Death TACOMA NHN 5/13/1994 

 
739 5/13/1994 None 490 420 Male Birth BLOOMINGT M94045 5/13/1994 N 

      
Death BLOOMINGT NHXX 5/18/1994 

 
740 5/13/1994 None 490 420 Male Birth BLOOMINGT M94042 5/13/1994 N 

      
Transfer WCSRC 200208 11/20/2002 

 

      
Transfer TACOMA 0740 8/10/2004 

 

      
Death TACOMA AAY 8/7/2007 

 
741 5/13/1994 None 490 420 Male Birth BLOOMINGT M94043 5/13/1994 N 

      
Death BLOOMINGT ACAR 8/18/1997 

 
742 5/13/1994 None 490 420 Male Birth BLOOMINGT M94046 5/13/1994 N 

      
Death BLOOMINGT AAKR 7/16/2003 

 
743 5/13/1994 None 490 420 Female Birth BLOOMINGT M94044 5/13/1994 N 

      
Transfer WCSRC 9503 1/31/1995 

 

      
Transfer MILL MOUN 482 10/16/2002 

 

      
Death MILL MOUN AAAR 7/7/2005 

 
744 5/13/1994 None 490 420 Female Birth BLOOMINGT M94047 5/13/1994 N 

      
Transfer WCSRC 9504 1/31/1995 

 

      
Transfer AWENDA 10744 10/23/2002 

 

      
Transfer CHATT NAT 744 12/15/2004 

 

      
Death CHATT NAT FAHN 9/17/2008 

 
745 4/5/1994 Day 331 394 Male Birth MANTEO 10745 4/5/1994 N 

      
Death MANTEO DCAK 5/13/1997 

 
746 4/5/1994 Day 331 394 Male Birth MANTEO 10746 4/5/1994 N 

      
Death MANTEO FHBHY 1/17/2004 

 
747 4/5/1994 Day 331 394 Female Birth MANTEO 10747 4/5/1994 N 

      
Go LTF MANTEO 10747 12/14/1995 

 
748 5/1/1994 Day UNK 444 Unknown Birth MANTEO 10748 5/1/1994 U 
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Go LTF MANTEO 10748 5/1/1994 

 
749 5/1/1994 Day UNK 444 Unknown Birth MANTEO 10749 5/1/1994 U 

      
Go LTF MANTEO 10749 5/1/1994 

 
750 5/1/1994 Day UNK 444 Unknown Birth MANTEO 10750 5/1/1994 U 

      
Go LTF MANTEO 10750 5/1/1994 

 
751 5/1/1994 Day 372 382 Male Birth MANTEO 10751 5/1/1994 N 

      
Death MANTEO NCXX 8/18/1994 

 
752 5/1/1994 Day 372 382 Male Birth MANTEO 10752 5/1/1994 N 

      
Death MANTEO NHY 8/21/1999 

 
753 5/1/1994 Day 372 382 Male Birth MANTEO 10753 5/1/1994 N 

      
Death MANTEO FHBHY 12/16/1998 

 
754 5/1/1994 Day 372 382 Male Birth MANTEO 10754 5/1/1994 N 

      
Death MANTEO NHXXN 9/15/1995 

 
755 5/1/1994 Day 442 500 Male Birth MANTEO 10755 5/1/1994 N 

      
Death MANTEO DCXX 12/9/1995 

 
756 5/1/1994 Day 442 500 Female Birth MANTEO 10756 5/1/1994 N 

      
Death MANTEO DHYJ 3/12/2002 

 
757 5/1/1994 Day 442 500 Female Birth MANTEO 10757 5/1/1994 N 

      
Death MANTEO NCXX 10/7/1994 

 
759 4/12/1994 Day 358 508 Male Birth MANTEO 10759 4/12/1994 N 

      
Death MANTEO NHXX 11/20/1995 

 
760 4/12/1994 Day 358 508 Female Birth MANTEO 10760 4/12/1994 N 

      
Death MANTEO DCAKN 5/24/1996 

 
761 4/12/1994 Day 358 508 Female Birth MANTEO 10761 4/12/1994 N 

      
Go LTF MANTEO 10761 11/23/1998 

 
762 4/12/1994 Day 358 508 Unknown Birth MANTEO 10762 4/12/1994 N 

      
Go LTF MANTEO 10762 4/12/1994 

 
763 4/27/1994 Day 392 344 Female Birth MANTEO 10763 4/27/1994 N 

      
Go LTF MANTEO 10763 9/30/2001 

 
764 4/27/1994 Day 392 344 Female Birth MANTEO 10764 4/27/1994 N 

      
Death MANTEO DCXX 3/16/1995 

 
765 5/16/1994 Day 411 453 Female Birth ST.VINCE 10765 5/16/1994 N 

      
Transfer MANTEO 10765 1/23/1996 

 

      
Death MANTEO NHXX 7/3/1996 

 
766 4/18/1994 Day 670 503 Male Birth MANTEO 10766 4/18/1994 U 

      
Go LTF MANTEO 10766 9/8/1999 

 
767 5/16/1994 Day 411 453 Male Birth ST.VINCE 10767 5/16/1994 N 

      
Transfer MANTEO 10767 12/19/1996 

 

      
Go LTF MANTEO 10767 5/29/1997 
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768 4/18/1994 Day 670 503 Male Birth MANTEO 90370 4/18/1994 Y 

      
Death MANTEO FHN 6/10/2004 

 
769 5/16/1994 Day 411 453 Male Birth ST.VINCE 10769 5/16/1994 N 

      
Transfer MANTEO 10769 4/30/1996 

 

      
Death MANTEO NHXK 12/6/1996 

 
770 5/1/1994 Day UNK UNK Male Birth MANTEO 10770 5/1/1994 U 

      
Death MANTEO AHYX 12/28/1994 

 
771 5/10/1994 Day 452 449 Male Birth AWENDA 10771 5/10/1994 N 

      
Transfer MANTEO 10771 1/11/1996 

 

      
Transfer GATLINBRG 10771 1/15/1996 

 

      
Transfer MANTEO 10771 9/21/1998 

 

      
Death MANTEO NHN 10/1/2003 

 
772 5/1/1994 Day 506 502 Male Birth MANTEO 10772 5/1/1994 N 

      
Death MANTEO FHEGY 12/22/1998 

 
773 5/1/1994 Day 506 502 Male Birth MANTEO 10773 5/1/1994 N 

      
Death MANTEO NHYX 6/26/1995 

 
774 5/1/1994 Day 506 502 Female Birth MANTEO 10774 5/1/1994 N 

      
Death MANTEO NHYXN 5/18/1998 

 
776 4/3/1995 Day 504 496 Male Birth MANTEO 10776 4/3/1995 N 

      
Transfer GATLINBRG 10776 4/21/1995 

 

      
Death GATLINBRG NHN 5/1/1995 

 
777 4/3/1995 Day 504 496 Male Birth MANTEO 10777 4/3/1995 N 

      
Transfer GATLINBRG 10777 4/21/1995 

 

      
Death GATLINBRG NHN 5/1/1995 

 
778 4/3/1995 Day 504 496 Male Birth MANTEO 10778 4/3/1995 N 

      
Transfer GATLINBRG 10778 4/21/1995 

 

      
Go LTF GATLINBRG 10778 4/21/1995 

 
779 4/3/1995 Day 504 496 Male Birth MANTEO 10779 4/3/1995 N 

      
Transfer SANDYRIDG 10779 4/6/1995 

 

      
Transfer GATLINBRG 10779 4/21/1995 

 

      
Transfer SANDYRIDG 10779 7/20/1998 

 

      
Transfer ST.VINCE 10779 1/24/2000 

 

      
Transfer LOWRY 102018 12/2/2004 

 

      
Death LOWRY EAAR 2/14/2009 

 
780 4/3/1995 Day 504 496 Male Birth MANTEO 10780 4/3/1995 N 

      
Transfer GATLINBRG 10780 4/21/1995 

 

      
Transfer ASHEBORO 1463 10/20/1998 

 

      
Transfer AWENDA 10780 7/13/2000 

 

      
Death AWENDA EAFR 2/16/2009 

 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

90 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

781 4/3/1995 Day 504 496 Male Birth MANTEO 10781 4/3/1995 N 

      
Transfer GATLINBRG 10781 4/21/1995 

 

      
Transfer MANTEO 10781 11/25/1998 

 

      
Death MANTEO DHY 12/31/1999 

 
782 4/3/1995 Day 504 496 Female Birth MANTEO 10782 4/3/1995 N 

      
Transfer GATLINBRG 10782 4/21/1995 

 

      
Death GATLINBRG NCXX 3/1/1996 

 
783 4/10/1995 None 432 304 Male Birth WNCNATCTR 783 4/10/1995 N 

      
Death WNCNATCTR FHAB 4/11/1995 

 
784 4/10/1995 None 432 304 Female Birth WNCNATCTR 784 4/10/1995 N 

      
Transfer AWENDA 10784 12/4/1996 

 

      
Death AWENDA NHAX 12/29/1997 

 
785 4/25/1995 None 491 278 Male Birth SPRINGFIE 457 4/25/1995 N 

      
Death SPRINGFIE AHXX 4/28/1995 

 
786 4/25/1995 None 491 278 Female Birth SPRINGFIE 458 4/25/1995 N 

      
Death SPRINGFIE NHXX 4/28/1995 

 
787 4/23/1995 Day 539 468 Female Birth GATLINBRG 10787 4/23/1995 N 

      
Go LTF GATLINBRG 10787 4/23/1995 

 
788 4/23/1995 Day 539 468 Female Birth GATLINBRG 10788 4/23/1995 N 

      
Go LTF GATLINBRG 10788 4/23/1995 

 
789 4/29/1995 None 489 315 Female Birth AUDUB SSC M95001 4/29/1995 N 

      
Death AUDUB SSC AHXX 5/10/1995 

 
790 5/6/1995 None 492 562 Male Birth TACOMA 0790 5/6/1995 N 

      
Transfer ASHEBORO 1421 1/21/1998 

 

      
Transfer OCEAN SPR 10790 3/13/1998 

 

      
Transfer SANDYRIDG 10790 4/22/1998 

 

      
Transfer TACOMA 0790 11/24/1998 

 

      
Death TACOMA NCEX 2/13/2003 

 
791 5/6/1995 None 492 562 Male Birth TACOMA 0791 5/6/1995 N 

      
Transfer WSC MN 791 2/3/2001 

 

      
Transfer TREVOR A3M623 2/3/2003 

 

      
Transfer WCSRC 200537 11/30/2005 

 

      
Death WCSRC AAY 5/13/2010 

 
792 5/6/1995 None 492 562 Female Birth TACOMA 0792 5/6/1995 N 

      
Death TACOMA AAAR 7/28/2005 

 
793 5/6/1995 None 492 562 Female Birth TACOMA 0793 5/6/1995 N 

      
Transfer LOWRY 100923 1/21/1998 

 

      
Transfer BREVARD 940650 1/15/2001 

 

      
Transfer LOWRY 100923 1/31/2003 
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Death LOWRY AAAX 1/21/2008 

 
794 5/6/1995 None 492 562 Female Birth TACOMA 0794 5/6/1995 N 

      
Death TACOMA NCAX 5/8/1995 

 
795 4/27/1994 Day 392 344 Male Birth MANTEO 10795 4/27/1994 N 

      
Death MANTEO DHY 1/1/2004 

 
796 4/7/1995 Day 331 394 Male Birth MANTEO 10796 4/7/1995 N 

      
Death MANTEO NCAXN 5/24/1996 

 
797 4/7/1995 Day UNK UNK Female Birth MANTEO 10797 4/7/1995 N 

      
Death MANTEO NHKX 4/16/2001 

 
798 4/7/1995 Day 331 394 Female Birth MANTEO 10798 4/7/1995 N 

      
Death MANTEO FHBHN 1/20/2008 

 
799 4/7/1995 Day 331 394 Male Birth MANTEO 10799 4/7/1995 N 

      
Death MANTEO NHYXN 4/17/1999 

 
800 4/7/1995 Day 331 394 Female Birth MANTEO 10800 4/7/1995 N 

      
Go LTF MANTEO 10800 10/27/1995 

 
801 4/7/1995 Day 331 394 Unknown Birth MANTEO 10801 4/7/1995 N 

      
Go LTF MANTEO 10801 4/7/1995 

 
802 4/23/1995 Day 539 468 Unknown Birth GATLINBRG 10802 4/23/1995 N 

      
Go LTF GATLINBRG 10802 4/23/1995 

 
803 4/28/1995 Day 392 344 Male Birth MANTEO 10803 4/28/1995 N 

      
Death MANTEO DHXX 1/1/1999 

 
804 4/28/1995 Day 392 344 Male Birth MANTEO 10804 4/28/1995 N 

      
Go LTF MANTEO 10804 6/26/1997 

 
805 4/7/1995 Day 519 500 Unknown Birth MANTEO 10805 4/7/1995 N 

      
Go LTF MANTEO 10805 4/7/1995 

 
806 5/1/1995 None 670 503 Male Birth MANTEO 90126 5/1/1995 Y 

      
Death MANTEO AHN 2/21/2000 

 
807 4/21/1995 Day 452 449 Female Birth AWENDA 10807 4/21/1995 N 

      
Transfer MANTEO 10807 6/12/1996 

 

      
Death MANTEO FCABN 9/26/1996 

 
808 4/21/1995 Day 452 449 Female Birth AWENDA 10808 4/21/1995 N 

      
Transfer MANTEO 10808 10/11/1996 

 

      
Death MANTEO NHN 7/17/2001 

 
809 5/1/1995 Day 506 502 Female Birth MANTEO 10809 5/1/1995 N 

      
Death MANTEO NCXX 12/17/1995 

 
810 4/7/1995 Day 442 508 Female Birth MANTEO 10810 4/7/1995 N 

      
Go LTF MANTEO 10810 4/6/1999 

 
811 4/7/1995 Day 442 508 Female Birth MANTEO 10811 4/7/1995 N 

      
Death MANTEO DCYX 4/14/1997 
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812 4/21/1995 Day 452 449 Female Birth AWENDA 10812 4/21/1995 N 

      
Death AWENDA NHY 1/20/1997 

 
813 5/1/1995 None 670 503 Male Birth MANTEO 90145 5/1/1995 Y 

      
Death MANTEO OHN N 12/13/2003 

 
814 5/1/1995 Day UNK UNK Female Birth MANTEO 10814 5/1/1995 U 

      
Go LTF MANTEO 10814 12/29/1997 

 
815 4/26/1990 Year 319 300 Female Birth MANTEO 10815 4/26/1990 N 

      
Death MANTEO NHN N 12/4/1999 

 
816 4/17/1996 None 432 304 Male Birth WNCNATCTR 816 4/17/1996 N 

      
Transfer AWENDA 10816 12/4/1996 

 

      
Transfer TALLAHASE 99L011 11/26/1999 

 

      
Transfer MILL MOUN 467 12/6/2001 

 

      
Transfer SALIS NC 816 7/19/2006 

 

      
Death SALIS NC ABN 10/11/2011 

 
817 4/17/1996 None 432 304 Male Birth WNCNATCTR 817 4/17/1996 N 

      
Transfer AWENDA 10817 12/4/1996 

 

      
Transfer BRIDGEPRT 101335 12/11/2000 

 

      
Death BRIDGEPRT CCY 6/25/2007 

 
818 4/17/1996 None 432 304 Female Birth WNCNATCTR 818 4/17/1996 N 

      
Transfer AWENDA 10818 12/4/1996 

 

      
Transfer ASHEBORO 1610 9/25/2003 

 

      
Death ASHEBORO FADE 5/17/2004 

 
819 4/17/1996 None 432 304 Female Birth WNCNATCTR 819 4/17/1996 N 

      
Transfer AWENDA 10819 12/4/1996 

 

      
Transfer WCSRC 20009 12/11/2000 

 

      
Death WCSRC FAKBY 3/13/2009 

 
820 4/25/1996 Day 392 344 Male Birth MANTEO 10820 4/25/1996 N 

      
Go LTF MANTEO 10820 10/7/1997 

 
821 4/25/1996 Day 392 344 Male Birth MANTEO 10821 4/25/1996 N 

      
Go LTF MANTEO 10821 10/21/1997 

 
822 4/26/1996 Day 538 565 Male Birth GATLINBRG 10822 4/26/1996 N 

      
Go LTF GATLINBRG 10822 4/26/1996 

 
823 4/26/1996 Day 538 565 Male Birth GATLINBRG 10823 4/26/1996 N 

      
Go LTF GATLINBRG 10823 4/26/1996 

 
824 4/26/1996 Day 538 565 Male Birth GATLINBRG 10824 4/26/1996 N 

      
Go LTF GATLINBRG 10824 4/26/1996 

 
825 4/26/1996 Day 538 565 Female Birth GATLINBRG 10825 4/26/1996 N 

      
Go LTF GATLINBRG 10825 4/26/1996 

 
826 4/26/1996 Day 538 565 Female Birth GATLINBRG 10826 4/26/1996 N 
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Go LTF GATLINBRG 10826 4/26/1996 

 
827 4/26/1996 Day 538 565 Female Birth GATLINBRG 10827 4/26/1996 N 

      
Go LTF GATLINBRG 10827 4/26/1996 

 
828 4/26/1996 Day 538 565 Female Birth GATLINBRG 10828 4/26/1996 N 

      
Go LTF GATLINBRG 10828 4/26/1996 

 
829 4/26/1996 Day 538 565 Female Birth GATLINBRG 10829 4/26/1996 N 

      
Go LTF GATLINBRG 10829 4/26/1996 

 
830 4/28/1996 Day 539 642 Male Birth GATLINBRG 10830 4/28/1996 N 

      
Go LTF GATLINBRG 10830 4/28/1996 

 
831 4/28/1996 Day 539 642 Male Birth GATLINBRG 10831 4/28/1996 N 

      
Go LTF GATLINBRG 10831 4/28/1996 

 
832 4/29/1996 None 489 315 Male Birth AUDUB SSC ______ 4/29/1996 N 

      
Death AUDUB SSC AHYX 5/3/1996 

 
833 4/29/1996 None 489 315 Male Birth AUDUB SSC ______ 4/29/1996 N 

      
Death AUDUB SSC AHXX 5/10/1996 

 
834 4/29/1996 None 489 315 Female Birth AUDUB SSC ______ 4/29/1996 N 

      
Death AUDUB SSC NHN 5/6/1996 

 
835 4/29/1996 None 489 315 Female Birth AUDUB SSC ______ 4/29/1996 N 

      
Death AUDUB SSC AHYX 5/9/1996 

 
836 4/29/1996 None 489 315 Female Birth AUDUB SSC ______ 4/29/1996 N 

      
Death AUDUB SSC AHYX 5/9/1996 

 
837 5/4/1996 None 481 608 Male Birth TACOMA 0837 5/4/1996 N 

      
Death TACOMA NHN 5/5/1996 

 
838 5/4/1996 None 481 608 Male Birth TACOMA 0838 5/4/1996 N 

      
Death TACOMA NHN 5/5/1996 

 
839 5/4/1996 None 481 608 Male Birth TACOMA 0839 5/4/1996 N 

      
Death TACOMA NHN 5/6/1996 

 
840 5/4/1996 None 294 495 Female Birth TACOMA 0840 5/4/1996 N 

      
Death TACOMA NHN 5/5/1996 

 
841 5/5/1996 None 471 545 Male Birth WHEELING 2045 5/5/1996 N 

      
Transfer DURHAM MS 841 1/20/1997 

 

      
Transfer VICTOR TX M00201 1/16/2001 

 

      
Death VICTOR TX AHY 12/3/2001 

 
842 5/5/1996 None 471 545 Male Birth WHEELING 2046 5/5/1996 N 

      
Transfer DURHAM MS 842 1/20/1997 

 

      
Transfer JACKSONVL 801303 1/23/2001 

 

      
Transfer ASHEBORO 1597 1/8/2003 

 

      
Transfer DURHAM MS 09M-04 11/3/2004 

 

      
Transfer MILL MOUN 527 9/5/2005 
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Transfer CHEHAW M04022 11/15/2005 

 

      
Death CHEHAW NAGN 9/22/2009 

 
843 5/11/1996 Day 668 541 Male Birth GATLINBRG 10843 5/11/1996 U 

      
Go LTF GATLINBRG 10843 5/11/1996 

 
844 5/11/1996 Day 668 541 Male Birth GATLINBRG 10844 5/11/1996 U 

      
Go LTF GATLINBRG 10844 5/11/1996 

 
845 5/11/1996 Day 668 541 Female Birth GATLINBRG 10845 5/11/1996 U 

      
Go LTF GATLINBRG 10845 5/11/1996 

 
846 5/11/1996 Day 668 541 Female Birth GATLINBRG 10846 5/11/1996 U 

      
Go LTF GATLINBRG 10846 5/11/1996 

 
847 4/16/1996 Day 452 449 Female Birth AWENDA 10847 4/16/1996 N 

      
Transfer ST.VINCE 10847 6/4/1997 

 

      
Death ST.VINCE KHXX 8/1/1999 

 
848 4/16/1996 Day 452 449 Unknown Birth AWENDA 10848 4/16/1996 N 

      
Death AWENDA NHN 11/8/1996 

 
849 5/1/1996 None 519 500 Female Birth MANTEO 10849 5/1/1996 N 

      
Death MANTEO DHXX 10/14/1996 

 
850 5/1/1996 None 519 500 Male Birth MANTEO 10850 5/1/1996 N 

      
Transfer SANDYRIDG 10850 11/20/1996 

 

      
Transfer ST.VINCE 10850 6/4/1997 

 

      
Transfer TALLAHASE 99L007 4/22/1999 

 

      
Transfer WSC MN 850 12/3/1999 

 

      
Death WSC MN ACN 2/29/2000 

 
873 4/12/1996 Day 442 508 Female Go LTF MANTEO 10873 3/9/1996 N 

      
Birth MANTEO 10873 4/12/1996 

 
874 5/1/1994 Year 504 496 Male Birth MANTEO 10874 5/1/1994 N 

      
Death MANTEO GHY 2/4/2004 

 
875 5/1/1995 Day 564 523 Male Birth OCEAN SPR 10875 5/1/1995 N 

      
Transfer MANTEO 10875 2/14/1997 

 

      
Death MANTEO NHXXN 5/10/1998 

 
876 5/1/1996 Day 564 523 Female Birth OCEAN SPR 10876 5/1/1996 N 

      
Transfer GATLINBRG 10876 12/12/1997 

 

      
Transfer MANTEO 10876 1/2/1998 

 

      
Death MANTEO NHXXN 2/20/1998 

 
877 4/10/1996 Day 671 673 Female Birth MANTEO 10877 4/10/1996 U 

      
Go LTF MANTEO 10877 5/2/1996 

 
878 4/10/1996 Day 331 394 Female Birth MANTEO 10878 4/10/1996 N 

      
Death MANTEO KHY 3/20/2001 

 
879 4/10/1996 Day 671 673 Male Birth MANTEO 10879 4/10/1996 U 
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Go LTF MANTEO 10879 5/2/1996 

 
880 5/1/1996 Day 768 665 Male Birth MANTEO 10880 5/1/1996 N 

      
Death MANTEO AHN 12/9/1999 

 
881 5/1/1996 Day 768 665 Male Birth MANTEO 10881 5/1/1996 N 

      
Death MANTEO CCAX 5/19/1997 

 
882 5/1/1996 Day 768 665 Female Birth MANTEO 10882 5/1/1996 N 

      
Death MANTEO NHXX 2/2/1997 

 
883 5/1/1996 Day 886 774 Male Birth MANTEO 10883 5/1/1996 U 

      
Death MANTEO NHYXN 3/27/1998 

 
884 4/7/1995 Day 519 500 Female Birth MANTEO 10884 4/7/1995 N 

      
Death MANTEO DHN 6/2/2001 

 
885 5/1/1995 Year UNK UNK Male Birth MANTEO 10885 5/1/1995 U 

      
Go LTF MANTEO 10885 10/20/1998 

 
886 4/18/1994 Year 670 503 Male Birth MANTEO 90182 4/18/1994 Y 

      
Death MANTEO OHN N 7/23/2004 

 
887 4/30/1996 Day UNK 502 Male Birth MANTEO 90154 4/30/1996 Y 

      
Go LTF MANTEO 90154 12/20/1998 

 
888 4/12/1996 Day 670 503 Male Birth MANTEO 90371 4/12/1996 Y 

      
Death MANTEO NHY 11/4/2001 

 
889 4/12/1996 Day 670 503 Female Birth MANTEO 10889 4/12/1996 N 

      
Death MANTEO AHY 3/28/2000 

 
890 4/17/1997 Day UNK 503 Female Birth MANTEO 10890 4/17/1997 U 

      
Go LTF MANTEO 10890 5/2/1997 

 
891 4/17/1997 Day UNK 503 Male Birth MANTEO 10891 4/17/1997 U 

      
Go LTF MANTEO 10891 4/7/1998 

 
892 4/17/1997 Day 670 503 Female Birth MANTEO 90158 4/17/1997 Y 

      
Death MANTEO DHN N 12/1/2001 

 
893 4/17/1997 Day 670 503 Male Birth MANTEO 90133 4/17/1997 Y 

      
Death MANTEO OHN N 4/20/2001 

 
894 4/17/1997 Day 670 503 Male Birth MANTEO 90369 4/17/1997 Y 

      
Death MANTEO NHXX 11/1/2000 

 
895 4/17/1997 Day UNK 503 Male Birth MANTEO 10895 4/17/1997 U 

      
Death MANTEO NHYX 5/27/1998 

 
896 4/17/1997 Day 670 503 Female Birth MANTEO 90203 4/17/1997 Y 

      
Death MANTEO AAY 4/18/2002 

 
897 4/17/1997 Day 670 503 Female Birth MANTEO 90119 4/17/1997 Y 

      
Death MANTEO AHN 2/26/2000 

 
898 4/17/1997 Day 442 508 Male Birth MANTEO 10898 4/17/1997 N 

      
Go LTF MANTEO 10898 3/4/1998 
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899 4/17/1997 Day 442 508 Male Birth MANTEO 10899 4/17/1997 N 

      
Go LTF MANTEO 10899 2/1/1999 

 
900 4/17/1997 Day 442 508 Male Birth MANTEO 10900 4/17/1997 N 

      
Go LTF MANTEO 10900 4/30/1997 

 
901 4/27/1997 Day 675 593 Unknown Birth MANTEO 10901 4/27/1997 U 

      
Go LTF MANTEO 10901 4/27/1997 

 
902 4/27/1997 Day 675 593 Unknown Birth MANTEO 10902 4/27/1997 U 

      
Go LTF MANTEO 10902 4/27/1997 

 
903 4/27/1997 Day 675 593 Unknown Birth MANTEO 10903 4/27/1997 U 

      
Go LTF MANTEO 10903 4/27/1997 

 
904 4/17/1997 Day 662 815 Female Birth MANTEO 10904 4/17/1997 N 

      
Death MANTEO DHN 9/11/2010 

 
905 4/9/1997 Day 671 673 Female Birth MANTEO 90905 4/9/1997 Y 

      
Death MANTEO OHN N 4/22/2004 

 
906 4/9/1997 Day 671 673 Female Birth MANTEO 30078 4/9/1997 Y 

      
Death MANTEO NHYX 4/26/1998 

 
907 4/12/1996 Day 442 508 Male Birth MANTEO 10907 4/12/1996 N 

      
Go LTF MANTEO 10907 12/7/1998 

 
908 4/28/1997 Day 538 565 Male Birth GATLINBRG 10908 4/28/1997 N 

      
Go LTF GATLINBRG 10908 4/28/1997 

 
909 4/28/1997 Day 538 565 Male Birth GATLINBRG 10909 4/28/1997 N 

      
Go LTF GATLINBRG 10909 4/28/1997 

 
910 4/28/1997 Day 538 565 Male Birth GATLINBRG 10910 4/28/1997 N 

      
Go LTF GATLINBRG 10910 4/28/1997 

 
911 4/28/1997 Day 538 565 Female Birth GATLINBRG 10911 4/28/1997 N 

      
Go LTF GATLINBRG 10911 4/28/1997 

 
912 4/28/1997 Day 538 565 Female Birth GATLINBRG 10912 4/28/1997 N 

      
Go LTF GATLINBRG 10912 4/28/1997 

 
913 4/28/1997 Day 538 565 Female Birth GATLINBRG 10913 4/28/1997 N 

      
Go LTF GATLINBRG 10913 4/28/1997 

 
914 5/7/1997 None 294 656 Male Birth TACOMA 0914 5/7/1997 N 

      
Death TACOMA NHN 5/9/1997 

 
915 5/7/1997 None 294 656 Male Birth TACOMA 0915 5/7/1997 N 

      
Death TACOMA NHN 5/9/1997 

 
916 5/7/1997 None 294 656 Male Birth TACOMA 0916 5/7/1997 N 

      
Death TACOMA NHN 5/27/1997 

 
917 5/9/1997 None 543 457 Male Birth ASHEBORO 1407 5/9/1997 N 

      
Transfer KNOXVILLE 1896 12/7/1999 

 

      
Transfer CHATT NAT 917 3/26/2009 
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Transfer KNOXVILLE 1896 5/28/2009 

 

      
Death KNOXVILLE EAY 4/3/2010 

 
918 5/9/1997 None 543 457 Female Birth ASHEBORO 1408 5/9/1997 N 

      
Transfer DURHAM MS 918 3/5/2001 

 

      
Transfer SANDYRIDG 10918 12/10/2003 

 

      
Transfer DURHAM MS 918 4/2/2004 

 

      
Transfer WCSRC 200414 11/3/2004 

 

      
Transfer COAL VAL M2001 8/2/2007 

 

      
Death COAL VAL AAEO 4/24/2012 

 
919 5/9/1997 None 543 457 Female Birth ASHEBORO 1409 5/9/1997 N 

      
Transfer CHEHAW MO3009 5/29/2003 

 

      
Death CHEHAW ELAEY 9/27/2011 

 
920 5/9/1997 None 543 457 Female Birth ASHEBORO 1410 5/9/1997 N 

      
Transfer ST.VINCE 10920 5/15/2000 

 

      
Go LTF ST.VINCE 10920 5/15/2000 

 
921 5/9/1997 None 543 457 Female Birth ASHEBORO 1411 5/9/1997 N 

      
Transfer ALEXANDRI M00090 11/13/2001 

 

      
Death ALEXANDRI FAHN 11/2/2006 

 
922 5/16/1997 None 268 562 Male Birth TACOMA 0922 5/16/1997 N 

      
Death TACOMA AHAK 6/22/1997 

 
923 5/16/1997 None 268 562 Male Birth TACOMA 0923 5/16/1997 N 

      
Transfer ALEXANDRI M00095 11/16/2001 

 

      
Death ALEXANDRI FAGI 4/25/2005 

 
924 5/16/1997 None 268 562 Male Birth TACOMA 0924 5/16/1997 N 

      
Transfer SIOUX FAL 3232 12/28/2004 

 

      
Death SIOUX FAL AAY 5/6/2009 

 
925 5/16/1997 None 268 562 Female Birth TACOMA 0925 5/16/1997 N 

      
Death TACOMA NAGN 8/17/2006 

 
926 5/16/1997 None 268 562 Female Birth TACOMA 0926 5/16/1997 N 

      
Death TACOMA NHN 6/22/1997 

 
927 5/16/1997 None 268 562 Female Birth TACOMA 0927 5/16/1997 N 

      
Death TACOMA NHN 5/24/1997 

 
928 5/6/1997 Day 411 602 Male Birth ST.VINCE 10928 5/6/1997 N 

      
Go LTF ST.VINCE 10928 5/6/1997 

 
929 5/6/1997 Day 411 602 Male Birth ST.VINCE 10929 5/6/1997 N 

      
Transfer MANTEO 10929 3/24/1999 

 

      
Death MANTEO DHY 10/25/1999 

 
930 5/6/1997 Day 411 602 Male Birth ST.VINCE 10930 5/6/1997 N 

      
Transfer MANTEO 10930 4/27/1999 
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Death MANTEO NHXX 11/27/2000 

 
931 5/6/1997 Day 411 602 Male Birth ST.VINCE 10931 5/6/1997 N 

      
Transfer TACOMA 0931 4/29/1998 

 

      
Death TACOMA ACAN 6/9/1998 

 
932 5/1/1997 Day 452 449 Male Birth AWENDA 10932 5/1/1997 N 

      
Transfer SANDYRIDG 10932 4/1/1998 

 

      
Transfer TALLAHASE 01L008 12/6/2001 

 

      
Transfer ST.VINCE 10932 1/22/2004 

 

      
Transfer TALLAHASE 01L008 4/22/2004 

 

      
Transfer ALEXANDRI M00232 10/7/2005 

 

      
Transfer TALLAHASE 01L008 5/8/2009 

 

      
Death TALLAHASE ABN 2/23/2010 

 
933 5/1/1997 None 452 449 Male Birth AWENDA 10933 5/1/1997 N 

      
Transfer MANTEO 10933 4/1/1998 

 

      
Death MANTEO NHN 5/25/2000 

 
934 4/15/1997 Day 946 382 Male Birth MANTEO 10934 4/15/1997 U 

      
Death MANTEO NHYXN 7/14/1998 

 
935 4/15/1997 Day 946 382 Male Birth MANTEO 10935 4/15/1997 N 

      
Death MANTEO NHYX 6/5/1998 

 
936 4/15/1997 Day UNK 502 Male Birth MANTEO 10936 4/15/1997 N 

      
Go LTF MANTEO 10936 7/7/1998 

 
937 5/1/1997 Day 564 437 Female Birth OCEAN SPR 10937 5/1/1997 N 

      
Transfer GATLINBRG 10937 12/12/1997 

 

      
Transfer SANDYRIDG 10937 9/21/1998 

 

      
Transfer WSC MN 937 12/17/2002 

 

      
Transfer FORTWORTH 202057 12/4/2003 

 

      
Death FORTWORTH AADC 5/1/2009 

 
938 5/6/1997 Day 411 602 Female Birth ST.VINCE 10938 5/6/1997 N 

      
Transfer TACOMA 0938 4/29/1998 

 

      
Death TACOMA AAAR 4/21/2012 

 
939 5/6/1997 Day 411 602 Male Birth ST.VINCE 10939 5/6/1997 N 

      
Transfer TACOMA 0939 1/29/1999 

 

      
Death TACOMA AALX 6/17/2011 

 
940 4/9/1997 Day 671 673 Female Birth MANTEO 90214 4/9/1997 Y 

      
Death MANTEO AHN 2/27/2003 

 
941 4/15/1997 Day 946 382 Male Birth MANTEO 10941 4/15/1997 N 

      
Death MANTEO NHYX 7/6/1998 

 
942 5/1/1996 Day UNK UNK Female Birth MANTEO 10942 5/1/1996 U 

      
Death MANTEO DHYX 2/3/1998 
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943 5/1/1996 Day UNK UNK Male Birth MANTEO 10943 5/1/1996 U 

      
Death MANTEO DHYXN 12/22/1998 

 
944 5/1/1996 Day 666 756 Male Birth MANTEO 10944 5/1/1996 N 

      
Death MANTEO AHYXN 1/21/1999 

 
945 5/1/1996 Year 519 500 Female Birth MANTEO 10945 5/1/1996 N 

      
Death MANTEO NHYXN 4/16/1999 

 
946 5/1/1994 Year 331 394 Male Birth MANTEO 10946 5/1/1994 N 

      
Go LTF MANTEO 10946 9/23/2004 

 
947 4/12/1996 Year 670 503 Male Birth MANTEO 90373 4/12/1996 Y 

      
Death MANTEO AHBX 2/25/2004 

 
948 5/1/1995 Day 331 394 Male Birth MANTEO 10948 5/1/1995 N 

      
Death MANTEO DHY 11/2/2002 

 
949 5/1/1997 Day UNK UNK Female Birth MANTEO 10949 5/1/1997 N 

      
Death MANTEO FHBHN 1/26/2003 

 
950 4/22/1998 None 771 710 Male Birth GATLINBRG 10950 4/22/1998 N 

      
Transfer MANTEO 10950 11/25/1998 

 

      
Go LTF MANTEO 10950 4/6/1999 

 
951 4/22/1998 None 771 710 Male Birth GATLINBRG 10951 4/22/1998 N 

      
Transfer MANTEO 10951 11/25/1998 

 

      
Death MANTEO NHY 4/28/2001 

 
952 4/22/1998 None 771 710 Female Birth GATLINBRG 10952 4/22/1998 N 

      
Transfer MANTEO 10952 11/25/1998 

 

      
Transfer AWENDA 10952 12/29/1999 

 

      
Transfer MANTEO 10952 6/15/2000 

 

      
Go LTF MANTEO 10952 12/1/2005 

 
953 4/26/1998 None 471 315 Male Birth GATLINBRG 10953 4/26/1998 N 

      
Transfer SANDYRIDG 10953 11/25/1998 

 

      
Transfer DURHAM MS 953 2/5/2001 

 

      
Transfer SANDYRIDG 10953 12/16/2002 

 

      
Transfer WHEELING 3425 10/20/2003 

 

      
Transfer WNCNATCTR 8M0301 1/25/2008 

 

      
Death WNCNATCTR CAAKY 2/23/2013 

 
954 4/26/1998 None 471 315 Male Birth GATLINBRG 10954 4/26/1998 N 

      
Go LTF GATLINBRG 10954 4/26/1998 

 
955 4/26/1998 None 471 315 Male Birth GATLINBRG 10955 4/26/1998 N 

      
Death GATLINBRG AAAX 6/4/1998 

 
956 5/12/1998 None 489 419 Male Birth SIOUX FAL 2161 5/12/1998 N 

      
Transfer FORTWORTH 201422 11/19/2002 

 

      
Death FORTWORTH AAHN 3/20/2009 
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957 5/12/1998 None 489 419 Male Birth SIOUX FAL 2163 5/12/1998 N 

      
Transfer SPRINGFIE 853 3/15/2005 

 

      
Transfer WSC MN 957 1/21/2008 

 

      
Death WSC MN NCGNY 5/9/2013 

 
958 5/12/1998 None 489 419 Female Birth SIOUX FAL 2164 5/12/1998 N 

      
Transfer BINGHAMTO M02102 11/19/2002 

 

      
Transfer WSC MN 958 12/1/2004 

 

      
Transfer SIOUX FAL 2164 1/27/2005 

 

      
Death SIOUX FAL AAAR 5/27/2010 

 
959 5/12/1998 None 489 419 Female Birth SIOUX FAL 2165 5/12/1998 N 

      
Death SIOUX FAL NHN 5/13/1998 

 
960 5/12/1998 None 489 419 Female Birth SIOUX FAL 2205 5/12/1998 N 

      
Death SIOUX FAL IHAX 5/12/1998 

 
961 5/12/1998 None 791 603 Male Birth TACOMA 0961 5/12/1998 N 

      
Death TACOMA NHN 5/15/1998 

 
962 5/12/1998 None 791 603 Male Birth TACOMA 0962 5/12/1998 N 

      
Death TACOMA NHXX 5/15/1998 

 
963 5/12/1998 None 791 603 Male Birth TACOMA 0963 5/12/1998 N 

      
Death TACOMA NHN 5/15/1998 

 
964 5/12/1998 None 791 603 Male Birth TACOMA 0964 5/12/1998 N 

      
Death TACOMA NHN 5/15/1998 

 
965 5/12/1998 None 791 603 Female Birth TACOMA 0965 5/12/1998 N 

      
Death TACOMA NHN 5/15/1998 

 
966 5/12/1998 None 791 603 Female Birth TACOMA 0966 5/12/1998 N 

      
Death TACOMA NHN 5/15/1998 

 
967 5/12/1998 None 791 603 Female Birth TACOMA 0967 5/12/1998 N 

      
Death TACOMA NHN 5/15/1998 

 
968 5/12/1998 None 791 603 Female Birth TACOMA 0968 5/12/1998 N 

      
Death TACOMA NHN 5/15/1998 

 
969 5/1/1996 None 331 394 Male Birth MANTEO 10969 5/1/1996 N 

      
Death MANTEO FHBHN 1/23/2003 

 
970 5/1/1998 Day 746 797 Female Birth MANTEO 10970 5/1/1998 N 

      
Death MANTEO DHY 5/12/1999 

 
971 5/1/1996 None 331 394 Female Birth MANTEO 10971 5/1/1996 N 

      
Death MANTEO OHN N 9/15/2000 

 
972 5/1/1998 Day 746 797 Female Birth MANTEO 10972 5/1/1998 N 

      
Death MANTEO OHN N 6/8/2000 

 
973 5/1/1998 Year 888 798 Female Birth MANTEO 10973 5/1/1998 N 

      
Death MANTEO NHN 5/26/2000 
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974 5/1/1998 Day 452 449 Male Birth AWENDA 10974 5/1/1998 N 

      
Transfer SANDYRIDG 10974 4/6/2000 

 

      
Transfer LOWRY 101761 2/6/2003 

 

      
Transfer ASHEBORO 1744 11/16/2006 

 

      
Transfer SALISBURY 1692 12/20/2007 

 

      
Transfer SANDYRIDG 10974 1/8/2009 

 

      
Death SANDYRIDG AEN 5/12/2010 

 
975 5/1/1998 Day 452 449 Unknown Birth AWENDA 10975 5/1/1998 N 

      
Death AWENDA NHYX 3/2/1999 

 
976 5/1/1997 Day UNK UNK Male Birth MANTEO 10976 5/1/1997 U 

      
Death MANTEO NHXX 9/16/1998 

 
977 5/1/1998 Year 874 508 Male Birth MANTEO 10977 5/1/1998 N 

      
Death MANTEO NHY 5/22/2001 

 
978 4/27/1997 Day 675 593 Female Birth MANTEO 10978 4/27/1997 N 

      
Death MANTEO NHN 1/20/2009 

 
979 4/27/1997 Day 675 593 Male Go LTF MANTEO 10979 5/1/1990 U 

      
Birth MANTEO 10979 4/27/1997 

 
980 4/15/1998 Year 946 382 Male Birth MANTEO 10980 4/15/1998 N 

      
Death MANTEO DHY 11/9/2005 

 
981 5/1/1998 Day 411 602 Male Birth ST.VINCE 10981 5/1/1998 N 

      
Death ST.VINCE FHAX 4/8/1999 

 
982 5/1/1998 Day 411 602 Female Birth ST.VINCE 10982 5/1/1998 N 

      
Transfer MANTEO 10982 1/18/2000 

 

      
Transfer ST.VINCE 10982 2/14/2001 

 

      
Death ST.VINCE NHN 9/23/2009 

 
983 5/1/1998 Day 411 602 Female Birth ST.VINCE 10983 5/1/1998 N 

      
Transfer SANDYRIDG 10983 1/24/2000 

 

      
Transfer WNCNATCTR 02M301 1/11/2002 

 

      
Death WNCNATCTR KHEXY 11/16/2011 

 
985 4/7/1995 Year 331 394 Female Birth MANTEO 10985 4/7/1995 N 

      
Death MANTEO NHY 4/25/2001 

 
986 4/19/1999 None 662 815 Female Birth MANTEO 10986 4/19/1999 N 

      
Go LTF MANTEO 10986 4/20/2000 

 
987 4/21/1999 None 746 797 Male Birth MANTEO 10987 4/21/1999 N 

      
Death MANTEO NHN 7/5/2006 

 
988 4/21/1999 None 746 797 Male Birth MANTEO 10988 4/21/1999 U 

      
Go LTF MANTEO 10988 4/28/1999 

 
989 4/21/1999 None 746 797 Male Birth MANTEO 10989 4/21/1999 N 

      
Death MANTEO NHY N 6/9/2000 
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990 4/21/1999 None UNK 797 Female Birth MANTEO 10990 4/21/1999 U 

      
Go LTF MANTEO 10990 4/28/1999 

 
991 4/21/1999 None UNK 797 Male Birth MANTEO 10991 4/21/1999 U 

      
Go LTF MANTEO 10991 4/28/1999 

 
992 4/21/1999 None 746 797 Male Birth MANTEO 10992 4/21/1999 N 

      
Death MANTEO DHN 10/25/2004 

 
993 4/21/1999 None UNK 797 Male Birth MANTEO 10993 4/21/1999 U 

      
Go LTF MANTEO 10993 4/28/1999 

 
994 4/21/1999 None UNK 797 Male Birth MANTEO 10994 4/21/1999 U 

      
Death MANTEO NHN 5/24/1999 

 
995 4/13/1999 None 675 593 Female Birth MANTEO 10995 4/13/1999 N 

      
Go LTF MANTEO 10995 10/25/2000 

 
996 4/13/1999 None 675 593 Male Birth MANTEO 10996 4/13/1999 U 

      
Go LTF MANTEO 10996 4/20/1999 

 
997 4/13/1999 None 675 593 Male Birth MANTEO 10997 4/13/1999 U 

      
Go LTF MANTEO 10997 4/20/1999 

 
998 4/13/1999 None 675 593 Male Birth MANTEO 10998 4/13/1999 N 

      
Go LTF MANTEO 10998 1/22/2002 

 
999 4/19/1999 Day 977 985 Male Birth MANTEO 10999 4/19/1999 U 

      
Go LTF MANTEO 10999 4/19/1999 

 
1000 4/19/1999 Day 977 985 Male Birth MANTEO 11000 4/19/1999 U 

      
Go LTF MANTEO 11000 4/19/1999 

 
1001 4/19/1999 Day 977 985 Male Birth MANTEO 11001 4/19/1999 N 

      
Go LTF MANTEO 11001 6/6/2005 

 
1002 4/19/1999 Day 977 985 Female Birth MANTEO 11002 4/19/1999 U 

      
Go LTF MANTEO 11002 4/22/1999 

 
1003 4/19/1999 Day 977 985 Female Birth MANTEO 11003 4/19/1999 U 

      
Go LTF MANTEO 11003 4/22/1999 

 
1004 4/19/1999 Day 977 985 Female Birth MANTEO 11004 4/19/1999 U 

      
Go LTF MANTEO 11004 4/22/1999 

 
1005 4/19/1999 Day 977 985 Female Birth MANTEO 11005 4/19/1999 U 

      
Go LTF MANTEO 11005 4/22/1999 

 
1006 5/1/1998 Day 671 673 Female Birth MANTEO 90372 5/1/1998 Y 

      
Death MANTEO NHYXN 5/10/1999 

 
1007 5/1/1999 None 886 UNK Female Birth MANTEO 11007 5/1/1999 U 

      
Go LTF MANTEO 11007 5/21/1999 

 
1008 4/16/1999 None 799 945 Female Birth MANTEO 11008 4/16/1999 U 

      
Death MANTEO NHYXN 4/16/1999 

 
1009 5/1/1999 None 652 607 Female Birth TACOMA 01009 5/1/1999 N 
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Transfer WOLFHAVEN 1009 12/6/2004 

 

      
Transfer TACOMA 01009 12/27/2005 

 

      
Transfer WOLFHAVEN 1009 7/21/2009 

 

      
Transfer TACOMA 01009 2/3/2010 

 

      
Death TACOMA AAHMY 11/5/2013 

 
1010 5/1/1999 None 652 607 Female Birth TACOMA 01010 5/1/1999 N 

      
Death TACOMA AAKB 4/1/2009 

 
1011 5/6/1999 None 294 656 Male Birth TACOMA 01011 5/6/1999 N 

      
Death TACOMA IAAX 5/6/1999 

 
1012 5/6/1999 None 294 656 Female Birth TACOMA 01012 5/6/1999 N 

      
Death TACOMA IAAX 5/6/1999 

 
1013 5/7/1999 None 791 603 Male Birth TACOMA 01013 5/7/1999 N 

      
Death TACOMA CAAK 5/7/1999 

 
1014 5/7/1999 None 791 603 Male Birth TACOMA 01014 5/7/1999 N 

      
Death TACOMA CAAK 5/7/1999 

 
1015 5/7/1999 None 791 603 Male Birth TACOMA 01015 5/7/1999 N 

      
Death TACOMA CAAK 5/7/1999 

 
1016 5/7/1999 None 791 603 Female Birth TACOMA 01016 5/7/1999 N 

      
Death TACOMA CAAK 5/7/1999 

 
1017 5/7/1999 None 791 603 Female Birth TACOMA 01017 5/7/1999 N 

      
Death TACOMA CAAK 5/7/1999 

 
1018 5/7/1999 None 791 603 Female Birth TACOMA 01018 5/7/1999 N 

      
Death TACOMA CAAK 5/7/1999 

 
1019 5/18/1999 None 605 545 Male Birth WHEELING 3054 5/18/1999 N 

      
Death WHEELING NAXX 1/24/2001 

 
1020 5/18/1999 None 605 545 Male Birth WHEELING 3053 5/18/1999 N 

      
Transfer JACKSONVL 803362 10/16/2003 

 

      
Transfer BREVARD 24079 11/18/2004 

 

      
Death BREVARD AAY 10/19/2011 

 
1021 5/18/1999 None 605 545 Female Birth WHEELING 3052 5/18/1999 N 

      
Transfer LOWRY 102568 5/8/2008 

 

      
Death LOWRY AAGN 7/31/2008 

 
1022 4/10/1995 Year 331 394 Male Birth MANTEO 11022 4/10/1995 N 

      
Death MANTEO DHY 12/11/1999 

 
1023 5/1/1999 Month 946 UNK Female Birth MANTEO 30117 5/1/1999 Y 

      
Death MANTEO NHXX 7/15/1999 

 
1024 5/1/1999 Month 980 896 Male Birth MANTEO 11024 5/1/1999 Y 

      
Death MANTEO AHN 11/1/1999 

 
1025 5/1/1999 Month 806 505 Female Birth MANTEO 11025 5/1/1999 N 
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Death MANTEO DHN 11/17/1999 

 
1026 4/19/1999 Day 977 985 Female Birth MANTEO 11026 4/19/1999 N 

      

Go LTF 

 

 

MANTEO 11026 4/3/2000 
 

1027 5/1/1999 Month 806 505 Female Birth MANTEO 11027 5/1/1999 N 

      
Death MANTEO AHN 12/16/1999 

 
1028 5/1/1999 Month 888 798 Female Birth MANTEO 11028 5/1/1999 N 

      
Death MANTEO NHY N 11/21/2003 

 
1029 5/1/1999 Year 806 505 Female Birth MANTEO 11029 5/1/1999 N 

      
Death MANTEO NHN N 6/13/2000 

 
1030 5/1/1999 Month 888 798 Female Birth MANTEO 11030 5/1/1999 N 

      
Death MANTEO FHBHN 2/10/2006 

 
1031 5/1/1999 Month 888 798 Male Birth MANTEO 11031 5/1/1999 N 

      
Death MANTEO NHN 5/13/2002 

 
1032 5/1/1999 Month 874 508 Female Birth MANTEO 11032 5/1/1999 N 

      
Death MANTEO NHY 2/22/2002 

 
1033 5/1/1999 Month 888 798 Female Birth MANTEO 11033 5/1/1999 N 

      
Death MANTEO NHN N 10/25/2000 

 
1034 5/1/1998 Year 874 508 Male Birth MANTEO 11034 5/1/1998 N 

      
Go LTF MANTEO 11034 9/13/2006 

 
1035 5/1/1999 Month 874 508 Female Birth MANTEO 11035 5/1/1999 N 

      
Death MANTEO KHN N 2/1/2007 

 
1036 4/10/1995 Year 331 394 Female Birth MANTEO 11036 4/10/1995 N 

      
Death MANTEO FHDGY 11/30/2009 

 
1037 5/1/1999 Month 888 798 Female Birth MANTEO 11037 5/1/1999 N 

      
Go LTF MANTEO 11037 1/3/2007 

 
1038 5/1/1998 Year 675 593 Female Birth MANTEO 11038 5/1/1998 N 

      
Death MANTEO DHXX 1/22/2001 

 
1039 5/1/1999 Month 888 798 Female Birth MANTEO 11039 5/1/1999 N 

      
Death MANTEO NHN 5/3/2003 

 
1040 4/19/1999 Day 977 985 Female Birth MANTEO 11040 4/19/1999 N 

      
Death MANTEO DHY 3/11/2001 

 
1041 5/1/1998 Year 799 889 Male Birth MANTEO 11041 5/1/1998 N 

      
Go LTF MANTEO 11041 3/6/2000 

 
1042 4/19/1999 Day 977 985 Male Birth MANTEO 11042 4/19/1999 N 

      
Go LTF MANTEO 11042 3/6/2000 

 
1043 5/1/1999 Year 874 508 Male Birth MANTEO 11043 5/1/1999 N 

      
Death MANTEO DHY 1/4/2000 

 
1044 5/1/1998 Year 874 508 Female Birth MANTEO 11044 5/1/1998 N 
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Death MANTEO FHBHN 9/27/2006 

 
1045 5/1/1998 Year 874 508 Female Birth MANTEO 11045 5/1/1998 N 

      
Death MANTEO DHN 2/22/2007 

 
1046 5/1/1999 Month 947 940 Female Birth MANTEO 90122 5/1/1999 Y 

      
Death MANTEO AHN 1/14/2000 

 
1047 5/1/1999 Year 947 940 Male Birth MANTEO 90123 5/1/1999 Y 

      
Death MANTEO AHN 1/14/2000 

 
1048 5/1/1999 Year 894 808 Male Birth MANTEO 11048 5/1/1999 N 

      
Death MANTEO FHBHN 2/1/2008 

 
1049 5/1/1999 Year 894 808 Female Birth MANTEO 11049 5/1/1999 N 

      
Death MANTEO DHN 12/9/2006 

 
1050 4/15/1999 None 666 756 Male Birth MANTEO 11050 5/1/1999 N 

      
Death MANTEO KHY 2/24/2000 

 
1051 4/15/1999 Year 666 756 Female Birth MANTEO 11051 4/15/1999 N 

      
Go LTF MANTEO 11051 3/1/2005 

 
1052 5/1/1997 Year 799 889 Male Birth MANTEO 11052 5/1/1997 N 

      
Death MANTEO DHYJ 3/7/2002 

 
1053 5/1/1998 Day 411 602 Male Birth ST.VINCE 11053 5/1/1998 N 

      
Transfer TALLAHASE 00L001 3/18/2000 

 

      
Transfer MANTEO 11053 3/23/2000 

 

      
Death MANTEO NHN 9/1/2003 

 
1054 5/1/1998 Year 670 503 Male Birth MANTEO 90144 5/1/1998 Y 

      
Death MANTEO OHN N 6/27/2000 

 
1055 5/1/1999 Year 671 673 Female Birth MANTEO 11055 5/1/1999 N 

      
Go LTF MANTEO 11055 12/18/2001 

 
1056 4/10/2000 Day 746 797 Female Birth MANTEO 11056 4/10/2000 N 

      
Go LTF MANTEO 11056 4/17/2000 

 
1057 4/10/2000 Day 746 797 Female Birth MANTEO 11057 4/10/2000 N 

      
Go LTF MANTEO 11057 5/26/2000 

 
1058 4/10/2000 Day 746 797 Male Birth MANTEO 11058 4/10/2000 N 

      
Go LTF MANTEO 11058 4/17/2000 

 
1059 4/10/2000 Day 746 797 Female Birth MANTEO 11059 4/10/2000 N 

      
Death MANTEO NHN 5/20/2003 

 
1060 4/10/2000 Day 746 797 Male Birth MANTEO 11060 4/10/2000 N 

      
Death MANTEO AHDJ 5/25/2000 

 
1061 4/26/2000 None UNK 884 Female Birth SANDYRIDG 11061 4/26/2000 N 

      
Transfer MANTEO 11061 6/2/2000 

 

      
Go LTF MANTEO 11061 6/3/2000 

 
1062 4/26/2000 None UNK 884 Male Birth SANDYRIDG 11062 4/26/2000 N 
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Transfer MANTEO 11062 6/2/2000 

 

      
Go LTF MANTEO 11062 6/3/2000 

 
1063 4/26/2000 None UNK 884 Female Birth SANDYRIDG 11063 4/26/2000 N 

      
Transfer MANTEO 11063 6/2/2000 

 

      
Go LTF MANTEO 11063 6/3/2000 

 
1064 4/26/2000 None UNK 884 Female Birth SANDYRIDG 11064 4/26/2000 N 

      
Transfer MANTEO 11064 6/2/2000 

 

      
Go LTF MANTEO 11064 6/3/2000 

 
1065 4/20/2000 Day 813 1055 Male Birth MANTEO 90151 4/20/2000 Y 

      
Death MANTEO AHN 5/3/2000 

 
1066 4/20/2000 Day 813 1055 Female Birth MANTEO 90152 4/20/2000 Y 

      
Death MANTEO AHN 5/3/2000 

 
1067 4/20/2000 Day 813 1055 Male Birth MANTEO 90153 4/20/2000 Y 

      
Death MANTEO AHN 5/3/2000 

 
1068 4/21/2000 Day 666 756 Male Birth MANTEO 11068 4/21/2000 N 

      
Death MANTEO NHN 2/9/2010 

 
1069 4/21/2000 Day 666 756 Male Birth MANTEO 11069 4/21/2000 N 

      
Death MANTEO DHY 12/16/2002 

 
1070 4/21/2000 Day 666 756 Female Birth MANTEO 11070 4/21/2000 N 

      
Death MANTEO NHN 5/20/2002 

 
1071 4/21/2000 Day 666 756 Male Birth MANTEO 11071 4/21/2000 N 

      
Death MANTEO NHY 1/15/2002 

 
1072 4/21/2000 Day UNK 756 Male Birth MANTEO 11072 4/21/2000 N 

      
Death MANTEO DHYJ 3/10/2002 

 
1073 4/21/2000 Day 666 756 Female Birth MANTEO 11073 4/21/2000 N 

      
Death MANTEO DHY 2/11/2004 

 
1074 4/21/2000 Day 1052 756 Male Birth MANTEO 11074 4/21/2000 N 

      
Go LTF MANTEO 11074 12/18/2001 

 
1075 4/21/2000 Day 666 756 Female Birth MANTEO 11075 4/21/2000 N 

      
Death MANTEO DHYJ 3/10/2002 

 
1076 4/26/2000 None UNK 884 Female Birth SANDYRIDG 11076 4/26/2000 N 

      
Transfer MANTEO 11076 6/2/2000 

 

      
Death MANTEO NHXX 6/7/2000 

 
1077 4/26/2000 None UNK 884 Female Birth SANDYRIDG 11077 4/26/2000 N 

      
Transfer MANTEO 11077 6/2/2000 

 

      
Go LTF MANTEO 11077 6/2/2000 

 
1078 4/26/2000 None UNK 884 Female Birth SANDYRIDG 11078 4/26/2000 N 

      
Transfer MANTEO 11078 6/2/2000 

 

      
Death MANTEO NHXX 6/7/2000 
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1079 4/26/2000 None UNK 884 Unknown Birth SANDYRIDG 11079 4/26/2000 N 

      
Death SANDYRIDG NHN 4/27/2000 

 
1080 5/1/1998 Year 746 797 Male Birth MANTEO 11080 5/1/1998 N 

      
Death MANTEO FHY 3/4/2005 

 
1081 4/26/2000 Day 888 798 Female Birth MANTEO 11081 4/26/2000 N 

      
Go LTF MANTEO 11081 5/8/2000 

 
1082 4/26/2000 Day 888 798 Female Birth MANTEO 11082 4/26/2000 N 

      
Go LTF MANTEO 11082 5/8/2000 

 
1083 4/26/2000 Day 888 798 Female Birth MANTEO 11083 4/26/2000 N 

      
Go LTF MANTEO 11083 5/8/2000 

 
1084 4/8/2000 Day 874 508 Male Birth MANTEO 11084 4/8/2000 N 

      
Go LTF MANTEO 11084 5/8/2000 

 
1085 4/8/2000 Day 874 508 Female Birth MANTEO 11085 4/8/2000 N 

      
Go LTF MANTEO 11085 8/9/2011 

 
1086 4/8/2000 Day 874 508 Male Birth MANTEO 11086 4/8/2000 N 

      
Death MANTEO NHY 4/7/2001 

 
1087 4/8/2000 Day 874 508 Male Birth MANTEO 11087 4/8/2000 N 

      
Death MANTEO NHN 12/1/2001 

 
1088 4/15/2000 None UNK 1045 Female Birth SANDYRIDG 11088 4/15/2000 N 

      
Transfer MANTEO 11088 5/26/2000 

 

      
Go LTF MANTEO 11088 5/27/2000 

 
1089 4/27/2000 None 432 531 Male Birth WNCNATCTR ______ 4/27/2000 N 

      
Death WNCNATCTR IHY 4/27/2000 

 
1090 4/27/2000 None 432 531 Male Birth WNCNATCTR ______ 4/27/2000 N 

      
Death WNCNATCTR IHY 4/27/2000 

 
1091 4/27/2000 None 432 531 Male Birth WNCNATCTR 03M301 4/27/2000 N 

      
Transfer ASHEBORO 1562 10/29/2001 

 

      
Transfer JACKSONVL 802347 12/10/2002 

 

      
Transfer WNCNATCTR 03M301 10/29/2003 

 

      
Transfer FOSSILRIM 5053 2/9/2006 

 

      
Transfer TACOMA 01091 6/29/2011 

 

      
Death TACOMA AAGNN 6/15/2014 

 
1092 4/27/2000 None 432 531 Male Birth WNCNATCTR ______ 4/27/2000 N 

      
Transfer VICTOR TX 200201 12/19/2001 

 

      
Death VICTOR TX NAGN 10/30/2008 

 
1093 4/27/2000 None 432 531 Female Birth WNCNATCTR ______ 4/27/2000 N 

      
Death WNCNATCTR IHY 4/28/2000 

 
1094 4/27/2000 None 432 531 Female Birth WNCNATCTR ______ 4/27/2000 N 

      
Death WNCNATCTR IHY 5/1/2000 
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1095 5/3/2000 None 791 603 Male Birth TACOMA 01095 5/3/2000 N 

1096 5/3/2000 None 791 603 Female Birth TACOMA 01096 5/3/2000 N 

      
Transfer WOLFHAVEN 1096 1/11/2006 

 

      
Death WOLFHAVEN NAN 7/15/2010 

 
1097 5/11/2000 None 652 604 Male Birth TACOMA 01097 5/11/2000 N 

      
Transfer PROVIDNCE 100119 11/16/2001 

 

      
Death PROVIDNCE AAAB 8/13/2011 

 
1098 5/11/2000 None 652 604 Female Birth TACOMA 01098 5/11/2000 N 

      
Death TACOMA KAEL 3/14/2004 

 
1099 5/11/2000 None 652 604 Female Birth TACOMA 01099 5/11/2000 N 

      
Death TACOMA AAIA 4/16/2001 

 
1100 5/1/1995 Year 331 394 Female Birth MANTEO 11100 4/7/1995 N 

      
Death MANTEO FHBHN 1/28/2003 

 
1101 4/19/1999 Year 977 985 Male Birth MANTEO 11101 4/19/1999 N 

      
Death MANTEO DHY 11/13/2001 

 
1102 4/8/2000 Day 874 508 Male Birth MANTEO 11102 4/8/2000 N 

      
Go LTF MANTEO 11102 2/1/2001 

 
1103 4/26/2000 Day 888 798 Male Birth MANTEO 11103 4/26/2000 N 

      
Death MANTEO AAY 10/1/2002 

 
1104 4/8/2000 Day 874 508 Female Birth MANTEO 11104 4/8/2000 N 

      
Death MANTEO DHY 2/22/2002 

 
1105 5/1/2000 Day 894 808 Male Birth MANTEO 11105 5/1/2000 N 

      
Death MANTEO DHY 12/29/2011 

 
1106 5/1/2000 Day 894 808 Male Birth MANTEO 11106 5/1/2000 N 

      
Death MANTEO DHY 10/20/2001 

 
1107 5/1/2000 Day 894 808 Male Birth MANTEO 11107 5/1/2000 N 

      
Death MANTEO NHY 11/6/2001 

 
1108 5/1/1999 Year UNK UNK Male Birth AWENDA 11108 5/1/1999 N 

      
Transfer MANTEO 11108 12/1/2000 

 

      
Go LTF MANTEO 11108 11/12/2004 

 
1109 5/1/1999 Year UNK UNK Female Birth AWENDA 11109 5/1/1999 N 

      
Transfer MANTEO 11109 12/1/2000 

 

      
Go LTF MANTEO 11109 12/18/2001 

 
1110 5/1/2000 Day 894 808 Male Birth MANTEO 11110 5/1/2000 N 

      
Death MANTEO DHY 10/1/2001 

 
1111 5/1/2000 Year 893 878 Male Birth MANTEO 11111 5/1/2000 N 

      
Death MANTEO NHN N 2/4/2001 

 
1112 5/1/2000 Year 947 940 Male Birth MANTEO 11112 5/1/2000 N 

      
Death MANTEO NHN 10/29/2004 
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1113 5/1/2000 Year 947 940 Female Birth MANTEO 90183 5/1/2000 Y 

      
Death MANTEO OHN N 5/4/2002 

 
1114 4/11/2001 Day 1034 1044 Female Birth MANTEO 11114 4/11/2001 N 

      
Death MANTEO DHY 12/18/2002 

 
1115 4/11/2001 Day 1034 1044 Male Birth MANTEO 11115 4/11/2001 N 

      
Death MANTEO NHXX 7/22/2005 

 
1116 4/11/2001 Day 1034 1044 Male Birth MANTEO 11116 4/11/2001 N 

      
Go LTF MANTEO 11116 4/24/2001 

 
1117 4/28/2001 Day 491 819 Male Birth WCSRC 200105 4/28/2001 N 

      
Transfer SANDYRIDG 11117 11/13/2002 

 

      
Death SANDYRIDG NHN 9/30/2003 

 
1118 4/28/2001 Day 491 819 Female Birth WCSRC 200106 4/28/2001 N 

      
Transfer AWENDA 11118 10/23/2002 

 

      
Death AWENDA NHAK 7/1/2003 

 
1119 5/3/2001 None 652 562 Female Birth TACOMA 01119 5/3/2001 N 

      
Death TACOMA NAAB 5/3/2001 

 
1120 5/3/2001 None 652 562 Female Birth TACOMA 01120 5/3/2001 N 

      
Death TACOMA NHN 5/6/2001 

 
1121 5/6/2001 None 569 545 Male Birth RACINE M0133 5/6/2001 N 

      
Transfer WSC MN 1121 4/13/2004 

 

      
Transfer ASHEBORO 1782 12/21/2007 

 

      
Death ASHEBORO AAY N 1/14/2014 

 
1122 5/6/2001 None 569 545 Male Birth RACINE M0134 5/6/2001 N 

      
Transfer WCSRC 200320 10/29/2003 

 

      
Transfer CHICAGOLP 21600 10/21/2005 

 

      
Death CHICAGOLP AAELY 6/21/2012 

 
1123 5/6/2001 None 569 545 Female Birth RACINE M0135 5/6/2001 N 

      
Transfer TACOMA 01123 12/5/2002 

 

      
Transfer FRESNO 230127 11/13/2003 

 

      
Transfer TACOMA 01123 11/22/2005 

 

      
Death TACOMA AAFX 4/21/2009 

 
1124 5/16/2001 None 477 793 Male Birth BREVARD 940712 5/16/2001 N 

      
Transfer ASHEBORO 1608 9/23/2003 

 

      
Transfer ST.VINCE 11124 11/15/2004 

 

      
Transfer TALLAHASE L08003 9/11/2008 

 

      
Transfer ASHEBORO 1608 11/18/2008 

 

      
Death ASHEBORO AAEL 10/30/2011 

 
1125 5/16/2001 None 477 793 Male Birth BREVARD 940713 5/16/2001 N 

      
Transfer ASHEBORO 1609 9/23/2003 
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Transfer JACKSONVL 805374 12/15/2005 

 

      
Death JACKSONVL NCY 10/16/2009 

 
1126 5/16/2001 None 477 793 Female Birth BREVARD 940707 5/16/2001 N 

      
Transfer BRIDGEPRT 101360 5/30/2001 

 

      
Transfer VA MUSEUM 1080 1/15/2003 

 

      
Transfer SALISBURY 1693 12/20/2007 

 

      
Death SALISBURY EAY N 6/12/2014 

 
1127 5/16/2001 None 477 793 Female Birth BREVARD 940708 5/16/2001 N 

      
Transfer BRIDGEPRT 101359 5/30/2001 

 

      
Transfer VA MUSEUM 1079 1/15/2003 

 

      
Transfer BRIDGEPRT 101359 11/8/2004 

 

      
Transfer BINGHAMTO 14001 1/16/2014 

 
1128 5/16/2001 None 477 793 Female Birth BREVARD 940709 5/16/2001 N 

      
Transfer JACKSON 200136 4/17/2002 

 

      
Transfer WSC MN 1128 3/15/2005 

 

      
Death WSC MN CADE 6/16/2005 

 
1129 5/16/2001 None 477 793 Female Birth BREVARD 940710 5/16/2001 N 

      
Transfer JACKSON 200137 4/17/2002 

 

      
Death JACKSON AAHR 6/22/2012 

 
1130 5/16/2001 None 477 793 Female Birth BREVARD 940711 5/16/2001 N 

      
Transfer JACKSON 200138 4/17/2002 

 

      
Transfer AWENDA 11130 1/27/2004 

 

      
Death AWENDA KAY 8/25/2004 

 
1131 5/19/2001 None 817 571 Male Birth BRIDGEPRT 101358 5/19/2001 N 

      
Transfer BINGHAMTO 211010 12/17/2001 

 

      
Transfer SIOUX FAL 3231 12/1/2004 

 

      
Transfer WSC MN 1131 1/27/2005 

 

      
Death WSC MN ABY 1/23/2007 

 
1132 4/10/2001 Day 768 978 Female Birth MANTEO 11132 4/10/2001 N 

      
Death MANTEO NHN 7/7/2009 

 
1133 4/10/2001 Day 768 978 Male Birth MANTEO 11133 4/10/2001 N 

      
Death MANTEO NHN 5/18/2002 

 
1134 4/10/2001 Day 768 978 Female Birth MANTEO 11134 4/10/2001 N 

      
Death MANTEO DHY 4/10/2002 

 
1135 4/10/2001 Day 768 978 Male Birth MANTEO 11135 4/10/2001 N 

      
Death MANTEO DHY 11/14/2002 

 
1136 4/10/2001 Day 768 978 Male Birth MANTEO 11136 4/10/2001 N 

      
Death MANTEO NHN 11/17/2009 

 
1137 4/21/2001 Day 1052 756 Male Birth MANTEO 11137 4/21/2001 N 
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Go LTF MANTEO 11137 4/26/2001 

 
1138 4/21/2001 Day 1052 756 Female Birth MANTEO 11138 4/21/2001 N 

      
Go LTF MANTEO 11138 4/26/2001 

 
1139 4/21/2001 Day 1052 756 Female Birth MANTEO 11139 4/21/2001 N 

      
Death MANTEO FHAD 2/1/2002 

 
1140 4/21/2001 Day 1052 756 Female Birth MANTEO 11140 4/21/2001 N 

      
Death MANTEO NHN 3/8/2003 

 
1141 4/21/2001 Day 1052 756 Female Birth MANTEO 11141 4/21/2001 N 

      
Go LTF MANTEO 11141 4/26/2001 

 
1142 4/21/2001 Day 1052 756 Male Birth MANTEO 11142 4/21/2001 N 

      
Go LTF MANTEO 11142 4/26/2001 

 
1143 4/21/2001 Day 1052 756 Male Birth MANTEO 11143 4/21/2001 N 

      
Go LTF MANTEO 11143 4/26/2001 

 
1144 4/21/2001 Day 1052 756 Female Birth MANTEO 11144 4/21/2001 N 

      
Go LTF MANTEO 11144 4/26/2001 

 
1145 4/21/2001 Day 1052 756 Female Birth MANTEO 11145 4/21/2001 N 

      
Go LTF MANTEO 11145 4/26/2001 

 
1146 4/21/2001 Day 1052 756 Female Birth MANTEO 11146 4/21/2001 N 

      
Go LTF MANTEO 11146 4/26/2001 

 
1147 4/21/2001 Day 1052 756 Male Birth MANTEO 11147 4/21/2001 N 

      
Go LTF MANTEO 11147 4/26/2001 

 
1148 4/10/2001 Day 768 978 Female Birth MANTEO 11148 4/10/2001 N 

      
Go LTF MANTEO 11148 7/28/2009 

 
1149 4/15/2001 Day 795 1028 Male Birth MANTEO 11149 4/15/2001 N 

      
Death MANTEO DHY 11/28/2005 

 
1150 4/15/2001 Day 795 1028 Male Birth MANTEO 11150 4/15/2001 N 

      
Go LTF MANTEO 11150 5/4/2001 

 
1151 4/15/2001 Day 795 1028 Female Birth MANTEO 11151 4/15/2001 N 

      
Go LTF MANTEO 11151 5/4/2001 

 
1152 4/15/2001 Day 795 1028 Female Birth MANTEO 11152 4/15/2001 N 

      
Go LTF MANTEO 11152 1/25/2005 

 
1153 4/15/2001 Day 795 1028 Female Birth MANTEO 11153 4/15/2001 N 

      
Go LTF MANTEO 11153 5/4/2001 

 
1154 4/8/2000 Day 874 508 Female Birth MANTEO 11154 4/8/2000 N 

      
Death MANTEO NHY 3/6/2001 

 
1155 4/13/2001 Day 662 747 Male Birth MANTEO 11155 4/13/2001 N 

      
Go LTF MANTEO 11155 4/30/2001 

 
1156 4/20/2001 Day 977 985 Male Birth MANTEO 11156 4/20/2001 N 

      
Go LTF MANTEO 11156 5/4/2001 
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1157 4/20/2001 Day 977 985 Female Birth MANTEO 11157 4/20/2001 N 

      
Go LTF MANTEO 11157 5/4/2001 

 
1158 4/20/2001 Day 977 985 Male Birth MANTEO 11158 4/20/2001 N 

      
Go LTF MANTEO 11158 5/4/2001 

 
1159 4/20/2001 Day 977 985 Male Birth MANTEO 11159 4/20/2001 N 

      
Go LTF MANTEO 11159 5/4/2001 

 
1160 4/20/2001 Day 977 985 Male Birth MANTEO 11160 4/20/2001 N 

      
Go LTF MANTEO 11160 5/4/2001 

 
1161 4/20/2001 Day 977 985 Female Birth MANTEO 11161 4/20/2001 N 

      
Go LTF MANTEO 11161 5/4/2001 

 
1162 4/15/2001 Day 1048 1045 Female Birth MANTEO 11162 4/15/2001 N 

      
Death MANTEO DHN 1/3/2009 

 
1163 4/15/2001 Day 1048 1045 Female Birth MANTEO 11163 4/15/2001 N 

      
Death MANTEO NHN 8/13/2009 

 
1164 5/1/2001 Month 980 896 Male Birth MANTEO 11164 5/1/2001 N 

      
Death MANTEO NHY 8/20/2002 

 
1165 5/1/2001 Day 780 449 Female Birth AWENDA 11165 5/1/2001 N 

      
Transfer MANTEO 11165 9/24/2002 

 

      
Death MANTEO DHN 11/10/2009 

 
1166 5/1/2001 Day 780 449 Male Birth AWENDA 11166 5/1/2001 N 

      
Transfer MANTEO 11166 9/24/2002 

 

      
Death MANTEO NHN 8/26/2007 

 
1167 5/1/2000 Year 893 878 Male Birth MANTEO 11167 5/1/2000 N 

      
Death MANTEO NHYJ 3/11/2002 

 
1168 5/1/1999 Year 799 889 Male Birth MANTEO 11168 4/19/1999 N 

      
Death MANTEO NHN 6/28/2006 

 
1169 5/1/2000 Year 894 808 Male Birth MANTEO 11169 5/1/2000 N 

      
Death MANTEO NHY 3/24/2008 

 
1170 5/1/2001 Year 874 508 Female Birth MANTEO 11170 5/1/2001 N 

      
Death MANTEO NHN N 1/1/2011 

 
1171 3/25/2002 None 980 896 Male Birth SANDYRIDG 11171 3/25/2002 N 

      
Transfer MANTEO 11171 4/5/2002 

 

      
Death MANTEO NHN 6/3/2008 

 
1172 3/25/2002 None 980 896 Male Birth SANDYRIDG 11172 3/25/2002 N 

      
Death SANDYRIDG NHY 4/1/2002 

 
1173 3/25/2002 None 980 896 Female Birth SANDYRIDG 11173 3/25/2002 N 

      
Transfer MANTEO 11173 4/5/2002 

 

      
Death MANTEO NHY 4/12/2003 

 
1174 3/25/2002 None 980 896 Female Birth SANDYRIDG 11174 3/25/2002 N 
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Transfer MANTEO 11174 4/5/2002 

 

      
Go LTF MANTEO 11174 4/6/2002 

 
1175 3/25/2002 None 980 896 Male Birth SANDYRIDG 11175 3/25/2002 N 

      
Transfer MANTEO 11175 4/5/2002 

 

      
Go LTF MANTEO 11175 4/6/2002 

 
1176 3/25/2002 None 980 896 Male Birth SANDYRIDG 11176 3/25/2002 N 

      
Transfer MANTEO 11176 4/5/2002 

 

      
Death MANTEO NHN 2/7/2005 

 
1177 4/12/2002 Day 1034 1044 Male Birth MANTEO 11177 4/12/2002 N 

      
Death MANTEO NHY 7/11/2011 

 
1178 4/12/2002 Day 1034 1044 Male Birth MANTEO 11178 4/12/2002 N 

      
Death MANTEO FHBHN 10/30/2005 

 
1179 4/12/2002 Day 1034 1044 Female Birth MANTEO 11179 4/12/2002 N 

      
Go LTF MANTEO 11179 4/17/2002 

 
1180 4/12/2002 Day 1034 1044 Female Birth MANTEO 11180 4/12/2002 N 

      
Death MANTEO NHN 1/4/2005 

 
1181 4/12/2002 Day 1034 1044 Female Birth MANTEO 11181 4/12/2002 N 

      
Death MANTEO DHN 11/6/2004 

 
1182 4/12/2002 Day 1034 1044 Female Birth MANTEO 11182 4/12/2002 N 

      
Go LTF MANTEO 11182 4/17/2002 

 
1183 4/20/2002 Day 768 978 Male Birth MANTEO 11183 4/20/2002 N 

      
Go LTF MANTEO 11183 12/2/2003 

 
1184 4/20/2002 Day 768 978 Male Birth MANTEO 11184 4/20/2002 N 

      
Go LTF MANTEO 11184 11/4/2003 

 
1185 4/9/2002 Day 1108 1037 Male Birth MANTEO 11185 4/9/2002 N 

      
Death MANTEO DHAKY 4/21/2010 

 
1186 4/9/2002 Day 1108 1037 Male Birth MANTEO 11186 4/9/2002 N 

      
Go LTF MANTEO 11186 12/2/2003 

 
1187 4/9/2002 Day 1108 1037 Male Birth MANTEO 11187 4/9/2002 N 

      
Death MANTEO NHY 4/8/2003 

 
1188 4/9/2002 Day 1108 1037 Male Birth MANTEO 11188 4/9/2002 N 

      
Death MANTEO KHY 2/1/2005 

 
1189 4/9/2002 Day 1108 1037 Female Birth MANTEO 11189 4/9/2002 N 

      
Go LTF MANTEO 11189 4/26/2002 

 
1190 4/9/2002 Day 1108 1037 Female Birth MANTEO 11190 4/9/2002 N 

      
Death MANTEO GHY 4/29/2004 

 
1191 4/9/2002 Day 1108 1037 Female Birth MANTEO 11191 4/9/2002 N 

      
Go LTF MANTEO 11191 4/26/2002 

 
1192 4/10/2002 None 953 918 Male Birth DURHAM MS 1M0202 4/10/2002 N 
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Death DURHAM MS NHY 4/16/2002 

 
1193 4/10/2002 None 953 918 Male Birth DURHAM MS 2M0202 4/10/2002 N 

      
Death DURHAM MS KAEK 7/8/2004 

 
1194 4/10/2002 None 953 918 Male Birth DURHAM MS 3M0202 4/10/2002 N 

      
Transfer ASHEBORO 1676 11/3/2004 

 
1195 4/10/2002 None 953 918 Female Birth DURHAM MS 4M0202 4/10/2002 N 

      
Transfer OKLAHOMA 770118 10/9/2002 

 

      
Transfer TREVOR A5M673 1/11/2005 

 

      
Transfer SALIS NC 1195 8/5/2006 

 

      
Transfer ASHEBORO 1960 10/18/2012 

 
1196 4/10/2002 None 953 918 Female Birth DURHAM MS 5M0202 4/10/2002 N 

      
Transfer OKLAHOMA 770119 10/9/2002 

 

      
Transfer WOLFHAVEN 1196 9/25/2013 

 

      
Death WOLFHAVEN 1196 1/19/2015 

 
1197 4/10/2002 None 953 918 Female Birth DURHAM MS 6M0202 4/10/2002 N 

      
Transfer OKLAHOMA 770120 10/9/2002 

 

      
Transfer ASHEBORO 1689 12/2/2004 

 
1198 4/20/2002 Day 478 818 Female Birth AWENDA 11198 4/20/2002 N 

      
Death AWENDA NHN 4/22/2002 

 
1199 4/21/2002 None 471 919 Male Birth ASHEBORO 1572 4/21/2002 N 

      
Transfer MANTEO 11199 5/5/2002 

 

      
Death MANTEO DHN 12/10/2009 

 
1200 4/21/2002 None 471 919 Male Birth ASHEBORO 1573 4/21/2002 N 

      
Transfer GOLDENPND 1200 2/5/2003 

 

      
Transfer KNOXVILLE 2769 11/18/2003 

 

      
Transfer CHATT NAT 1200 11/14/2006 

 

      
Transfer SANDYRIDG 11200 12/5/2008 

 

      
Transfer RWOLF EHF 11200 10/16/2012 

 
1201 4/21/2002 None 471 919 Male Birth ASHEBORO 1574 4/21/2002 N 

      
Transfer GOLDENPND 1201 2/5/2003 

 
1202 4/21/2002 None 471 919 Female Birth ASHEBORO 1575 4/21/2002 N 

      
Transfer MANTEO 11202 5/5/2002 

 

      
Death MANTEO NHKN 4/13/2004 

 
1203 4/21/2002 None 471 919 Female Birth ASHEBORO 1576 4/21/2002 N 

      
Transfer CHEHAW M03010 5/29/2003 

 

      
Transfer TALLAHASE 04L003 12/14/2004 

 

      
Transfer ALEXANDRI M00276 2/9/2007 

 
1204 4/21/2002 None 471 919 Female Birth ASHEBORO 1577 4/21/2002 N 

      
Transfer CHEHAW M03011 5/29/2003 
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Transfer SPRINGFIE 848 12/7/2004 

 

      
Death SPRINGFIE NIARY 11/26/2012 

 
1205 4/4/2002 Day 992 798 Male Birth MANTEO 11205 4/4/2002 N 

      
Death MANTEO DHN 12/31/2006 

 
1206 4/10/2002 Day 1048 1045 Male Birth MANTEO 11206 4/10/2002 N 

      
Go LTF MANTEO 11206 12/15/2006 

 
1207 4/10/2002 Day 1048 1045 Female Birth MANTEO 11207 4/10/2002 N 

      
Death MANTEO FHBHN 12/30/2010 

 
1208 4/10/2002 Day 1048 1045 Female Birth MANTEO 11208 4/10/2002 N 

      
Go LTF MANTEO 11208 5/1/2002 

 
1209 4/10/2002 Day 795 1028 Female Birth MANTEO 11209 4/10/2002 N 

      
Go LTF MANTEO 11209 4/30/2002 

 
1210 4/10/2002 Day 795 1028 Male Birth MANTEO 11210 4/10/2002 N 

      
Go LTF MANTEO 11210 4/30/2002 

 
1211 4/10/2002 Day 795 1028 Female Birth MANTEO 11211 4/10/2002 N 

      
Go LTF MANTEO 11211 4/30/2002 

 
1212 4/10/2002 Day 795 1028 Female Birth MANTEO 11212 4/10/2002 N 

      
Go LTF MANTEO 11212 4/30/2002 

 
1213 4/10/2002 Day 795 1028 Male Birth MANTEO 11213 4/10/2002 N 

      
Go LTF MANTEO 11213 4/30/2002 

 
1214 4/10/2002 Day 795 1028 Female Birth MANTEO 11214 4/10/2002 N 

      
Go LTF MANTEO 11214 4/30/2002 

 
1215 4/10/2002 Day 795 1028 Female Birth MANTEO 11215 4/10/2002 N 

      
Go LTF MANTEO 11215 4/30/2002 

 
1216 4/10/2002 Day 795 1028 Male Birth MANTEO 11216 4/10/2002 N 

      
Go LTF MANTEO 11216 4/30/2002 

 
1217 4/26/2002 None 923 921 Male Birth ALEXANDRI M00114 4/26/2002 N 

      
Death ALEXANDRI NAEK 7/18/2002 

 
1218 4/26/2002 None 923 921 Female Birth ALEXANDRI M00113 4/26/2002 N 

      
Death ALEXANDRI NHN 4/28/2002 

 
1219 5/3/2002 None 1097 624 Male Birth PROVIDNCE 100131 5/3/2002 N 

      
Death PROVIDNCE HHAA 5/3/2002 

 
1220 5/3/2002 None 1097 624 Female Birth PROVIDNCE 100132 5/3/2002 N 

      
Death PROVIDNCE HHAA 5/3/2002 

 
1221 5/3/2002 None 1097 624 Female Birth PROVIDNCE 100133 5/3/2002 N 

      
Death PROVIDNCE HHAA 5/3/2002 

 
1222 5/3/2002 None 652 562 Male Birth TACOMA 01222 5/3/2002 N 

      
Transfer WOLFHAVEN 1222 1/11/2006 

 

      
Death WOLFHAVEN ABY 2/9/2010 
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1223 5/3/2002 None 652 562 Male Birth TACOMA 01223 5/3/2002 N 

      
Death TACOMA NHN 7/13/2002 

 
1224 5/5/2002 None 651 925 Female Birth TACOMA 01224 5/5/2002 N 

1225 5/5/2002 None 651 925 Female Birth TACOMA 01225 5/5/2002 N 

      
Transfer WSC MN 1225 1/15/2004 

 
1226 5/5/2002 None 651 925 Female Birth TACOMA 01226 5/5/2002 N 

      
Transfer BLOOMINGT M04003 2/19/2004 

 

      
Death BLOOMINGT FAAR 11/20/2007 

 
1227 5/5/2002 None 651 925 Female Birth TACOMA 01227 5/5/2002 N 

      
Transfer VICTOR TX 200504 1/13/2005 

 

      
Transfer DURHAM MS 04M08 11/13/2008 

 

      
Transfer ASHEBORO 1867 9/8/2010 

 

      
Death ASHEBORO AAAR 4/12/2012 

 
1228 5/5/2002 None 651 925 Female Birth TACOMA 01228 5/5/2002 N 

      
Death TACOMA AAGBY 4/12/2013 

 
1229 5/9/2002 Day 569 603 Male Birth TACOMA 01229 5/9/2002 N 

      
Death TACOMA NAY 5/9/2002 

 
1230 5/9/2002 Day 569 603 Male Birth TACOMA 01230 5/9/2002 N 

      
Death TACOMA NAY 5/9/2002 

 
1231 5/1/1999 Year 977 985 Female Birth MANTEO 11231 4/19/1999 N 

      
Death MANTEO AHN 8/24/2002 

 
1232 5/1/2001 Year 947 940 Male Birth MANTEO 90239 5/1/2001 Y 

      
Death MANTEO AAY 11/22/2002 

 
1233 4/21/2002 Day 987 949 Female Birth MANTEO 11233 4/21/2002 N 

      
Death MANTEO DHY 4/16/2004 

 
1234 4/21/2002 Day 987 949 Female Birth MANTEO 11234 4/21/2002 N 

      
Death MANTEO DHN 6/19/2004 

 
1235 4/21/2002 Day 987 949 Female Birth MANTEO 11235 4/21/2002 N 

      
Go LTF MANTEO 11235 8/26/2003 

 
1236 4/21/2002 Day 987 949 Male Birth MANTEO 11236 4/21/2002 N 

      
Death MANTEO NHGXN 6/7/2003 

 
1237 4/4/2002 Day 992 798 Male Birth MANTEO 11237 4/4/2002 N 

      
Death MANTEO DHN 12/13/2004 

 
1238 4/21/2003 Day 1149 952 Male Birth MANTEO 11238 4/21/2003 N 

      
Death MANTEO DHAKN 10/28/2013 

 
1239 4/21/2003 Day 1149 952 Female Birth MANTEO 11239 4/21/2003 N 

      
Go LTF MANTEO 11239 4/29/2003 

 
1240 4/21/2003 Day 1149 952 Female Birth MANTEO 11240 4/21/2003 N 

      
Death MANTEO DHAK 2/3/2006 
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1241 4/21/2003 Day 1149 952 Male Birth MANTEO 11241 4/21/2003 N 

      
Go LTF MANTEO 11241 4/29/2003 

 
1242 4/21/2003 Day 1149 952 Male Birth MANTEO 11242 4/21/2003 N 

      
Go LTF MANTEO 11242 4/29/2003 

 
1243 4/21/2003 Day 1149 952 Male Birth MANTEO 11243 4/21/2003 N 

      
Death MANTEO NHY 12/24/2005 

 
1244 4/16/2003 Day 1034 1044 Male Birth MANTEO 11244 4/16/2003 N 

      
Go LTF MANTEO 11244 4/21/2003 

 
1245 4/16/2003 Day 1034 1044 Female Birth MANTEO 11245 4/16/2003 N 

      
Go LTF MANTEO 11245 4/21/2003 

 
1246 4/16/2003 Day 1034 1044 Male Birth MANTEO 11246 4/16/2003 N 

      
Go LTF MANTEO 11246 10/26/2007 

 
1247 4/16/2003 Day 1034 1044 Male Birth MANTEO 11247 4/16/2003 N 

      
Go LTF MANTEO 11247 4/21/2003 

 
1248 4/16/2003 Day 1034 1044 Female Birth MANTEO 11248 4/16/2003 N 

      
Death MANTEO DHYJ 8/11/2008 

 
1249 4/16/2003 Day 1034 1044 Female Birth MANTEO 11249 4/16/2003 N 

      
Death MANTEO NHAP 10/1/2004 

 
1250 4/18/2003 Day 980 1085 Male Birth MANTEO 11250 4/18/2003 N 

      
Go LTF MANTEO 11250 4/22/2003 

 
1251 4/18/2003 Day 980 1085 Female Birth MANTEO 11251 4/18/2003 N 

      
Go LTF MANTEO 11251 4/22/2003 

 
1252 4/18/2003 Day 980 1085 Female Birth MANTEO 11252 4/18/2003 N 

      
Go LTF MANTEO 11252 4/22/2003 

 
1253 4/18/2003 Day 980 1085 Female Birth MANTEO 11253 4/18/2003 N 

      
Go LTF MANTEO 11253 4/22/2003 

 
1254 4/14/2003 Day 771 1162 Female Birth MANTEO 11254 4/14/2003 N 

      
Go LTF MANTEO 11254 4/24/2003 

 
1255 4/14/2003 Day 771 1162 Male Birth MANTEO 11255 4/14/2003 N 

      
Go LTF MANTEO 11255 4/24/2003 

 
1256 4/14/2003 Day 771 1162 Female Birth MANTEO 11256 4/14/2003 N 

      
Go LTF MANTEO 11256 4/24/2003 

 
1257 4/14/2003 Day 771 1162 Female Birth MANTEO 11257 4/14/2003 N 

      
Go LTF MANTEO 11257 4/24/2003 

 
1258 4/14/2003 Day 771 1162 Female Birth MANTEO 11258 4/14/2003 N 

      
Go LTF MANTEO 11258 4/24/2003 

 
1259 4/14/2003 Day 771 1162 Female Birth MANTEO 11259 4/14/2003 N 

      
Death MANTEO DHY 3/5/2004 

 
1260 4/14/2003 Day 771 1162 Male Birth MANTEO 11260 4/14/2003 N 
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Go LTF MANTEO 11260 4/24/2003 

 
1261 4/16/2003 Day 795 1028 Male Birth MANTEO 11261 4/16/2003 N 

      
Go LTF MANTEO 11261 4/28/2003 

 
1262 4/16/2003 Day 795 1028 Male Birth MANTEO 11262 4/16/2003 N 

      
Go LTF MANTEO 11262 4/28/2003 

 
1263 4/16/2003 Day 795 1028 Male Birth MANTEO 11263 4/16/2003 N 

      
Go LTF MANTEO 11263 4/28/2003 

 
1264 4/16/2003 Day 795 1028 Female Birth MANTEO 11264 4/16/2003 N 

      
Go LTF MANTEO 11264 4/28/2003 

 
1265 4/16/2003 Day 795 1028 Female Birth MANTEO 11265 4/16/2003 N 

      
Go LTF MANTEO 11265 4/28/2003 

 
1266 4/22/2003 Day 1105 1152 Female Birth MANTEO 11266 4/22/2003 N 

      
Go LTF MANTEO 11266 9/23/2004 

 
1267 4/22/2003 Day 1105 1152 Male Birth MANTEO 11267 4/22/2003 N 

      
Death MANTEO DHY 2/19/2004 

 
1268 4/22/2003 Day 1105 1152 Female Birth MANTEO 11268 4/22/2003 N 

      
Death MANTEO DHN 10/13/2009 

 
1269 4/22/2003 Day 1105 1152 Male Birth MANTEO 11269 4/22/2003 N 

      
Death MANTEO KHAK 12/16/2004 

 
1270 4/22/2003 Day 1105 1152 Female Birth MANTEO 11270 4/22/2003 N 

      
Go LTF MANTEO 11270 8/2/2005 

 
1271 4/21/2003 Day 768 978 Female Birth MANTEO 11271 4/21/2003 N 

      
Go LTF MANTEO 11271 5/14/2003 

 
1272 4/24/2003 Day 932 725 Male Birth TALLAHASE 03L008 4/24/2003 N 

      
Death TALLAHASE KHY 8/2/2004 

 
1273 4/24/2003 Day 932 725 Male Birth TALLAHASE 03L009 4/24/2003 N 

      
Transfer SANDYRIDG 11273 8/3/2004 

 

      
Transfer VA MUSEUM 1222 11/16/2005 

 
1274 4/24/2003 Day 932 725 Female Birth TALLAHASE 03L010 4/24/2003 N 

      
Transfer SANDYRIDG 11274 4/2/2004 

 

      
Transfer LOWRY 102264 11/12/2006 

 

      
Transfer HOMOSASSA HS1013 10/12/2010 

 

      
Transfer LOWRY 102264 3/13/2011 

 

      
Death LOWRY CACK 1/17/2012 

 
1275 4/24/2003 Day 932 725 Female Birth TALLAHASE 03L011 4/24/2003 N 

      
Transfer SANDYRIDG 11275 4/2/2004 

 

      
Transfer CHATT NAT 1275 11/5/2006 

 
1276 4/24/2003 Day 932 725 Female Birth TALLAHASE 03L012 4/24/2003 N 

      
Transfer SANDYRIDG 11276 4/2/2004 
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Transfer RWOLF EHF 11276 10/16/2012 

 
1277 4/28/2003 None 939 1009 Male Birth TACOMA 01277 4/28/2003 N 

      
Transfer WOLFHAVEN 1277 7/21/2009 

 

      
Transfer TACOMA 01277 2/3/2010 

 

      
Death TACOMA FAGPN 3/28/2012 

 
1278 4/28/2003 None 939 1009 Male Birth TACOMA 01278 4/28/2003 N 

1279 4/28/2003 None 939 1009 Male Birth TACOMA 01279 4/28/2003 N 

      
Death TACOMA AAGNY 2/13/2014 

 
1280 4/28/2003 None 939 1009 Female Birth TACOMA 01280 4/28/2003 N 

      
Death TACOMA AAGRN 3/2/2011 

 
1281 4/28/2003 None 939 1009 Female Birth TACOMA 01281 4/28/2003 N 

      
Death TACOMA 01281 4/8/2015 

 
1282 5/1/2003 None 816 743 Female Birth MILL MOUN 493 5/1/2003 N 

      
Death MILL MOUN AAY 5/1/2003 

 
1283 5/1/2003 None 816 743 Female Birth MILL MOUN 494 5/1/2003 N 

      
Death MILL MOUN AAY 5/1/2003 

 
1284 5/1/2003 None 816 743 Male Birth MILL MOUN 495 5/1/2003 N 

      
Transfer TACOMA 01284 7/17/2003 

 

      
Death TACOMA 01284 11/12/2014 

 
1285 5/12/2003 None 924 576 Male Birth TACOMA 01285 5/12/2003 N 

      
Death TACOMA FAFR 1/30/2005 

 
1286 5/12/2003 None 924 576 Male Birth TACOMA 01286 5/12/2003 N 

      
Death TACOMA FAY 2/15/2012 

 
1287 5/12/2003 None 924 576 Female Birth TACOMA 01287 5/12/2003 N 

      
Transfer PROVIDNCE 100192 1/4/2005 

 

      
Transfer DURHAM MS 07M10 10/12/2010 

 

      
Death DURHAM MS 07M10 11/3/2014 

 
1288 5/13/2003 None 791 637 Female Birth TREVOR A3M629 5/13/2003 N 

      
Death TREVOR IHY 5/13/2003 

 
1289 5/13/2003 None 791 637 Female Birth TREVOR A3M630 5/13/2003 N 

      
Death TREVOR FABX 5/15/2003 

 
1290 5/13/2003 None 791 637 Female Birth TREVOR A3M631 5/13/2003 N 

      
Death TREVOR NHN 5/16/2003 

 
1291 5/13/2003 None 791 637 Female Birth TREVOR A3M632 5/13/2003 N 

      
Transfer NYWOLF 1291 12/22/2004 

 

      
Transfer BRIDGEPRT 102399 12/11/2014 

 
1292 5/13/2003 None 791 637 Male Birth TREVOR A3M633 5/13/2003 N 

      
Transfer NYWOLF 1292 12/22/2004 

 

      
Transfer PROVIDNCE 100196 3/8/2005 
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Transfer AWENDA 11292 3/19/2009 

 

      
Transfer JACKSONVL 812302 2/8/2012 

 
1293 5/1/2003 Day 992 798 Female Birth MANTEO 11293 5/1/2003 N 

      
Go LTF MANTEO 11293 10/25/2004 

 
1294 4/21/2003 Day 768 978 Male Birth MANTEO 11294 4/21/2003 N 

      
Death MANTEO NHY 11/1/2005 

 
1295 4/21/2003 Day 768 978 Male Birth MANTEO 11295 4/21/2003 N 

      
Death MANTEO NHN 12/1/2004 

 
1296 5/1/2003 Day 992 798 Female Birth MANTEO 11296 5/1/2003 N 

      
Death MANTEO DHY 2/11/2004 

 
1297 5/1/1995 Year 506 502 Male Birth MANTEO 11297 5/1/1995 N 

      
Death MANTEO NHN 1/15/2004 

 
1298 5/1/2003 Year 1168 1051 Female Birth MANTEO 11298 5/1/2003 N 

      
Go LTF MANTEO 11298 2/9/2011 

 
1299 4/10/2004 Day 1166 904 Male Birth MANTEO 11299 4/10/2004 N 

      
Death MANTEO NHN 12/5/2006 

 
1300 4/12/2004 Day 1048 1045 Female Birth MANTEO 11300 4/12/2004 N 

      
Death MANTEO 11300 2/27/2015 

 
1301 4/12/2004 Day 1048 1045 Male Birth MANTEO 11301 4/12/2004 N 

      
Death MANTEO NHYGN 8/26/2014 

 
1302 4/12/2004 Day 1048 1045 Female Birth MANTEO 11302 4/12/2004 N 

      
Go LTF MANTEO 11302 4/21/2004 

 
1303 4/12/2004 Day 1048 1045 Female Birth MANTEO 11303 4/12/2004 N 

      
Death MANTEO NHY 5/23/2005 

 
1304 4/12/2004 Day 1048 1045 Female Birth MANTEO 11304 4/12/2004 N 

      
Go LTF MANTEO 11304 4/21/2004 

 
1305 4/16/2004 Day 1108 1037 Male Birth MANTEO 11305 4/16/2004 N 

      
Go LTF MANTEO 11305 4/27/2004 

 
1306 4/16/2004 Day 1108 1037 Female Birth MANTEO 11306 4/16/2004 N 

      
Go LTF MANTEO 11306 12/14/2005 

 
1307 4/16/2004 Day 1108 1037 Male Birth MANTEO 11307 4/16/2004 N 

      
Death MANTEO NHY 3/1/2005 

 
1308 4/16/2004 Day 1108 1037 Male Birth MANTEO 11308 4/16/2004 N 

      
Death MANTEO DHN 5/16/2006 

 
1309 4/16/2004 Day 1108 1037 Female Birth MANTEO 11309 4/16/2004 N 

      
Go LTF MANTEO 11309 4/27/2004 

 
1310 4/16/2004 Day 1108 1037 Male Birth MANTEO 11310 4/16/2004 N 

      
Death MANTEO DHY 12/2/2005 

 
1311 4/16/2004 Day 1108 1037 Male Birth MANTEO 11311 4/16/2004 N 
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Death MANTEO KHY 2/9/2005 

 
1312 4/16/2004 Day 1108 1037 Female Birth MANTEO 11312 4/16/2004 N 

      
Death MANTEO DHN 11/27/2007 

 
1313 4/18/2004 Day 980 1085 Male Birth MANTEO 11313 4/18/2004 N 

      
Death MANTEO DHYK 11/8/2010 

 
1314 4/18/2004 Day 980 1085 Female Birth MANTEO 11314 4/18/2004 N 

      
Death MANTEO DHN 8/17/2005 

 
1315 4/18/2004 Day 980 1085 Male Birth MANTEO 11315 4/18/2004 N 

      
Go LTF MANTEO 11315 4/28/2004 

 
1316 4/15/2004 Day 1176 1132 Male Birth MANTEO 11316 4/15/2004 N 

      
Death MANTEO NHY N 8/26/2013 

 
1317 4/15/2004 Day 1176 1132 Male Birth MANTEO 11317 4/15/2004 N 

      
Go LTF MANTEO 11317 4/26/2004 

 
1318 4/15/2004 Day 1176 1132 Male Birth MANTEO 11318 4/15/2004 N 

      
Go LTF MANTEO 11318 4/29/2005 

 
1319 4/15/2004 Day 1176 1132 Female Birth MANTEO 11319 4/15/2004 N 

      
Death MANTEO DHN 12/13/2007 

 
1320 4/15/2004 Day 1176 1132 Female Birth MANTEO 11320 4/15/2004 N 

      
Death MANTEO DHN N 4/22/2005 

 
1321 4/15/2004 Day 1176 1132 Male Birth MANTEO 11321 4/15/2004 N 

      
Death MANTEO NHN 10/30/2007 

 
1322 4/15/2004 Day 1176 1132 Female Birth MANTEO 11322 4/15/2004 N 

      
Death MANTEO DHY 11/8/2005 

 
1323 4/13/2004 Day 1199 1162 Female Birth MANTEO 11323 4/13/2004 N 

      
Go LTF MANTEO 11323 2/16/2009 

 
1324 4/13/2004 Day 1199 1162 Male Birth MANTEO 11324 4/13/2004 N 

      
Go LTF MANTEO 11324 4/27/2004 

 
1325 4/13/2004 Day 1199 1162 Male Birth MANTEO 11325 4/13/2004 N 

      
Death MANTEO DHAK 9/26/2004 

 
1326 4/13/2004 Day 1199 1162 Male Birth MANTEO 11326 4/13/2004 N 

      
Go LTF MANTEO 11326 12/29/2008 

 
1327 4/13/2004 Day 1199 1162 Male Birth MANTEO 11327 4/13/2004 N 

      
Go LTF MANTEO 11327 11/15/2005 

 
1328 4/13/2004 Day 1199 1162 Female Birth MANTEO 11328 4/13/2004 N 

      
Go LTF MANTEO 11328 12/20/2005 

 
1329 4/13/2004 Day 1199 1162 Male Birth MANTEO 11329 4/13/2004 N 

      
Go LTF MANTEO 11329 4/27/2004 

 
1330 4/16/2004 Day 1177 1035 Female Birth MANTEO 11330 4/16/2004 N 

      
Go LTF MANTEO 11330 4/30/2004 
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1331 4/16/2004 Day 1177 1035 Female Birth MANTEO 11331 4/16/2004 N 

      
Go LTF MANTEO 11331 4/30/2004 

 
1332 4/16/2004 Day 1171 1170 Male Birth MANTEO 11332 4/16/2004 N 

      
Go LTF MANTEO 11332 4/30/2004 

 
1333 4/16/2004 Day 1171 1170 Male Birth MANTEO 11333 4/16/2004 N 

1334 4/16/2004 Day 1171 1170 Male Birth MANTEO 11334 4/16/2004 N 

      
Death MANTEO NHY 2/17/2005 

 
1335 4/16/2004 Day 1171 1170 Male Birth MANTEO 11335 4/16/2004 N 

      
Go LTF MANTEO 11335 4/30/2004 

 
1336 4/20/2004 Day 1105 1152 Female Birth MANTEO 11336 4/20/2004 N 

      
Go LTF MANTEO 11336 5/4/2004 

 
1337 4/20/2004 Day 1105 1152 Male Birth MANTEO 11337 4/20/2004 N 

      
Go LTF MANTEO 11337 5/4/2004 

 
1338 4/20/2004 Day 1105 1152 Male Birth MANTEO 11338 4/20/2004 N 

      
Go LTF MANTEO 11338 5/4/2004 

 
1339 4/20/2004 Day 1105 1152 Male Birth MANTEO 11339 4/20/2004 N 

      
Go LTF MANTEO 11339 5/4/2004 

 
1340 4/20/2004 Day 1105 1152 Male Birth MANTEO 11340 4/20/2004 N 

      
Go LTF MANTEO 11340 5/4/2004 

 
1341 4/20/2004 Day 1105 1152 Male Birth MANTEO 11341 4/20/2004 N 

      
Death MANTEO DHN 1/26/2007 

 
1342 4/20/2004 Day 1105 1152 Male Birth MANTEO 11342 4/20/2004 N 

      
Death MANTEO DHN 10/16/2006 

 
1343 4/25/2004 Day 1168 1051 Male Birth MANTEO 11343 4/25/2004 N 

      
Go LTF MANTEO 11343 5/3/2004 

 
1344 4/25/2004 Day 1168 1051 Male Birth MANTEO 11344 4/25/2004 N 

      
Go LTF MANTEO 11344 5/3/2004 

 
1345 4/25/2004 Day 1168 1051 Male Birth MANTEO 11345 4/25/2004 N 

      
Go LTF MANTEO 11345 5/3/2004 

 
1346 4/25/2004 Day 1168 1051 Female Birth MANTEO 11346 4/25/2004 N 

      
Go LTF MANTEO 11346 5/3/2004 

 
1347 4/25/2004 Day 1168 1051 Male Birth MANTEO 11347 4/25/2004 N 

      
Go LTF MANTEO 11347 5/3/2004 

 
1348 4/25/2004 Day 1168 1051 Female Birth MANTEO 11348 4/25/2004 N 

      
Go LTF MANTEO 11348 5/3/2004 

 
1349 4/25/2004 Day 1168 1051 Female Birth MANTEO 11349 4/25/2004 N 

      
Go LTF MANTEO 11349 5/3/2004 

 
1350 4/13/2004 None 923 921 Male Birth ALEXANDRI M00196 4/13/2004 N 

      
Death ALEXANDRI CAN 7/30/2004 
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1351 4/13/2004 None 923 921 Male Birth ALEXANDRI M00197 4/13/2004 N 

      
Death ALEXANDRI CAY 7/30/2004 

 
1352 4/13/2004 None 923 921 Male Birth ALEXANDRI M00198 4/13/2004 N 

      
Death ALEXANDRI NHY 4/17/2004 

 
1353 4/13/2004 None 923 921 Female Birth ALEXANDRI M00199 4/13/2004 N 

      
Transfer CHICAGOLP 21456 5/4/2005 

 
1354 4/13/2004 None 923 921 Female Birth ALEXANDRI M00200 4/13/2004 N 

      
Death ALEXANDRI NHY 4/15/2004 

 
1355 4/17/2004 Day 780 1130 Male Birth AWENDA 11355 4/17/2004 N 

      
Transfer CHICAGOLP 21492 5/26/2005 

 

      
Death CHICAGOLP FAGI 7/29/2005 

 
1356 4/17/2004 Day 780 1130 Female Birth AWENDA 11356 4/17/2004 N 

      
Transfer MANTEO 11356 5/25/2005 

 

      
Death MANTEO DHY 12/7/2005 

 
1357 4/17/2004 Day 780 1130 Female Birth AWENDA 11357 4/17/2004 N 

      
Transfer MANTEO 11357 5/2/2004 

 
1358 4/17/2004 Day 780 1130 Female Birth AWENDA 11358 4/17/2004 N 

      
Transfer MANTEO 11358 5/5/2004 

 

      
Death MANTEO DHYK 11/5/2010 

 
1359 4/18/2004 None 1125 818 Male Birth ASHEBORO 1639 4/18/2004 N 

      
Transfer TALLAHASE 05L009 12/15/2005 

 

      
Transfer ASHEBORO 1639 3/5/2014 

 
1360 4/18/2004 None 1125 818 Female Birth ASHEBORO 1640 4/18/2004 N 

      
Transfer KNOXVILLE 3167 8/28/2005 

 

      
Transfer ASHEBORO 1640 11/14/2011 

 

      
Death ASHEBORO 1640 12/9/2014 

 
1361 4/18/2004 None 1125 818 Female Birth ASHEBORO 1641 4/18/2004 N 

      
Transfer BREVARD 27010 2/6/2007 

 
1362 4/23/2004 None 956 937 Male Birth FORTWORTH 202945 4/23/2004 N 

      
Death FORTWORTH CAY 4/23/2004 

 
1363 4/23/2004 None 956 937 Female Birth FORTWORTH 202953 4/23/2004 N 

      
Transfer FOSSILRIM 5051 2/9/2005 

 

      
Transfer TACOMA 01363 6/29/2011 

 

      
Death TACOMA 01363 2/24/2015 

 
1364 4/23/2004 None 956 937 Female Birth FORTWORTH 202954 4/23/2004 N 

      
Transfer FOSSILRIM 5052 2/9/2005 

 

      
Transfer TACOMA 01364 1/11/2006 

 

      
Death TACOMA AAKBN 6/18/2013 

 
1365 4/26/2004 None 1097 624 Unknown Birth PROVIDNCE ______ 4/26/2004 N 
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Death PROVIDNCE CAN 4/26/2004 

 
1366 5/3/2004 None 816 743 Female Birth MILL MOUN 511 5/3/2004 N 

      
Transfer ASHEBORO 1654 7/22/2004 

 

      
Transfer TACOMA 01366 10/10/2011 

 
1367 5/3/2004 None 816 743 Female Birth MILL MOUN 512 5/3/2004 N 

      
Death MILL MOUN NAY 5/7/2004 

 
1368 5/3/2004 None 816 743 Female Birth MILL MOUN 513 5/3/2004 N 

      
Death MILL MOUN NHY 5/5/2004 

 
1369 5/8/2004 None 1131 958 Male Birth BINGHAMTO M04103 5/8/2004 N 

      
Transfer SANDYRIDG 11369 12/14/2004 

 

      
Transfer NYWOLF 1369 3/10/2005 

 

      
Transfer DURHAM MS 03M08 11/3/2008 

 

      
Transfer TACOMA 01369 10/23/2012 

 
1370 5/8/2004 None 1131 958 Female Birth BINGHAMTO M04104 5/8/2004 N 

      
Transfer SANDYRIDG 11370 12/14/2004 

 

      
Transfer AWENDA 11370 1/9/2006 

 

      
Transfer CHATT NAT 1370 12/2/2009 

 

      
Death CHATT NAT AAKBY 3/23/2013 

 
1371 5/8/2004 None 1131 958 Female Birth BINGHAMTO M04105 5/8/2004 N 

      
Death BINGHAMTO DHAK 12/19/2004 

 
1372 5/12/2004 None 1091 983 Male Birth WNCNATCTR 04M031 5/12/2004 N 

      
Death WNCNATCTR IAN 5/12/2004 

 
1373 5/1/2004 Month 1034 1044 Male Birth MANTEO 11373 5/1/2004 N 

      
Go LTF MANTEO 11373 10/23/2008 

 
1374 5/1/2004 Month 1034 1044 Female Birth MANTEO 11374 5/1/2004 N 

      
Death MANTEO DHN 10/23/2008 

 
1375 4/9/2005 None 932 1203 Male Birth TALLAHASE 05L001 4/9/2005 N 

      
Transfer LOWRY 102291 12/7/2006 

 

      
Transfer TALLAHASE 05L001 9/15/2010 

 
1376 4/9/2005 None 932 1203 Female Birth TALLAHASE 05L002 4/9/2005 N 

      
Transfer JACKSONVL 808326 2/11/2008 

 
1377 4/9/2005 None 932 1203 Female Birth TALLAHASE 05L003 4/9/2005 N 

      
Transfer CHATT NAT 1377 3/17/2009 

 

      
Transfer AWENDA 11377 12/2/2009 

 

      
Death AWENDA AHN 3/29/2011 

 
1378 4/9/2005 None 932 1203 Female Birth TALLAHASE 05L004 4/9/2005 N 

1379 4/23/2005 None 791 1195 Male Birth TREVOR A5M678 4/23/2005 N 

      
Transfer SYRACUSE M07095 10/26/2007 

 
1380 4/23/2005 None 791 1195 Male Birth TREVOR A5M679 4/23/2005 N 
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Death TREVOR AELA 1/12/2012 

 
1381 4/24/2005 None 688 1009 Male Birth WOLFHAVEN 1381 4/24/2005 N 

      
Transfer TACOMA 01381 4/26/2005 

 
1382 4/24/2005 None 688 1009 Female Birth WOLFHAVEN 1382 4/24/2005 N 

      
Transfer TACOMA 01382 4/27/2005 

 
1383 4/25/2005 None 1097 1287 Male Birth PROVIDNCE 100201 4/25/2005 N 

      
Transfer SYRACUSE M05095 10/25/2005 

 

      
Death SYRACUSE KAY 12/23/2006 

 
1384 4/25/2005 None 1097 1287 Male Birth PROVIDNCE 100202 4/25/2005 N 

      
Death PROVIDNCE AAAB 8/20/2005 

 
1385 4/25/2005 None 1097 1287 Female Birth PROVIDNCE 100203 4/25/2005 N 

      
Transfer WOLFHAVEN 1385 12/7/2005 

 

      
Transfer TACOMA 01385 12/21/2007 

 

      
Death TACOMA KAEK 10/11/2011 

 
1386 4/28/2005 None 687 1123 Male Birth FRESNO 250024 4/28/2005 N 

      
Transfer COAL VAL M2315 10/8/2013 

 
1387 4/28/2005 None 687 1123 Male Birth FRESNO 250025 4/28/2005 N 

      
Death FRESNO KAGN 10/16/2009 

 
1388 4/28/2005 None 687 1123 Female Birth FRESNO 250026 4/28/2005 N 

      
Transfer TACOMA 01388 11/16/2006 

 

      
Transfer GREENBAY 200762 1/8/2008 

 

      
Death GREENBAY FHFRN 7/26/2013 

 
1389 4/29/2005 None 1125 1197 Male Birth ASHEBORO 1707 4/29/2005 N 

      
Transfer DURHAM MS 08M05 12/19/2005 

 

      
Death DURHAM MS AECA 2/26/2008 

 
1390 4/29/2005 None 1125 1197 Male Birth ASHEBORO 1708 4/29/2005 N 

      
Transfer DURHAM MS 09M05 12/19/2005 

 

      
Transfer SANDYRIDG 11390 9/29/2008 

 

      
Transfer JACKSONVL 810312 2/8/2010 

 

      
Transfer JACKSON 201077 1/19/2012 

 

      
Transfer CHATT NAT 1390 12/19/2012 

 
1391 4/29/2005 None 1125 1197 Male Birth ASHEBORO 1709 4/29/2005 N 

      
Transfer DURHAM MS 10M05 12/19/2005 

 

      
Transfer SANDYRIDG 11391 9/29/2008 

 

      
Death SANDYRIDG AEY N 2/10/2010 

 
1392 4/29/2005 None 1125 1197 Female Birth ASHEBORO 1710 4/29/2005 N 

1393 4/29/2005 None 1125 1197 Female Birth ASHEBORO 1711 4/29/2005 N 

      
Death ASHEBORO AAY N 5/27/2014 

 
1394 5/1/2005 None 1091 983 Male Birth WNCNATCTR 05M301 5/1/2005 N 
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Transfer MILL MOUN 582 12/19/2007 

 

      
Transfer NYWOLF 1394 12/20/2011 

 

      
Transfer BRIDGEPRT 102398 12/11/2014 

 
1395 5/1/2005 None 1091 983 Male Birth WNCNATCTR 05M302 5/1/2005 N 

      
Transfer MILL MOUN 583 12/19/2007 

 

      
Transfer KNOXVILLE 4175 6/4/2010 

 

      
Transfer CHATT NAT 1395 11/21/2014 

 
1396 5/1/2005 None 1091 983 Female Birth WNCNATCTR 05M303 5/1/2005 N 

      
Transfer SANDYRIDG 11396 10/25/2007 

 

      
Death SANDYRIDG AHY 1/26/2012 

 
1397 5/1/2005 None 1091 983 Female Birth WNCNATCTR 05M304 5/1/2005 N 

      
Transfer ASHEBORO 1755 3/28/2007 

 

      
Transfer NYWOLF 1397 9/30/2009 

 
1398 5/1/2005 None 1091 983 Female Birth WNCNATCTR 05M305 5/1/2005 N 

      
Transfer SYRACUSE M05094 10/20/2005 

 

      
Death SYRACUSE M05094 3/25/2015 

 
1399 5/4/2005 None 1201 725 Male Birth GOLDENPND 1399 5/4/2005 N 

      
Death GOLDENPND AAFX 5/5/2005 

 
1400 5/6/2005 None 953 1021 Male Birth WHEELING 3528 5/6/2005 N 

      
Transfer SANDYRIDG 11400 1/12/2006 

 

      
Transfer JACKSON 200821 12/3/2008 

 

      
Transfer TREVOR 1293 1/17/2012 

 

      
Transfer SANDYRIDG 11400 1/17/2013 

 

      
Transfer AWENDA 11400 5/21/2013 

 

      
Transfer RWOLF EHF 11400 12/2/2014 

 
1401 5/6/2005 None 953 1021 Male Birth WHEELING 3529 5/6/2005 N 

      
Transfer WSC MN 1401 10/26/2005 

 

      
Death WSC MN 1401 4/7/2015 

 
1402 5/6/2005 None 953 1021 Male Birth WHEELING 3531 5/6/2005 N 

      
Transfer WSC MN 1402 10/26/2005 

 

      
Transfer WCSRC 201105 2/8/2011 

 
1403 5/6/2005 None 953 1021 Female Birth WHEELING 3527 5/6/2005 N 

      
Transfer SANDYRIDG 11403 1/12/2006 

 

      
Transfer AWENDA 11403 12/3/2008 

 

      
Transfer ASHEBORO 1927 11/2/2011 

 
1404 5/6/2005 None 953 1021 Female Birth WHEELING 3530 5/6/2005 N 

      
Transfer SANDYRIDG 11404 1/12/2006 

 

      
Transfer ASHEBORO 1878 10/15/2010 

 

      
Death ASHEBORO FAHR 3/23/2011 

 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

127 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

1405 5/10/2005 None 1284 1010 Male Birth TACOMA 01405 5/10/2005 N 

      
Transfer WOLFHAVEN 1405 2/8/2009 

 
1406 5/10/2005 None 1284 1010 Female Birth TACOMA 01406 5/10/2005 N 

      
Death TACOMA AAGP 2/22/2012 

 
1407 5/10/2005 None 1284 1010 Female Birth TACOMA 01407 5/10/2005 N 

1408 5/13/2005 None 621 918 Male Birth WCSRC 200534 5/13/2005 N 

      
Transfer KNOXVILLE 3386 11/29/2006 

 

      
Transfer CHATT NAT 1408 5/28/2009 

 

      
Death CHATT NAT AACR 6/12/2012 

 
1409 5/13/2005 None 621 918 Female Birth WCSRC 200535 5/13/2005 N 

      
Transfer COAL VAL M2002 8/2/2007 

 

      
Death COAL VAL FAKBN 5/5/2014 

 
1410 5/13/2005 None 621 918 Female Birth WCSRC 200536 5/13/2005 N 

      
Transfer COAL VAL M2003 8/2/2007 

 

      
Transfer TACOMA 01410 11/30/2013 

 
1411 5/16/2005 None 939 1228 Male Birth TACOMA 01411 5/16/2005 N 

      
Death TACOMA CHN 5/26/2005 

 
1412 5/16/2005 None 939 1228 Male Birth TACOMA 01412 5/16/2005 N 

      
Death TACOMA NHN 5/24/2005 

 
1413 5/16/2005 None 939 1228 Male Birth TACOMA 01413 5/16/2005 N 

      
Death TACOMA IAY 5/16/2005 

 
1414 5/21/2005 None 702 938 Male Birth TACOMA 01414 5/21/2005 N 

      
Transfer BLOOMINGT MO7007 1/25/2007 

 

      
Transfer DURHAM MS 05M-12 11/7/2012 

 

      
Death DURHAM MS AHGNN 9/30/2014 

 
1415 5/21/2005 None 702 938 Female Birth TACOMA 01415 5/21/2005 N 

1416 5/21/2005 None 702 938 Female Birth TACOMA 01416 5/21/2005 N 

1417 5/21/2005 None 702 938 Female Birth TACOMA 01417 5/21/2005 N 

      
Death TACOMA AAAA 6/28/2005 

 
1418 4/19/2005 Day 1048 1045 Male Birth MANTEO 11418 4/19/2005 N 

      
Death MANTEO DHN 11/13/2007 

 
1419 4/19/2005 Day 1048 1045 Female Birth MANTEO 11419 4/19/2005 N 

      
Death MANTEO FHEGY 11/22/2010 

 
1420 4/11/2005 Day 1166 904 Female Birth MANTEO 11420 4/11/2005 N 

      
Go LTF MANTEO 11420 4/25/2005 

 
1421 4/11/2005 Day 1166 904 Male Birth MANTEO 11421 4/11/2005 N 

      
Death MANTEO NHN 12/30/2009 

 
1422 4/11/2005 Day 1166 904 Female Birth MANTEO 11422 4/11/2005 N 

      
Go LTF MANTEO 11422 4/25/2005 
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1423 4/17/2005 Day 1199 1162 Female Birth MANTEO 11423 4/17/2005 N 

      
Go LTF MANTEO 11423 4/27/2005 

 
1424 4/17/2005 Day 1199 1162 Male Birth MANTEO 11424 4/17/2005 N 

      
Go LTF MANTEO 11424 5/16/2007 

 
1425 4/17/2005 Day 1199 1162 Female Birth MANTEO 11425 4/17/2005 N 

      
Death MANTEO NHN 4/1/2007 

 
1426 4/17/2005 Day 1199 1162 Male Birth MANTEO 11426 4/17/2005 N 

      
Death MANTEO DHN 10/26/2007 

 
1427 4/17/2005 Day 1199 1162 Male Birth MANTEO 11427 4/17/2005 N 

      
Go LTF MANTEO 11427 3/23/2007 

 
1428 4/17/2005 Day 1199 1162 Female Birth MANTEO 11428 4/17/2005 N 

      
Death MANTEO DHN 11/30/2006 

 
1429 4/17/2005 Day 1199 1162 Female Birth MANTEO 11429 4/17/2005 N 

      
Death MANTEO DHYK 11/14/2010 

 
1430 4/17/2005 Day 1199 1162 Female Birth MANTEO 11430 4/17/2005 N 

      
Death MANTEO NHN 8/27/2009 

 
1431 4/17/2005 Day 1199 1162 Male Birth MANTEO 11431 4/17/2005 N 

      
Go LTF MANTEO 11431 3/7/2007 

 
1432 4/21/2005 Day 980 1085 Female Birth MANTEO 11432 4/21/2005 N 

      
Go LTF MANTEO 11432 5/3/2005 

 
1433 4/21/2005 Day 980 1085 Female Birth MANTEO 11433 4/21/2005 N 

      
Go LTF MANTEO 11433 5/3/2005 

 
1434 4/21/2005 Day 980 1085 Female Birth MANTEO 11434 4/21/2005 N 

      
Go LTF MANTEO 11434 5/3/2005 

 
1435 4/16/2005 Day 1177 1035 Male Birth MANTEO 11435 4/16/2005 N 

      
Death MANTEO CHY 5/1/2008 

 
1436 4/24/2005 Day 1185 1207 Female Birth MANTEO 11436 4/24/2005 N 

      
Death MANTEO DHN 12/3/2009 

 
1437 4/24/2005 Day 1185 1207 Female Birth MANTEO 11437 4/24/2005 N 

      
Go LTF MANTEO 11437 4/29/2005 

 
1438 4/24/2005 Day 1185 1207 Female Birth MANTEO 11438 4/24/2005 N 

      
Death MANTEO AHCK 1/23/2006 

 
1439 4/24/2005 Day 1185 1207 Male Birth MANTEO 11439 4/24/2005 N 

      
Go LTF MANTEO 11439 4/13/2009 

 
1440 4/24/2005 Day 1185 1207 Female Birth MANTEO 11440 4/24/2005 N 

      
Go LTF MANTEO 11440 7/10/2013 

 
1441 4/24/2005 Day 1185 1207 Female Birth MANTEO 11441 4/24/2005 N 

      
Death MANTEO NHN 8/26/2006 

 
1442 4/18/2005 Day 1178 1030 Female Birth MANTEO 11442 4/18/2005 N 
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Go LTF MANTEO 11442 5/3/2005 

 
1443 4/18/2005 Day 1178 1030 Male Birth MANTEO 11443 4/18/2005 N 

      
Go LTF MANTEO 11443 5/3/2005 

 
1444 4/18/2005 Day 1178 1030 Male Birth MANTEO 11444 4/18/2005 N 

      
Go LTF MANTEO 11444 5/3/2005 

 
1445 4/24/2005 Day 1115 978 Female Birth MANTEO 11445 4/24/2005 N 

      
Go LTF MANTEO 11445 10/26/2007 

 
1446 4/24/2005 Day 1115 978 Male Birth MANTEO 11446 4/24/2005 N 

      
Go LTF MANTEO 11446 5/10/2005 

 
1447 4/24/2005 Day 1115 978 Female Birth MANTEO 11447 4/24/2005 N 

      
Go LTF MANTEO 11447 5/10/2005 

 
1448 4/24/2005 Day 1115 978 Female Birth MANTEO 11448 4/24/2005 N 

      
Death MANTEO DHAKN 11/9/2013 

 
1449 4/24/2005 Day 1115 978 Male Birth MANTEO 11449 4/24/2005 N 

      
Go LTF MANTEO 11449 5/10/2005 

 
1450 4/18/2005 Day 1171 1170 Female Birth MANTEO 11450 4/18/2005 N 

      
Go LTF MANTEO 11450 6/14/2007 

 
1451 4/18/2005 Day 1171 1170 Female Birth MANTEO 11451 4/18/2005 N 

      
Death MANTEO GHN 4/19/2007 

 
1452 4/18/2005 Day 1171 1170 Male Birth MANTEO 11452 4/18/2005 N 

      
Death MANTEO FHEGN 1/24/2014 

 
1453 4/18/2005 Day 1171 1170 Female Birth MANTEO 11453 4/18/2005 N 

      
Death MANTEO NHN 3/23/2007 

 
1454 4/18/2005 Day 1171 1170 Female Birth MANTEO 11454 4/18/2005 N 

      
Death MANTEO DHN 4/15/2007 

 
1455 4/18/2005 Day 1171 1170 Female Birth MANTEO 11455 4/18/2005 N 

      
Death MANTEO NHN 7/25/2006 

 
1456 4/18/2005 Day 1171 1170 Female Birth MANTEO 11456 4/18/2005 N 

      
Death MANTEO DHN 11/16/2007 

 
1457 4/24/2005 Day 1034 1044 Male Birth MANTEO 11457 4/24/2005 N 

      
Go LTF MANTEO 11457 5/12/2005 

 
1458 4/24/2005 Day 1034 1044 Male Birth MANTEO 11458 4/24/2005 N 

      
Death MANTEO DHAKN 9/26/2014 

 
1459 5/29/2005 Day 689 793 Male Birth LOWRY 102081 5/29/2005 N 

      
Death LOWRY KADK 11/17/2006 

 
1460 5/29/2005 Day 689 793 Male Birth LOWRY 102082 5/29/2005 N 

1461 5/1/2005 Day 1124 982 Male Birth ST.VINCE 11461 5/1/2005 N 

      
Transfer MANTEO 11461 8/29/2006 

 

      
Death MANTEO DHAK 3/4/2008 
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1462 5/1/2005 Day 1124 982 Male Birth ST.VINCE 11462 5/1/2005 N 

      
Transfer MANTEO 11462 8/29/2006 

 

      
Death MANTEO DHN 3/7/2007 

 
1463 5/1/2005 Day 1124 982 Male Birth ST.VINCE 11463 5/1/2005 N 

      
Transfer MANTEO 11463 8/29/2006 

 

      
Death MANTEO DHAK 11/1/2006 

 
1464 4/23/2006 None 791 819 Male Birth WCSRC 200603 4/23/2006 N 

      
Transfer GREENBAY 200744 12/8/2007 

 

      
Transfer TACOMA 01464 11/9/2012 

 

      
Death TACOMA 01464 4/18/2015 

 
1465 4/23/2006 None 791 819 Female Birth WCSRC 200604 4/23/2006 N 

      
Transfer BLOOMINGT M08002 3/27/2008 

 

      
Death BLOOMINGT AAKR 8/19/2009 

 
1466 4/29/2006 None 953 1021 Female Birth WHEELING 3662 4/29/2006 N 

      
Transfer MANTEO 11466 5/12/2006 

 

      
Death MANTEO DHAK 2/15/2007 

 
1467 4/30/2006 None 1284 1010 Male Birth TACOMA 01467 4/30/2006 N 

      
Transfer SIOUX FAL 4072 12/2/2009 

 

      
Transfer GREENBAY 201240 12/18/2012 

 
1468 4/30/2006 None 1284 1010 Male Birth TACOMA 01468 4/30/2006 N 

      
Death TACOMA 01468 5/14/2015 

 
1469 4/30/2006 None 1284 1010 Male Birth TACOMA 01469 4/30/2006 N 

      
Transfer MANTEO 11469 5/13/2006 

 
1470 4/30/2006 None 1284 1010 Female Birth TACOMA 01470 4/30/2006 N 

      
Transfer MANTEO 11470 5/13/2006 

 
1471 4/30/2006 None 1284 1010 Female Birth TACOMA 01471 4/30/2006 N 

      
Transfer MANTEO 11471 5/13/2006 

 

      
Death MANTEO NHN 4/21/2011 

 
1472 5/1/2006 None 1273 1126 Male Birth VA MUSEUM ______ 5/1/2006 N 

      
Death VA MUSEUM IAY 5/1/2006 

 
1473 5/1/2006 None 1273 1126 Female Birth VA MUSEUM 1231 5/1/2006 N 

      
Transfer SANDYRIDG 11473 9/5/2007 

 
1474 5/3/2006 None 817 1127 Male Birth BRIDGEPRT 101727 5/3/2006 N 

      
Death BRIDGEPRT HAY 5/11/2006 

 
1475 5/3/2006 None 817 1127 Male Birth BRIDGEPRT 101729 5/3/2006 N 

      
Death BRIDGEPRT HAY 5/11/2006 

 
1476 5/3/2006 None 817 1127 Male Birth BRIDGEPRT 101731 5/3/2006 N 

      
Death BRIDGEPRT HAY 5/11/2006 

 
1477 5/3/2006 None 817 1127 Female Birth BRIDGEPRT 101730 5/3/2006 N 
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Death BRIDGEPRT HAY 5/11/2006 

 
1478 5/3/2006 None 817 1127 Female Birth BRIDGEPRT 101732 5/3/2006 N 

      
Death BRIDGEPRT HHN 5/11/2006 

 
1479 5/3/2006 None 817 1127 Female Birth BRIDGEPRT 101728 5/3/2006 N 

      
Transfer TREVOR 1067 11/7/2007 

 
1480 5/3/2006 None 1091 1363 Female Birth FOSSILRIM 5054 5/3/2006 N 

      
Transfer TACOMA 01480 11/15/2007 

 

      
Transfer WOLFHAVEN 1480 12/21/2007 

 
1481 5/3/2006 None 1091 1363 Female Birth FOSSILRIM 5055 5/3/2006 N 

      
Death FOSSILRIM HBAK 4/25/2007 

 
1482 5/8/2006 None 1286 1123 Male Birth TACOMA 01482 5/8/2006 N 

      
Transfer WOLFHAVEN 1482 9/10/2010 

 
1483 5/8/2006 None 1286 1123 Male Birth TACOMA 01483 5/8/2006 N 

      
Transfer NYWOLF 1483 10/27/2009 

 

      
Death NYWOLF NHN N 11/5/2012 

 
1484 5/8/2006 None 1286 1123 Male Birth TACOMA 01484 5/8/2006 N 

      
Death TACOMA CADK 4/16/2010 

 
1485 5/8/2006 None 1286 1123 Female Birth TACOMA 01485 5/8/2006 N 

      
Transfer WOLFHAVEN 1485 9/10/2010 

 
1486 5/8/2006 None 1286 1123 Female Birth TACOMA 01486 5/8/2006 N 

      
Death TACOMA BADK 12/22/2007 

 
1487 5/8/2006 None 1286 1123 Female Birth TACOMA 01487 5/8/2006 N 

1488 5/8/2006 None 1286 1123 Female Birth TACOMA 01488 5/8/2006 N 

      
Death TACOMA AAY N 9/27/2014 

 
1489 5/8/2006 None 1286 1123 Female Birth TACOMA 01489 5/8/2006 N 

      
Death TACOMA FIABY 9/23/2012 

 
1490 5/11/2006 None 1095 1224 Male Birth TACOMA 01490 5/11/2006 N 

1491 5/11/2006 None 1095 1224 Male Birth TACOMA 01491 5/11/2006 N 

1492 5/11/2006 None 1095 1224 Female Birth TACOMA 01492 5/11/2006 N 

      
Death TACOMA FAKJ 5/10/2011 

 
1493 5/11/2006 None 939 925 Female Birth TACOMA 01493 5/11/2006 N 

      
Death TACOMA AAGN 5/12/2006 

 
1494 5/11/2006 None 939 925 Female Birth TACOMA 01494 5/11/2006 N 

      
Death TACOMA NHN 5/13/2006 

 
1495 5/11/2006 None 939 925 Female Birth TACOMA 01495 5/11/2006 N 

      
Death TACOMA AAGNN 7/11/2013 

 
1496 5/11/2006 None 939 925 Female Birth TACOMA 01496 5/11/2006 N 

1497 4/17/2006 Day 1199 1162 Male Birth MANTEO 11497 4/17/2006 N 

      
Death MANTEO DHYJ 8/14/2008 
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1498 4/17/2006 Day 1199 1162 Male Birth MANTEO 11498 4/17/2006 N 

      
Death MANTEO NHN N 1/1/2008 

 
1499 4/17/2006 Day 1199 1162 Male Birth MANTEO 11499 4/17/2006 N 

      
Death MANTEO DHN 11/1/2008 

 
1500 4/17/2006 Day 1199 1162 Male Birth MANTEO 11500 4/17/2006 N 

      
Go LTF MANTEO 11500 5/2/2006 

 
1501 4/17/2006 Day 1199 1162 Male Birth MANTEO 11501 4/17/2006 N 

      
Death MANTEO NHN 7/9/2007 

 
1502 4/17/2006 Day 1199 1162 Male Birth MANTEO 11502 4/17/2006 N 

      
Go LTF MANTEO 11502 7/22/2008 

 
1503 4/17/2006 Day 1199 1162 Male Birth MANTEO 11503 4/17/2006 N 

      
Go LTF MANTEO 11503 5/2/2006 

 
1504 4/17/2006 Day 1199 1162 Male Birth MANTEO 11504 4/17/2006 N 

      
Go LTF MANTEO 11504 2/16/2010 

 
1505 4/17/2006 Day 1199 1162 Male Birth MANTEO 11505 4/17/2006 N 

      
Go LTF MANTEO 11505 5/2/2006 

 
1506 4/17/2006 Day 1199 1162 Male Birth MANTEO 11506 4/17/2006 N 

      
Go LTF MANTEO 11506 11/7/2006 

 
1507 4/17/2006 Day 1034 1044 Male Birth MANTEO 11507 4/17/2006 N 

      
Death MANTEO FHBHN 9/21/2006 

 
1508 4/17/2006 Day 1034 1044 Male Birth MANTEO 11508 4/17/2006 N 

      
Go LTF MANTEO 11508 4/22/2006 

 
1509 4/17/2006 Day 1034 1044 Male Birth MANTEO 11509 4/17/2006 N 

      
Death MANTEO FHBHN 8/9/2006 

 
1510 4/17/2006 Day 1034 1044 Male Birth MANTEO 11510 4/17/2006 N 

      
Go LTF MANTEO 11510 4/22/2006 

 
1511 4/18/2006 Day 1246 978 Female Birth MANTEO 11511 4/18/2006 N 

      
Go LTF MANTEO 11511 5/1/2006 

 
1512 4/18/2006 Day 1246 978 Female Birth MANTEO 11512 4/18/2006 N 

      
Go LTF MANTEO 11512 5/1/2006 

 
1513 4/18/2006 Day 1246 978 Female Birth MANTEO 11513 4/18/2006 N 

      
Go LTF MANTEO 11513 5/1/2006 

 
1514 4/18/2006 Day 1246 978 Male Birth MANTEO 11514 4/18/2006 N 

      
Go LTF MANTEO 11514 5/1/2006 

 
1515 4/18/2006 Day 1246 978 Male Birth MANTEO 11515 4/18/2006 N 

1516 4/18/2006 Day 1246 978 Male Birth MANTEO 11516 4/18/2006 N 

1517 4/18/2006 Day 1246 978 Female Birth MANTEO 11517 4/18/2006 N 

      
Go LTF MANTEO 11517 11/8/2008 

 
1518 4/18/2006 Day 1246 978 Female Birth MANTEO 11518 4/18/2006 N 
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Go LTF MANTEO 11518 12/13/2007 

 
1519 4/18/2006 Day 1246 978 Male Birth MANTEO 11519 4/18/2006 N 

      
Go LTF MANTEO 11519 4/24/2013 

 
1520 4/18/2006 Day 1246 978 Male Birth MANTEO 11520 4/18/2006 N 

      
Go LTF MANTEO 11520 11/18/2006 

 
1521 4/27/2006 Day 1171 1170 Female Birth MANTEO 11521 4/27/2006 N 

      
Go LTF MANTEO 11521 11/5/2007 

 
1522 4/27/2006 Day 1171 1170 Female Birth MANTEO 11522 4/27/2006 N 

      
Death MANTEO NHN 11/10/2007 

 
1523 4/27/2006 Day 1171 1170 Female Birth MANTEO 11523 4/27/2006 N 

      
Death MANTEO DHN 10/16/2008 

 
1524 4/27/2006 Day 1171 1170 Female Birth MANTEO 11524 4/27/2006 N 

      
Go LTF MANTEO 11524 5/2/2006 

 
1525 4/21/2006 Day 1206 1268 Female Birth MANTEO 11525 4/21/2006 N 

      
Go LTF MANTEO 11525 4/24/2006 

 
1526 4/21/2006 Day 1206 1268 Male Birth MANTEO 11526 4/21/2006 N 

      
Go LTF MANTEO 11526 4/24/2006 

 
1527 4/21/2006 Day 1206 1268 Male Birth MANTEO 11527 4/21/2006 N 

      
Go LTF MANTEO 11527 4/24/2006 

 
1528 4/20/2006 Day 1185 1207 Male Birth MANTEO 11528 4/20/2006 N 

      
Go LTF MANTEO 11528 5/2/2006 

 
1529 4/20/2006 Day 1185 1207 Female Birth MANTEO 11529 4/20/2006 N 

      
Go LTF MANTEO 11529 5/2/2006 

 
1530 4/20/2006 Day 1185 1207 Male Birth MANTEO 11530 4/20/2006 N 

      
Death MANTEO NHN 11/16/2007 

 
1531 4/20/2006 Day 1185 1207 Female Birth MANTEO 11531 4/20/2006 N 

      
Go LTF MANTEO 11531 5/2/2006 

 
1532 4/20/2006 Day 1185 1207 Female Birth MANTEO 11532 4/20/2006 N 

      
Go LTF MANTEO 11532 5/2/2006 

 
1533 4/18/2006 Day 1166 1085 Male Birth MANTEO 11533 4/18/2006 N 

      
Death MANTEO NHN 9/24/2010 

 
1534 4/18/2006 Day 1166 1085 Female Birth MANTEO 11534 4/18/2006 N 

      
Go LTF MANTEO 11534 5/2/2006 

 
1535 4/18/2006 Day 1166 1085 Female Birth MANTEO 11535 4/18/2006 N 

      
Go LTF MANTEO 11535 5/2/2006 

 
1536 4/18/2006 Day 1166 1085 Female Birth MANTEO 11536 4/18/2006 N 

      
Go LTF MANTEO 11536 5/2/2006 

 
1537 4/19/2006 Day 1048 1045 Male Birth MANTEO 11537 4/19/2006 N 

      
Go LTF MANTEO 11537 4/24/2006 

 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

134 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

1538 4/19/2006 Day 1048 1045 Female Birth MANTEO 11538 4/19/2006 N 

      
Go LTF MANTEO 11538 4/24/2006 

 
1539 4/19/2006 Day 1048 1045 Female Birth MANTEO 11539 4/19/2006 N 

1540 4/19/2006 Day 1048 1045 Male Birth MANTEO 11540 4/19/2006 N 

      
Death MANTEO FHEGY 4/23/2011 

 
1541 4/18/2006 Day 1177 1035 Female Birth MANTEO 11541 4/18/2006 N 

      
Death MANTEO DHN 12/18/2009 

 
1542 4/18/2006 Day 1177 1035 Female Birth MANTEO 11542 4/18/2006 N 

      
Go LTF MANTEO 11542 4/27/2006 

 
1543 4/19/2006 Day 1166 904 Female Birth MANTEO 11543 4/19/2006 N 

      
Go LTF MANTEO 11543 4/28/2006 

 
1544 4/19/2006 Day 1166 904 Male Birth MANTEO 11544 4/19/2006 N 

      
Death MANTEO NHN 5/4/2011 

 
1545 4/19/2006 Day 1166 904 Male Birth MANTEO 11545 4/19/2006 N 

      
Go LTF MANTEO 11545 5/2/2006 

 
1546 4/19/2006 Day 1166 904 Female Birth MANTEO 11546 4/19/2006 N 

      
Go LTF MANTEO 11546 5/2/2006 

 
1547 5/1/2005 Day 1124 982 Male Birth ST.VINCE 11547 5/1/2005 N 

      
Transfer MANTEO 11547 9/5/2006 

 
1548 5/1/2006 Day 1124 982 Male Birth ST.VINCE 11548 5/1/2006 N 

      
Transfer MANTEO 11548 10/23/2007 

 

      
Death MANTEO DHN N 5/22/2008 

 
1549 5/1/2006 Day 1124 982 Male Birth ST.VINCE 11549 5/1/2006 N 

      
Transfer MANTEO 11549 10/23/2007 

 

      
Death MANTEO DHN 11/10/2008 

 
1550 5/1/2006 Day 1124 982 Female Birth ST.VINCE 11550 5/1/2006 N 

      
Death ST.VINCE DHN 2/9/2009 

 
1551 4/15/1999 Month 666 756 Female Birth MANTEO 11551 4/15/1999 N 

      
Death MANTEO OHN N 4/29/1999 

 
1552 4/15/1999 Month 666 756 Female Birth MANTEO 11552 4/15/1999 N 

      
Death MANTEO OHN N 5/4/2002 

 
1553 5/1/2000 Month 980 896 Female Birth MANTEO 11553 5/1/2000 N 

      
Death MANTEO OHN N 11/7/2003 

 
1554 5/1/2000 Year 893 878 Female Birth MANTEO 11554 5/1/2000 N 

      
Death MANTEO OHN N 11/14/2001 

 
1555 5/1/2000 Year 893 878 Female Birth MANTEO 11555 5/1/2000 N 

      
Death MANTEO OHN N 2/14/2001 

 
1556 5/1/2006 Year 1068 1298 Female Birth MANTEO 11556 5/1/2006 N 

      
Death MANTEO DHN 11/1/2006 
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1557 4/7/1995 Year 331 394 Female Birth MANTEO 11557 4/7/1995 N 

      
Death MANTEO NHN N 6/8/1997 

 
1558 5/1/1998 Month UNK UNK Male Birth MANTEO 11558 5/1/1998 N 

      
Death MANTEO DHN N 2/28/2000 

 
1559 4/1/2005 Year UNK UNK Female Birth MANTEO 11559 4/1/2005 N 

      
Go LTF MANTEO 11559 4/22/2007 

 
1560 4/15/1999 Month 666 756 Male Birth MANTEO 11560 4/15/1999 N 

      
Death MANTEO OHN N 4/29/1999 

 
1561 4/15/1999 Month 666 756 Male Birth MANTEO 11561 4/15/1999 N 

      
Death MANTEO OHN N 4/29/1999 

 
1562 4/15/1999 Month 666 756 Female Birth MANTEO 11562 4/15/1999 N 

      
Death MANTEO OHN N 4/29/1999 

 
1563 3/26/2007 None 779 1274 Female Birth LOWRY 102334 3/26/2007 N 

      
Transfer BRIDGEPRT 102331 11/20/2013 

 

      
Transfer NYWOLF 1563 12/11/2014 

 
1564 3/26/2007 None 779 1274 Female Birth LOWRY 102335 3/26/2007 N 

      
Transfer CHEHAW M1004 4/29/2010 

 

      
Transfer LOWRY 102335 2/11/2014 

 
1565 4/3/2007 None 1200 1275 Male Birth CHATT NAT 1565 4/3/2007 N 

      
Transfer ST.VINCE 11565 2/3/2009 

 

      
Transfer NYWOLF 1565 12/7/2013 

 

      
Transfer MILL MOUN 14015 12/10/2014 

 
1566 4/3/2007 None 1200 1275 Male Birth CHATT NAT 1566 4/3/2007 N 

      
Transfer MILL MOUN 12009 9/26/2012 

 

      
Transfer NYWOLF 1566 12/10/2014 

 
1567 4/3/2007 None 1200 1275 Male Birth CHATT NAT 1567 4/3/2007 N 

1568 4/3/2007 None 1200 1275 Female Birth CHATT NAT 1568 4/3/2007 N 

      
Transfer GOLDENPND 1568 11/18/2008 

 

      
Transfer MILL MOUN 11027 11/21/2011 

 
1569 4/3/2007 None 1200 1275 Female Birth CHATT NAT 1569 4/3/2007 N 

      
Transfer GOLDENPND 1569 11/18/2008 

 

      
Transfer MILL MOUN 11028 11/21/2011 

 
1570 4/16/2007 None 1020 1361 Male Birth BREVARD 27025 4/16/2007 N 

      
Death BREVARD NHN 4/19/2007 

 
1571 4/16/2007 None 1020 1361 Male Birth BREVARD 27026 4/16/2007 N 

      
Death BREVARD NHN 4/22/2007 

 
1572 4/16/2007 None 1020 1361 Female Birth BREVARD 27027 4/16/2007 N 

      
Death BREVARD NHN 4/22/2007 

 
1573 4/16/2007 None 1020 1361 Female Birth BREVARD 27028 4/16/2007 N 
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Death BREVARD NAEA 5/28/2007 

 
1574 4/16/2007 None 1020 1361 Female Birth BREVARD 27029 4/16/2007 N 

      
Transfer TALLAHASE L09002 12/28/2008 

 

      
Transfer NCS RAL 1574 1/20/2012 

 
1575 4/17/2007 None 816 1195 Female Birth SALIS NC 1575 4/17/2007 N 

1576 4/17/2007 None 816 1195 Female Birth SALIS NC 1576 4/17/2007 N 

1577 4/17/2007 None 816 1195 Female Birth SALIS NC 1577 4/17/2007 N 

      
Transfer MANTEO 11577 4/24/2007 

 
1578 4/17/2007 None 816 1195 Female Birth SALIS NC 1578 4/17/2007 N 

      
Transfer MANTEO 11578 4/24/2007 

 

      
Go LTF MANTEO 11578 4/25/2007 

 
1579 4/17/2007 None 816 1195 Female Birth SALIS NC 1579 4/17/2007 N 

      
Transfer MANTEO 11579 4/24/2007 

 

      
Death MANTEO NHN 8/19/2009 

 
1580 4/20/2007 None 1091 1363 Male Birth FOSSILRIM 5056 4/20/2007 N 

      
Transfer FORTWORTH 205953 7/16/2009 

 

      
Transfer FRESNO 204097 11/5/2013 

 
1581 4/20/2007 None 1091 1363 Male Birth FOSSILRIM 5057 4/20/2007 N 

      
Transfer FORTWORTH 205954 7/16/2009 

 
1582 4/20/2007 None 1091 1363 Female Birth FOSSILRIM 5058 4/20/2007 N 

1583 4/20/2007 None 1091 1363 Female Birth FOSSILRIM 5059 4/20/2007 N 

      
Transfer VICTOR TX 200900 1/8/2009 

 
1584 4/20/2007 None 1091 1363 Female Birth FOSSILRIM 5060 4/20/2007 N 

      
Transfer VICTOR TX 200901 1/8/2009 

 

      
Death VICTOR TX NHY N 7/29/2014 

 
1585 4/20/2007 None 1091 1363 Female Birth FOSSILRIM 5061 4/20/2007 N 

      
Transfer VICTOR TX 200902 1/8/2009 

 

      
Transfer TACOMA 01585 5/9/2011 

 
1586 4/20/2007 None 1091 1363 Female Birth FOSSILRIM 5062 4/20/2007 N 

      
Transfer WCSRC 201206 10/9/2012 

 
1587 4/21/2007 None 1122 1353 Male Birth CHICAGOLP 21878 4/21/2007 N 

      
Transfer MILL MOUN 9004 2/18/2009 

 

      
Transfer NYWOLF 1587 10/1/2009 

 

      
Transfer PROVIDNCE 100304 12/13/2011 

 
1588 4/21/2007 None 1122 1353 Male Birth CHICAGOLP 21879 4/21/2007 N 

      
Transfer MILL MOUN 9005 2/18/2009 

 

      
Death MILL MOUN KCEK 4/13/2009 

 
1589 4/21/2007 None 1122 1353 Female Birth CHICAGOLP 21880 4/21/2007 N 

      
Transfer TACOMA 01589 12/10/2008 
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Transfer FRESNO 205005 1/7/2014 

 

      
Death FRESNO FHGRN 10/25/2014 

 
1590 4/21/2007 None 1122 1353 Female Birth CHICAGOLP 21881 4/21/2007 N 

      
Transfer TACOMA 01590 12/10/2008 

 
1591 4/21/2007 None 1122 1353 Female Birth CHICAGOLP 21882 4/21/2007 N 

      
Transfer TACOMA 01591 12/10/2008 

 
1592 4/24/2007 None 688 1096 Unknown Birth WOLFHAVEN 1592 4/24/2007 N 

      
Death WOLFHAVEN CHN 4/24/2007 

 
1593 4/25/2007 None 791 819 Female Birth WCSRC 200701 4/25/2007 N 

      
Death WCSRC AAKBY 5/7/2014 

 
1594 4/26/2007 None 1273 1126 Male Birth VA MUSEUM 1264 4/26/2007 N 

      
Death VA MUSEUM NAGX 12/30/2008 

 
1595 4/26/2007 None 1273 1126 Male Birth VA MUSEUM 1265 4/26/2007 N 

1596 4/26/2007 None 1273 1126 Male Birth VA MUSEUM 1266 4/26/2007 N 

1597 4/26/2007 None 1273 1126 Male Birth VA MUSEUM 1597 4/26/2007 N 

      
Death VA MUSEUM NAYA 4/28/2007 

 
1598 4/26/2007 None 1273 1126 Female Birth VA MUSEUM 1268 4/26/2007 N 

      
Transfer SANDYRIDG 11598 9/5/2007 

 

      
Transfer AWENDA 11598 5/21/2013 

 
1599 4/26/2007 None 1273 1126 Female Birth VA MUSEUM 1269 4/26/2007 N 

      
Transfer SANDYRIDG 11599 9/5/2007 

 
1600 4/26/2007 None 1273 1126 Female Birth VA MUSEUM 1270 4/26/2007 N 

      
Transfer SANDYRIDG 11600 9/5/2007 

 
1601 5/3/2007 None 1381 1364 Male Birth TACOMA 01601 5/3/2007 N 

      
Death TACOMA KAEK 2/8/2009 

 
1602 5/3/2007 None 1381 1364 Female Birth TACOMA 01602 5/3/2007 N 

      
Transfer WOLFHAVEN 1602 2/11/2010 

 

      
Transfer TACOMA 01602 3/25/2010 

 
1603 5/3/2007 None 1381 1364 Female Birth TACOMA 01603 5/3/2007 N 

1604 5/4/2007 None 957 1204 Male Birth SPRINGFIE 902 5/4/2007 N 

      
Transfer ASHEBORO 1808 10/29/2008 

 

      
Transfer CHEHAW M1003 4/14/2010 

 

      
Transfer ASHEBORO 1808 12/3/2013 

 
1605 5/4/2007 None 957 1204 Male Birth SPRINGFIE 903 5/4/2007 N 

      
Transfer ASHEBORO 1809 10/29/2008 

 

      
Death ASHEBORO FHY N 8/4/2013 

 
1606 5/4/2007 None 957 1204 Male Birth SPRINGFIE 904 5/4/2007 N 

      
Transfer ASHEBORO 1810 10/29/2008 

 

      
Transfer SANDYRIDG 11606 10/15/2010 
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Transfer RWOLF EHF 11606 3/6/2015 

 
1607 5/4/2007 None 957 1204 Female Birth SPRINGFIE 905 5/4/2007 N 

      
Transfer KNOXVILLE 4439 11/15/2011 

 
1608 5/4/2007 None 957 1204 Female Birth SPRINGFIE 906 5/4/2007 N 

      
Death SPRINGFIE 906 3/25/2015 

 
1609 5/6/2007 None 817 1127 Male Birth BRIDGEPRT 101820 5/6/2007 N 

      
Transfer WSC MN 1609 1/10/2008 

 

      
Transfer WCSRC 201013 12/10/2010 

 

      
Transfer CHATT NAT 1609 12/22/2010 

 

      
Transfer JACKSON 201032 12/19/2012 

 
1610 5/6/2007 None 817 1127 Male Birth BRIDGEPRT 101823 5/6/2007 N 

      
Transfer WSC MN 1610 1/10/2008 

 

      
Transfer SIOUX FAL 4080 2/10/2010 

 

      
Transfer WSC MN 1610 7/8/2011 

 
1611 5/6/2007 None 817 1127 Male Birth BRIDGEPRT 101824 5/6/2007 N 

      
Transfer WSC MN 1611 1/10/2008 

 

      
Transfer SIOUX FAL 4578 3/25/2014 

 
1612 5/6/2007 None 817 1127 Female Birth BRIDGEPRT 101821 5/6/2007 N 

      
Transfer KNOXVILLE 4095 12/16/2009 

 

      
Transfer GOLDENPND 1612 4/16/2010 

 
1613 5/6/2007 None 817 1127 Female Birth BRIDGEPRT 101822 5/6/2007 N 

      
Transfer BINGHAMTO 14002 1/16/2014 

 
1614 5/6/2007 None 817 1127 Female Birth BRIDGEPRT 101825 5/6/2007 N 

      
Transfer BINGHAMTO 14003 1/16/2014 

 
1615 5/6/2007 None 817 1127 Female Birth BRIDGEPRT 101826 5/6/2007 N 

      
Transfer PROVIDNCE 100293 12/6/2010 

 

      
Transfer RWOLF EHF 11615 12/2/2014 

 
1616 5/6/2007 None 817 1127 Unknown Birth BRIDGEPRT 101827 5/6/2007 N 

      
Death BRIDGEPRT NHN 5/9/2007 

 
1617 5/8/2007 None 953 1021 Male Birth WHEELING 3786 5/8/2007 N 

      
Death WHEELING HAAX 5/13/2007 

 
1618 5/23/2007 None 1284 1228 Female Birth TACOMA 01618 5/23/2007 N 

      
Death TACOMA AAGN 8/15/2008 

 
1619 5/23/2007 None 1284 1228 Female Birth TACOMA 01619 5/23/2007 N 

      
Transfer FRESNO 290255 11/12/2009 

 

      
Transfer FORTWORTH 208207 12/19/2013 

 
1620 4/12/2007 Day 1301 1358 Male Birth MANTEO 11620 4/12/2007 N 

1621 4/12/2007 Day 1301 1358 Male Birth MANTEO 11621 4/12/2007 N 

      
Go LTF MANTEO 11621 1/12/2012 
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1622 4/10/2007 Day 1424 1248 Female Birth MANTEO 11622 4/10/2007 N 

      
Go LTF MANTEO 11622 4/23/2007 

 
1623 4/10/2007 Day 1424 1248 Female Birth MANTEO 11623 4/10/2007 N 

      
Death MANTEO NHN 9/1/2007 

 
1624 4/10/2007 Day 1424 1248 Female Birth MANTEO 11624 4/10/2007 N 

      
Go LTF MANTEO 11624 11/27/2007 

 
1625 4/10/2007 Day 1424 1248 Female Birth MANTEO 11625 4/10/2007 N 

      
Go LTF MANTEO 11625 4/23/2007 

 
1626 4/10/2007 Day 1424 1248 Male Birth MANTEO 11626 4/10/2007 N 

      
Go LTF MANTEO 11626 7/22/2008 

 
1627 4/10/2007 Day 1424 1248 Male Birth MANTEO 11627 4/10/2007 N 

      
Go LTF MANTEO 11627 4/23/2007 

 
1628 4/12/2007 Day 1458 1163 Male Birth MANTEO 11628 4/12/2007 N 

      
Death MANTEO DHYKN 11/25/2012 

 
1629 4/12/2007 Day 1458 1163 Male Birth MANTEO 11629 4/12/2007 N 

      
Death MANTEO DHY 10/20/2011 

 
1630 4/12/2007 Day 1458 1163 Female Birth MANTEO 11630 4/12/2007 N 

      
Death MANTEO NEN N 12/23/2011 

 
1631 4/20/2007 Day 1547 1148 Male Birth MANTEO 11631 4/20/2007 N 

      
Death MANTEO NHN 8/1/2007 

 
1632 4/20/2007 Day 1547 1148 Male Birth MANTEO 11632 4/20/2007 N 

      
Go LTF MANTEO 11632 4/23/2007 

 
1633 4/20/2007 Day 1547 1148 Female Birth MANTEO 11633 4/20/2007 N 

      
Go LTF MANTEO 11633 10/19/2010 

 
1634 4/20/2007 Day 1547 1148 Female Birth MANTEO 11634 4/20/2007 N 

      
Go LTF MANTEO 11634 4/23/2007 

 
1635 4/18/2007 None 1461 1085 Male Birth MANTEO 11635 4/18/2007 N 

      
Death MANTEO NHN 9/1/2009 

 
1636 4/18/2007 None 1461 1085 Female Birth MANTEO 11636 4/18/2007 N 

      
Go LTF MANTEO 11636 4/22/2007 

 
1637 4/18/2007 Day 1166 904 Male Birth MANTEO 11637 4/18/2007 N 

      
Go LTF MANTEO 11637 4/24/2007 

 
1638 4/23/2007 Day 1427 978 Female Birth MANTEO 11638 4/23/2007 N 

      
Go LTF MANTEO 11638 4/30/2007 

 
1639 4/23/2007 Day 1418 978 Female Birth MANTEO 11639 4/23/2007 N 

      
Go LTF MANTEO 11639 4/30/2007 

 
1640 4/23/2007 Day 1418 978 Female Birth MANTEO 11640 4/23/2007 N 

      
Go LTF MANTEO 11640 4/30/2007 

 
1641 4/23/2007 Day 1418 978 Male Birth MANTEO 11641 4/23/2007 N 
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Go LTF MANTEO 11641 4/30/2007 

 
1642 5/3/2007 Day 1048 1165 Male Birth MANTEO 11642 5/3/2007 N 

      
Go LTF MANTEO 11642 5/8/2007 

 
1643 4/25/2007 Day 1171 1170 Male Birth MANTEO 11643 4/25/2007 N 

      
Death MANTEO NHN 7/14/2009 

 
1644 4/25/2007 Day 1171 1170 Male Birth MANTEO 11644 4/25/2007 N 

      
Go LTF MANTEO 11644 8/24/2008 

 
1645 4/25/2007 Day 1171 1170 Male Birth MANTEO 11645 4/25/2007 N 

      
Death MANTEO NHN 6/19/2008 

 
1646 4/25/2007 Day 1171 1170 Male Birth MANTEO 11646 4/25/2007 N 

      
Go LTF MANTEO 11646 5/3/2007 

 
1647 4/25/2007 Day 1171 1170 Male Birth MANTEO 11647 4/25/2007 N 

      
Go LTF MANTEO 11647 5/3/2007 

 
1648 4/18/2007 Day 1199 1162 Male Birth MANTEO 11648 4/18/2007 N 

      
Go LTF MANTEO 11648 4/23/2007 

 
1649 4/22/2007 Day 1177 1132 Male Birth MANTEO 11649 4/22/2007 N 

      
Go LTF MANTEO 11649 4/27/2007 

 
1650 4/22/2007 Day 1177 1132 Male Birth MANTEO 11650 4/22/2007 N 

      
Death MANTEO NHN 2/27/2009 

 
1651 4/23/2007 Day 932 1203 Female Birth ALEXANDRI M00291 4/23/2007 N 

      
Transfer HOMOSASSA HS2004 12/4/2014 

 
1652 4/23/2007 Day 932 1203 Male Birth ALEXANDRI M00292 4/23/2007 N 

      
Transfer OKLAHOMA 770622 4/7/2010 

 

      
Transfer CHICAGOLP 23296 10/2/2013 

 
1653 4/23/2007 Day 932 1203 Female Birth ALEXANDRI M00293 4/23/2007 N 

      
Transfer MILL MOUN 10049 6/9/2010 

 
1654 4/23/2007 Day 932 1203 Male Birth ALEXANDRI M00294 4/23/2007 N 

      
Death ALEXANDRI FAGI 9/11/2007 

 
1655 4/23/2007 Day 932 1203 Female Birth ALEXANDRI M00295 4/23/2007 N 

      
Death ALEXANDRI FAGI 9/11/2007 

 
1656 5/1/2007 Day 1124 982 Male Birth ST.VINCE 11656 5/1/2007 N 

      
Death ST.VINCE NHY 11/20/2007 

 
1657 5/1/2007 Day 1124 982 Male Birth ST.VINCE 11657 5/1/2007 N 

      
Transfer MANTEO 11657 1/13/2009 

 

      
Death MANTEO NHN N 11/14/2012 

 
1658 5/1/2007 Day 1124 982 Female Birth ST.VINCE 11658 5/1/2007 N 

      
Transfer MANTEO 11658 4/11/2008 

 

      
Death MANTEO DHN 8/16/2008 

 
1659 5/1/2006 Day 1068 1298 Female Birth MANTEO 11659 5/1/2006 N 
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Death MANTEO NHN 1/6/2008 

 
1660 4/3/2008 None 1544 1357 Female Birth MANTEO 11660 4/3/2008 N 

      
Death MANTEO DHYK 10/4/2010 

 
1661 4/3/2008 None 1544 1357 Male Birth MANTEO 11661 4/3/2008 N 

      
Death MANTEO DHY 10/22/2011 

 
1662 4/3/2008 None 1544 1357 Female Birth MANTEO 11662 4/3/2008 N 

1663 4/3/2008 None 1544 1357 Male Birth MANTEO 11663 4/3/2008 N 

      
Death MANTEO NHN 11/13/2010 

 
1664 4/12/2008 None 1461 1085 Male Birth MANTEO 11664 4/12/2008 N 

      
Go LTF MANTEO 11664 4/22/2008 

 
1665 4/12/2008 None 1461 1085 Female Birth MANTEO 11665 4/12/2008 N 

      
Go LTF MANTEO 11665 4/22/2008 

 
1666 4/12/2008 None 1461 1085 Male Birth MANTEO 11666 4/12/2008 N 

      
Go LTF MANTEO 11666 4/22/2008 

 
1667 4/12/2008 None 1461 1085 Male Birth MANTEO 11667 4/12/2008 N 

      
Go LTF MANTEO 11667 4/22/2008 

 
1668 4/14/2008 None 1326 1374 Female Birth MANTEO 11668 4/14/2008 N 

      
Death MANTEO NHN 6/1/2009 

 
1669 4/14/2008 None 1326 1374 Male Birth MANTEO 11669 4/14/2008 N 

      
Death MANTEO DHN 11/7/2008 

 
1670 4/14/2008 None 1326 1374 Female Birth MANTEO 11670 4/14/2008 N 

      
Death MANTEO DHN 10/18/2008 

 
1671 4/14/2008 None 1547 1148 Female Birth MANTEO 11671 4/14/2008 N 

      
Death MANTEO NHY 7/12/2011 

 
1672 4/14/2008 None 1547 1148 Male Birth MANTEO 11672 4/14/2008 N 

1673 4/14/2008 None 1547 1148 Male Birth MANTEO 11673 4/14/2008 N 

      
Go LTF MANTEO 11673 4/24/2008 

 
1674 4/15/2008 None 1504 1430 Female Birth MANTEO 11674 4/15/2008 N 

      
Go LTF MANTEO 11674 4/24/2008 

 
1675 4/15/2008 None 1504 1430 Female Birth MANTEO 11675 4/15/2008 N 

      
Go LTF MANTEO 11675 4/24/2008 

 
1676 4/15/2008 None 1504 1430 Female Birth MANTEO 11676 4/15/2008 N 

      
Go LTF MANTEO 11676 4/24/2008 

 
1677 4/15/2008 None 1519 1448 Male Birth MANTEO 11677 4/15/2008 N 

      
Go LTF MANTEO 11677 4/22/2008 

 
1678 4/15/2008 None 1519 1448 Female Birth MANTEO 11678 4/15/2008 N 

1679 4/15/2008 None 1519 1448 Female Birth MANTEO 11679 4/15/2008 N 

      
Death MANTEO NHN 1/9/2009 

 
1680 4/15/2008 None 1519 1448 Female Birth MANTEO 11680 4/15/2008 N 
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Death MANTEO DHN N 2/12/2014 

 
1681 4/15/2008 None 1519 1448 Male Birth MANTEO 11681 4/15/2008 N 

      
Go LTF MANTEO 11681 10/2/2009 

 
1682 4/15/2008 None 1519 1448 Male Birth MANTEO 11682 4/15/2008 N 

      
Death MANTEO DHY 2/18/2012 

 
1683 4/16/2008 None 1540 1419 Male Birth MANTEO 11683 4/16/2008 N 

      
Death MANTEO 11683 3/3/2015 

 
1684 4/16/2008 None 1540 1419 Male Birth MANTEO 11684 4/16/2008 N 

      
Death MANTEO 11684 2/1/2015 

 
1685 4/16/2008 None 1540 1419 Female Birth MANTEO 11685 4/16/2008 N 

      
Death MANTEO NHN N 11/6/2013 

 
1686 4/17/2008 None 1435 1132 Female Birth MANTEO 11686 4/17/2008 N 

1687 4/17/2008 None 1533 1132 Female Birth MANTEO 11687 4/17/2008 N 

      
Go LTF MANTEO 11687 4/24/2008 

 
1688 4/20/2008 None 1171 1170 Male Birth MANTEO 11688 4/20/2008 N 

      
Go LTF MANTEO 11688 4/25/2008 

 
1689 4/20/2008 None 1171 1170 Male Birth MANTEO 11689 4/20/2008 N 

      
Go LTF MANTEO 11689 4/25/2008 

 
1690 4/20/2008 None 1171 1170 Male Birth MANTEO 11690 4/20/2008 N 

      
Go LTF MANTEO 11690 4/25/2008 

 
1691 4/18/2008 None 1199 1162 Male Birth MANTEO 11691 4/18/2008 N 

      
Go LTF MANTEO 11691 4/25/2008 

 
1692 4/18/2008 None 1199 1162 Female Birth MANTEO 11692 4/18/2008 N 

      
Go LTF MANTEO 11692 5/23/2009 

 
1693 4/18/2008 None 1199 1162 Female Birth MANTEO 11693 4/18/2008 N 

      
Death MANTEO 11693 12/2/2013 

 
1694 4/18/2008 None 1199 1162 Male Birth MANTEO 11694 4/18/2008 N 

      
Go LTF MANTEO 11694 1/21/2010 

 
1695 4/18/2008 None 1199 1162 Male Birth MANTEO 11695 4/18/2008 N 

      
Death MANTEO NHN 2/1/2009 

 
1696 4/18/2008 None 1199 1162 Female Birth MANTEO 11696 4/18/2008 N 

      
Death MANTEO DHN 10/30/2009 

 
1697 4/18/2008 None 1199 1162 Female Birth MANTEO 11697 4/18/2008 N 

      
Death MANTEO DHN 10/23/2009 

 
1698 4/18/2008 None 1199 1162 Male Birth MANTEO 11698 4/18/2008 N 

      
Death MANTEO DHYKN 12/15/2012 

 
1699 4/20/2008 None 1171 1170 Male Birth MANTEO 11699 4/20/2008 N 

      
Go LTF MANTEO 11699 4/25/2008 

 
1700 4/20/2008 None 1171 1170 Male Birth MANTEO 11700 4/20/2008 N 
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Go LTF MANTEO 11700 4/25/2008 

 
1701 4/28/2008 None 1020 1361 Male Birth BREVARD 28029 4/28/2008 N 

      
Death BREVARD CAN 4/28/2008 

 
1702 4/24/2008 None 1185 1207 Female Birth MANTEO 11702 4/24/2008 N 

      
Go LTF MANTEO 11702 5/1/2008 

 
1703 4/24/2008 None 1185 1207 Male Birth MANTEO 11703 4/24/2008 N 

      
Death MANTEO DHYKN 11/15/2012 

 
1704 4/24/2008 None 1185 1207 Female Birth MANTEO 11704 4/24/2008 N 

      
Go LTF MANTEO 11704 5/1/2008 

 
1705 4/24/2008 None 1185 1207 Male Birth MANTEO 11705 4/24/2008 N 

1706 4/24/2008 None 1185 1207 Female Birth MANTEO 11706 4/24/2008 N 

1707 4/18/2008 None 1068 1298 Female Birth MANTEO 11707 4/18/2008 N 

      
Death MANTEO NHN 4/22/2009 

 
1708 4/18/2008 None 1105 1298 Female Birth MANTEO 11708 4/18/2008 N 

      
Death MANTEO FHEGY 11/8/2012 

 
1709 4/18/2008 None 1105 1298 Female Birth MANTEO 11709 4/18/2008 N 

      
Death MANTEO NHN 12/8/2008 

 
1710 4/18/2008 None 1105 1298 Male Birth MANTEO 11710 4/18/2008 N 

      
Death MANTEO NHN 12/9/2008 

 
1711 4/18/2008 None 1105 1298 Male Birth MANTEO 11711 4/18/2008 N 

      
Death MANTEO NHN 1/22/2009 

 
1712 4/28/2008 None 1020 1361 Male Birth BREVARD 28030 4/28/2008 N 

      
Transfer HOMOSASSA HS0823 11/25/2008 

 

      
Transfer TALLAHASE L14002 11/21/2014 

 
1713 4/28/2008 None 1020 1361 Male Birth BREVARD 28031 4/28/2008 N 

      
Transfer HOMOSASSA HS0821 11/25/2008 

 
1714 4/28/2008 None 1020 1361 Male Birth BREVARD 28032 4/28/2008 N 

      
Transfer HOMOSASSA HS0822 11/25/2008 

 

      
Transfer ASHEBORO 2060 11/21/2014 

 
1715 4/28/2008 None 1020 1361 Female Birth BREVARD 28033 4/28/2008 N 

1716 4/28/2008 None 1020 1361 Female Birth BREVARD 28034 4/28/2008 N 

      
Transfer NCS RAL 1716 1/19/2012 

 
1717 5/4/2008 None 974 1126 Male Birth SALISBURY 1707 5/4/2008 N 

      
Transfer CHEHAW ______ 12/17/2009 

 

      
Transfer WNCNATCTR 11M031 12/14/2011 

 

      
Transfer SPRINGFIE 1143 11/19/2014 

 
1718 5/4/2008 None 974 1126 Male Birth SALISBURY 1706 5/4/2008 N 

      
Transfer AWENDA 11718 12/17/2009 

 

      
Transfer ASHEBORO 1926 11/2/2011 
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Transfer CHEHAW 140056 11/17/2014 

 
1719 5/4/2008 None 974 1126 Female Birth SALISBURY 1703 5/4/2008 N 

      
Transfer AWENDA 11719 11/1/2012 

 
1720 5/4/2008 None 974 1126 Female Birth SALISBURY 1705 5/4/2008 N 

      
Transfer AWENDA 11720 11/1/2012 

 
1721 5/4/2008 None 974 1126 Female Birth SALISBURY 1704 5/4/2008 N 

1722 5/6/2008 None 924 958 Female Birth SIOUX FAL 3751 5/6/2008 N 

      
Transfer BLOOMINGT M09057 10/19/2009 

 

      
Transfer COAL VAL M2333 9/22/2014 

 
1723 5/6/2008 None 924 958 Female Birth SIOUX FAL 3752 5/6/2008 N 

1724 5/1/2002 Year UNK 1051 Female Birth MANTEO 90216 5/1/2002 Y 

      
Death MANTEO AHN 9/21/2002 

 
1725 5/1/2007 Month 1124 982 Female Birth ST.VINCE 11725 5/1/2007 N 

      
Transfer MANTEO 11725 1/13/2009 

 

      
Death MANTEO NHAKN 2/10/2013 

 
1726 5/1/2008 Month 1124 982 Male Birth ST.VINCE 11726 5/1/2008 N 

      
Transfer MANTEO 11726 1/29/2009 

 

      
Death MANTEO DHAKY 4/24/2010 

 
1727 5/1/2008 Month 1124 982 Male Birth ST.VINCE 11727 5/1/2008 N 

      
Transfer MANTEO 11727 1/29/2009 

 

      
Death MANTEO NHY N 9/22/2014 

 
1728 5/1/2008 Month 1124 982 Male Birth ST.VINCE 11728 5/1/2008 N 

      
Transfer MANTEO 11728 1/29/2009 

 

      
Death MANTEO DHN 11/1/2009 

 
1729 5/1/2008 Month 1124 982 Female Birth ST.VINCE 11729 5/1/2008 N 

      
Death ST.VINCE 11729 1/5/2015 

 
1730 4/1/2008 Year 1544 1357 Female Birth MANTEO 11730 4/1/2008 N 

      
Death MANTEO NHN 5/15/2009 

 
1731 4/1/2009 Day 1200 1276 Male Birth SANDYRIDG 11731 4/1/2009 N 

      
Transfer CHATT NAT 1731 1/9/2010 

 

      
Transfer SANDYRIDG 11731 1/8/2011 

 

      
Transfer NCS RAL 1731 1/27/2012 

 
1732 4/1/2009 Day 1200 1276 Male Birth SANDYRIDG 11732 4/1/2009 N 

      
Transfer CHATT NAT 1732 1/9/2010 

 

      
Transfer SANDYRIDG 11732 1/8/2011 

 

      
Transfer NCS RAL 1732 1/27/2012 

 
1733 4/1/2009 Day 1200 1276 Male Birth SANDYRIDG 11733 4/1/2009 N 

      
Death SANDYRIDG NHY N 11/1/2009 

 
1734 4/1/2009 Day 1200 1276 Female Birth SANDYRIDG 11734 4/1/2009 N 
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Transfer JACKSON 201033 12/19/2012 

 
1735 4/24/2009 None 1122 1353 Male Birth CHICAGOLP 22290 4/24/2009 N 

      
Transfer WCSRC 201101 1/11/2011 

 

      
Transfer KNOXVILLE 4580 10/3/2012 

 
1736 4/24/2009 None 1122 1353 Male Birth CHICAGOLP 22291 4/24/2009 N 

      
Transfer WCSRC 201102 1/11/2011 

 

      
Transfer KNOXVILLE 4581 10/3/2012 

 
1737 4/24/2009 None 1122 1353 Male Birth CHICAGOLP 22292 4/24/2009 N 

      
Transfer MANTEO 11737 5/1/2009 

 
1738 4/24/2009 None 1122 1353 Male Birth CHICAGOLP 22293 4/24/2009 N 

      
Death CHICAGOLP IADA 4/24/2009 

 
1739 4/24/2009 None 1122 1353 Female Birth CHICAGOLP 22294 4/24/2009 N 

      
Transfer MANTEO 11739 5/1/2009 

 

      
Go LTF MANTEO 11739 5/1/2009 

 
1740 4/24/2009 None 1122 1353 Female Birth CHICAGOLP 22295 4/24/2009 N 

      
Transfer MANTEO 11740 5/1/2009 

 

      
Go LTF MANTEO 11740 5/1/2009 

 
1741 4/24/2009 None 1122 1353 Female Birth CHICAGOLP 22296 4/24/2009 N 

      
Transfer MANTEO 11741 5/1/2009 

 

      
Death MANTEO 11741 12/13/2014 

 
1742 5/5/2009 None 953 983 Female Birth WNCNATCTR 9M0301 5/5/2009 N 

      
Transfer GREENBAY 201337 10/16/2013 

 
1743 4/9/2009 None 1421 1357 Female Birth MANTEO 11743 4/9/2009 N 

1744 4/9/2009 None 1421 1357 Male Birth MANTEO 11744 4/9/2009 N 

      
Death MANTEO FAGIY 1/9/2011 

 
1745 4/9/2009 None 1421 1357 Male Birth MANTEO 11745 4/9/2009 N 

      
Death MANTEO NHN N 4/24/2010 

 
1746 4/14/2009 None 1301 1358 Female Birth MANTEO 11746 4/14/2009 N 

      
Death MANTEO DHY 11/9/2011 

 
1747 4/14/2009 None 1301 1358 Male Birth MANTEO 11747 4/14/2009 N 

1748 4/14/2009 None 1301 1358 Male Birth MANTEO 11748 4/14/2009 N 

      
Death MANTEO NHAK 6/14/2011 

 
1749 4/14/2009 None 1540 1419 Male Birth MANTEO 11749 4/14/2009 N 

      
Go LTF MANTEO 11749 11/18/2012 

 
1750 4/14/2009 None 1540 1419 Male Birth MANTEO 11750 4/14/2009 N 

      
Death MANTEO 11750 10/3/2014 

 
1751 4/14/2009 None 1540 1419 Male Birth MANTEO 11751 4/14/2009 N 

      
Go LTF MANTEO 11751 4/28/2009 

 
1752 4/27/2009 None 1313 1471 Male Birth MANTEO 11752 4/27/2009 N 
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Go LTF MANTEO 11752 4/30/2009 

 
1753 4/27/2009 None 1313 1471 Female Birth MANTEO 11753 4/27/2009 N 

      
Go LTF MANTEO 11753 4/30/2009 

 
1754 4/27/2009 None 1313 1471 Female Birth MANTEO 11754 4/27/2009 N 

      
Death MANTEO DHYK 10/18/2010 

 
1755 4/27/2009 None 1313 1471 Male Birth MANTEO 11755 4/27/2009 N 

      
Death MANTEO NHY 7/28/2011 

 
1756 4/27/2009 None 1313 1471 Male Birth MANTEO 11756 4/27/2009 N 

      
Death MANTEO NHN 6/17/2010 

 
1757 4/27/2009 None 1313 1471 Male Birth MANTEO 11757 4/27/2009 N 

      
Go LTF MANTEO 11757 4/28/2010 

 
1758 4/16/2009 None 1519 1448 Female Birth MANTEO 11758 4/16/2009 N 

      
Death MANTEO DHN 2/15/2010 

 
1759 4/16/2009 None 1519 1448 Male Birth MANTEO 11759 4/16/2009 N 

      
Go LTF MANTEO 11759 4/20/2009 

 
1760 4/16/2009 None 1519 1448 Male Birth MANTEO 11760 4/16/2009 N 

1761 4/16/2009 None 1519 1448 Male Birth MANTEO 11761 4/16/2009 N 

      
Go LTF MANTEO 11761 11/8/2011 

 
1762 4/19/2009 None 1504 1430 Female Birth MANTEO 11762 4/19/2009 N 

      
Go LTF MANTEO 11762 4/24/2009 

 
1763 4/19/2009 None 1504 1430 Female Birth MANTEO 11763 4/19/2009 N 

      
Go LTF MANTEO 11763 4/24/2009 

 
1764 4/19/2009 None 1504 1430 Male Birth MANTEO 11764 4/19/2009 N 

      
Go LTF MANTEO 11764 4/24/2009 

 
1765 4/19/2009 None 1504 1430 Female Birth MANTEO 11765 4/19/2009 N 

      
Go LTF MANTEO 11765 4/24/2009 

 
1766 4/20/2009 None 1316 1170 Male Birth MANTEO 11766 4/20/2009 N 

      
Death MANTEO DHAKN 1/17/2013 

 
1767 4/20/2009 None 1316 1170 Male Birth MANTEO 11767 4/20/2009 N 

      
Go LTF MANTEO 11767 4/27/2009 

 
1768 4/20/2009 None 1316 1170 Female Birth MANTEO 11768 4/20/2009 N 

1769 4/20/2009 None 1177 1132 Male Birth MANTEO 11769 4/20/2009 N 

      
Death MANTEO DHAK 9/12/2009 

 
1770 4/20/2009 None 1533 1132 Female Birth MANTEO 11770 4/20/2009 N 

      
Death MANTEO NHAK 9/17/2009 

 
1771 4/20/2009 None 1533 1132 Female Birth MANTEO 11771 4/20/2009 N 

      
Go LTF MANTEO 11771 4/29/2009 

 
1772 4/20/2009 None 1533 1132 Female Birth MANTEO 11772 4/20/2009 N 

      
Death MANTEO DHYKN 12/19/2012 
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1773 4/20/2009 None 1547 1148 Female Birth MANTEO 11773 4/20/2009 N 

      
Go LTF MANTEO 11773 4/27/2009 

 
1774 4/20/2009 None 1547 1148 Male Birth MANTEO 11774 4/20/2009 N 

      
Death MANTEO DHN N 8/15/2013 

 
1775 4/21/2009 None 1185 1207 Male Birth MANTEO 11775 4/21/2009 N 

      
Go LTF MANTEO 11775 4/28/2009 

 
1776 4/21/2009 None 1185 1207 Male Birth MANTEO 11776 4/21/2009 N 

      
Go LTF MANTEO 11776 4/28/2009 

 
1777 4/21/2009 None 1185 1207 Male Birth MANTEO 11777 4/21/2009 N 

      
Go LTF MANTEO 11777 4/2/2010 

 
1778 4/21/2009 None 1185 1207 Female Birth MANTEO 11778 4/21/2009 N 

      
Death MANTEO NHN N 10/11/2012 

 
1779 4/22/2009 None 1644 1298 Female Birth MANTEO 11779 4/22/2009 N 

1780 4/22/2009 None 1644 1298 Male Birth MANTEO 11780 4/22/2009 N 

      
Death MANTEO NHAK 5/20/2011 

 
1781 4/22/2009 None 1644 1298 Male Birth MANTEO 11781 4/22/2009 N 

1782 4/27/2009 None 1313 1471 Male Birth MANTEO 11782 4/27/2009 N 

      
Go LTF MANTEO 11782 4/30/2009 

 
1783 5/6/2008 None 924 958 Unknown Birth SIOUX FAL 3753 5/6/2008 N 

      
Death SIOUX FAL IHN 5/6/2008 

 
1784 4/14/2010 None 1414 1722 Male Birth BLOOMINGT M10019 4/14/2010 N 

      
Transfer NCS RAL 1784 2/11/2012 

 

      
Transfer DURHAM MS 07M-14 11/3/2014 

 
1785 4/14/2010 None 1414 1722 Female Birth BLOOMINGT M10020 4/14/2010 N 

      
Death BLOOMINGT AAGRY 12/19/2011 

 
1786 4/14/2010 None 1414 1722 Female Birth BLOOMINGT M10021 4/14/2010 N 

      
Transfer CHEHAW 11048 2/2/2012 

 

      
Transfer TALLAHASE L20121 12/6/2012 

 
1787 4/14/2010 None 1414 1722 Female Birth BLOOMINGT M10022 4/14/2010 N 

      
Transfer WSC MN 1787 2/9/2012 

 
1788 4/17/2010 None 1122 1353 Male Birth CHICAGOLP 22472 4/17/2010 N 

      
Transfer MANTEO 11788 4/30/2010 

 

      
Go LTF MANTEO 11788 4/30/2010 

 
1789 4/17/2010 None 1122 1353 Male Birth CHICAGOLP 22473 4/17/2010 N 

      
Death CHICAGOLP NHXX 4/20/2010 

 
1790 4/17/2010 None 1122 1353 Male Birth CHICAGOLP 22474 4/17/2010 N 

      
Transfer WCSRC 201103 1/11/2011 

 

      
Transfer SALISBURY 1893 10/3/2014 

 
1791 4/17/2010 None 1122 1353 Male Birth CHICAGOLP 22475 4/17/2010 N 
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Transfer WCSRC 201104 1/11/2011 

 

      
Transfer FOSSILRIM 5063 10/9/2012 

 
1792 4/17/2010 None 1122 1353 Male Birth CHICAGOLP 22476 4/17/2010 N 

      
Death CHICAGOLP NHXX 4/20/2010 

 
1793 4/17/2010 None 1122 1353 Male Birth CHICAGOLP 22477 4/17/2010 N 

      
Death CHICAGOLP NHXX 4/24/2010 

 
1794 4/17/2010 None 1122 1353 Female Birth CHICAGOLP 22478 4/17/2010 N 

      
Transfer DURHAM MS 08M-14 11/12/2014 

 
1795 4/17/2010 None 1122 1353 Female Birth CHICAGOLP 22479 4/17/2010 N 

      
Transfer WCSRC 201406 11/13/2014 

 
1796 4/17/2010 None 1122 1353 Female Birth CHICAGOLP 22480 4/17/2010 N 

      
Transfer MANTEO 11796 4/30/2010 

 

      
Go LTF MANTEO 11796 4/30/2010 

 
1797 5/2/2010 Day 1286 1416 Unknown Birth TACOMA 01797 5/2/2010 N 

      
Death TACOMA NHN 5/2/2010 

 
1798 5/2/2010 None 1467 1723 Male Birth SIOUX FAL 4109 5/2/2010 N 

      
Death SIOUX FAL IADB 5/2/2010 

 
1799 5/5/2010 None 1381 1385 Male Birth TACOMA 01799 5/5/2010 N 

      
Death TACOMA CAY 5/7/2010 

 
1800 5/5/2010 None 1381 1385 Male Birth TACOMA 01800 5/5/2010 N 

      
Death TACOMA CHN 5/8/2010 

 
1801 5/5/2010 None 1381 1385 Female Birth TACOMA 01801 5/5/2010 N 

      
Death TACOMA CAY 5/7/2010 

 
1802 5/5/2010 None 1381 1385 Female Birth TACOMA 01802 5/5/2010 N 

      
Death TACOMA CHN 5/8/2010 

 
1803 5/6/2010 None 1483 1397 Male Birth NYWOLF 1803 5/6/2010 N 

      
Transfer BRIDGEPRT 102336 1/30/2014 

 

      
Transfer NYWOLF 1803 12/11/2014 

 
1804 5/6/2010 None 1483 1397 Male Birth NYWOLF 1804 5/6/2010 N 

      
Transfer ST.VINCE 11804 12/7/2013 

 
1805 5/6/2010 None 1483 1397 Unknown Birth NYWOLF 1805 5/6/2010 N 

      
Death NYWOLF NHN 5/9/2010 

 
1806 5/6/2010 None 1121 1366 Female Birth ASHEBORO 1857 5/6/2010 N 

      
Death ASHEBORO NHN 5/7/2010 

 
1807 5/9/2010 None 1277 1364 Female Birth TACOMA 01807 5/9/2010 N 

1808 5/9/2010 None 1277 1364 Hermaphrodite Birth TACOMA 01808 5/9/2010 N 

      
Death TACOMA AAKN 5/22/2010 

 
1809 5/9/2010 None 1277 1364 Female Birth TACOMA 01809 5/9/2010 N 

      
Death TACOMA AAGK 5/11/2010 
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1810 5/1/2010 Day 1628 1470 Male Birth MANTEO 11810 5/1/2010 N 

      
Death MANTEO DEYKN 11/15/2011 

 
1811 4/16/2010 Day 1547 1170 Female Birth MANTEO 11811 4/16/2010 N 

      
Go LTF MANTEO 11811 4/26/2010 

 
1812 4/16/2010 Day 1547 1170 Female Birth MANTEO 11812 4/16/2010 N 

1813 4/13/2010 Day 1105 1429 Female Birth MANTEO 11813 4/13/2010 N 

      
Go LTF MANTEO 11813 4/27/2010 

 
1814 4/13/2010 Day 1105 1429 Male Birth MANTEO 11814 4/13/2010 N 

      
Death MANTEO DHY 11/14/2011 

 
1815 4/13/2010 Day 1105 1429 Male Birth MANTEO 11815 4/13/2010 N 

      
Go LTF MANTEO 11815 4/24/2010 

 
1816 4/13/2010 Day 1105 1429 Female Birth MANTEO 11816 4/13/2010 N 

      
Death MANTEO DHYKN 10/10/2012 

 
1817 4/15/2010 Day 1703 1633 Female Birth MANTEO 11817 4/15/2010 N 

      
Death MANTEO DHYKN 10/12/2012 

 
1818 4/15/2010 Day 1703 1633 Female Birth MANTEO 11818 4/15/2010 N 

      
Go LTF MANTEO 11818 4/26/2010 

 
1819 4/15/2010 Day 1703 1633 Female Birth MANTEO 11819 4/15/2010 N 

1820 4/15/2010 Day 1703 1633 Female Birth MANTEO 11820 4/15/2010 N 

      
Go LTF MANTEO 11820 4/26/2010 

 
1821 4/20/2010 Day 1185 1207 Female Birth MANTEO 11821 4/20/2010 N 

      
Death MANTEO NHN 9/7/2010 

 
1822 4/20/2010 Day 1185 1207 Female Birth MANTEO 11822 4/20/2010 N 

      
Go LTF MANTEO 11822 10/15/2011 

 
1823 4/20/2010 Day 1185 1207 Female Birth MANTEO 11823 4/20/2010 N 

      
Go LTF MANTEO 11823 4/26/2010 

 
1824 4/20/2010 Day 1185 1207 Male Birth MANTEO 11824 4/20/2010 N 

      
Go LTF MANTEO 11824 4/26/2010 

 
1825 4/20/2010 Day 1185 1207 Female Birth MANTEO 11825 4/20/2010 N 

      
Go LTF MANTEO 11825 4/26/2010 

 
1826 4/20/2010 Day 1185 1207 Female Birth MANTEO 11826 4/20/2010 N 

      
Death MANTEO DHAKN 1/10/2013 

 
1827 4/20/2010 Day 1185 1207 Male Birth MANTEO 11827 4/20/2010 N 

      
Go LTF MANTEO 11827 4/26/2010 

 
1828 4/15/2010 Day 1540 1419 Female Birth MANTEO 11828 4/15/2010 N 

      
Go LTF MANTEO 11828 5/4/2010 

 
1829 4/15/2010 Day 1540 1419 Female Birth MANTEO 11829 4/15/2010 N 

      
Go LTF MANTEO 11829 5/4/2010 

 
1830 4/15/2010 Day 1540 1419 Male Birth MANTEO 11830 4/15/2010 N 
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Go LTF MANTEO 11830 5/4/2010 

 
1831 4/15/2010 Day 1540 1419 Male Birth MANTEO 11831 4/15/2010 N 

      
Go LTF MANTEO 11831 5/4/2010 

 
1832 4/16/2010 Day 1684 1440 Male Birth MANTEO 11832 4/16/2010 N 

      
Go LTF MANTEO 11832 4/29/2010 

 
1833 4/16/2010 Day 1684 1440 Male Birth MANTEO 11833 4/16/2010 N 

      
Death MANTEO DHY 12/14/2011 

 
1834 4/16/2010 Day 1684 1440 Female Birth MANTEO 11834 4/16/2010 N 

      
Death MANTEO NHY N 8/30/2013 

 
1835 4/16/2010 Day 1684 1440 Male Birth MANTEO 11835 4/16/2010 N 

1836 4/16/2010 Day 1684 1440 Male Birth MANTEO 11836 4/16/2010 N 

      
Go LTF MANTEO 11836 4/29/2010 

 
1837 4/14/2010 Day 1519 1448 Female Birth MANTEO 11837 4/14/2010 N 

1838 4/14/2010 Day 1519 1448 Male Birth MANTEO 11838 4/14/2010 N 

      
Death MANTEO DHAKN 11/16/2013 

 
1839 4/14/2010 Day 1519 1448 Male Birth MANTEO 11839 4/14/2010 N 

      
Go LTF MANTEO 11839 10/23/2012 

 
1840 4/14/2010 Day 1519 1448 Male Birth MANTEO 11840 4/14/2010 N 

      
Go LTF MANTEO 11840 3/8/2011 

 
1841 4/14/2010 Day 1519 1448 Male Birth MANTEO 11841 4/14/2010 N 

      
Go LTF MANTEO 11841 1/21/2014 

 
1842 4/14/2010 Day 1519 1448 Female Birth MANTEO 11842 4/14/2010 N 

      
Death MANTEO DHYKN 9/3/2012 

 
1843 4/23/2010 Day 1544 1357 Female Birth MANTEO 11843 4/23/2010 N 

      
Go LTF MANTEO 11843 4/29/2010 

 
1844 4/23/2010 Day 1544 1357 Male Birth MANTEO 11844 4/23/2010 N 

      
Go LTF MANTEO 11844 4/29/2010 

 
1845 4/23/2010 Day 1544 1357 Female Birth MANTEO 11845 4/23/2010 N 

      
Death MANTEO NHY 9/12/2011 

 
1846 4/23/2010 Day 1544 1357 Female Birth MANTEO 11846 4/23/2010 N 

      
Death MANTEO NHN 12/29/2011 

 
1847 4/23/2010 Day 1544 1357 Male Birth MANTEO 11847 4/23/2010 N 

      
Go LTF MANTEO 11847 4/29/2010 

 
1848 4/23/2010 Day 1544 1357 Male Birth MANTEO 11848 4/23/2010 N 

1849 4/23/2010 Day 1544 1357 Female Birth MANTEO 11849 4/23/2010 N 

1850 5/1/2010 Day 1628 1470 Male Birth MANTEO 11850 5/1/2010 N 

      
Death MANTEO DHCKN 1/3/2014 

 
1851 5/1/2010 Day 1628 1470 Male Birth MANTEO 11851 5/1/2010 N 

1852 5/1/2010 Day 1628 1470 Female Birth MANTEO 11852 5/1/2010 N 
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Death MANTEO NHAK 5/5/2011 

 
1853 4/24/2011 None 1414 1722 Male Birth BLOOMINGT M11017 4/24/2011 N 

      
Death BLOOMINGT CHN 5/5/2011 

 
1854 4/24/2011 None 1414 1722 Female Birth BLOOMINGT M11018 4/24/2011 N 

      
Transfer MANTEO 11854 5/7/2011 

 

      
Go LTF MANTEO 11854 5/7/2011 

 
1855 4/24/2011 None 1414 1722 Female Birth BLOOMINGT M11019 4/24/2011 N 

      
Transfer MANTEO 11855 5/7/2011 

 

      
Go LTF MANTEO 11855 5/7/2011 

 
1856 4/24/2011 None 1414 1722 Female Birth BLOOMINGT M11020 4/24/2011 N 

      
Transfer AKRON 101263 7/4/2013 

 
1857 4/24/2011 None 1414 1722 Female Birth BLOOMINGT M11021 4/24/2011 N 

      
Transfer AKRON 101264 7/4/2013 

 
1858 4/30/2011 None 1408 1370 Female Birth CHATT NAT 1858 4/30/2011 N 

1859 4/30/2011 None 1408 1370 Female Birth CHATT NAT 1859 4/30/2011 N 

      
Transfer KNOXVILLE 4933 11/21/2014 

 
1860 5/1/2011 None 1286 1416 Unknown Birth TACOMA 01860 5/1/2011 N 

      
Death TACOMA IHN 5/1/2011 

 
1861 5/10/2011 None 1284 1385 Male Birth TACOMA 01861 5/10/2011 N 

1862 5/10/2011 None 1284 1385 Female Birth TACOMA 01862 5/10/2011 N 

1863 5/10/2011 None 1490 1382 Male Birth TACOMA 01863 5/10/2011 N 

      
Death TACOMA IAN 5/10/2011 

 
1864 5/10/2011 None 1490 1382 Male Birth TACOMA 01864 5/10/2011 N 

      
Death TACOMA IAN 5/10/2011 

 
1865 5/10/2011 None 1490 1382 Male Birth TACOMA 01865 5/10/2011 N 

      
Death TACOMA IAN 5/10/2011 

 
1866 5/10/2011 None 1490 1382 Male Birth TACOMA 01866 5/10/2011 N 

      
Death TACOMA IAN 5/10/2011 

 
1867 5/10/2011 None 1490 1382 Female Birth TACOMA 01867 5/10/2011 N 

      
Death TACOMA IAN 5/10/2011 

 
1868 4/12/2011 Day 1516 1686 Female Birth MANTEO 11868 4/12/2011 N 

      
Go LTF MANTEO 11868 4/20/2011 

 
1869 4/12/2011 Day 1516 1686 Female Birth MANTEO 11869 4/12/2011 N 

      
Go LTF MANTEO 11869 4/20/2011 

 
1870 4/12/2011 Day 1516 1686 Female Birth MANTEO 11870 4/12/2011 N 

1871 4/12/2011 Day 1516 1686 Female Birth MANTEO 11871 4/12/2011 N 

      
Go LTF MANTEO 11871 4/20/2011 

 
1872 4/12/2011 Day 1516 1686 Male Birth MANTEO 11872 4/12/2011 N 

1873 4/10/2011 Day UNK 1693 Male Birth MANTEO 11873 4/10/2011 N 
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Death MANTEO NHN N 12/28/2012 

 
1874 4/10/2011 Day UNK 1693 Male Birth MANTEO 11874 4/10/2011 N 

      
Go LTF MANTEO 11874 8/28/2012 

 
1875 4/25/2011 Day 1672 1708 Female Birth MANTEO 11875 4/25/2011 N 

      
Death MANTEO DHYKN 11/2/2012 

 
1876 4/25/2011 Day 1672 1708 Male Birth MANTEO 11876 4/25/2011 N 

      
Go LTF MANTEO 11876 5/1/2011 

 
1877 4/25/2011 Day 1672 1708 Female Birth MANTEO 11877 4/25/2011 N 

      
Go LTF MANTEO 11877 5/1/2011 

 
1878 4/25/2011 Day 1672 1708 Male Birth MANTEO 11878 4/25/2011 N 

      
Go LTF MANTEO 11878 5/1/2011 

 
1879 4/19/2011 Day 1519 1448 Male Birth MANTEO 11879 4/19/2011 N 

      
Death MANTEO DHAKN 11/18/2013 

 
1880 4/24/2011 Day 1621 1671 Male Birth MANTEO 11880 4/24/2011 N 

      
Go LTF MANTEO 11880 4/29/2011 

 
1881 4/24/2011 Day 1621 1671 Male Birth MANTEO 11881 4/24/2011 N 

      
Go LTF MANTEO 11881 4/29/2011 

 
1882 4/24/2011 Day 1621 1671 Female Birth MANTEO 11882 4/24/2011 N 

      
Go LTF MANTEO 11882 4/29/2011 

 
1883 4/24/2011 Day 1621 1671 Female Birth MANTEO 11883 4/24/2011 N 

      
Go LTF MANTEO 11883 4/29/2011 

 
1884 4/24/2011 Day 1621 1671 Female Birth MANTEO 11884 4/24/2011 N 

      
Go LTF MANTEO 11884 4/29/2011 

 
1885 4/19/2011 Day 1547 1768 Male Birth MANTEO 11885 4/19/2011 N 

      
Death MANTEO 11885 1/14/2015 

 
1886 4/19/2011 Day 1547 1768 Male Birth MANTEO 11886 4/19/2011 N 

      
Death MANTEO 11886 12/5/2014 

 
1887 4/19/2011 Day 1547 1768 Female Birth MANTEO 11887 4/19/2011 N 

1888 4/20/2011 Day 1684 1440 Female Birth MANTEO 11888 4/20/2011 N 

      
Death MANTEO DHY N 6/20/2012 

 
1889 4/20/2011 Day 1684 1440 Male Birth MANTEO 11889 4/20/2011 N 

      
Go LTF MANTEO 11889 4/27/2011 

 
1890 4/20/2011 Day 1684 1440 Male Birth MANTEO 11890 4/20/2011 N 

      
Go LTF MANTEO 11890 4/6/2012 

 
1891 4/20/2011 Day 1684 1440 Female Birth MANTEO 11891 4/20/2011 N 

      
Death MANTEO DHAKN 1/16/2013 

 
1892 4/20/2011 Day 1684 1440 Male Birth MANTEO 11892 4/20/2011 N 

      
Go LTF MANTEO 11892 4/9/2012 

 
1893 4/13/2011 Day 1661 1662 Male Birth MANTEO 11893 4/13/2011 N 
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Go LTF MANTEO 11893 4/19/2011 

 
1894 4/10/2011 Day 1544 1357 Male Birth MANTEO 11894 4/10/2011 N 

      
Go LTF MANTEO 11894 4/20/2011 

 
1895 4/10/2011 Day 1544 1357 Male Birth MANTEO 11895 4/10/2011 N 

      
Go LTF MANTEO 11895 4/20/2011 

 
1896 4/10/2011 Day 1544 1357 Male Birth MANTEO 11896 4/10/2011 N 

      
Go LTF MANTEO 11896 4/20/2011 

 
1897 4/10/2011 Day 1544 1357 Female Birth MANTEO 11897 4/10/2011 N 

      
Go LTF MANTEO 11897 4/20/2011 

 
1898 4/10/2011 Day 1544 1357 Female Birth MANTEO 11898 4/10/2011 N 

      
Go LTF MANTEO 11898 4/20/2011 

 
1899 4/10/2011 Day 1544 1357 Male Birth MANTEO 11899 4/10/2011 N 

      
Go LTF MANTEO 11899 4/20/2011 

 
1900 4/10/2011 Day 1544 1357 Male Birth MANTEO 11900 4/10/2011 N 

      
Go LTF MANTEO 11900 4/20/2011 

 
1901 4/19/2011 Day 1238 1577 Female Birth MANTEO 11901 4/19/2011 N 

      
Death MANTEO NHN N 5/7/2012 

 
1902 4/19/2011 Day 1238 1577 Male Birth MANTEO 11902 4/19/2011 N 

      
Death MANTEO DHY N 3/11/2014 

 
1903 4/19/2011 Day 1238 1577 Male Birth MANTEO 11903 4/19/2011 N 

      
Go LTF MANTEO 11903 4/26/2011 

 
1904 4/19/2011 Day 1238 1577 Female Birth MANTEO 11904 4/19/2011 N 

      
Go LTF MANTEO 11904 4/26/2011 

 
1905 4/19/2011 Day 1238 1577 Female Birth MANTEO 11905 4/19/2011 N 

      
Death MANTEO NHN N 10/27/2012 

 
1906 4/19/2011 Day 1238 1577 Female Birth MANTEO 11906 4/19/2011 N 

1907 4/19/2011 Day 1238 1577 Male Birth MANTEO 11907 4/19/2011 N 

      
Death MANTEO DHAKN 10/27/2013 

 
1908 4/17/2012 None 1467 1723 Male Birth SIOUX FAL 4401 4/17/2012 N 

      
Death SIOUX FAL AAEAY 4/9/2014 

 
1909 4/17/2012 None 1467 1723 Female Birth SIOUX FAL 4402 4/17/2012 N 

      
Transfer CHATT NAT 1909 5/30/2013 

 
1910 4/17/2012 None 1467 1723 Female Birth SIOUX FAL 4403 4/17/2012 N 

      
Transfer WSC MN 1910 3/25/2014 

 

      
Death WSC MN BHY N 7/16/2014 

 
1911 4/20/2012 None 1606 1600 Male Birth SANDYRIDG 11911 4/20/2012 N 

      
Transfer MANTEO 11911 4/27/2012 

 

      
Go LTF MANTEO 11911 4/28/2012 

 
1912 4/20/2012 None 1606 1600 Female Birth SANDYRIDG 11912 4/20/2012 N 
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Transfer MANTEO 11912 4/27/2012 

 

      
Go LTF MANTEO 11912 4/28/2012 

 
1913 4/22/2012 None 1414 1722 Male Birth BLOOMINGT 120029 4/22/2012 N 

      
Death BLOOMINGT FAEKY 4/24/2012 

 
1914 4/22/2012 None 1414 1722 Male Birth BLOOMINGT 120030 4/22/2012 N 

      
Transfer SPRINGFIE 1115 7/3/2013 

 

      
Transfer CHEHAW 140047 10/21/2014 

 
1915 4/22/2012 None 1414 1722 Female Birth BLOOMINGT 120031 4/22/2012 N 

      
Death BLOOMINGT NHY N 8/5/2014 

 
1916 4/23/2012 None 1604 1564 Male Birth CHEHAW 11080 4/23/2012 N 

      
Transfer WCSRC 201404 10/21/2014 

 
1917 4/23/2012 None 1604 1564 Male Birth CHEHAW 11081 4/23/2012 N 

      
Transfer BLOOMINGT M14086 10/21/2014 

 
1918 4/23/2012 None 1604 1564 Female Birth CHEHAW 11082 4/23/2012 N 

1919 4/23/2012 None 1604 1564 Female Birth CHEHAW 11083 4/23/2012 N 

1920 5/2/2012 None 1400 1479 Male Birth TREVOR 1312 5/2/2012 N 

      
Death TREVOR IHY 5/2/2012 

 
1921 5/2/2012 None 1400 1479 Male Birth TREVOR 1306 5/2/2012 N 

      
Transfer NYWOLF 1921 1/30/2013 

 

      
Transfer TREVOR 1306 4/3/2013 

 
1922 5/2/2012 None 1400 1479 Male Birth TREVOR 1311 5/2/2012 N 

      
Transfer NYWOLF 1922 1/30/2013 

 

      
Transfer TREVOR 1311 4/3/2013 

 
1923 5/2/2012 None 1400 1479 Female Birth TREVOR 1307 5/2/2012 N 

      
Transfer CHARLESLD 222 6/13/2013 

 

      
Transfer ST.VINCE 11923 1/19/2015 

 
1924 5/2/2012 None 1400 1479 Female Birth TREVOR 1308 5/2/2012 N 

      
Transfer CHARLESLD 223 6/13/2013 

 
1925 5/2/2012 None 1400 1479 Female Birth TREVOR 1309 5/2/2012 N 

      
Transfer CHARLESLD 224 6/13/2013 

 
1926 5/2/2012 None 1400 1479 Female Birth TREVOR 1310 5/2/2012 N 

      
Transfer CHARLESLD 225 6/13/2013 

 
1927 5/7/2012 None 1490 1382 Male Birth TACOMA 01927 5/7/2012 N 

1928 5/7/2012 None 1490 1382 Male Birth TACOMA 01928 5/7/2012 N 

1929 5/7/2012 None 1490 1382 Female Birth TACOMA 01929 5/7/2012 N 

1930 5/7/2012 None 1490 1382 Female Birth TACOMA 01930 5/7/2012 N 

      
Transfer BLOOMINGT M14090 11/25/2014 

 
1931 5/7/2012 None 1490 1382 Female Birth TACOMA 01931 5/7/2012 N 

1932 5/7/2012 None 1490 1382 Female Birth TACOMA 01932 5/7/2012 N 



RED WOLF STUDBOOK 

Population History by Studbook Number 

                                                                                 

 

 

155 

Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

1933 5/7/2012 None 1490 1382 Female Birth TACOMA 01933 5/7/2012 N 

1934 5/7/2012 None 1490 1382 Female Birth TACOMA 01934 5/7/2012 N 

1935 5/7/2012 None 1490 1382 Female Birth TACOMA 01935 5/7/2012 N 

1936 5/9/2012 None 1717 1742 Male Birth WNCNATCTR 12M031 5/9/2012 N 

1937 5/9/2012 None 1717 1742 Male Birth WNCNATCTR 12M033 5/9/2012 N 

1938 5/9/2012 None 1717 1742 Female Birth WNCNATCTR 12M032 5/9/2012 N 

      
Transfer PROVIDNCE 100380 12/11/2014 

 
1939 5/9/2012 None 1717 1742 Female Birth WNCNATCTR 12M034 5/9/2012 N 

      
Transfer ASHEBORO 1997 12/4/2013 

 

      
Death ASHEBORO AACKY 4/11/2014 

 
1940 5/11/2012 None 1284 1489 Female Birth TACOMA 01940 5/11/2012 N 

      
Death TACOMA NHN 5/12/2012 

 
1941 5/14/2012 None 1278 1366 Male Birth TACOMA 01941 5/14/2012 N 

1942 5/14/2012 None 1278 1366 Male Birth TACOMA 01942 5/14/2012 N 

      
Transfer ASHEBORO 2061 12/8/2014 

 
1943 5/14/2012 None 1278 1366 Male Birth TACOMA 01943 5/14/2012 N 

1944 5/14/2012 None 1278 1366 Male Birth TACOMA 01944 5/14/2012 N 

1945 5/14/2012 None 1278 1366 Female Birth TACOMA 01945 5/14/2012 N 

1946 5/14/2012 None 1278 1366 Female Birth TACOMA 01946 5/14/2012 N 

      
Death TACOMA AAGBN 8/19/2014 

 
1947 5/14/2012 None 1278 1366 Female Birth TACOMA 01947 5/14/2012 N 

      
Death TACOMA NHN 5/17/2012 

 
1948 5/14/2012 None 1278 1366 Female Birth TACOMA 01948 5/14/2012 N 

      
Death TACOMA NHN 5/18/2012 

 
1949 4/11/2012 Day UNK 1693 Female Birth MANTEO 11949 4/11/2012 N 

      
Go LTF MANTEO 11949 4/16/2012 

 
1950 4/11/2012 Day UNK 1693 Male Birth MANTEO 11950 4/11/2012 N 

      
Go LTF MANTEO 11950 4/16/2012 

 
1951 4/11/2012 Day UNK 1693 Male Birth MANTEO 11951 4/11/2012 N 

1952 4/11/2012 Day UNK 1693 Male Birth MANTEO 11952 4/11/2012 N 

1953 4/11/2012 Day UNK 1693 Female Birth MANTEO 11953 4/11/2012 N 

1954 4/11/2012 Day 1547 1768 Male Birth MANTEO 11954 4/11/2012 N 

1955 4/11/2012 Day 1547 1768 Female Birth MANTEO 11955 4/11/2012 N 

      
Go LTF MANTEO 11955 4/20/2012 

 
1956 4/11/2012 Day 1547 1768 Female Birth MANTEO 11956 4/11/2012 N 

      
Death MANTEO NHN N 4/24/2012 

 
1957 4/11/2012 Day 1547 1768 Female Birth MANTEO 11957 4/11/2012 N 

      
Death MANTEO NHN N 4/24/2012 

 
1958 4/11/2012 Day 1547 1768 Male Birth MANTEO 11958 4/11/2012 N 
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1959 4/13/2012 Day 1515 1686 Male Birth MANTEO 11959 4/13/2012 N 

1960 4/13/2012 Day 1515 1686 Male Birth MANTEO 11960 4/13/2012 N 

      
Go LTF MANTEO 11960 4/20/2012 

 
1961 4/13/2012 Day 1515 1686 Male Birth MANTEO 11961 4/13/2012 N 

      
Go LTF MANTEO 11961 4/20/2012 

 
1962 4/13/2012 Day 1515 1686 Male Birth MANTEO 11962 4/13/2012 N 

      
Death MANTEO DHYKN 10/11/2012 

 
1963 4/13/2012 Day 1747 1706 Male Birth MANTEO 11963 4/13/2012 N 

1964 4/13/2012 Day 1747 1706 Female Birth MANTEO 11964 4/13/2012 N 

1965 4/13/2012 Day 1747 1706 Female Birth MANTEO 11965 4/13/2012 N 

1966 4/13/2012 Day 1747 1706 Female Birth MANTEO 11966 4/13/2012 N 

1967 4/13/2012 Day 1747 1706 Male Birth MANTEO 11967 4/13/2012 N 

      
Death MANTEO DHN N 7/1/2013 

 
1968 4/14/2012 Day 1684 1440 Female Birth MANTEO 11968 4/14/2012 N 

      
Go LTF MANTEO 11968 4/20/2012 

 
1969 4/14/2012 Day 1684 1440 Male Birth MANTEO 11969 4/14/2012 N 

      
Go LTF MANTEO 11969 4/20/2012 

 
1970 4/14/2012 Day 1684 1440 Male Birth MANTEO 11970 4/14/2012 N 

      
Go LTF MANTEO 11970 4/20/2012 

 
1971 4/14/2012 Day 1684 1440 Female Birth MANTEO 11971 4/14/2012 N 

      
Go LTF MANTEO 11971 4/20/2012 

 
1972 4/15/2012 Day 1301 1778 Female Birth MANTEO 11972 4/15/2012 N 

      
Go LTF MANTEO 11972 4/24/2012 

 
1973 4/15/2012 Day 1301 1778 Female Birth MANTEO 11973 4/15/2012 N 

      
Go LTF MANTEO 11973 4/24/2012 

 
1974 4/15/2012 Day 1301 1778 Male Birth MANTEO 11974 4/15/2012 N 

      
Go LTF MANTEO 11974 4/24/2012 

 
1975 4/15/2012 Day 1301 1778 Female Birth MANTEO 11975 4/15/2012 N 

      
Go LTF MANTEO 11975 4/24/2012 

 
1976 4/15/2012 Day 1301 1778 Female Birth MANTEO 11976 4/15/2012 N 

      
Go LTF MANTEO 11976 4/24/2012 

 
1977 4/19/2012 Day 1238 1577 Female Birth MANTEO 11977 4/19/2012 N 

      
Go LTF MANTEO 11977 4/25/2012 

 
1978 4/19/2012 Day 1238 1577 Male Birth MANTEO 11978 4/19/2012 N 

      
Go LTF MANTEO 11978 4/25/2012 

 
1979 4/19/2012 Day 1238 1577 Female Birth MANTEO 11979 4/19/2012 N 

      
Go LTF MANTEO 11979 4/25/2012 

 
1980 4/19/2012 Day 1238 1577 Female Birth MANTEO 11980 4/19/2012 N 

      
Go LTF MANTEO 11980 4/25/2012 
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1981 4/19/2012 Day 1238 1577 Female Birth MANTEO 11981 4/19/2012 N 

      
Go LTF MANTEO 11981 4/25/2012 

 
1982 4/19/2012 Day 1238 1577 Male Birth MANTEO 11982 4/19/2012 N 

      
Go LTF MANTEO 11982 4/25/2012 

 
1983 4/19/2012 Day 1238 1577 Female Birth MANTEO 11983 4/19/2012 N 

      
Go LTF MANTEO 11983 4/25/2012 

 
1984 4/20/2012 Day 1628 1470 Female Birth MANTEO 11984 4/20/2012 N 

      
Go LTF MANTEO 11984 4/27/2012 

 
1985 4/20/2012 Day 1628 1470 Female Birth MANTEO 11985 4/20/2012 N 

1986 4/20/2012 Day 1628 1470 Male Birth MANTEO 11986 4/20/2012 N 

      
Go LTF MANTEO 11986 4/27/2012 

 
1987 4/24/2012 Day 1737 1680 Male Birth MANTEO 11987 4/24/2012 N 

      
Go LTF MANTEO 11987 5/1/2012 

 
1988 4/21/2013 None 1606 1600 Male Birth SANDYRIDG 11988 4/21/2013 N 

      
Death SANDYRIDG FAFBY 4/22/2013 

 
1989 4/21/2013 None 1606 1600 Male Birth SANDYRIDG 11989 4/21/2013 N 

      
Death SANDYRIDG FAFBY 4/24/2013 

 
1990 4/21/2013 None 1606 1600 Female Birth SANDYRIDG 11990 4/21/2013 N 

      
Death SANDYRIDG NCN N 4/24/2013 

 
1991 4/21/2013 None 1606 1600 Female Birth SANDYRIDG 11991 4/21/2013 N 

      
Death SANDYRIDG NCN N 4/26/2013 

 
1992 4/21/2013 None 1606 1600 Female Birth SANDYRIDG 11992 4/21/2013 N 

      
Death SANDYRIDG FAFBY 4/26/2013 

 
1993 4/21/2013 None 1606 1600 Female Birth SANDYRIDG 11993 4/21/2013 N 

      
Transfer MANTEO 11993 5/1/2013 

 

      
Death MANTEO NLN N 6/30/2014 

 
1994 4/23/2013 None 1609 1734 Male Birth JACKSON 201148 4/23/2013 N 

1995 4/23/2013 None 1609 1734 Male Birth JACKSON 201149 4/23/2013 N 

1996 4/23/2013 None 1609 1734 Male Birth JACKSON 201150 4/23/2013 N 

1997 4/23/2013 None 1609 1734 Male Birth JACKSON 201151 4/23/2013 N 

      
Death JACKSON FAFIY 4/27/2013 

 
1998 4/23/2013 None 1609 1734 Female Birth JACKSON 201152 4/23/2013 N 

      
Death JACKSON FAFIY 4/26/2013 

 
1999 4/23/2013 None 1609 1734 Unknown Birth JACKSON 201153 4/23/2013 N 

      
Death JACKSON NHN N 4/23/2013 

 
2000 5/5/2013 None 1381 1488 Male Birth TACOMA 02000 5/5/2013 N 

      
Death TACOMA 02000 2/6/2015 

 
2001 5/5/2013 None 1381 1488 Female Birth TACOMA 02001 5/5/2013 N 

2002 5/5/2013 None 1381 1488 Female Birth TACOMA 02002 5/5/2013 N 
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2003 5/5/2013 None 1381 1488 Female Birth TACOMA 02003 5/5/2013 N 

2004 5/9/2013 None 1369 1487 Male Birth TACOMA 02004 5/9/2013 N 

      
Death TACOMA FAFBY 5/9/2013 

 
2005 5/9/2013 None 1369 1487 Male Birth TACOMA 02005 5/9/2013 N 

2006 5/9/2013 None 1369 1487 Male Birth TACOMA 02006 5/9/2013 N 

2007 5/9/2013 None 1369 1487 Female Birth TACOMA 02007 5/9/2013 N 

2008 5/9/2013 None 1369 1487 Female Birth TACOMA 02008 5/9/2013 N 

2009 5/9/2013 None 1369 1487 Female Birth TACOMA 02009 5/9/2013 N 

2010 5/9/2013 None 1369 1487 Female Birth TACOMA 02010 5/9/2013 N 

      
Death TACOMA AAAPY 8/24/2013 

 
2011 4/10/2013 None 1547 1768 Male Birth MANTEO 12011 4/10/2013 N 

      
Go LTF MANTEO 12011 4/24/2013 

 
2012 4/10/2013 None 1547 1768 Female Birth MANTEO 12012 4/10/2013 N 

      
Go LTF MANTEO 12012 4/24/2013 

 
2013 4/10/2013 None 1547 1768 Male Birth MANTEO 12013 4/10/2013 N 

      
Go LTF MANTEO 12013 4/24/2013 

 
2014 4/10/2013 None 1547 1768 Female Birth MANTEO 12014 4/10/2013 N 

      
Go LTF MANTEO 12014 4/24/2013 

 
2015 4/10/2013 None 1547 1768 Male Birth MANTEO 12015 4/10/2013 N 

      
Go LTF MANTEO 12015 4/24/2013 

 
2016 4/10/2013 None 1547 1768 Female Birth MANTEO 12016 4/10/2013 N 

      
Go LTF MANTEO 12016 4/24/2013 

 
2017 4/14/2013 None 1835 1849 Female Birth MANTEO 12017 4/14/2013 N 

2018 4/17/2013 None 1515 1686 Female Birth MANTEO 12018 4/17/2013 N 

      
Go LTF MANTEO 12018 4/25/2013 

 
2019 4/17/2013 None 1515 1686 Female Birth MANTEO 12019 4/17/2013 N 

2020 4/17/2013 None 1515 1686 Female Birth MANTEO 12020 4/17/2013 N 

      
Go LTF MANTEO 12020 4/25/2013 

 
2021 4/17/2013 None 1515 1686 Male Birth MANTEO 12021 4/17/2013 N 

      
Go LTF MANTEO 12021 4/25/2013 

 
2022 4/17/2013 None 1515 1686 Male Birth MANTEO 12022 4/17/2013 N 

2023 4/20/2013 None 1737 1680 Female Birth MANTEO 12023 4/20/2013 N 

      
Go LTF MANTEO 12023 5/1/2013 

 
2024 4/20/2013 None 1737 1680 Female Birth MANTEO 12024 4/20/2013 N 

      
Death MANTEO DHAKN 8/14/2014 

 
2025 4/19/2013 None 1747 1706 Male Birth MANTEO 12025 4/19/2013 N 

2026 4/19/2013 None 1747 1706 Male Birth MANTEO 12026 4/19/2013 N 

      
Death MANTEO DHAKN 6/17/2014 

 
2027 4/19/2013 None 1747 1706 Female Birth MANTEO 12027 4/19/2013 N 
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Go LTF MANTEO 12027 4/30/2013 

 
2028 4/19/2013 None 1747 1706 Male Birth MANTEO 12028 4/19/2013 N 

2029 4/19/2013 None 1848 1706 Female Birth MANTEO 12029 4/19/2013 N 

2030 4/19/2013 None 1747 1706 Female Birth MANTEO 12030 4/19/2013 N 

2031 4/19/2013 None 1747 1706 Female Birth MANTEO 12031 4/19/2013 N 

      
Go LTF MANTEO 12031 4/30/2013 

 
2032 4/21/2013 None 1238 1577 Female Birth MANTEO 12032 4/21/2013 N 

      
Go LTF MANTEO 12032 4/27/2013 

 
2033 4/21/2013 None 1238 1577 Male Birth MANTEO 12033 4/21/2013 N 

      
Go LTF MANTEO 12033 4/27/2013 

 
2034 4/21/2013 None 1238 1577 Male Birth MANTEO 12034 4/21/2013 N 

      
Go LTF MANTEO 12034 4/27/2013 

 
2035 4/21/2013 None 1238 1577 Female Birth MANTEO 12035 4/21/2013 N 

      
Go LTF MANTEO 12035 3/20/2014 

 
2036 4/21/2013 None 1238 1577 Male Birth MANTEO 12036 4/21/2013 N 

      
Go LTF MANTEO 12036 4/27/2013 

 
2037 4/23/2013 None 1672 1779 Male Birth MANTEO 12037 4/23/2013 N 

      
Return From LTF MANTEO 12037 10/20/2014 

 

      
Death MANTEO 12037 10/20/2014 

 
2038 4/23/2013 None 1672 1779 Female Birth MANTEO 12038 4/23/2013 N 

      
Go LTF MANTEO 12038 4/28/2013 

 
2039 4/23/2013 None 1672 1779 Male Birth MANTEO 12039 4/23/2013 N 

      
Go LTF MANTEO 12039 4/28/2013 

 
2040 4/23/2013 None 1672 1779 Male Birth MANTEO 12040 4/23/2013 N 

      
Go LTF MANTEO 12040 4/28/2013 

 
2041 4/23/2013 None 1672 1779 Male Birth MANTEO 12041 4/23/2013 N 

      
Go LTF MANTEO 12041 4/28/2013 

 
2042 4/23/2013 None 1672 1779 Female Birth MANTEO 12042 4/23/2013 N 

      
Go LTF MANTEO 12042 4/28/2013 

 
2043 4/23/2013 None 1672 1779 Female Birth MANTEO 12043 4/23/2013 N 

      
Go LTF MANTEO 12043 4/28/2013 

 
2044 4/14/2013 None 1835 1849 Male Birth MANTEO 12044 4/14/2013 N 

2045 4/14/2013 None 1835 1849 Female Birth MANTEO 12045 4/14/2013 N 

2046 4/14/2013 None 1835 1849 Male Birth MANTEO 12046 4/14/2013 N 

2047 3/30/2014 None 1609 1734 Male Birth JACKSON 201191 3/30/2014 N 

      
Death JACKSON AACKN 5/26/2014 

 
2048 3/30/2014 None 1609 1734 Male Birth JACKSON 201192 3/30/2014 N 

2049 3/30/2014 None 1609 1734 Male Birth JACKSON 201193 3/30/2014 N 

      
Death JACKSON AACKN 5/8/2014 
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Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

2050 3/30/2014 None 1609 1734 Female Birth JACKSON 201194 3/30/2014 N 

2051 3/30/2014 None 1609 1734 Female Birth JACKSON 201195 3/30/2014 N 

      
Death JACKSON NHY N 6/12/2014 

 
2052 3/30/2014 None 1609 1734 Female Birth JACKSON 201196 3/30/2014 N 

2053 3/30/2014 None 1609 1734 Female Birth JACKSON 201197 3/30/2014 N 

      
Death JACKSON NHY N 6/12/2014 

 
2054 3/30/2014 None 1609 1734 Female Birth JACKSON 201198 3/30/2014 N 

2055 4/8/2014 None 1400 1598 Male Birth AWENDA 12055 4/8/2014 N 

2056 4/8/2014 None 1400 1598 Male Birth AWENDA 12056 4/8/2014 N 

2057 4/8/2014 None 1400 1598 Female Birth AWENDA 12057 4/8/2014 N 

      
Transfer MANTEO 12057 4/18/2014 

 
2058 4/8/2014 None 1400 1598 Female Birth AWENDA 12058 4/8/2014 N 

      
Transfer MANTEO 12058 4/18/2014 

 
2059 4/8/2014 None 1400 1598 Female Birth AWENDA 12059 4/8/2014 N 

      
Death AWENDA NHN N 4/10/2014 

 
2060 4/8/2014 None 1400 1598 Female Birth AWENDA 12060 4/8/2014 N 

      
Death AWENDA NHN N 4/10/2014 

 
2061 4/20/2014 None 1784 1716 Female Birth NCS RAL 2061 4/20/2014 N 

2062 4/20/2014 None 1784 1716 Female Birth NCS RAL 2062 4/20/2014 N 

2063 4/20/2014 None 1784 1716 Female Birth NCS RAL 2063 4/20/2014 N 

2064 4/20/2014 None 1405 1485 Unknown Birth WOLFHAVEN 2064 4/20/2014 N 

      
Death WOLFHAVEN NHN N 5/7/2014 

 
2065 4/22/2014 None 1606 1600 Male Birth SANDYRIDG 12065 4/22/2014 N 

2066 4/22/2014 None 1606 1600 Male Birth SANDYRIDG 12066 4/22/2014 N 

2067 4/22/2014 None 1606 1600 Female Birth SANDYRIDG 12067 4/22/2014 N 

2068 5/2/2014 None 1201 1612 Female Birth GOLDENPND 2068 5/2/2014 N 

2069 5/2/2014 None 1201 1612 Female Birth GOLDENPND 2069 5/2/2014 N 

      
Death GOLDENPND NHY N 5/4/2014 

 
2070 5/8/2014 None 1803 1563 Male Birth BRIDGEPRT 102347 5/8/2014 N 

      
Death BRIDGEPRT FAGIY 8/25/2014 

 
2071 5/8/2014 None 1803 1563 Male Birth BRIDGEPRT 102348 5/8/2014 N 

      
Death BRIDGEPRT FAHRN 5/17/2014 

 
2072 5/8/2014 None 1803 1563 Male Birth BRIDGEPRT 102349 5/8/2014 N 

      
Death BRIDGEPRT CAAKY 5/9/2014 

 
2073 5/8/2014 None 1803 1563 Female Birth BRIDGEPRT 102350 5/8/2014 N 

      
Transfer NYWOLF 2073 12/11/2014 

 
2074 5/8/2014 None 1803 1563 Female Birth BRIDGEPRT 102351 5/8/2014 N 

      
Transfer NYWOLF 2074 12/11/2014 

 
2075 5/8/2014 None 1803 1563 Male Birth BRIDGEPRT 102352 5/8/2014 N 
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Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

      
Transfer NYWOLF 2075 12/11/2014 

 
2076 5/18/2014 None 1580 1589 Male Birth FRESNO 205070 5/18/2014 N 

2077 5/18/2014 None 1580 1589 Male Birth FRESNO 205071 5/18/2014 N 

2078 5/18/2014 None 1580 1589 Female Birth FRESNO 205072 5/18/2014 N 

2079 5/22/2014 None 1467 1742 Male Birth GREENBAY 201410 5/22/2014 N 

2080 5/22/2014 None 1467 1742 Male Birth GREENBAY 201411 5/22/2014 N 

2081 5/22/2014 None 1467 1742 Male Birth GREENBAY 201412 5/22/2014 N 

2082 5/22/2014 None 1467 1742 Male Birth GREENBAY 201413 5/22/2014 N 

2083 5/22/2014 None 1467 1742 Female Birth GREENBAY 201414 5/22/2014 N 

2084 5/22/2014 None 1467 1742 Female Birth GREENBAY 201415 5/22/2014 N 

      
Transfer SPRINGFIE 1154 4/16/2015 

 
2085 4/13/2014 None 1547 1768 Female Birth MANTEO 12085 4/13/2014 N 

      
Death MANTEO 12085 1/24/2015 

 
2086 4/13/2014 None 1547 1768 Male Birth MANTEO 12086 4/13/2014 N 

2087 4/8/2014 None 1727 1812 Female Birth MANTEO 12087 4/8/2014 N 

2088 4/8/2014 None 1727 1812 Female Birth MANTEO 12088 4/8/2014 N 

2089 4/8/2014 None 1727 1812 Female Birth MANTEO 12089 4/8/2014 N 

2090 4/14/2014 None 1672 1779 Male Birth MANTEO 12090 4/14/2014 N 

      
Death MANTEO NHY N 4/23/2014 

 
2091 4/14/2014 None 1672 1779 Male Birth MANTEO 12091 4/14/2014 N 

2092 4/14/2014 None 1672 1779 Male Birth MANTEO 12092 4/14/2014 N 

      
Death MANTEO 12092 10/21/2014 

 
2093 4/14/2014 None 1672 1779 Male Birth MANTEO 12093 4/14/2014 N 

2094 4/14/2014 None 1672 1779 Female Birth MANTEO 12094 4/14/2014 N 

2095 4/14/2014 None 1672 1779 Male Birth MANTEO 12095 4/14/2014 N 

      
Death MANTEO NHY N 4/23/2014 

 
2096 4/14/2014 None 1672 1779 Female Birth MANTEO 12096 4/14/2014 N 

2097 4/14/2014 None 1672 1779 Female Birth MANTEO 12097 4/14/2014 N 

2098 4/19/2014 None 1747 1706 Male Birth MANTEO 12098 4/19/2014 N 

2099 4/19/2014 None 1747 1706 Female Birth MANTEO 12099 4/19/2014 N 

2100 4/19/2014 None 1747 1706 Male Birth MANTEO 12100 4/19/2014 N 

2101 4/19/2014 None 1747 1706 Male Birth MANTEO 12101 4/19/2014 N 

2102 4/19/2014 None 1747 1706 Male Birth MANTEO 12102 4/19/2014 N 

2103 4/19/2014 None 1747 1706 Female Birth MANTEO 12103 4/19/2014 N 

2104 3/29/2015 None 1914 1919 Male Birth CHEHAW 150045 3/29/2015 N 

2105 3/29/2015 None 1914 1919 Female Birth CHEHAW 150046 3/29/2015 N 

      
Death CHEHAW 150046 4/14/2015 

 
2106 3/29/2015 None 1914 1919 Female Birth CHEHAW 150047 3/29/2015 N 

2107 4/4/2015 None 1718 1918 Male Birth CHEHAW 150048 4/4/2015 N 
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Studbook ID Birth Date Birth Date Est. Sire Dam Sex Event Location Local ID Date UDF 

2108 4/4/2015 None 1718 1918 Female Birth CHEHAW 150049 4/4/2015 N 

      
Death CHEHAW 150049 4/7/2015 

 
2109 4/4/2015 None 1718 1918 Female Birth CHEHAW 150050 4/4/2015 N 

      
Death CHEHAW 150050 5/12/2015 

 
2110 4/14/2015 None 1386 1722 Male Birth COAL VAL M2345 4/14/2015 N 

      
Death COAL VAL M2345 4/14/2015 

 
2111 4/14/2015 None 1386 1722 Male Birth COAL VAL M2341 4/14/2015 N 

2112 4/14/2015 None 1386 1722 Female Birth COAL VAL M2346 4/14/2015 N 

2113 4/14/2015 None 1386 1722 Female Birth COAL VAL M2347 4/14/2015 N 

2114 4/14/2015 None 1386 1722 Female Birth COAL VAL M2348 4/14/2015 N 

2115 5/2/2015 None 1803 1563 Male Birth NYWOLF 2115 5/2/2015 N 

      
Death NYWOLF 2115 5/6/2015 

 
2116 5/2/2015 None 1803 1563 Male Birth NYWOLF 2116 5/2/2015 N 

2117 5/2/2015 None 1803 1563 Male Birth NYWOLF 2117 5/2/2015 N 

2118 5/2/2015 None 1803 1563 Male Birth NYWOLF 2118 5/2/2015 N 

2119 5/2/2015 None 1803 1563 Male Birth NYWOLF 2119 5/2/2015 N 

2120 5/2/2015 None 1803 1563 Male Birth NYWOLF 2120 5/2/2015 N 

2121 5/2/2015 None 1803 1563 Female Birth NYWOLF 2121 5/2/2015 N 

 

 

 

 

TOTALS:  992.1023.81 (2096)using no UDF filter 

  906.945.51 (1902) using UDF filter “N” not a hybrid 

 

 

Compiled by: William Waddell thru Point Defiance Zoo & Aquarium                 

Data current thru: 18 May 2015 - International                                 

PopLink 2.4 
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RED WOLF STUDBOOK - Location Glossary by Mnemonic      

 

*AKRON  Akron Zoo 

 500 Edgewood Ave., Akron, Ohio, USA 44307 

 Contact: Eric Albers  330-375-2550  eralbers@akronzoo.org    

*ALEXANDRI  Alexandria Zoological Park               

            3016 Masonic Dr., Alexandria, Louisiana, USA, 71301-4240 

 Contact: Lisa Laskoski  318-441-6819  lisa.laskoski@cityofalex.com 

*ASHEBORO   North Carolina Zoological Park           

            4401 Zoo Pkwy., Asheboro, North Carolina, USA, 27203-9416 

 Contact: Chris Lasher  336-879-7670  chris.lasher@nczoo.org            

AUDUBON   Audubon Zoo 

 P.O. Box 4327, New Orleans, Louisiana, USA, 70178-4327 

AUDUB SSC  Freeport-McMoran Audubon SSC             

            14001 River Rd., New Orleans, Louisiana, USA, 70131 

*AWENDA     Cape Romain National Wildlife Refuge        

            390 Bulls Island Rd., Awendaw, South Carolina, USA, 29429 

 Contact: Sarah Dawsey  843-928-3264  sarah_dawsey@fws.gov 

 

BATONROUG  Greater Baton Rouge Zoo                  

            P.O. Box 60, Baker, Louisiana, USA, 70704-0060 

*BINGHAMTO  Binghamton Zoo at Ross Park                            

            185 Park Ave., Binghamton, New York, USA, 13903 

 Contact: Christina Sheehan 607-724-5461 csheehan@rossparkzoo.com  

*BLOOMINGT  Miller Park Zoo                          

            1020 S Morris Ave., Bloomington, Illinois, USA, 61701-6351 

 Contact: Jay Tetzloff  309-434-2825  jtetzloff@cityblm.org 

*BREVARD    Brevard Zoo                              

            8225 N. Wickham Rd., Melbourne, Florida, USA, 32940-7924 

 Contact: Michelle Smurl  321-254-9453  msmurl@brevardzoo.org 

*BRIDGEPRT  Connecticut’s Beardsley Zoological Gardens             

            1875 Noble Ave., Bridgeport, Connecticut, USA, 06610 

 Contact: Don Goff  203-394-6564  dgoff@beardsleyzoo.org 

 

*CHARLESLD  Charles Towne Landing State Historic Site 

 1500 Old Towne Rd., Charleston, South Carolina, USA, 29407 

 Contact: Jillian Davis  843-573-8517 ctlandingaf@scprt.com  

*CHATT NAT  Reflection Riding Arboretum and Nature Center                

            400 Garden Road, Chattanooga, Tennessee, USA, 37419 

 Contact: Tish Gailmard  423-821-1160  tgailmard@chattanature.org 

*CHEHAW     Chehaw Wild Animal Park                  

            105 Chehaw Park Rd., Albany, Georgia, USA, 31701-1260 

 Contact: Ben Roberts  229-430-5275  broberts@chehaw.org  

*CHICAGOLP  Lincoln Park Zoo                         

            P.O. Box 14903, Chicago, Illinois, USA, 60614-0903 

 Contact: Diane Mulkerin  312-742-2376  dmulkerin@lpzoo.org 

*COAL VAL  Niabi Zoo 

 12908 Niabi Zoo Rd., Coal Valley, Illinois, USA, 61240 
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 Contact: Marc Heinzman  309-799-3482  mheinzman@niabizoo.com 

 

*DURHAM MS  N C Museum of Life and Science           

            433 Murray Ave., Durham, North Carolina, USA, 27704 

 Contact: Sherry Samuels 919-220-5429  sherry.samuels@ncmls.org 

 

 

*FORTWORTH  Fort Worth Zoological Park               

            1989 Colonial Pkwy., Ft Worth, Texas, USA, 76110-6640 

 Contact: John Ward  817-759-7196  jward@fortworthzoo.org 

*FOSSILRIM  Fossil Rim Wildlife Center               

            P.O. Box 2189, Glen Rose, Texas, USA, 76043 

 Contact: Mary Jo Stearns  254-898-4235  maryjos@fossilrim.org 

*FRESNO     Fresno Chaffee Zoo           

            894 W Belmont Ave., Fresno, California, USA, 93728-2891 

 Contact: Lyn Myers  559-498-5910  lmyers@fresnochaffeezoo.org  

 

GATLINBRG  Great Smoky Mountain National Park               

            Red Wolf Project, Gatlinburg, Tennessee, USA, 37738 

*GOLDENPND  Land Between the Lakes                   

            100 Van Morgan Dr., Golden Pond, Kentucky, USA, 42211-9001 

 Contact: Darrin Samborski 270-924-2050  dsamborski@fs.fed.us 

*GREENBAY   Northeastern Wisconsin Zoo                                  

            4418 Reforestation Rd., Green Bay, Wisconsin, USA, 54313 

Contact: Carmen Murach  920-662-2403  Murach_CD@co.brown.wi.us 

 

*HOMOSASSA   Homosassa Springs State Wildlife Park 

 4150 S. Suncoast Blvd., Homosassa Springs, FL, USA, 34446 

 Contact: Tricia Fowler  352-628-1508  Tricia.Fowler@dep.state.fl.us 

 

*JACKSON    Jackson Zoological Park                  

            2918 W. Capitol St., Jackson, Mississippi, USA, 39209 

 Contact: Dave Wetzel  601-352-2590  dlwetzel@jacksonzoo.org 

*JACKSONVL  Jacksonville Zoo and Gardens             

            8605 Zoo Parkway, Jacksonville, Florida, USA, 32218-5769 

 Contact: Craig Miller  904-757-4463  millerc@jaxzoo.org 

 

*KNOXVILLE  Knoxville Zoological Gardens             

            3050 Knoxville Zoo Dr., Knoxville, Tennessee, USA, 37914-0040 

 Contact: Kelly Cox  865-637-5331  kcox@knoxville-zoo.org 

 

LONG A    Aaron H. Long, DVM, Winnie, Texas, USA, 77665 

LOSANGELE  Los Angeles Zoo 

 5333 Zoo Dr., Los Angeles, California, USA, 90027   

*LOWRY      Tampa’s Lowry Park Zoo             

            7530 North Blvd., Tampa, Florida, USA, 33604-4756 

 Contact: Virginia Edmonds  813-935-8552  virginia.edmonds@lowryparkzoo.com 
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*MANTEO     Alligator River National Wildlife Refuge (Note: this mnemonic/location is associated with the free-

ranging population)        

            P.O. Box 1969, Manteo, North Carolina, USA, 27954 

 Contact: Becky (Bartel) Harrison  252-473-1132  rebecca_harrison@fws.gov    

*MILL MOUN  Mill Mountain Zoo                        

            P.O. Box 13484, Roanoke, Virginia, USA, 24034 

 Contact: Robin Lentz  540-343-3241  rlentz@mmzoo.org 

 

*NCS RAL    Department of Clinical Sciences – College of Veterinary Medicine           

            North Carolina State University 

1060 William Moore Dr., Raleigh, North Carolina, USA, 27607 

 Contact: Michael Stoskopf  919-513-6279  mkstosko@ncsu.edu    

*NYWOLF     Wolf Conservation Center                 

            P.O. Box 421, South Salem, New York, USA, 10590 

 Contact: Rebecca Bose  914-763-2373  rebecca@nywolf.org 

NZP-WASH   National Zoological Park - Wash          

            Smithsonian Institution, Washington, District Of Columbia, USA, 20008 

 

OCEAN SPR  Gulf Island Nat'l Seashore               

            3500 Park Rd., Ocean Springs, Mississippi, USA, 39564 

OKLAHOMA   Oklahoma City Zoological Park            

            2101 NE 50th St., Oklahoma City, Oklahoma, USA, 73111-7199 

  

PITTSBURG  Pittsburgh Zoo                           

            One Wild Place, Pittsburgh, Pennsylvania, USA, 15206-1178 

*PROVIDNCE  Roger Williams Park Zoo                  

            1000 Elmwood Ave., Providence, Rhode Island, USA, 02905 

 Contact: Tim French  401-785-3510  tfrench@rwpzoo.org 

 

RACINE     Racine Zoological Garden                 

            2131 N Main St., Racine, Wisconsin, USA, 53402 

*RWOLF EHF  Red Wolf Education and Health Facility 

 Pocosin Lakes NWR, Columbia, North Carolina, USA, 27925 

 Contact: Becky (Bartel) Harrison  252-473-1132 rebecca_harrison@fws.gov  

 

*SALIS NC   Dan Nicholas Nature Center               

            6800 Bringle Ferry Rd., Salisbury, North Carolina, USA, 28146 

 Contact: Bob Pendergrass  704-216-7819  Bob.Pendergrass@rowancountync.gov  

*SANDYRIDG  Alligator River National Wildlife Refuge Captive Facility (Note: this mnemonic was added since 

last studbook publication to better track current and historical movement between the wild (MANTEO) and 

captive (SANDYRIDG) populations in North Carolina)  

 P.O. Box 1969, Manteo, North Carolina, USA, 27954 

 Contact: Becky (Bartel) Harrison  252-473-1132  rebecca_harrison@fws.gov        

*SALISBURY   Salisbury Zoological Park 

 P.O. Box 2979, Salisbury, Maryland, USA, 21802  

 Contact: Debbie Graham  410-548-3188  dgraham@ci.salisbury.md.us 

*SIOUX FAL  Great Plains Zoo                         

            805 S Kiwanis, Sioux Falls, South Dakota, USA, 57104-3714 
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 Contact: Angie Blommer  605-367-8313  ABlommer@gpzoo.org  

*SPRINGFIE  Henson Robinson Zoo                      

            1100 E Lake Dr., Springfield, Illinois, USA, 62707 

 Contact: Jackie Peeler  217-585-1821  jpeeler@hensonrobinsonzoo.org 

*ST.VINCE   St.Vincent National Wildlife Refuge        

            P.O. Box 447, Apalachicola, Florida, USA, 32329 

 Contact: Brad Smith  850-653-8808  bradley_smith@fws.gov 

*SYRACUSE   Rosamond Gifford Zoo at Burnet Park                          

            1 Conservation Place, Syracuse, New York, USA, 13204-2504 

 Contact: Peg Dwyer  315-435-8511  MargaretDwyer@ongov.net 

 

*TACOMA     Point Defiance Zoo & Aquarium                      

            5400 N Pearl St., Tacoma, Washington, USA, 98407-3218 

 Contact: Will Waddell  253-858-9172  william.waddell@pdza.org  

*TALLAHASE  Tallahassee Museum of History & Natural Science      

            3945 Museum Dr., Tallahassee, Florida, USA, 32310 

 Contact: Mike Jones  850-575-8685  mjones@tallahasseemuseum.org 

*TREVOR     Trevor Zoo                               

            Millbrook School Rd., Millbrook, New York, USA, 12545 

 Contact: Jessica Bennett  845-677-3704  JBennett@millbrook.org  

 

*VA MUSEUM  Virginia Living Museum                   

            524 J. Clyde Morris Blvd., Newport News, Virginia, USA, 23601 

 Contact: Kathy Long  757-534-7409  kathy.long@thevlm.org  

*VICTOR TX  Texas Zoo                                

            110 Memorial Dr., Victoria, Texas, USA, 77901 

 Contact: Mike Magaw  361-573-7681  mmagaw@texaszoo.org 

 

*WCSRC      Endangered Wolf Center         

            P.O. Box 760, Eureka, Missouri, USA, 63025 

 Contact: Regina Mossotti  636-938-5900  rmossotti@endangeredwolfcenter.org  

WHEELING   Oglebay's Good Children's Zoo            

            Oglebay Park, Wheeling, West Virginia, USA, 26003 

WILDS      The Wilds / IRF                          

            14000 International Rd., Cumberland, Ohio, USA, 43732 

*WOLFHAVEN  Wolf Haven International                 

            3111 Offutt Lake Road, Tenino, Washington, USA, 98589 

 Contact: Wendy Spencer  360-264-4695  wendy@wolfhaven.org 

*WNCNATCTR  Western North Carolina Nature Center 

 Gashes Creek Road, Asheville, North Carolina, USA, 28805 

 Contact: Laura Pearson  828-259-8087  Lpearson@ashevillenc.gov 

*WSC MN     Wildlife Science Center   

            5463 West Broadway, Columbus, Minnesota, USA, 55025 

 Contact: Peggy Callahan  651-464-3993  peggy@wildlifesciencecenter.org 

 
 

 



From: Nordsven, Ryan
To: Benjamin, Pete
Cc: Morse, Michael L
Subject: Re: Request
Date: Wednesday, March 9, 2016 11:06:25 AM
Importance: High

Will do.  I'll try to get some today if I have time before netting.

On Wed, Mar 9, 2016 at 10:47 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hey, I forgot to do this yesterday, but if you guys are out at Sandy Ridge could you take a couple
photos of the two yearling wolves that came off of Ventures.  I want to drive home the urgency of
the situation and a picture would be worth a thousand words.  The cuter the photos - the better. 
Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Nordsven, Ryan
To: Benjamin, Pete
Cc: Beyer, Arthur; Harrison, Rebecca
Subject: Private Trapper Reimbursements
Date: Friday, March 11, 2016 2:58:27 PM
Importance: High

Signed reimbursement forms may start coming in soon so here is a final tally of
reimbursements due post trapping season:

 - 12126F (red wolf) - $250

 - 20651F (collared coyote) - $250

 - 12030F (red wolf), 12129M (red wolf), 20909M (collared coyote) - $750

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353
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Ex (b)(6)



From: Benjamin, Pete
To: Nordsven, Ryan; Morse, Michael L; Beyer, Arthur
Subject: How many collared wolves remain on Ventures?
Date: Tuesday, March 15, 2016 7:50:03 AM
Importance: High

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Nordsven, Ryan
To: Benjamin, Pete
Subject: Re: How many collared wolves remain on Ventures?
Date: Tuesday, March 15, 2016 9:12:08 AM
Importance: High

4 known.  2 more that we lost contact with so it's hard to say if they are still around or not.

On Tue, Mar 15, 2016 at 7:50 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Nordsven, Ryan
To: Benjamin, Pete
Cc: Morse, Michael L; Beyer, Arthur
Subject: Re: How many collared wolves remain on Ventures?
Date: Tuesday, March 15, 2016 9:13:14 AM
Importance: High

4 known.  2 more that we lost contact with so it's hard to say if they are still around or not.

On Tue, Mar 15, 2016 at 7:50 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Benjamin, Pete
To: Nordsven, Ryan
Subject: Re: How many collared wolves remain on Ventures?
Date: Tuesday, March 15, 2016 10:42:09 AM

Great, thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 15, 2016 at 9:12 AM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
4 known.  2 more that we lost contact with so it's hard to say if they are still around or not.

On Tue, Mar 15, 2016 at 7:50 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Harrison, Rebecca
To: Mike Bryant; Lanier, Scott; Beyer, Arthur
Cc: Benjamin, Pete; Morse, Michael L; Nordsven, Ryan
Subject: Ventures trapping efforts
Date: Tuesday, March 15, 2016 2:42:24 PM
Importance: High

Hi All,

Just for reference I wanted to send along a summary of the private trapper efforts on
Ventures to date.

Mr. Eaks has reported capturing 16 canids.  I believe 9 of these were coyotes that we
examined and did not take possession of.  He caught one sterilized, collared
placeholder coyote, which was later euthanized at Sandy Ridge.  Two known wolves
were captured (a pup born in 2015 and a collared adult born in 2013). There were
also 4 canids of initial unknown parentage captured.  Genetic tests showed these
were of hybrid descent and they will be euthanized in the next day or so.

Mr. Eaks will be compensated for the 2 wolves, 1 placeholder coyote, and 4 hybrids. 
We normally don't reimburse for hybrids, but this involves special circumstances
related to potential loss of income incurred when we held the animals waiting for
genetic results.  Mr. Eaks can continue to trap throughout March with authorization
under our state permit (outside of trapping season).

We know of 7 other radio-collared Ventures wolves that we're actively monitoring. 
This count includes 1 whose collar recently went off air (we're assuming he's still with
the pack).  There are many other animals born there in recent years that could still
potentially be using the area, but we are not tracking any with active radio collars. 
These include 5 pups born in 2015.

In total, 3 wolves from/near Ventures are currently being held at Sandy Ridge: an
adult born in 2013 and 2 pups born in 2015 (one trapped by Mr. Eaks, another by a
different private trapper on adjacent lands).

Hope this helps.  Please let me know if you have any questions.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov





From: william blount
To: Benjamin, Pete
Cc: Tom Harrison; Jamin Simmons; Hoyt Lowder; Hunter Parks
Subject: Fwd: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 2:43:01 PM
Importance: High

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for continued
trapping of red wolves on Mattamuskeet Ventures and your request for a meeting. 
Thank you.

 

After reviewing your email, we are more convinced than before that the best course of
action for Mattamuskeet Ventures is the permanent removal of the red wolves.  The
occupation of Mattamuskeet Ventures by the red wolves has not prevented the
intrusion of coyotes.  Furthermore there is continued hybridization between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore, we
see no reason to meet.  As we have said previously, we want all red wolves removed
from our property. 



 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: Benjamin, Pete
To: Beyer, Arthur; Harrison, Rebecca; Eversen, Michelle
Subject: Fwd: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 2:55:23 PM
Importance: High

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: william blount <wgblount@gmail.com>
Date: Wed, Mar 16, 2016 at 2:43 PM
Subject: Fwd: Red Wolves on Mattamuskeet Ventures
To: "Benjamin, Pete" <pete_benjamin@fws.gov>
Cc: Tom Harrison <harrison@greenvillenc.com>, Jamin Simmons <jamin@mmc-nc.com>,
Hoyt Lowder <hoyt.lowder@hgbnet.com>, Hunter Parks <dparks32@earthlink.net>

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for continued
trapping of red wolves on Mattamuskeet Ventures and your request for a meeting. 



Thank you.

 

After reviewing your email, we are more convinced than before that the best course of
action for Mattamuskeet Ventures is the permanent removal of the red wolves.  The
occupation of Mattamuskeet Ventures by the red wolves has not prevented the
intrusion of coyotes.  Furthermore there is continued hybridization between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore, we
see no reason to meet.  As we have said previously, we want all red wolves removed
from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 3:32:09 PM
Importance: High

We need to discuss the implications of this for our field efforts.  From the sounds of
Ryan's conversation with Eaks yesterday, he's only trapping on the weekends or
irregularly at best.  Do we need to set up lines down there?  Can you please circle
back with Bill and see if they'd grant permission/access?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 16, 2016 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: william blount <wgblount@gmail.com>
Date: Wed, Mar 16, 2016 at 2:43 PM
Subject: Fwd: Red Wolves on Mattamuskeet Ventures
To: "Benjamin, Pete" <pete_benjamin@fws.gov>
Cc: Tom Harrison <harrison@greenvillenc.com>, Jamin Simmons <jamin@mmc-nc.com>,
Hoyt Lowder <hoyt.lowder@hgbnet.com>, Hunter Parks <dparks32@earthlink.net>

Pete Benjamin

Field Supervisor

Raleigh ES Field Office



Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for continued
trapping of red wolves on Mattamuskeet Ventures and your request for a meeting. 
Thank you.

 

After reviewing your email, we are more convinced than before that the best course
of action for Mattamuskeet Ventures is the permanent removal of the red wolves. 
The occupation of Mattamuskeet Ventures by the red wolves has not prevented the
intrusion of coyotes.  Furthermore there is continued hybridization between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore, we
see no reason to meet.  As we have said previously, we want all red wolves
removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount



Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: Benjamin, Pete
To: william blount
Cc: Tom Harrison; Jamin Simmons; Hoyt Lowder; Hunter Parks; Beyer, Arthur; Harrison, Rebecca
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 3:42:27 PM
Importance: High

Thanks for the reply Bill.  I'm disappointed but we will do our best to honor your request.  I think I
heard that Matthew was not planning to trap as intensively as he had been, so I'd like to get my guys
out there for the next couple weeks to see how many additional animals we can pick up.  Do we still
have permission to enter the property?  If so, I'll have my guys coordinate with Jonathan.  

Take care,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 2:43 PM, william blount <wgblount@gmail.com> wrote:

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for continued
trapping of red wolves on Mattamuskeet Ventures and your request for a meeting. 
Thank you.

 



After reviewing your email, we are more convinced than before that the best course
of action for Mattamuskeet Ventures is the permanent removal of the red wolves. 
The occupation of Mattamuskeet Ventures by the red wolves has not prevented the
intrusion of coyotes.  Furthermore there is continued hybridization between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore, we
see no reason to meet.  As we have said previously, we want all red wolves
removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 3:44:26 PM
Importance: High

Yes, we need to get out there.  We've got maybe two weeks.  This needs to be a priority.  I sent Bill a
note asking him to affirm we have access.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 3:32 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
We need to discuss the implications of this for our field efforts.  From the sounds of
Ryan's conversation with Eaks yesterday, he's only trapping on the weekends or
irregularly at best.  Do we need to set up lines down there?  Can you please circle
back with Bill and see if they'd grant permission/access?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 16, 2016 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: william blount <wgblount@gmail.com>
Date: Wed, Mar 16, 2016 at 2:43 PM
Subject: Fwd: Red Wolves on Mattamuskeet Ventures
To: "Benjamin, Pete" <pete_benjamin@fws.gov>
Cc: Tom Harrison <harrison@greenvillenc.com>, Jamin Simmons <jamin@mmc-
nc.com>, Hoyt Lowder <hoyt.lowder@hgbnet.com>, Hunter Parks
<dparks32@earthlink.net>



Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for
continued trapping of red wolves on Mattamuskeet Ventures and your request for
a meeting.  Thank you.

 

After reviewing your email, we are more convinced than before that the best
course of action for Mattamuskeet Ventures is the permanent removal of the red
wolves.  The occupation of Mattamuskeet Ventures by the red wolves has not
prevented the intrusion of coyotes.  Furthermore there is continued hybridization
between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore, we
see no reason to meet.  As we have said previously, we want all red wolves
removed from our property. 

 

Sincerely,

 



Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: Harrison, Rebecca
To: Nordsven, Ryan; Morse, Michael L; Olson, Shaun E
Cc: Benjamin, Pete
Subject: Fwd: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 3:59:18 PM
Importance: High

It looks like we'll be trapping Ventures.  Any possible efforts should occur
immediately.  Pete is verifying we have permission to access the property.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Mar 16, 2016 at 3:44 PM
Subject: Re: Red Wolves on Mattamuskeet Ventures
To: "Harrison, Rebecca" <rebecca_harrison@fws.gov>

Yes, we need to get out there.  We've got maybe two weeks.  This needs to be a priority.  I sent Bill a
note asking him to affirm we have access.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 3:32 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
We need to discuss the implications of this for our field efforts.  From the sounds of
Ryan's conversation with Eaks yesterday, he's only trapping on the weekends or
irregularly at best.  Do we need to set up lines down there?  Can you please circle
back with Bill and see if they'd grant permission/access?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead



Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 16, 2016 at 2:55 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: william blount <wgblount@gmail.com>
Date: Wed, Mar 16, 2016 at 2:43 PM
Subject: Fwd: Red Wolves on Mattamuskeet Ventures
To: "Benjamin, Pete" <pete_benjamin@fws.gov>
Cc: Tom Harrison <harrison@greenvillenc.com>, Jamin Simmons <jamin@mmc-
nc.com>, Hoyt Lowder <hoyt.lowder@hgbnet.com>, Hunter Parks
<dparks32@earthlink.net>

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 



Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for
continued trapping of red wolves on Mattamuskeet Ventures and your request for
a meeting.  Thank you.

 

After reviewing your email, we are more convinced than before that the best
course of action for Mattamuskeet Ventures is the permanent removal of the red
wolves.  The occupation of Mattamuskeet Ventures by the red wolves has not
prevented the intrusion of coyotes.  Furthermore there is continued hybridization
between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore, we
see no reason to meet.  As we have said previously, we want all red wolves
removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: william blount
To: Benjamin, Pete
Cc: Tom Harrison; Jamin Simmons; Hoyt Lowder; Hunter Parks; Beyer, Arthur; Harrison, Rebecca
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 4:13:45 PM
Importance: High

Yes just email us when you are coming and coordinate with Jamin or Jonathan. 

On Wednesday, March 16, 2016, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks for the reply Bill.  I'm disappointed but we will do our best to honor your request.  I think I
heard that Matthew was not planning to trap as intensively as he had been, so I'd like to get my guys
out there for the next couple weeks to see how many additional animals we can pick up.  Do we still
have permission to enter the property?  If so, I'll have my guys coordinate with Jonathan.  

Take care,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 2:43 PM, william blount <wgblount@gmail.com> wrote:

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for
continued trapping of red wolves on Mattamuskeet Ventures and your request for



a meeting.  Thank you.

 

After reviewing your email, we are more convinced than before that the best
course of action for Mattamuskeet Ventures is the permanent removal of the red
wolves.  The occupation of Mattamuskeet Ventures by the red wolves has not
prevented the intrusion of coyotes.  Furthermore there is continued hybridization
between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore, we
see no reason to meet.  As we have said previously, we want all red wolves
removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: Benjamin, Pete
To: william blount
Cc: Tom Harrison; Jamin Simmons; Hoyt Lowder; Hunter Parks; Beyer, Arthur; Harrison, Rebecca
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Wednesday, March 16, 2016 4:16:08 PM
Importance: High

Thank you.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 4:13 PM, william blount <wgblount@gmail.com> wrote:
Yes just email us when you are coming and coordinate with Jamin or Jonathan. 

On Wednesday, March 16, 2016, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks for the reply Bill.  I'm disappointed but we will do our best to honor your request.  I think I
heard that Matthew was not planning to trap as intensively as he had been, so I'd like to get my
guys out there for the next couple weeks to see how many additional animals we can pick up.  Do
we still have permission to enter the property?  If so, I'll have my guys coordinate with Jonathan.  

Take care,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 2:43 PM, william blount <wgblount@gmail.com> wrote:

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016



 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for
continued trapping of red wolves on Mattamuskeet Ventures and your request
for a meeting.  Thank you.

 

After reviewing your email, we are more convinced than before that the best
course of action for Mattamuskeet Ventures is the permanent removal of the red
wolves.  The occupation of Mattamuskeet Ventures by the red wolves has not
prevented the intrusion of coyotes.  Furthermore there is continued hybridization
between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore,
we see no reason to meet.  As we have said previously, we want all red wolves
removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042

-- 
Bill Blount
Office 252-758-1081



Fax 252-758-0761 Cell 341 5042



From: Harrison, Rebecca
To: Nordsven, Ryan; Morse, Michael L; Olson, Shaun E
Cc: Benjamin, Pete; Beyer, Arthur
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Thursday, March 17, 2016 11:29:05 AM
Importance: High

Just to follow up, I spoke with Pete this morning and it sounds like we need to
establish lines there as soon as possible.  I know Michael and Ryan will need to share
a line to cover telemetry flights.  Shaun, if you feel comfortable you can set up a line
with one of them supervising you or shadow their efforts if you don't feel ready. 
Either way, everyone needs to be involved.  Pete also asked that we loop Andrea in--
she may be able to set up a separate line (?).  I'm guessing she's going to need
equipment, so please coordinate with her on that.  I have a REC key for her.  

I know there are a lot of concerns about trapping right now.  It's my understanding
that our goal is to target these efforts until the end of the month.

Please let me know if there are questions.

Thank you,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 16, 2016 at 4:20 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
FYI.  We have permission to trap on Ventures, please coordinate through Pete so
Jamin and/or Jonathan can be notified.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245



Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Mar 16, 2016 at 4:16 PM
Subject: Re: Red Wolves on Mattamuskeet Ventures
To: william blount <wgblount@gmail.com>
Cc: Tom Harrison <harrison@greenvillenc.com>, Jamin Simmons <jamin@mmc-nc.com>,
Hoyt Lowder <hoyt.lowder@hgbnet.com>, Hunter Parks <dparks32@earthlink.net>, Arthur
Beyer <arthur_beyer@fws.gov>, Rebecca Harrison <rebecca_harrison@fws.gov>

Thank you.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 4:13 PM, william blount <wgblount@gmail.com> wrote:
Yes just email us when you are coming and coordinate with Jamin or Jonathan. 

On Wednesday, March 16, 2016, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks for the reply Bill.  I'm disappointed but we will do our best to honor your request.  I think
I heard that Matthew was not planning to trap as intensively as he had been, so I'd like to get my
guys out there for the next couple weeks to see how many additional animals we can pick up. 
Do we still have permission to enter the property?  If so, I'll have my guys coordinate with
Jonathan.  

Take care,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 2:43 PM, william blount <wgblount@gmail.com> wrote:

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11



Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for
continued trapping of red wolves on Mattamuskeet Ventures and your request
for a meeting.  Thank you.

 

After reviewing your email, we are more convinced than before that the best
course of action for Mattamuskeet Ventures is the permanent removal of the
red wolves.  The occupation of Mattamuskeet Ventures by the red wolves has
not prevented the intrusion of coyotes.  Furthermore there is continued
hybridization between the two. 

 

It is our view that the Red Wolf Restoration Program has no future.  Therefore,
we see no reason to meet.  As we have said previously, we want all red
wolves removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount



Office 252-758-1081
Fax 252-758-0761 Cell 341 5042

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042



From: Nordsven, Ryan
To: Harrison, Rebecca
Cc: Morse, Michael L; Olson, Shaun E; Benjamin, Pete; Beyer, Arthur
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Thursday, March 17, 2016 4:52:28 PM
Importance: High

What a buzz kill after last night.  We never get to feel good about our jobs or take pride in our
work for long around here do we?

On Thu, Mar 17, 2016 at 11:29 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Just to follow up, I spoke with Pete this morning and it sounds like we need to
establish lines there as soon as possible.  I know Michael and Ryan will need to
share a line to cover telemetry flights.  Shaun, if you feel comfortable you can set
up a line with one of them supervising you or shadow their efforts if you don't feel
ready.  Either way, everyone needs to be involved.  Pete also asked that we loop
Andrea in--she may be able to set up a separate line (?).  I'm guessing she's going
to need equipment, so please coordinate with her on that.  I have a REC key for
her.  

I know there are a lot of concerns about trapping right now.  It's my understanding
that our goal is to target these efforts until the end of the month.

Please let me know if there are questions.

Thank you,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 16, 2016 at 4:20 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
FYI.  We have permission to trap on Ventures, please coordinate through Pete so
Jamin and/or Jonathan can be notified.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 



Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Mar 16, 2016 at 4:16 PM
Subject: Re: Red Wolves on Mattamuskeet Ventures
To: william blount <wgblount@gmail.com>
Cc: Tom Harrison <harrison@greenvillenc.com>, Jamin Simmons <jamin@mmc-
nc.com>, Hoyt Lowder <hoyt.lowder@hgbnet.com>, Hunter Parks
<dparks32@earthlink.net>, Arthur Beyer <arthur_beyer@fws.gov>, Rebecca Harrison
<rebecca_harrison@fws.gov>

Thank you.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 4:13 PM, william blount <wgblount@gmail.com> wrote:
Yes just email us when you are coming and coordinate with Jamin or Jonathan. 

On Wednesday, March 16, 2016, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks for the reply Bill.  I'm disappointed but we will do our best to honor your request.  I
think I heard that Matthew was not planning to trap as intensively as he had been, so I'd like
to get my guys out there for the next couple weeks to see how many additional animals we
can pick up.  Do we still have permission to enter the property?  If so, I'll have my guys
coordinate with Jonathan.  

Take care,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 2:43 PM, william blount <wgblount@gmail.com> wrote:

Pete Benjamin



Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for
continued trapping of red wolves on Mattamuskeet Ventures and your
request for a meeting.  Thank you.

 

After reviewing your email, we are more convinced than before that the best
course of action for Mattamuskeet Ventures is the permanent removal of the
red wolves.  The occupation of Mattamuskeet Ventures by the red wolves
has not prevented the intrusion of coyotes.  Furthermore there is continued
hybridization between the two. 

 

It is our view that the Red Wolf Restoration Program has no future. 
Therefore, we see no reason to meet.  As we have said previously, we want
all red wolves removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 



-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Morse, Michael L
To: Nordsven, Ryan
Cc: Harrison, Rebecca; Olson, Shaun E; Benjamin, Pete; Beyer, Arthur
Subject: Re: Red Wolves on Mattamuskeet Ventures
Date: Friday, March 18, 2016 9:35:20 AM
Importance: High

Rebecca & Pete,

What do we do with coyotes captured during this time period, release them at the trap site? 
We don't need to get into the coyote removal business and the landowners can't possess the
animals out of trapping season.  I'm not sure but I don't think it's our job to hold an animal in a
trap and let the landowner shoot it.  Please advise, thank you,

On Thu, Mar 17, 2016 at 4:52 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
What a buzz kill after last night.  We never get to feel good about our jobs or take pride in
our work for long around here do we?

On Thu, Mar 17, 2016 at 11:29 AM, Harrison, Rebecca <rebecca_harrison@fws.gov>
wrote:

Just to follow up, I spoke with Pete this morning and it sounds like we need to
establish lines there as soon as possible.  I know Michael and Ryan will need to
share a line to cover telemetry flights.  Shaun, if you feel comfortable you can set
up a line with one of them supervising you or shadow their efforts if you don't
feel ready.  Either way, everyone needs to be involved.  Pete also asked that we
loop Andrea in--she may be able to set up a separate line (?).  I'm guessing she's
going to need equipment, so please coordinate with her on that.  I have a REC
key for her.  

I know there are a lot of concerns about trapping right now.  It's my
understanding that our goal is to target these efforts until the end of the month.

Please let me know if there are questions.

Thank you,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954



Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Mar 16, 2016 at 4:20 PM, Harrison, Rebecca <rebecca_harrison@fws.gov>
wrote:

FYI.  We have permission to trap on Ventures, please coordinate through Pete
so Jamin and/or Jonathan can be notified.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Wed, Mar 16, 2016 at 4:16 PM
Subject: Re: Red Wolves on Mattamuskeet Ventures
To: william blount <wgblount@gmail.com>
Cc: Tom Harrison <harrison@greenvillenc.com>, Jamin Simmons <jamin@mmc-
nc.com>, Hoyt Lowder <hoyt.lowder@hgbnet.com>, Hunter Parks
<dparks32@earthlink.net>, Arthur Beyer <arthur_beyer@fws.gov>, Rebecca Harrison
<rebecca_harrison@fws.gov>

Thank you.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 4:13 PM, william blount <wgblount@gmail.com> wrote:
Yes just email us when you are coming and coordinate with Jamin or Jonathan. 

On Wednesday, March 16, 2016, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks for the reply Bill.  I'm disappointed but we will do our best to honor your request.  I
think I heard that Matthew was not planning to trap as intensively as he had been, so I'd like
to get my guys out there for the next couple weeks to see how many additional animals we



can pick up.  Do we still have permission to enter the property?  If so, I'll have my guys
coordinate with Jonathan.  

Take care,
 
Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 16, 2016 at 2:43 PM, william blount <wgblount@gmail.com> wrote:

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

 

March 15, 2016

 

 

Dear Pete,

 

We are in receipt of your March 11, 2016 email with the authorization for
continued trapping of red wolves on Mattamuskeet Ventures and your
request for a meeting.  Thank you.

 

After reviewing your email, we are more convinced than before that the
best course of action for Mattamuskeet Ventures is the permanent removal
of the red wolves.  The occupation of Mattamuskeet Ventures by the red
wolves has not prevented the intrusion of coyotes.  Furthermore there is
continued hybridization between the two. 

 



It is our view that the Red Wolf Restoration Program has no future. 
Therefore, we see no reason to meet.  As we have said previously, we
want all red wolves removed from our property. 

 

Sincerely,

 

Bill Blount,

Executive Manager

 

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042

-- 
Bill Blount
Office 252-758-1081
Fax 252-758-0761 Cell 341 5042

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353

-- 
Michael L. Morse
Wildlife Biologist, USFWS



ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Beyer, Arthur
Subject: Re: parentage/releases
Date: Friday, March 18, 2016 12:55:11 PM
Importance: High

Hi Pete,

I'm not sure why he's not listed in the spreadsheet.  Could be a query error. I pulled
his info directly from the studbook, but doublechecked the database.  It looks like he
was born on Bulls Island in 1999, transferred to Sandy Ridge in 2000, and then
released in 2001.  I need to verify with Art the details, because I thought he was
released on federal land (Mattamuskeet NWR) and listed it that way in the pedigree. 
It looks like he was released on private lands adjacent to the refuge in March 2001,
caught again that summer, and re-released on the refuge in late Sept 2001.  If that's
the case I need to update that on the pedigree.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Fri, Mar 18, 2016 at 8:58 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
? I have a call at 9am, but can circle back with you afterward.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



On Fri, Mar 18, 2016 at 8:40 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thanks,

I can't find 11108M from the Ventures pedigree.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Mar 17, 2016 at 11:05 AM, Harrison, Rebecca <rebecca_harrison@fws.gov>
wrote:

Hi Pete,

I reviewed the pedigrees of the animals I sent before and cross-checked them
with released animals.  I've attached the pedigrees for the Ventures group and
female (12042F) caught on Ferebee's property separately.  The Ventures
pedigree is the same as before, but as I was quality checking the other in the
studbook, I realized I wrote down one of the descendants' #s incorrectly (I had
11664 in the last pedigree and it should be 11644 instead).  Those updates are
in this revised version.  I believe both sets of animals had a one grandparent
that was island-born released on private land.

Please let me know if you have any questions.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



From: Morse, Michael L
To: Benjamin, Pete
Subject: Re: What"s going on with Ventures?
Date: Tuesday, March 22, 2016 1:49:44 PM
Importance: High

Setting traps yesterday and today Pete.  Wanted to get on it because there's so little time.  We
did contact Ventures to let them know.

On Tue, Mar 22, 2016 at 1:48 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are we out there?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Benjamin, Pete; Ward, Sara; Phillips, Howard; Mike Bryant; Lanier, Scott
Subject: Re: What"s going on with Ventures?
Date: Tuesday, March 22, 2016 1:52:35 PM
Importance: High

Also - I put a three more videos on the drive for PLNWR water levels.  Lower altitude this
time.  Keep letting me know what you all need.  Thanks, 

On Tue, Mar 22, 2016 at 1:49 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Setting traps yesterday and today Pete.  Wanted to get on it because there's so little time. 
We did contact Ventures to let them know.

On Tue, Mar 22, 2016 at 1:48 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are we out there?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Morse, Michael L
Cc: Nordsven, Ryan; Harrison, Rebecca
Subject: Re: What"s going on with Ventures?
Date: Tuesday, March 22, 2016 2:00:46 PM
Importance: High

Thank you.  I know the news and work on Ventures is disheartening.  I'm not giving up on this program
and hope you can continue to hang in there with me.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 22, 2016 at 1:49 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Setting traps yesterday and today Pete.  Wanted to get on it because there's so little time. 
We did contact Ventures to let them know.

On Tue, Mar 22, 2016 at 1:48 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are we out there?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Beyer, Arthur
To: Benjamin, Pete
Cc: Morse, Michael L; Nordsven, Ryan; Harrison, Rebecca
Subject: Re: What"s going on with Ventures?
Date: Tuesday, March 22, 2016 3:56:11 PM
Importance: High

Ryan can provide more details but from what I understand he got traps out yesterday at
Ventures.

On Tue, Mar 22, 2016 at 1:48 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are we out there?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Nordsven, Ryan
To: Beyer, Arthur
Cc: Benjamin, Pete; Morse, Michael L; Harrison, Rebecca
Subject: Re: What"s going on with Ventures?
Date: Tuesday, March 22, 2016 4:26:50 PM
Importance: High

Yes I got traps out yesterday and added more today.  It wouldn't be as bad, Pete, if we were
releasing all the captured wolves as our rule mandates us to do.  The truly disheartening part is
not knowing when, or even if, any captured wolves will be released back into the wild.  It has
already happened once with the male that came off of Ferebee's last year.  We held him too
long while the grand council tried to make up their mind on what to do with him, and we
ended up ruining him and having to pull him back into captivity.  It really would be
inexcusable if the same thing occurred again with these wolves.  The clock is ticking,
especially with the puppies we have at Sandy Ridge.  I would like to go ahead and put
abdominal transmitters in them now so when the time comes they are ready to go and we don't
have to waste any more time.  I would also like to think that we can release all the held wolves
after we cease trapping efforts on April 1.

On Tue, Mar 22, 2016 at 3:56 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Ryan can provide more details but from what I understand he got traps out yesterday at
Ventures.

On Tue, Mar 22, 2016 at 1:48 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are we out there?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Benjamin, Pete
To: Nordsven, Ryan
Cc: Beyer, Arthur; Morse, Michael L; Harrison, Rebecca
Subject: Re: What"s going on with Ventures?
Date: Tuesday, March 22, 2016 4:42:44 PM

I know.  We've got to get some paperwork in order on those wolves before we can release them
(section 7 and refuge compatibility).  I've got a team here in Raleigh working on that.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 22, 2016 at 4:26 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
Yes I got traps out yesterday and added more today.  It wouldn't be as bad, Pete, if we were
releasing all the captured wolves as our rule mandates us to do.  The truly disheartening part
is not knowing when, or even if, any captured wolves will be released back into the wild.  It
has already happened once with the male that came off of Ferebee's last year.  We held him
too long while the grand council tried to make up their mind on what to do with him, and we
ended up ruining him and having to pull him back into captivity.  It really would be
inexcusable if the same thing occurred again with these wolves.  The clock is ticking,
especially with the puppies we have at Sandy Ridge.  I would like to go ahead and put
abdominal transmitters in them now so when the time comes they are ready to go and we
don't have to waste any more time.  I would also like to think that we can release all the held
wolves after we cease trapping efforts on April 1.

On Tue, Mar 22, 2016 at 3:56 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Ryan can provide more details but from what I understand he got traps out yesterday at
Ventures.

On Tue, Mar 22, 2016 at 1:48 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Are we out there?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353





From: Harrison, Rebecca
To: Butts, Matthew T
Cc: Benjamin, Pete
Subject: Fwd: trapper program grant
Date: Monday, March 28, 2016 7:08:53 AM
Attachments: image002.png

image001.png
image004.png
image003.png
SF 424 signed.pdf

Importance: High

Hi Matt,

Did the modification for grant agreement F15AC00783 to NCWRC get processed? 
Don had asked for some additional paperwork last month, but I never received a
signed award letter from Contracting.  NCWRC needs the funds to reimburse
trappers.  Can you please check on the status of this?

Thanks,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Pipkin, Kathryn A. <kathryn.pipkin@ncwildlife.org>
Date: Thu, Mar 24, 2016 at 4:42 PM
Subject: trapper program grant
To: "rebecca_harrison@fws.gov" <rebecca_harrison@fws.gov>
Cc: "Cobb, David T." <david.cobb@ncwildlife.org>

Becky,

 

In reference to the attached grant application, was an award letter ever issued? We have an
invoice from a trapper and I need an award letter in order to set up the grant in our system and
code it properly.



 

Thanks,

Kate Pipkin

Operations Manager, Wildlife Management Division 

 

NC Wildlife Resources Commission

Mailing Address: 1722 Mail Service Center

Raleigh, North Carolina 27699-1700

office: 919-707-0065   //   fax: 919-707-0067    

 

ncwildlife.org 

 

 

         

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

















From: Benjamin, Pete
To: Harrison, Rebecca; Beyer, Arthur
Subject: Draft Press Release regarding escaped wolf
Date: Monday, March 28, 2016 4:43:04 PM
Attachments: Press Release.Escapee.docx
Importance: High

Let me know what you think of this as a possible release regarding the escaped wolf.  I'd like to send it
up to Jeff Fleming tomorrow if possible.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



For Immediate Release 

The Old Man is Down the Road 

A 12-year-old male red wolf has escaped from the U.S. Fish and Wildlife Service’s holding facility on 
Alligator River National Wildlife Refuge.  The old fellow was captured on private lands in February and 
was planned to be released onto the refuge, but he decided to take matters into his own paws.   

“We had placed him in a pen with a young female wolf, which he didn’t seem to mind at first”, said Field 
Supervisor Pete Benjamin, “but when staff returned to the pen to continue processing the animals for 
release they discovered both animals had escaped through a small hole in the fence they had managed 
to pry open.”  The young female wolf had been fitted with a radio collar so staff were able to track and 
recapture her quickly, but the old wolf had not yet been collared so his whereabouts are unknown.  Staff 
have been deploying traps along the most likely travel routes and habitats on the Refuge, but attempts 
to locate the old boy have been unsuccessful.  Our trapping efforts will be suspended at the end of 
March as we approach pupping season, so as not to run the risk of capturing a nursing female.   

While it is rare, a few animals have escaped from the facility since it was first established in the late 
1980s.  This animal is somewhat unique in a few ways.  First, he is twelve years old, which is unusual 
longevity for a wild wolf.  Second, he had not been previously captured.  He was tagged as a puppy by 
our crew in 2004, and not encountered again until being trapped in February.  “A wolf has to be pretty 
smart to live that long and avoid capture,” said Benjamin, “He obviously out-smarted us.  There’s 
nothing we can do at this point but wish him the best of luck.”  The Service is currently in the process of 
finalizing plans to release the female wolf, which should occur this spring.   



From: Benjamin, Pete
To: Fleming, Jeffrey M; Eversen, Michelle
Subject: Draft Press Release
Date: Tuesday, March 29, 2016 8:17:02 AM
Attachments: Press Release.Escapee.docx
Importance: High

Hi Jeff,

When we last briefed Mike Oetker on red wolves we talked about needing to put out a release
regarding the wolf the escaped from Sandy Ridge.  Here's my attempt.  Let me know what you think.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



For Immediate Release 

The Old Man is Down the Road 

A 12-year-old male red wolf has escaped from the U.S. Fish and Wildlife Service’s holding facility on 
Alligator River National Wildlife Refuge.  The old fellow was captured on private lands in February and 
was planned to be released onto the refuge, but he decided to take matters into his own paws.   

“We had placed him in a pen with a young female wolf, which he didn’t seem to mind at first”, said Field 
Supervisor Pete Benjamin, “but when staff returned to the pen to continue processing the animals for 
release they discovered both animals had escaped through a small hole in the fence they had managed 
to pry open.”  The young female wolf had been fitted with a radio collar so biologists were able to track 
and recapture her quickly, but the old wolf had not yet been collared so his whereabouts are unknown.  
Our biologists have been deploying traps along the most likely travel routes and habitats on the Refuge, 
but attempts to locate the old boy have been unsuccessful.  Our trapping efforts will be suspended at 
the end of March as we approach pupping season, so as not to run the risk of capturing a pregnant 
female.   

While it is rare, a few animals have escaped from the facility since it was first established in the late 
1980s.  This animal is somewhat unique in a few ways.  First, he is twelve years old, which is unusual 
longevity for a wild wolf.  Second, he had not been previously captured.  He was tagged as a puppy by 
our crew in 2004, and not encountered again until being trapped in February.  “A wolf has to be pretty 
smart to live that long and avoid capture,” said Benjamin, “He obviously out-smarted us.  There’s 
nothing we can do at this point but wish him the best of luck.”  The Service is currently in the process of 
finalizing plans to release the female wolf, which should occur this spring.   



From: Fleming, Jeffrey M
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Draft Press Release
Date: Tuesday, March 29, 2016 8:42:30 AM
Importance: High

good grief pete.  lost track of it.  my fault and i apologize.  will get a draft back to you later
today.  

Jeff Fleming
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
Southeast Region, Atlanta, Georgia

404-679-7287 d
404-274-6693 m

On Tue, Mar 29, 2016 at 8:17 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Jeff,

When we last briefed Mike Oetker on red wolves we talked about needing to put out a release
regarding the wolf the escaped from Sandy Ridge.  Here's my attempt.  Let me know what you think.
 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Re: Update from my end
Date: Friday, April 1, 2016 7:35:44 AM

I might still be on the Recovery Team conference call at noon.  How about 12:30?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Mar 31, 2016 at 5:17 PM, Eversen, Michelle <michelle_eversen@fws.gov> wrote:
Pete,

Looks like 2:30 Monday will work for us and refuges.  Let's plan on a quick conversation
tomorrow around noon to prep for the 1 pm brief.  I have some I think good news for you.

Michelle

---------- Forwarded message ----------
From: Souheaver, Elizabeth <elizabeth_souheaver@fws.gov>
Date: Thu, Mar 31, 2016 at 3:59 PM
Subject: Re: Update from my end
To: "Eversen, Michelle" <michelle_eversen@fws.gov>

Michelle,

Let's do 2:30 on Monday.  I confirmed with Scott his availability.  We can use my
area conf call number if needed.  Do you want me to send invite?

On Thu, Mar 31, 2016 at 10:15 AM, Eversen, Michelle <michelle_eversen@fws.gov>
wrote:

Hi Elizabeth,

Thanks again for making the time yesterday.  It was very helpful.  I reached out to Pete
and Monday or Tuesday pm works well for him.  Would either of those work for you.  I
can do Monday after 2:30.  and Tuesday afternoon anytime.

Thanks,

Michelle

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Thu, Mar 31, 2016 at 7:49 AM



Subject: Re: Update from my end
To: "Eversen, Michelle" <michelle_eversen@fws.gov>

Sounds good.  Next week I'm available Monday afternoon, Tuesday afternoon, Wednesday morning
until 10:30, and all day Thursday.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Mar 30, 2016 at 5:26 PM, Eversen, Michelle <michelle_eversen@fws.gov>
wrote:

Pete,

I requested and had a meeting with Elizabeth S. today so that we could catch up on a
variety of items.  Most of course were eastern NC related.

We talked about the expansion proposals, the compatibility determination both in the
case of releasing trapped wolves onto the refuge and the NCWRC proposal to release
collared coyotes on the refuge as well as a few house keeping items.  

But by the end of it we decided that ought to have a call with you and Mike B. 
Unfortunately for us but fortunate for him Mike B. is in Hawaii for the next two weeks
but she felt that Sean could cover for him.  

We would like to set something up for early next week.  Are you available?  If so do you
have a date and time preference we should plan towards or around?

Thanks,

Michelle

-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)

1875 Century Blvd.
Atlanta, GA. 30345

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may
be disclosed to third parties



-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)

1875 Century Blvd.
Atlanta, GA. 30345

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties

-- 
Elizabeth Souheaver
Refuge Supervisor for
AL, GA, NC, SC, TN, KY
1875 Century Blvd
Atlanta, GA 30345
404 679-7163 desk
404-394-0820 cell
elizabeth_souheaver@fws.gov

-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)

1875 Century Blvd.
Atlanta, GA. 30345

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Beyer, Arthur
To: Benjamin, Pete
Subject: Re: Draft Press Release regarding escaped wolf
Date: Friday, April 1, 2016 10:06:14 AM
Importance: High

I like it Pete - well done on adding some humor, and looks to be accurate.  

On Mon, Mar 28, 2016 at 4:43 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Let me know what you think of this as a possible release regarding the escaped wolf.  I'd like to send
it up to Jeff Fleming tomorrow if possible.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Harrison, Rebecca
Cc: Beyer, Arthur
Subject: Re: red wold pedigrees for recent captures
Date: Tuesday, April 5, 2016 3:46:12 PM

Thanks.  Very interesting.  It really underscores the inter-relatedness of all these animals.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Apr 5, 2016 at 2:55 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Pete,

Per request of DRD Oetker, I've traced the lineages for all four wild animals we are
currently holding using the studbook and wild database. All of them can be
connected to animals in the original 4 pairs released on Alligator River NWR in 1987
(10140, 10184, 10196, 100205, 10211, 10227, & 10235). This was not surprising
given the relatedness of the wild population. 

The pedigrees are difficult to sketch out, so maternal and paternal lines are on
separate slides. I've included the birth year and then 'W' or 'C' if wild- or captive-
born respectively.  I've indicated where animals were released (specific refuges or
'PL' for private lands').  The first two slides are for the wolves caught on/near
Ventures, the last two slides are for the female captured off of Mr. Ferebee's
property.

Please let me know if you have any questions.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Ecological Services Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



From: Viker, David
To: Peters, Kristen E; Eversen, Michelle; Benjamin, Pete; Arnold, Jack; Silmarie Padron; Mike Bryant; Phillips,

Howard; Lanier, Scott; Elizabeth Souheaver; Martin, Rebekah; Sue Cielinski; Hunter, Brett
Cc: Miranda, Leopoldo
Subject: IMPORTANT - 9:30 Monday - ES & NWRS coordination on red wolf releases
Date: Wednesday, April 13, 2016 9:37:07 AM
Importance: High

Hello everyone,

Leo and I just spoke briefly by phone on the subject and thought it best to
gather everyone together soon to ensure we are on the same page with
latest information, possible challenges, and developing a plan forward
together.  

At 9:30 on Monday, please call in to 866.813.3412 using passcode
1333891.  E-mail back if you can't make it for some reason.

Thank you, 

David and Leo



From: Benjamin, Pete
To: Viker, David; Miranda, Leopoldo; Mike Bryant
Subject: Red Wolf Release Review Timeline
Date: Tuesday, May 10, 2016 8:23:28 AM

Below are the sequence of events that need to occur prior to the release of wolves onto either
Alligator River or Pocosin Lakes NWRs along with and projected dates by which each event will be
completed.  These are tasks to be completed by Ecological Services.

1.  The Raleigh ES Field Office provides to the Refuge Manager a summary of the proposed action
including the measures that will be incorporated to minimize adverse effects to the wolves being
released, wolves that currently occupy refuge lands and other refuge resources:  Projected Completion
 - May 10, 2016.

2.  The Raleigh ES Field Office submits a draft Biological Assessment to the South Florida ES Field
Office and RO Section 7 Coordinator for initial review:  Projected Completion - May 13, 2016.  We will
request feedback within one week, as the intended recipients already have access to the draft
document via google drive. 

3.  The Raleigh ES Field Office submits a final Biological Assessment and request to initiation formal
consultation and conference to the South Florida ES Field Office.  Simultaneously, the final BA is
submitted to the Refuge Manager with a request for a compatibility review :  Projected Completion -
May 20, 2016.  

The Raleigh ES Field Office receives a Final BO and Conference Opinion and provides it to the Refuge
Manager; Projected Completion - TBD.

Ancillary Events:  In parallel with the above actions we must also coordinate with the NCWRC to discuss
their concerns regarding the ancestry of the wolves to be released and the fact that two of the wolves
cannot be fitted with radio collars due to their small size.  Projected Completion - June 3, 2016.

I'll provide a projected completion date for the BO and Conference Opinion as soon as I have it.  Let me
know if you need additional information.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Eversen, Michelle
Subject: Fwd: Red Wolf Release Review Timeline
Date: Tuesday, May 10, 2016 8:26:32 AM

Forgot to include you on the cc.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Benjamin, Pete <pete_benjamin@fws.gov>
Date: Tue, May 10, 2016 at 8:23 AM
Subject: Red Wolf Release Review Timeline
To: David Viker <David_Viker@fws.gov>, Leopoldo Miranda
<leopoldo_miranda@fws.gov>, Mike Bryant <Mike_Bryant@fws.gov>

Below are the sequence of events that need to occur prior to the release of wolves onto either
Alligator River or Pocosin Lakes NWRs along with and projected dates by which each event will be
completed.  These are tasks to be completed by Ecological Services.

1.  The Raleigh ES Field Office provides to the Refuge Manager a summary of the proposed action
including the measures that will be incorporated to minimize adverse effects to the wolves being
released, wolves that currently occupy refuge lands and other refuge resources:  Projected Completion
 - May 10, 2016.

2.  The Raleigh ES Field Office submits a draft Biological Assessment to the South Florida ES Field
Office and RO Section 7 Coordinator for initial review:  Projected Completion - May 13, 2016.  We will
request feedback within one week, as the intended recipients already have access to the draft
document via google drive. 

3.  The Raleigh ES Field Office submits a final Biological Assessment and request to initiation formal
consultation and conference to the South Florida ES Field Office.  Simultaneously, the final BA is
submitted to the Refuge Manager with a request for a compatibility review :  Projected Completion -
May 20, 2016.  

The Raleigh ES Field Office receives a Final BO and Conference Opinion and provides it to the Refuge
Manager; Projected Completion - TBD.

Ancillary Events:  In parallel with the above actions we must also coordinate with the NCWRC to discuss
their concerns regarding the ancestry of the wolves to be released and the fact that two of the wolves
cannot be fitted with radio collars due to their small size.  Projected Completion - June 3, 2016.

I'll provide a projected completion date for the BO and Conference Opinion as soon as I have it.  Let me
know if you need additional information.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Mike Bryant
Cc: Wells, Emily N; Harrison, Rebecca; Beyer, Arthur
Subject: Draft plan to release wolves onto refuge lands
Date: Tuesday, May 10, 2016 9:40:46 AM
Attachments: 2016.05.10.RW.Release Proposal.Draft.docx

Howdy Mike,  

As promised here is the 2-pagers that describes what we are proposing to do and the steps we will take
to minimize impacts on relocated wolves, resident wolves and other refuge resources.  This will also be
described in our forth coming Biological Assessment, which will provide an analysis of anticipated
effects under the ESA.  Art has access to the Google Drive where the draft BA resides and has been
helping with its development.  Let me know if you have any questions.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408
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Proposal to Release Red Wolves onto National Wildlife Refuge Lands within the Northeastern 
North Carolina Non-Essential Experimental Population of Red Wolves (Canis rufus) 
 
 
The U.S. Fish and Wildlife Service (Service) proposes to continue releasing red wolves, as 
needed, onto National Wildlife Refuge lands within the northeastern North Carolina non-
essential, experimental population (NENC NEP), after said wolves have been removed from 
private and other non-federal lands within Beaufort, Dare, Hyde, Tyrell and Washington 
Counties in North Carolina.  We estimate that as many as 20 wolves may be relocated from 
private lands over the next 5 years.  This number reflects the current number of wolves estimated 
to be the wild on private lands that could potentially be involved in a landowner removal request. 
Ultimately the number of wolves released will be determined by the number of landowner 
requests received, the number of wolves available to be removed from those lands and the 
numbers actually captured.  Additionally, we have traditionally transferred animals from the Red 
Wolf Species Survival Plan (SSP) captive breeding program to the NENC NEP to augment the 
wild population and manage genetics and inbreeding.  Although this practice was suspended in 
2015 this plan includes release of up to 9 juvenile and adult wolves per year from the SSP if the 
transfer program is reactivated in the future and such transfers are deemed necessary.  This 
action includes all of the actions related to the handling, transporting and processing of these 
animals. 
 
In order to minimize the effects on the wolves being relocated, wolves that already occupy 
Refuge lands, and other Refuge resources we intend to continue to implement a variety of 
procedures and conservation measures.   Specifically, the captive transfer protocol will be used 
to reduce stress and harm to the captured juvenile and adult wolves on non-Refuge lands and 
from SSP facilities during their capture, associated transfer and release into the NEP on Refuge 
lands.   
 
Careful introduction methods and protocols (Phillips et al. 2003, Waddell and Rabon 2012) will 
be applied in the introduction of the captive-born SSP animals (if this program is reactivated in 
the future), and re-introduction of the wild-caught animals into the NEP to reduce stress to both 
the animal(s) being released and any existing NEP pack that could be affected. 
 
Coordination will take place between the donating SSP facility and the staff in the field to ensure 
as quick a transfer as possible.  Similarly, close coordination will take place between Ecological 
Service staff and Refuge staff regarding wolves captured on non-Refuge lands.   As always, 
appropriate veterinary care and procedures will be utilized during all transfers.  
 
Prior to any release onto Refuge lands the Ecological Services Field Supervisor will analyze, in 
consultation with the Refuge Manager, the potential effects of the proposed release and 
document that it is not likely adversely affect wolves or other Refuge resources.  In cases of 
wolves captured on private lands the analysis will also document any effects to the part of the 
NEP from which the animal was removed.  This analysis will consider the age and sex of the 
wolf to be released, whether the  animal is a pack member or single animal, the social 
position/status in the pack, whether it is known to be a resident wolf or disperser, and how many 
pack members had been previously removed from the territory and how many remain.  In 
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addition, the analysis will determine whether the removal of a wolf or wolves from a territory 
going to lead to the dissolution of the remainder of the pack and/or increase the likelihood of a 
wolf/coyote hybridization event.  In terms of potential effects to wolves currently residing on the 
Refuge the analysis will consider whether there is potential to pair the animal with a resident 
wolf.  The analysis will also consider the habitat the animal is being released into, the proximity 
of the proposed release site to resident wolves, and the fate and location of any animals that were 
previously released in that area.  If the analysis concludes that the proposed release would be 
likely to adversely affect other wolves or Refuge resources the release will not take place and 
either an alternative release site will be identified, the animal will remain in captivity or be 
humanely euthanized.   
 
Background Information 
 
From September 1987 through April 2014, 134 red wolves were released onto Refuge lands into 
the five-county recovery area in northeastern North Carolina including 42 adults (≥2 years of 
age), 22 juveniles (between 12-24 months of age, and 70 pups (< 1 year of age).  The majority 
were captive-born (n = 90).  Forty animals were born on island propagation sites, and four 
animals were transferred from the former NEP in Great Smokey Mountains National Park when 
the reintroduction efforts were terminated.  Animals were released as mated breeding pairs, 
sibling groups, family groups, or foster pups. Length of acclimation, release area, location of 
resident wolves, and type of social group released all affected the probability of a wolf 
successfully establishing itself in the wild (Phillips 1994).  Longer acclimation periods (months) 
have proven more successful at addressing concerns with the survival rates and potential 
tolerance to human activity of captive-born animals (Henry and Lucash 2000).  Husbandry of 
animals identified for potential release can also minimize negative impacts to the released 
animals once free-ranging.  Care should be taken to modify nutritional needs to ensure 
appropriate feeding patterns and behaviors are stimulated (AZA Canid TAG 2012). 
 
For releases of captured or temporarily held red wolves onto Refuge NEP lands from non-federal 
lands or holding facilities, wolves are either transported to remote sites and released directly 
from shipping containers or released directly from acclimation pens (Phillips et al. 2003). 
Refinement of these release techniques and the development of island propagation sites led to the 
more recent practice of using primarily acclimation pens and discontinuing direct releases 
(Phillips et al. 1995, 2003).  During acclimation periods, human contact was minimized and 
supplemental food was provided.  A standard series of canine vaccines, heartworm preventative 
(when appropriate), and parasiticide were administered to all animals (Phillips et al. 1995). Prior 
to release, adults were fitted with radio collars and juveniles and pups were often implanted with 
abdominal transmitters.  One of the more promising release techniques would be to hold the wolf 
to be released in a soft-pen, electric-fence enclosure with a similar-aged, resident animal in the 
intended area for the pair to reside post-release. The main problems with this option are finding 
an area that’s vacant and finding an appropriate-aged, resident mate. This most likely will not 
work for releasing an animal that is a resident breeder because of the tendency for the breeder to 
return to its territory/mate/pack. 
 
If the Captive Transfer Program is re-activated in the future, there is potential that participating 
SSP facilities may initiate adult and/or juvenile transfer and releases into the NEP Refuge 
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lands.  These wolves would be either driven in enclosed vehicles or flown commercially in air 
cargo depending on source location. Transportation protocols are based on recommendations by 
the Canid Taxon Advisory Group in association with AZA Animal Welfare Committee (AZA 
Canid TAG 2012).  Prior to release, the same factors discussed for the captured wolves above 
would be analyzed to reduce stress to both the released and existing wolves in the area. 



From: Miranda, Leopoldo
To: Eversen, Michelle; Benjamin, Pete
Subject: ACTION: Escaped Wolves Report Needed COB Today
Date: Tuesday, May 17, 2016 1:01:43 PM
Importance: High

Michelle/Pete

I just spoke with Mike and David and we need a report on what
happened with the escaped wolves COB today. I think you already
have some email traffic on it so that may be good enough. We
need to know what happened, who was involved and when. We will
also need to know how the incident was reported who know what
and when.  

We will need to have, at a minimum an administrative inquiry on
it. Mike immediately asked for the protocols we asked when this
happened just a few weeks ago. Do we have those?

Leo 

Leopoldo "Leo" Miranda
U.S. Fish and Wildlife Service
Assistant Regional Director, Ecological Services
Southeast U.S., Puerto Rico and U.S. Virgin Islands
1875 Century Boulevard
Atlanta, GA 30345
1-404-679-7085 (phone)
1-404-679-7081 (fax)
Leopoldo_Miranda@fws.gov

NOTE: This email correspondence and any attachments to and from this sender is subject
to the Freedom of Information Act (FOIA) and may be disclosed to third parties.



From: Morse, Michael L
To: Harrison, Rebecca; Benjamin, Pete
Subject: Release of wolves on DOD lands (Dare County, NC).
Date: Wednesday, June 1, 2016 9:08:49 AM
Importance: High

Becky and Pete,

This morning I was able to contact Joe Lafferty (Installation Manager/Dare Co. Bombing
Range) and John Bennett (Range Manager/Navy Range/Dare County Bombing Range) and
requested permission to release the two female wild wolves currently being held at Sandy
Ridge Captive Facility/ARNWR).  
I relayed that there would be no acclamation pens needed and the wolves would be hard
released.   I also relayed that the timetable for release would be at a minimum in two weeks,
after the collars were turned on.

I was given permission from both managers to conduct the hard releases of both wolves
whenever we needed.   This permission gives us access to both the Navy and Air Force
portions of the Dare Co. ranges. 

Thank you, 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Morse, Michael L
Cc: Harrison, Rebecca
Subject: Re: Release of wolves on DOD lands (Dare County, NC).
Date: Wednesday, June 1, 2016 9:12:22 AM
Importance: High

Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jun 1, 2016 at 9:08 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Becky and Pete,

This morning I was able to contact Joe Lafferty (Installation Manager/Dare Co. Bombing
Range) and John Bennett (Range Manager/Navy Range/Dare County Bombing Range) and
requested permission to release the two female wild wolves currently being held at Sandy
Ridge Captive Facility/ARNWR).  
I relayed that there would be no acclamation pens needed and the wolves would be hard
released.   I also relayed that the timetable for release would be at a minimum in two weeks,
after the collars were turned on.

I was given permission from both managers to conduct the hard releases of both wolves
whenever we needed.   This permission gives us access to both the Navy and Air Force
portions of the Dare Co. ranges. 

Thank you, 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Benjamin, Pete
Subject: Re: Release of wolves on DOD lands (Dare County, NC).
Date: Wednesday, June 1, 2016 9:18:18 AM
Importance: High

Sure, glad it worked out.  I know them both very well and they didn't have any concern about
the releases.  I'm a little worried about the size of these wolf collars being too heavy but we'll
just have to wait to see what comes in. I'm not sure we'll have much to say about it either way
really.  Are you still on slate to meet your forester at your property on Fri?

On Wed, Jun 1, 2016 at 9:12 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jun 1, 2016 at 9:08 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Becky and Pete,

This morning I was able to contact Joe Lafferty (Installation Manager/Dare Co. Bombing
Range) and John Bennett (Range Manager/Navy Range/Dare County Bombing Range)
and requested permission to release the two female wild wolves currently being held at
Sandy Ridge Captive Facility/ARNWR).  
I relayed that there would be no acclamation pens needed and the wolves would be hard
released.   I also relayed that the timetable for release would be at a minimum in two
weeks, after the collars were turned on.

I was given permission from both managers to conduct the hard releases of both wolves
whenever we needed.   This permission gives us access to both the Navy and Air Force
portions of the Dare Co. ranges. 

Thank you, 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS



ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Morse, Michael L
Subject: Re: Release of wolves on DOD lands (Dare County, NC).
Date: Wednesday, June 1, 2016 9:39:27 AM
Importance: High

Waiting to hear from the Forester.  I might head over there on Friday either way.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jun 1, 2016 at 9:18 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Sure, glad it worked out.  I know them both very well and they didn't have any concern
about the releases.  I'm a little worried about the size of these wolf collars being too heavy
but we'll just have to wait to see what comes in. I'm not sure we'll have much to say about it
either way really.  Are you still on slate to meet your forester at your property on Fri?

On Wed, Jun 1, 2016 at 9:12 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jun 1, 2016 at 9:08 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Becky and Pete,

This morning I was able to contact Joe Lafferty (Installation Manager/Dare Co.
Bombing Range) and John Bennett (Range Manager/Navy Range/Dare County
Bombing Range) and requested permission to release the two female wild wolves
currently being held at Sandy Ridge Captive Facility/ARNWR).  
I relayed that there would be no acclamation pens needed and the wolves would be hard
released.   I also relayed that the timetable for release would be at a minimum in two
weeks, after the collars were turned on.

I was given permission from both managers to conduct the hard releases of both wolves
whenever we needed.   This permission gives us access to both the Navy and Air Force
portions of the Dare Co. ranges. 

Thank you, 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954



Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Benjamin, Pete
Subject: Re: Release of wolves on DOD lands (Dare County, NC).
Date: Wednesday, June 1, 2016 10:34:03 AM
Importance: High

Good.  Thanks Pete. I just remembered, I have a Dr. Appt. in Norfolk on Friday @ 10:00am. 
Prostate biopsy...not sure what type of condition my condition will be in!  I'll let you know. 

Also - I'm working with Selena (your intern) this morning,  and will flesh-out the roles and
responsibilities of the 2016 Annual Work Plan and get the information to her.  Thanks Pete.

On Wed, Jun 1, 2016 at 9:39 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Waiting to hear from the Forester.  I might head over there on Friday either way.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jun 1, 2016 at 9:18 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Sure, glad it worked out.  I know them both very well and they didn't have any concern
about the releases.  I'm a little worried about the size of these wolf collars being too heavy
but we'll just have to wait to see what comes in. I'm not sure we'll have much to say about
it either way really.  Are you still on slate to meet your forester at your property on Fri?

On Wed, Jun 1, 2016 at 9:12 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jun 1, 2016 at 9:08 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Becky and Pete,

This morning I was able to contact Joe Lafferty (Installation Manager/Dare Co.
Bombing Range) and John Bennett (Range Manager/Navy Range/Dare County
Bombing Range) and requested permission to release the two female wild wolves
currently being held at Sandy Ridge Captive Facility/ARNWR).  
I relayed that there would be no acclamation pens needed and the wolves would be
hard released.   I also relayed that the timetable for release would be at a minimum in
two weeks, after the collars were turned on.

I was given permission from both managers to conduct the hard releases of both
wolves whenever we needed.   This permission gives us access to both the Navy and
Air Force portions of the Dare Co. ranges. 



Thank you, 

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Sherrill, Brandon L; Shipley, Andrea J; Cobb, David T.
Cc: Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan; Olson, Shaun E
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Tuesday, June 14, 2016 3:51:15 PM
Importance: High

Brandon,

In an effort to minimize stress and possible overheating of the two wolves due for release on
6/24/16, I recommend as few a number of folks be present for the actual processing and
kenneling on the day of release.  If you and Andrea could meet Ryan and myself at the Milltail
Rd. parking access on HWY 64, on the morning of 6/24, we could get the animals ready for
release and meet everyone else a few hours later back at the Milltail parking lot.

This would allow time for the animals to be transported to the Dare Co. Bombing Range for
release in the afternoon (pending).  Let me know if this will work for you.  Thank you,

Regards,

--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Shipley, Andrea J
To: Sherrill, Brandon L; Cobb, David T.; Morse, Michael L
Cc: Olson, Shaun E; Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Tuesday, June 14, 2016 3:55:54 PM
Importance: High

Hey Mike,

I can definitely be there that morning; would 9 or 10am work?

Cheers,

Andrea

Get Outlook for iOS

_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel <rebecca_harrison@fws.gov>, Pete
Benjamin <pete_benjamin@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>

Brandon,

In an effort to minimize stress and possible overheating of the two wolves due for release on
6/24/16, I recommend as few a number of folks be present for the actual processing and
kenneling on the day of release.  If you and Andrea could meet Ryan and myself at the Milltail
Rd. parking access on HWY 64, on the morning of 6/24, we could get the animals ready for
release and meet everyone else a few hours later back at the Milltail parking lot.

This would allow time for the animals to be transported to the Dare Co. Bombing Range for
release in the afternoon (pending).  Let me know if this will work for you.  Thank you,

Regards,

--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



From: Morse, Michael L
To: Shipley, Andrea J
Cc: Sherrill, Brandon L; Cobb, David T.; Olson, Shaun E; Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Wednesday, June 15, 2016 7:50:24 AM
Importance: High

That's about the time we're thinking Andrea.  Can Brandon make it around then?  Thanks.

Michael

On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:
Hey Mike,

I can definitely be there that morning; would 9 or 10am work?

Cheers,

Andrea

Get Outlook for iOS

_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel <rebecca_harrison@fws.gov>,
Pete Benjamin <pete_benjamin@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>

Brandon,

In an effort to minimize stress and possible overheating of the two wolves due for release on
6/24/16, I recommend as few a number of folks be present for the actual processing and
kenneling on the day of release.  If you and Andrea could meet Ryan and myself at the
Milltail Rd. parking access on HWY 64, on the morning of 6/24, we could get the animals
ready for release and meet everyone else a few hours later back at the Milltail parking lot.

This would allow time for the animals to be transported to the Dare Co. Bombing Range for
release in the afternoon (pending).  Let me know if this will work for you.  Thank you,

Regards,

--
Michael L. Morse
Wildlife Biologist, USFWS



ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Sherrill, Brandon L
To: Morse, Michael L; Shipley, Andrea J
Cc: Cobb, David T.; Olson, Shaun E; Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan
Subject: RE: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Wednesday, June 15, 2016 8:15:49 AM
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Importance: High

I can be there at that time.

Thanks!
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 7:50 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shaun Olson <shaun_olson@fws.gov>; rebecca bartel
<rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
That's about the time we're thinking Andrea.  Can Brandon make it around then?  Thanks.
 
Michael
 
On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org> wrote:



Hey Mike,
 
I can definitely be there that morning; would 9 or 10am work?
 
Cheers,
 
Andrea

Get Outlook for iOS
 
_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel <rebecca_harrison@fws.gov>,
Pete Benjamin <pete_benjamin@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>

Brandon,
 
In an effort to minimize stress and possible overheating of the two wolves due for release on
6/24/16, I recommend as few a number of folks be present for the actual processing and
kenneling on the day of release.  If you and Andrea could meet Ryan and myself at the
Milltail Rd. parking access on HWY 64, on the morning of 6/24, we could get the animals
ready for release and meet everyone else a few hours later back at the Milltail parking lot.
 
This would allow time for the animals to be transported to the Dare Co. Bombing Range for
release in the afternoon (pending).  Let me know if this will work for you.  Thank you,
 
Regards,
 
 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350
 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.



 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











From: Morse, Michael L
To: Sherrill, Brandon L
Cc: Shipley, Andrea J; Cobb, David T.; Olson, Shaun E; Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Wednesday, June 15, 2016 8:22:21 AM
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Importance: High

Sounds good.  Please give me a call when you're on the road with an ETA and we'll see you
both then.  (252) 475-8350 (cell)

Thanks you,
Michael

On Wed, Jun 15, 2016 at 8:15 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

I can be there at that time.

Thanks!

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 



 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 7:50 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shaun Olson <shaun_olson@fws.gov>; rebecca bartel
<rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16

 

That's about the time we're thinking Andrea.  Can Brandon make it around then?  Thanks.

 

Michael

 

On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hey Mike,

 

I can definitely be there that morning; would 9 or 10am work?

 

Cheers,

 

Andrea

Get Outlook for iOS



 

_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel <rebecca_harrison@fws.gov>,
Pete Benjamin <pete_benjamin@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>

Brandon,

 

In an effort to minimize stress and possible overheating of the two wolves due for release
on 6/24/16, I recommend as few a number of folks be present for the actual processing
and kenneling on the day of release.  If you and Andrea could meet Ryan and myself at
the Milltail Rd. parking access on HWY 64, on the morning of 6/24, we could get the
animals ready for release and meet everyone else a few hours later back at the Milltail
parking lot.

 

This would allow time for the animals to be transported to the Dare Co. Bombing Range
for release in the afternoon (pending).  Let me know if this will work for you.  Thank you,

 

Regards,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242



Cell#: (252) 475-8350

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











From: Morse, Michael L
To: Cobb, David T.; Benjamin, Pete
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Wednesday, June 15, 2016 9:00:43 AM
Attachments: image001.png
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Importance: High

Good morning David, I'd actually like for you to see the animals getting processed.  You've
never been part of that right?  Is Brandon in the Raleigh office with you?  If so, if you want to
come out with him I think that would be fine.  I'll leave it up to you but you're more than
welcome to join us.  Thank you.

On Wed, Jun 15, 2016 at 8:43 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:
Sounds like in this case the fewer the better especially with directorate staff from both
agencies. ?.? For me importance is getting the animal released and with a collar. I might
hang back. Ur thoughts?

Sent from my Verizon 4G LTE Smartphone
On Jun 15, 2016 8:23 AM, "Morse, Michael" <michael_l_morse@fws.gov> wrote:
Sounds good.  Please give me a call when you're on the road with an ETA and we'll see you
both then.  (252) 475-8350 (cell)

Thanks you,
Michael

On Wed, Jun 15, 2016 at 8:15 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

I can be there at that time.

Thanks!

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission



1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 7:50 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shaun Olson <shaun_olson@fws.gov>; rebecca bartel
<rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16

 

That's about the time we're thinking Andrea.  Can Brandon make it around then?  Thanks.

 

Michael

 

On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hey Mike,

 



I can definitely be there that morning; would 9 or 10am work?

 

Cheers,

 

Andrea

Get Outlook for iOS

 

_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel
<rebecca_harrison@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>, Ryan
Nordsven <ryan_nordsven@fws.gov>

Brandon,

 

In an effort to minimize stress and possible overheating of the two wolves due for
release on 6/24/16, I recommend as few a number of folks be present for the actual
processing and kenneling on the day of release.  If you and Andrea could meet Ryan
and myself at the Milltail Rd. parking access on HWY 64, on the morning of 6/24, we
could get the animals ready for release and meet everyone else a few hours later back at
the Milltail parking lot.

 

This would allow time for the animals to be transported to the Dare Co. Bombing Range
for release in the afternoon (pending).  Let me know if this will work for you.  Thank
you,

 

Regards,

 

 



--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969



Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











From: Morse, Michael L
To: Cobb, David T.; Sherrill, Brandon L; Shipley, Andrea J
Cc: Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan; Olson, Shaun E
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Thursday, June 16, 2016 12:52:45 PM
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Importance: High

Let's all plan on meeting at the intersection of Milltail Road x HWY 64 (Creef Cut Parking
Lot) at 9:30am on Friday, June 24.  From there, we can go into the Sandy Ridge Captive
Facility (ARNWR) and process the two wolves slated for release later that day.  We can meet
back at the parking lot around noon and leave from there to go to the release site on the Dare
County Bombing Range,  

The parking lot we'll meet at is ~7.5 miles east of the Alligator River along HWY 64.  If you
make it to the intersection of HWY 64 x HWY 264...you went 4 miles too far.  Thank you all
and see you there.

Michael

On Wed, Jun 15, 2016 at 4:00 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Michael,

 

I have learned over the years that sometimes it is better to let others be in
the light as long as the goal is accomplished.  But, no I have never been
involved in working up a wolf and would welcome that opportunity.  June

24th at what time and where.?  I will be there.  It will be nice to be a field
biologist again for a day!  Thanks!

 

David

 

 

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

 

David T. Cobb, Ph.D.

Certified Wildlife Biologist



National Conservation Leadership Institute Fellow

 

Chief, Wildlife Management Division

N.C. Wildlife Resources Commission

1722 Mail Service Center

Raleigh, NC  27699-1722

919.707.0051

ncwildlife.org 

 

 

         

 

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 9:01 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Pete Benjamin <pete_benjamin@fws.gov>

Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16

 

Good morning David, I'd actually like for you to see the animals getting processed.  You've
never been part of that right?  Is Brandon in the Raleigh office with you?  If so, if you want
to come out with him I think that would be fine.  I'll leave it up to you but you're more than
welcome to join us.  Thank you.

 

On Wed, Jun 15, 2016 at 8:43 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Sounds like in this case the fewer the better especially with directorate staff from both
agencies. ?.? For me importance is getting the animal released and with a collar. I might
hang back. Ur thoughts?

Sent from my Verizon 4G LTE Smartphone

On Jun 15, 2016 8:23 AM, "Morse, Michael" <michael_l_morse@fws.gov> wrote:



Sounds good.  Please give me a call when you're on the road with an ETA and we'll see
you both then.  (252) 475-8350 (cell)

 

Thanks you,

Michael

 

On Wed, Jun 15, 2016 at 8:15 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

I can be there at that time.

Thanks!

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 7:50 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shaun Olson <shaun_olson@fws.gov>; rebecca bartel
<rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16

 

That's about the time we're thinking Andrea.  Can Brandon make it around then? 
Thanks.

 

Michael

 

On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hey Mike,

 

I can definitely be there that morning; would 9 or 10am work?

 

Cheers,

 

Andrea

Get Outlook for iOS

 

_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>



Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel
<rebecca_harrison@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>, Ryan
Nordsven <ryan_nordsven@fws.gov>

 

Brandon,

 

In an effort to minimize stress and possible overheating of the two wolves due for
release on 6/24/16, I recommend as few a number of folks be present for the actual
processing and kenneling on the day of release.  If you and Andrea could meet Ryan
and myself at the Milltail Rd. parking access on HWY 64, on the morning of 6/24,
we could get the animals ready for release and meet everyone else a few hours later
back at the Milltail parking lot.

 

This would allow time for the animals to be transported to the Dare Co. Bombing
Range for release in the afternoon (pending).  Let me know if this will work for you. 
Thank you,

 

Regards,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

 



 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

 



--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











From: Shipley, Andrea J
To: Morse, Michael L; Cobb, David T.; Sherrill, Brandon L
Cc: Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan; Olson, Shaun E
Subject: RE: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Thursday, June 16, 2016 1:03:58 PM
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Importance: High

Sounds good, see you then!
 
---------------------------------------------------------------------
Andrea J. Shipley
Temporary Canid Biologist
 
NC Wildlife Resources Commission
PO Box 301, Swan Quarter, NC 27885
mobile: 984-232-1542
 
ncwildlife.org 
 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Thursday, June 16, 2016 12:53 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: rebecca bartel <rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan
Nordsven <ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
Let's all plan on meeting at the intersection of Milltail Road x HWY 64 (Creef Cut Parking
Lot) at 9:30am on Friday, June 24.  From there, we can go into the Sandy Ridge Captive
Facility (ARNWR) and process the two wolves slated for release later that day.  We can meet
back at the parking lot around noon and leave from there to go to the release site on the Dare
County Bombing Range,  
 
The parking lot we'll meet at is ~7.5 miles east of the Alligator River along HWY 64.  If you
make it to the intersection of HWY 64 x HWY 264...you went 4 miles too far.  Thank you all
and see you there.
 
Michael
 
On Wed, Jun 15, 2016 at 4:00 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:



Michael,
 
I have learned over the years that sometimes it is better to let others be in
the light as long as the goal is accomplished.  But, no I have never been
involved in working up a wolf and would welcome that opportunity.  June

24th at what time and where.?  I will be there.  It will be nice to be a field
biologist again for a day!  Thanks!
 
David
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 9:01 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Pete Benjamin <pete_benjamin@fws.gov>

Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
Good morning David, I'd actually like for you to see the animals getting processed.  You've
never been part of that right?  Is Brandon in the Raleigh office with you?  If so, if you want
to come out with him I think that would be fine.  I'll leave it up to you but you're more than
welcome to join us.  Thank you.
 
On Wed, Jun 15, 2016 at 8:43 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Sounds like in this case the fewer the better especially with directorate staff from both
agencies. ?.? For me importance is getting the animal released and with a collar. I might
hang back. Ur thoughts?



Sent from my Verizon 4G LTE Smartphone
On Jun 15, 2016 8:23 AM, "Morse, Michael" <michael_l_morse@fws.gov> wrote:
Sounds good.  Please give me a call when you're on the road with an ETA and we'll see
you both then.  (252) 475-8350 (cell)
 
Thanks you,
Michael
 
On Wed, Jun 15, 2016 at 8:15 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

I can be there at that time.

Thanks!
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 7:50 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shaun Olson <shaun_olson@fws.gov>; rebecca bartel
<rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
That's about the time we're thinking Andrea.  Can Brandon make it around then? 
Thanks.
 
Michael
 



On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hey Mike,
 
I can definitely be there that morning; would 9 or 10am work?
 
Cheers,
 
Andrea

Get Outlook for iOS
 
_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel
<rebecca_harrison@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>, Ryan
Nordsven <ryan_nordsven@fws.gov>
 

Brandon,
 
In an effort to minimize stress and possible overheating of the two wolves due for
release on 6/24/16, I recommend as few a number of folks be present for the actual
processing and kenneling on the day of release.  If you and Andrea could meet Ryan
and myself at the Milltail Rd. parking access on HWY 64, on the morning of 6/24,
we could get the animals ready for release and meet everyone else a few hours later
back at the Milltail parking lot.
 
This would allow time for the animals to be transported to the Dare Co. Bombing
Range for release in the afternoon (pending).  Let me know if this will work for you. 
Thank you,
 
Regards,
 
 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350
 

 



Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



















From: Cobb, David T.
To: Morse, Michael L; Sherrill, Brandon L; Shipley, Andrea J
Cc: Harrison, Rebecca; Benjamin, Pete; Nordsven, Ryan; Olson, Shaun E
Subject: RE: Schedule for radio collaring wolves on Friday, 6/24/16
Date: Friday, June 17, 2016 8:29:59 AM
Attachments: image001.png
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Importance: High

Excellent, thanks!  See you then.
 
David
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Thursday, June 16, 2016 12:53 PM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org>; Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: rebecca bartel <rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan
Nordsven <ryan_nordsven@fws.gov>; Shaun Olson <shaun_olson@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
Let's all plan on meeting at the intersection of Milltail Road x HWY 64 (Creef Cut Parking
Lot) at 9:30am on Friday, June 24.  From there, we can go into the Sandy Ridge Captive
Facility (ARNWR) and process the two wolves slated for release later that day.  We can meet
back at the parking lot around noon and leave from there to go to the release site on the Dare
County Bombing Range,  
 
The parking lot we'll meet at is ~7.5 miles east of the Alligator River along HWY 64.  If you
make it to the intersection of HWY 64 x HWY 264...you went 4 miles too far.  Thank you all
and see you there.
 



Michael
 
On Wed, Jun 15, 2016 at 4:00 PM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:

Michael,
 
I have learned over the years that sometimes it is better to let others be in
the light as long as the goal is accomplished.  But, no I have never been
involved in working up a wolf and would welcome that opportunity.  June

24th at what time and where.?  I will be there.  It will be nice to be a field
biologist again for a day!  Thanks!
 
David
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 

 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 9:01 AM
To: Cobb, David T. <david.cobb@ncwildlife.org>; Pete Benjamin <pete_benjamin@fws.gov>

Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
Good morning David, I'd actually like for you to see the animals getting processed.  You've
never been part of that right?  Is Brandon in the Raleigh office with you?  If so, if you want
to come out with him I think that would be fine.  I'll leave it up to you but you're more than
welcome to join us.  Thank you.
 
On Wed, Jun 15, 2016 at 8:43 AM, Cobb, David T. <david.cobb@ncwildlife.org> wrote:



Sounds like in this case the fewer the better especially with directorate staff from both
agencies. ?.? For me importance is getting the animal released and with a collar. I might
hang back. Ur thoughts?

Sent from my Verizon 4G LTE Smartphone
On Jun 15, 2016 8:23 AM, "Morse, Michael" <michael_l_morse@fws.gov> wrote:
Sounds good.  Please give me a call when you're on the road with an ETA and we'll see
you both then.  (252) 475-8350 (cell)
 
Thanks you,
Michael
 
On Wed, Jun 15, 2016 at 8:15 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

I can be there at that time.

Thanks!
Brandon
 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 
From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Wednesday, June 15, 2016 7:50 AM
To: Shipley, Andrea J <andrea.shipley@ncwildlife.org>
Cc: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>; Cobb, David T.
<david.cobb@ncwildlife.org>; Shaun Olson <shaun_olson@fws.gov>; rebecca bartel
<rebecca_harrison@fws.gov>; Pete Benjamin <pete_benjamin@fws.gov>; Ryan Nordsven
<ryan_nordsven@fws.gov>
Subject: Re: Schedule for radio collaring wolves on Friday, 6/24/16
 
That's about the time we're thinking Andrea.  Can Brandon make it around then? 



Thanks.
 
Michael
 
On Tue, Jun 14, 2016 at 3:55 PM, Shipley, Andrea J <andrea.shipley@ncwildlife.org>
wrote:

Hey Mike,
 
I can definitely be there that morning; would 9 or 10am work?
 
Cheers,
 
Andrea

Get Outlook for iOS
 
_____________________________
From: Morse, Michael <michael_l_morse@fws.gov>
Sent: Tuesday, June 14, 2016 15:51
Subject: Schedule for radio collaring wolves on Friday, 6/24/16
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>, Shipley, Andrea J
<andrea.shipley@ncwildlife.org>, Cobb, David T. <david.cobb@ncwildlife.org>
Cc: Shaun Olson <shaun_olson@fws.gov>, rebecca bartel
<rebecca_harrison@fws.gov>, Pete Benjamin <pete_benjamin@fws.gov>, Ryan
Nordsven <ryan_nordsven@fws.gov>
 

Brandon,
 
In an effort to minimize stress and possible overheating of the two wolves due for
release on 6/24/16, I recommend as few a number of folks be present for the actual
processing and kenneling on the day of release.  If you and Andrea could meet Ryan
and myself at the Milltail Rd. parking access on HWY 64, on the morning of 6/24,
we could get the animals ready for release and meet everyone else a few hours later
back at the Milltail parking lot.
 
This would allow time for the animals to be transported to the Dare Co. Bombing
Range for release in the afternoon (pending).  Let me know if this will work for you. 
Thank you,
 
Regards,
 
 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242



Cell#: (252) 475-8350
 

 

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

 
--
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954



Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350











From: Morse, Michael L
To: Benjamin, Pete
Cc: Nordsven, Ryan; Harrison, Rebecca; Beyer, Arthur
Subject: Re: Spring is approaching
Date: Friday, February 26, 2016 8:10:09 AM
Importance: High

Ok Pete.  I'll get with Ryan and get back with you early next week.  Thanks,

Michael

On Thu, Feb 25, 2016 at 10:03 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hi Michael and Ryan,

Trapping season is nearly over, which means that we need to figure out how to cover the bases once
the private trappers are done.  Specifically, we need to continue to be responsive to Ventures,
attempt to coordinate with Mr. Johnson, and continue to check in with Mr. Doe, in addition to any
other requests that may arise.  

I know there are all kinds of issues that arise with trapping as we move into pupping season, in
addition to the issues of housing and releasing the animals we've already got; but we need to find a
way forward.  The relationships you guys have with landowners is about the only asset the program
has left at this point and I really need you guys to put your heads together and figure out a way for
us to live by our rules (which means honoring removal requests) while doing the least harm to
individual wolves or the population.  

We definitely need to keep working on Ventures as we continue to talk with them about a possible
solution that would make them comfortable with wolves remaining on the property.  We also need to
figure out what to do with the animals we have in hand and any others we may capture.  As of right
now, releasing animals onto State gamelands is a no-go, but we are talking the WRC.  We are also
trying to talk with them about the conditions in our State permit that currently require us to GPS
collar any canids we release.  This creates an obvious problem with the animals that are still too
small to carry a collar.   

Please give me and Becky a plan for what we'll do come March (Tuesday).  I want to know who will
be trapping where and when, what we are doing to manage space at Sandy Ridge and the REC, and
what you guys need to get through spring.  If we need a meeting I'd be happy to come out to
Manteo.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Scott Griffin
To: Jett Ferebee
Cc: Benjamin, Pete; d m ashe@fws.gov; Jewell, Secretary; Hast, John R; Toomey, Keith; Miranda, Leopoldo; Beyer,

Arthur; cynthia dohner@fws.gov; gordon.myers@ncwildlife.org; coley@bpropnc.com; tom.berry@berico.com;
garry.spence@ncwildlife.org; Richard.edwards@ncwildlife.org; ray.clifton@ncwildlife.org;
wes@seegarsfence.com; joe@enceechemical.com; rwhite@mindspring.com; BSkinner3@aol.com;
jcogdell@forkstables.com; brian@atmusa.com; timothy.spear@ncwildlife.org; tfonville@fmrealty.com;
john.clark@sampsonbladen.com; david.cobb@ncwildlife.org; mallory.martin@ncwildlife.org;
joe.budd@ncwildlife.org; erica.garner@ncwildlife.org; neal@beverly-hanks.com; ntharris@hclsm.com;
larry.wooten@ncfb.org; julian.philpott@ncfb.com; linda.andrews@ncfb.org; herb.vanderberry@ncfb.org;
philberger2002@aol.com; Tim.Moore@ncleg.net; bill.cook@ncleg.net; bill.daughtridge@doa.nc.gov;
frankgorhamcrc@gmail.com; thom@thomtillis.com; george.cleveland@ncleg.net; Lee Bobbitt@burr.senate.gov;
paul.tine@ncleg.net; John.Skvarla@ncdenr.gov; swilliams@wildlifemgt.org; Wadela@ncleg.net;
Brodyla@ncleg.net; Bob.Steinburg@ncleg.net; J.H.Langdon@ncleg.net; Jimmy.Dixon@ncleg.net;
Dixonla@ncleg.net; mkberry@alumni.ncsu.edu; marshall.thompson@resolutefp.com; Lewis.King@ncleg.net;
llpayne@ncgrange.com; katieelizabethmills@gmail.com; Brockla@ncleg.net; joy.hicks@ncagr.gov;
Cookla@ncleg.net; jwgentry@ncgrange.com; jake.parker@ncfb.org; howard.isley@ncagr.gov;
donbutler@smithfieldfoods.com; dorothy.davis@ncdenr.gov; carla@west65inc.com;
mcconnellfarms@bellsouth.net; alice@scottfarms.com; Steinburgla@ncleg.net; Aaron.Fleming@ncleg.net;
Acy.Watson@ncleg.net; Chris.Saunders@ncleg.net; John.Bell@ncleg.net; Fredena.Revels@ncleg.net;
Belljla@ncleg.net; bee@sportsmenslink.org; isaac.n.freeman@gmail.com; Jason.Soper@ncleg.net;
Jay.Adams@ncleg.net; Ted.Davis@ncleg.net; George.Graham@ncleg.net; Marvin.Lucas@ncleg.net;
Susan.Martin@ncleg.net; Pat.McElraft@ncleg.net; Chris.Millis@ncleg.net; William.Richardson@ncleg.net;
Mitchell.Setzer@ncleg.net; Michael.Wray@ncleg.net; joshua.bowlen@mail.house.gov; taylorgriffin@gmail.com;
phil.berger@ncleg.net; Chris Hayes@tillis.senate.gov; BettyJo Shepheard@burr.senate.gov

Subject: Hostage Situation, Take Permit and Modern Day Western is unfolding in NC -
Date: Saturday, February 27, 2016 11:42:26 AM
Attachments: image1.PNG

image2.PNG
Importance: High

Pete - 

Recently Mr Ferebee requested to have you renew his previously issued / expired lethal take
permit.  Mr. Benjamin you emailed Mr. Ferebee recently and stated he would need to illustrate
that Red Wolves were present on his private land and specifically advised him to provide a
photo of such then you would be able to provide the requested take permit.  This is clearly
outlined in the below document.

This shall serve to document one of countless times Mr. Ferebee has provided factual proof of
Red Wolf being present when in fact USFWS stated there are no wolves on his private land
over a three year period.

Mr Ferebee has exhaustively documented his efforts to personally finance / return the trapped
Red Wolves and illegally sterilized coyote placeholders to the USFWS unharmed.   

Under the ESA 10 j rule USFWS is bound to deliver the requested lethal take permit after
these specific steps have run their course, today Mr Ferebee finds himself at this very point,
subsequent to USFWS's multiple well documented abandonment's of recapture by formally
foreclosing its recapture attempts. 

Please know, there is absolutely no legal standing to deny issuing the required "lethal" take
permit to Mr. Ferebee, thereby granting him the legal authority to determine this canids final
disposition.  

I have provided you the USFWS's own document to fully support your required action which
the USFWS finds itself compelled to act on and accordance with. 



I trust you will find this useful and will swiftly edit the date on Mr. Freebees previous two
lethal take permits, promptly email him a copy where as he can legally determine the fate of
the collared canid shown below.  

The USFWS should be highly embarrassed that a private landowner has made the USFWS the
"Star" of his very own Western playing out right now in NC.

To be clear, USFWS has well documented installing 40 tracking collars on Coyotes, thus
nothing is legally preventing Mr. Ferebee from dispatching this collared canid should he
identify it as a coyote.  Should this canid later be determined to be a Red Wolf the take would
therefor be considered incidental to an otherwise legally afforded activity and USFWS is
unable to purse charges given its federal regulations.

As if that weren't enough, hybrids are not and have never been protected under the ESA so
anyone can therefor lethally take a hybrid canid that happened to be invented in a Tacoma
Washington $33M "Wolf Mill" and illegally released in NC, contrary to the ESA and well
beyond its home range.

Pete, again given the below document and exhaustive documentation of abandonment and
foreclosed removal efforts on Mr. Ferebee's private land its really clear now isn't it. 

I'm not sure what these things eat other than Fawns, but Mr. Ferebee can not lawfully possess
captive wildlife thus your swift execution of the above lethal take permit should be duly noted
to ensure this canid is handled humanly while it's currently trapped awaiting a Federal
bureaucracy to adhere to its own laws!  

Mr. Ferebee has fully complied with your request to provide proof of what may be a Red Wolf
on his land (photo below).  There is NO denying USFWS has abandoned its recapture efforts,
thus forcing USFWS to immediately grant this lethal take permit where as the final disposition
of this Canid will be determined by the private landowner just as USFWS told us at the public
steak-holder meetings back in 1986.

Any further delays by USFWS should be construed as an in-humane act. 

Sg 







On Feb 27, 2016, at 10:24 AM, Jett Ferebee <jettferebee@aol.com> wrote:



Pete,

Thanks for your response.
  
USFWS has never operated this program within its Federal rules. 
If you had, this nonnative invasive "red wolf"  would not even be in
our State to begin with and it certainly would not be on my farm. 
You were to monitor this canine with the collar you strapped on its
neck and return it to your flooded refuge when it was forced by
your actions to swim off.  You should issue a life jacket to your
"red wolves" next time if USFWS is going to flood their home.

My concern is for the animal also.  Only 2 of your last 15 releases
are currently alive.  Your wolf population has now crashed due to
your management actions and coyote hybridization. You have no
more breeding pairs now than you had 27 years ago when you
first released so called "red wolves" in our State.

Accordingly, this wolf has little chance of survival in the wild,
especially since it has no place to live now that USFWS has
flooded its "ideal" habitat and forced your "wolves" onto private
land where they are not supposed to be.  At least 60 "red wolves"
have now been shot on private land as you have violated your
own Section 7 consult and not kept these wolves on your land as
required in your rules and Section 7 consult.  If this is a wolf, save
it and use it to boost your captive population which also has never
reached its goal 30 years later, because your biologists robbed
120 wolves from the captive population without a section 7 consult
to do so.

Really Pete, I am busy saving your wolves while USFWS
management actions are what is killing them.  Can you not come
to terms with this?

You can pick up your runaway canine at the dog pound. I will
contact Tyrrell County Animal Control.

I expect my take permit to be issued.



I expect to be given the animal ID number.
If the animal is not a wolf, I want the animal returned to me. You
can keep the collar.

Jett

-----Original Message-----
From: Pete Benjamin <pete_benjamin@fws.gov>
To: Jett Ferebee <jettferebee@aol.com>; Leopoldo Miranda
<leopoldo_miranda@fws.gov>
Sent: Sat, Feb 27, 2016 9:35 am
Subject: RE: Renewal of Take Authorization Request

Good morning Jett.  As you know, we operate in accordance with our rules which
state that when an animal is removed from property where it is not wanted we are
to release it as soon as possible back into the wild, unless there are health or
behavioral issues that preclude release.  We will do everything we can within our
rules to reduce the likelihood of it returning to your farm.

I'll be happy to share information with you about the animal and I've got your
request for a take authorization letter, which I will begin to process Monday when
I'm back in the office.

Right now I just need my staff to retrieve the animal so it can be safely dealt
with.  It has already been in that kennel too long.  I've got a guy waiting to come
get it.  Please let me know how you wish to accomplish the transfer.  Thanks,

Pete

-----Original Message-----
From: Jett Ferebee <jettferebee@aol.com>
To: pete_benjamin <pete_benjamin@fws.gov>; d_m_ashe
<d_m_ashe@fws.gov>; Secretary_jewell <Secretary_jewell@ios.doi.gov>
Cc: leopoldo_miranda <leopoldo_miranda@fws.gov>; arthur_beyer
<arthur_beyer@fws.gov>; cynthia_dohner <cynthia_dohner@fws.gov>;
gordon.myers <gordon.myers@ncwildlife.org>; plm1 <plm1@nc.gov>; coley
<coley@bpropnc.com>; tom.berry <tom.berry@berico.com>; garry.spence
<garry.spence@ncwildlife.org>; Richard.edwards
<Richard.edwards@ncwildlife.org>; davidwhoylejr
<davidwhoylejr@gmail.com>; ray.clifton <ray.clifton@ncwildlife.org>; wes
<wes@seegarsfence.com>; joe <joe@enceechemical.com>; rwhite



<rwhite@mindspring.com>; BSkinner3 <BSkinner3@aol.com>; jcogdell
<jcogdell@forkstables.com>; brian <brian@atmusa.com>; timothy.spear
<timothy.spear@ncwildlife.org>; tfonville <tfonville@fmrealty.com>; john.clark
<john.clark@sampsonbladen.com>; david.cobb <david.cobb@ncwildlife.org>;
mallory.martin <mallory.martin@ncwildlife.org>; joe.budd
<joe.budd@ncwildlife.org>; erica.garner <erica.garner@ncwildlife.org>; neal
<neal@beverly-hanks.com>; ntharris <ntharris@hclsm.com>; larry.wooten
<larry.wooten@ncfb.org>; julian.philpott <julian.philpott@ncfb.com>;
linda.andrews <linda.andrews@ncfb.org>; herb.vanderberry
<herb.vanderberry@ncfb.org>; philberger2002 <philberger2002@aol.com>;
Tim.Moore <Tim.Moore@ncleg.net>; bill.cook <bill.cook@ncleg.net>;
bill.daughtridge <bill.daughtridge@doa.nc.gov>; frankgorhamcrc
<frankgorhamcrc@gmail.com>; thom <thom@thomtillis.com>; george.cleveland
<george.cleveland@ncleg.net>; Lee_Bobbitt <Lee_Bobbitt@burr.senate.gov>;
Steve.Troxler <Steve.Troxler@ncagr.gov>; paul.tine <paul.tine@ncleg.net>;
John.Skvarla <John.Skvarla@ncdenr.gov>; swilliams
<swilliams@wildlifemgt.org>; Wadela <Wadela@ncleg.net>; Brodyla
<Brodyla@ncleg.net>; Bob.Steinburg <Bob.Steinburg@ncleg.net>; J.H.Langdon
<J.H.Langdon@ncleg.net>; Jimmy.Dixon <Jimmy.Dixon@ncleg.net>; Dixonla
<Dixonla@ncleg.net>; mkberry <mkberry@alumni.ncsu.edu>;
marshall.thompson <marshall.thompson@resolutefp.com>; Lewis.King
<Lewis.King@ncleg.net>; llpayne <llpayne@ncgrange.com>; katieelizabethmills
<katieelizabethmills@gmail.com>; Brockla <Brockla@ncleg.net>; joy.hicks
<joy.hicks@ncagr.gov>; Cookla <Cookla@ncleg.net>; jwgentry
<jwgentry@ncgrange.com>; jake.parker <jake.parker@ncfb.org>; howard.isley
<howard.isley@ncagr.gov>; donbutler <donbutler@smithfieldfoods.com>;
dorothy.davis <dorothy.davis@ncdenr.gov>; carla <carla@west65inc.com>;
mcconnellfarms <mcconnellfarms@bellsouth.net>; alice
<alice@scottfarms.com>; Steinburgla <Steinburgla@ncleg.net>; Aaron.Fleming
<Aaron.Fleming@ncleg.net>; Acy.Watson <Acy.Watson@ncleg.net>;
Chris.Saunders <Chris.Saunders@ncleg.net>; John.Bell <John.Bell@ncleg.net>;
Fredena.Revels <Fredena.Revels@ncleg.net>; Belljla <Belljla@ncleg.net>; bee
<bee@sportsmenslink.org>; isaac.n.freeman <isaac.n.freeman@gmail.com>;
Jason.Soper <Jason.Soper@ncleg.net>; Jay.Adams <Jay.Adams@ncleg.net>;
Ted.Davis <Ted.Davis@ncleg.net>; George.Graham
<George.Graham@ncleg.net>; Marvin.Lucas <Marvin.Lucas@ncleg.net>;
Susan.Martin <Susan.Martin@ncleg.net>; Pat.McElraft
<Pat.McElraft@ncleg.net>; Chris.Millis <Chris.Millis@ncleg.net>;
William.Richardson <William.Richardson@ncleg.net>; Mitchell.Setzer
<Mitchell.Setzer@ncleg.net>; Roger.West <Roger.West@ncleg.net>;
Michael.Wray <Michael.Wray@ncleg.net>; larry.wooten
<larry.wooten@ncfb.org>; julian.philpott <julian.philpott@ncfb.com>;
linda.andrews <linda.andrews@ncfb.org>; herb.vanderberry
<herb.vanderberry@ncfb.org>
Sent: Sat, Feb 27, 2016 9:11 am
Subject: Re: Renewal of Take Authorization Request

Pete,



Thanks for the call.  At this point, I prefer to deal with you in
writing only.
I'm sick and tired of playing foolish games with USFWS. If
USFWS can not abide by their own Federal Rules, then end
this illegal and failed program now.

Do I have a commitment from USFWS to not re-release this
animal only to return to my land?
Will you give me the wolf ID number?
Will you renew my take permit?

Should I just call Tyrrell County Animal Control as I do not
trust your agents on my farm ever again?

I hate to just let this animal loose, as it may get shot like 60
other "red wolves" have already been shot because USFWS
flooded the "ideal" Federal habitat for their experimental wolf
and then USFWS biologists refused to remove the fleeing
wolves from private land as USFWS promised.
 
I am the one citizen who is trying to cooperate with USFWS
and operate within the law, but USFWS needs to do their part
or as Director Ashe has stated - future reintroduction efforts
dependent upon private landowner support are doomed.

Jett

-----Original Message-----
From: Jett Ferebee <jettferebee@aol.com>
To: pete_benjamin <pete_benjamin@fws.gov>; d_m_ashe
<d_m_ashe@fws.gov>; Secretary_jewell <Secretary_jewell@ios.doi.gov>
Cc: leopoldo_miranda <leopoldo_miranda@fws.gov>; arthur_beyer
<arthur_beyer@fws.gov>; cynthia_dohner <cynthia_dohner@fws.gov>;
gordon.myers <gordon.myers@ncwildlife.org>; plm1 <plm1@nc.gov>; coley
<coley@bpropnc.com>; tom.berry <tom.berry@berico.com>; garry.spence
<garry.spence@ncwildlife.org>; Richard.edwards
<Richard.edwards@ncwildlife.org>; davidwhoylejr
<davidwhoylejr@gmail.com>; ray.clifton <ray.clifton@ncwildlife.org>; wes
<wes@seegarsfence.com>; joe <joe@enceechemical.com>; rwhite
<rwhite@mindspring.com>; BSkinner3 <BSkinner3@aol.com>; jcogdell
<jcogdell@forkstables.com>; brian <brian@atmusa.com>; timothy.spear



<timothy.spear@ncwildlife.org>; tfonville <tfonville@fmrealty.com>; john.clark
<john.clark@sampsonbladen.com>; david.cobb <david.cobb@ncwildlife.org>;
mallory.martin <mallory.martin@ncwildlife.org>; joe.budd
<joe.budd@ncwildlife.org>; erica.garner <erica.garner@ncwildlife.org>; neal
<neal@beverly-hanks.com>; ntharris <ntharris@hclsm.com>; larry.wooten
<larry.wooten@ncfb.org>; julian.philpott <julian.philpott@ncfb.com>;
linda.andrews <linda.andrews@ncfb.org>; herb.vanderberry
<herb.vanderberry@ncfb.org>; philberger2002 <philberger2002@aol.com>;
Tim.Moore <Tim.Moore@ncleg.net>; bill.cook <bill.cook@ncleg.net>;
bill.daughtridge <bill.daughtridge@doa.nc.gov>; frankgorhamcrc
<frankgorhamcrc@gmail.com>; thom <thom@thomtillis.com>; george.cleveland
<george.cleveland@ncleg.net>; Lee_Bobbitt <Lee_Bobbitt@burr.senate.gov>;
d_m_ashe <d_m_ashe@fws.gov>; Steve.Troxler <Steve.Troxler@ncagr.gov>;
paul.tine <paul.tine@ncleg.net>; John.Skvarla <John.Skvarla@ncdenr.gov>;
swilliams <swilliams@wildlifemgt.org>; Wadela <Wadela@ncleg.net>; Brodyla
<Brodyla@ncleg.net>; Bob.Steinburg <Bob.Steinburg@ncleg.net>; J.H.Langdon
<J.H.Langdon@ncleg.net>; Jimmy.Dixon <Jimmy.Dixon@ncleg.net>; Dixonla
<Dixonla@ncleg.net>; mkberry <mkberry@alumni.ncsu.edu>;
marshall.thompson <marshall.thompson@resolutefp.com>; Lewis.King
<Lewis.King@ncleg.net>; llpayne <llpayne@ncgrange.com>; larry.wooten
<larry.wooten@ncfb.org>; katieelizabethmills <katieelizabethmills@gmail.com>;
Brockla <Brockla@ncleg.net>; joy.hicks <joy.hicks@ncagr.gov>; Cookla
<Cookla@ncleg.net>; jwgentry <jwgentry@ncgrange.com>; jake.parker
<jake.parker@ncfb.org>; howard.isley <howard.isley@ncagr.gov>; donbutler
<donbutler@smithfieldfoods.com>; dorothy.davis <dorothy.davis@ncdenr.gov>;
carla <carla@west65inc.com>; mcconnellfarms
<mcconnellfarms@bellsouth.net>; alice <alice@scottfarms.com>; Steinburgla
<Steinburgla@ncleg.net>; Aaron.Fleming <Aaron.Fleming@ncleg.net>;
Acy.Watson <Acy.Watson@ncleg.net>; Chris.Saunders
<Chris.Saunders@ncleg.net>; Steve.Troxler <Steve.Troxler@ncagr.gov>;
John.Bell <John.Bell@ncleg.net>; Tim.Moore <Tim.Moore@ncleg.net>;
Fredena.Revels <Fredena.Revels@ncleg.net>; Belljla <Belljla@ncleg.net>; bee
<bee@sportsmenslink.org>; Chris.Saunders <Chris.Saunders@ncleg.net>;
isaac.n.freeman <isaac.n.freeman@gmail.com>; Jason.Soper
<Jason.Soper@ncleg.net>; Lewis.King <Lewis.King@ncleg.net>; Jimmy.Dixon
<Jimmy.Dixon@ncleg.net>; Jay.Adams <Jay.Adams@ncleg.net>; Ted.Davis
<Ted.Davis@ncleg.net>; George.Graham <George.Graham@ncleg.net>;
Marvin.Lucas <Marvin.Lucas@ncleg.net>; Susan.Martin
<Susan.Martin@ncleg.net>; Pat.McElraft <Pat.McElraft@ncleg.net>;
Chris.Millis <Chris.Millis@ncleg.net>; William.Richardson
<William.Richardson@ncleg.net>; Mitchell.Setzer <Mitchell.Setzer@ncleg.net>;
Roger.West <Roger.West@ncleg.net>; Michael.Wray
<Michael.Wray@ncleg.net>
Sent: Sat, Feb 27, 2016 8:08 am
Subject: Re: Renewal of Take Authorization Request

*Please note I have copied the NC Senate Ag Committee and the NC House
Select Committee on Wildlife.  As I will demonstrate next week, the flooding
issues and wolf issues in this part of our State are very interrelated with one entity
to blame.



Pete,

Your final response to me regarding my request for renewal of
my take permit was that USFWS does not have any wolves on
my property.  I disagreed. You told me that in order to renew
my take permit, I must first demonstrate or show proof that I
have wolves on my property.  For the third year in a row, I
have proven USFWS wrong.  Once again, USFWS has
demonstrated they have no idea of where or how many wolves
there are in our State.  

You told me a picture or a track would suffice as proof. 
Attached are pictures of the large canine trapped on my farm
yesterday along with a picture of a large track from one of the
three very large canines currently using my farm.  

Also attached is my previous take permit documenting my
cooperation with USFWS.  A picture of my flooded farm is
attached documenting USFWS's unwillingness to cooperate
with me and many other landowners in my area.

Please contact me today regarding where to mail my take
permit.  The issuance of this permit is mandated by the
USFWS Federal Rules for this nonessential experimental
population of "red wolves".

I would like to turn this collared (looks like GPS collar) animal
over to you alive please, if it is indeed what you define as your
"red wolf".  I will want to be given your wolf ID number as well
as written assurances that this animal will not be released,
only to return back to my farm.  Policing and keeping up with
your runaway dogs and flood waters is proving very costly and
time consuming to me and many others in our State.

Sincerely,

Jett Ferebee



(252) 714-2774

-----Original Message-----
From: Jett Ferebee <jettferebee@aol.com>
To: pete_benjamin <pete_benjamin@fws.gov>
Cc: leopoldo_miranda <leopoldo_miranda@fws.gov>; arthur_beyer
<arthur_beyer@fws.gov>; cynthia_dohner <cynthia_dohner@fws.gov>;
gordon.myers <gordon.myers@ncwildlife.org>; plm1 

Sent: Tue, Oct 6, 2015 3:52 pm
Subject: Re: Renewal of Take Authorization Request

Pete,

I have an important meeting with many landowners in our area
tonight regarding the USFWS Red Wolf Program and the
USFWS Refuge water management plan.  

Many of us have been pumping your refuge water off of our
crops for several days and nights now.  We are tired.  I do not
even want to estimate our crop losses exacerbated by the
USFWS's irresponsible water management on the Pocosin
Lakes National Wildlife refuge.  

No wonder your wolves can not live on the refuge anymore. 
USFWS has "pre-flooded" this land so that it can no longer
absorb rainfall.  Short of USFWS inventing and selectively
breeding an experimental wolf with gills and webbed feet, I do
not think you will ever have wolves on your federal land.

It is important to me and this group of landowners to
understand if my take permit will be renewed in light of the
recent legal threats against USFWS from several non-
landowner activist groups.  I would like an answer today
please.

Sincerely,



Jett Ferebee
(252) 714 2774

-----Original Message-----
From: Benjamin, Pete <pete_benjamin@fws.gov>
To: Jett Ferebee <jettferebee@aol.com>
Cc: Leopoldo Miranda <leopoldo_miranda@fws.gov>; Arthur Beyer
<arthur_beyer@fws.gov>
Sent: Tue, Sep 22, 2015 8:31 am
Subject: Re: Renewal of Take Authorization Request

Hello Mr. Ferebee,

I am working on it this week.  Unfortunately, I need some
additional information from staff, who were all out in training
last week.  Thank you for your patience.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Sep 22, 2015 at 8:00 AM, Jett Ferebee <jettferebee@aol.com> wrote:
May I please receive a response to this request. 
Thank you,
Jett Ferebee

Sent from my iPhone

On Sep 8, 2015, at 9:24 PM, Jett Ferebee <jettferebee@aol.com> wrote:

Mr. Miranda,

My authorization to take any remaining wolves on my private land
expires September 19th, 2015.  At this time I still have wolves on
my farm.  I am requesting that my take authorization be renewed.

Over the last 2 years, I have cooperated with USFWS and trapped
and crated 25 canines of which all wolves were returned to USFWS
at no cost to the Service. 

I appreciate your consideration of my request to renew this permit.



Thank you,
Jett Ferebee 
(252) 714-2774

<2015.04.27.letter.Benjamin_to_Ferebee(2).pdf>

<My flooded farm.jpg>

<2:26 collared canine.jpg>

<woof track.jpg>



From: Beyer, Arthur
To: Harrison, Rebecca; Benjamin, Pete
Date: Monday, February 29, 2016 7:43:11 AM
Importance: High

Just reading through all the correspondence from the animal captured this weekend.  Had a
concern about the legality of a possible wolf being transferred or picked up by anyone other
than us.  One, I'm not aware that it is allowed through the current rule, and two, how can we
confirm where this animal was captured?  

On another note, if needed I can help Mike and Ryan get some traps in the ground on Ventures
this week.  Probably not much help in checking, lines, but can help get things started.  In staff
meetings all morning today and have a couple meetings after noon.





From: Morse, Michael L
To: Harrison, Rebecca; Benjamin, Pete
Subject: Summary of 2/26/16 conversation with Ricky Clayton (Manager: Whitetail Farms)
Date: Monday, February 29, 2016 3:53:05 PM
Importance: High

As per your request.  This is what I entered into the phone log for Whitetail Farms.  To date, I
have not heard anything back from Mr. Clayton.

On Friday, 2/26/16, I called Ricky Clayton (farm manager: Whitetail Farms) to ask about the
USFWS trapping the properties.  Ricky said that the private trapper (Lyn Clayton) had pulled
his trap line the day before (2/25/16) and was off of the farm.

Ricky told me that Mr. Johnson had not mentioned anything to him about the Service entering
and trapping the property after Mr. Clayton had finished trapping.  Ricky said that he would
contact Mr. Johnson and ask about it.  Ricky said he would get back with me at a later date
and let me know what Mr. Johnson said.

Thank you,

Michael

--

Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350





From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 20:05:40 -0500

Subject: RE: Update
To: 

Yeah, I don't see why we couldn't do that again.  I'll work on the
authorization on Monday. 

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rodney Glass <mrrglass@hotmail.com> 
Date: 02/27/2016 7:49 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

That's correct.
 

From: pete_benjamin@fws.gov
Date: Sat, 27 Feb 2016 18:49:28 -0500
Subject: RE: Update
To: 

I trying to remember - Last year did we authorize you to trap under our state
permit?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: 
Date: 02/27/2016 5:49 PM (GMT-05:0
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Subject: RE: Update 

Pete,

Trapping goes out Monday and I would like to keep going for awhile. 
Would it be possible to get a permit again?  Thanks.

rg
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location fixes on the animal now that it is off-refuge.  

Also, the last time we talked you said you were planning to do some trapping.  Any
luck?  Hope your are well.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408





Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Beyer, Arthur
Subject: Re: Trapping Authorization Request
Date: Tuesday, March 1, 2016 9:10:02 AM

I sent a note t  asking the question.  It probably is good for us to know where folks our trapping
under our authorization. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Mar 1, 2016 at 9:08 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Thanks for the date.  For the properties,  I was just thinking that since we would only issue
this authorization in cases where we thoughts there were actually wolves located, based for
example on history of current telemetry, we would want to identify this in the letter of
authorization.  I had done this in the past for  when trapping for 
and was going to copy that over.  I'm guessing it's the same properties, but wanted t
sure before.  If you don't think I need to though I can keep that out.

On Tue, Mar 1, 2016 at 9:03 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
he made the request on Friday, February 26.  I'll double check the properties but do those need to
be specified in the letter?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 29, 2016 at 3:22 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
For the letter, what properties does he want to trap on?  Also, what day did he make this
request?  

On Mon, Feb 29, 2016 at 12:46 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
He told me awhile ago that he was doing his own trapping.  I'll confirm that, then we can
make the letter out to him.  It should probably come from you.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Feb 29, 2016 at 12:35 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Don't see why not.  Just checked and looks like there are 2 wolves being tracked in
that area, or at least adjacent to it.  Do you want me to write that up and send it?  Is
it for him directly or another trapper?  I think we've typically written those for 30
days.

Ex (b)(6)
Ex (b)(6)
Ex (b)(6)
Ex (b)(6)

Ex (b)(6)
Ex (b)(6)
Ex (b)(6)
Ex (b)(6)





From: Harrison, Rebecca
To: Calder, Donald H
Cc: Benjamin, Pete; Butts, Matthew T
Subject: Re: Modification no. 1 to add $10,000 to coop agreement no. F15AC00783 (PR no. 0020091359)
Date: Tuesday, February 16, 2016 4:00:45 PM
Importance: High

Hi Don,

I'm trying to complete the SF 424 for the modification to CA F15AC00783 as
requested.  For the estimated funding (#18), should I list the increase in funding
($10,000) or the updated total funding amount ($65,000)?

Thank you,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Feb 16, 2016 at 3:36 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Is this referring to the U.Idaho Agreement?  If so, please make sure Don gets the SF 424.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Calder, Donald <donald_calder@fws.gov>
Date: Tue, Feb 16, 2016 at 3:25 PM
Subject: Modification no. 1 to add $10,000 to coop agreement no. F15AC00783 (PR no.
0020091359)
To: Pete Benjamin <pete_benjamin@fws.gov>, Artela Jacobs <artela_jacobs@fws.gov>

Pete,

We've received your PR to add funds to the subject agreement. In order to complete our files
we'll also need a copy of the request from the Recipient for additional funds (or an SF424)
and a copy of the detailed budget describing how the funds will be spent. Please email to me



copies of these documents so I can proceed with processing the mod.

Please let me know if you have any questions.

Thanks,

-- 
Don Calder
US Fish and Wildlife Service
Div. of Contracting and Grant Services (CGS)
1875 Century Blvd., Suite 310
Atlanta, GA 30345
Phone: 404-679-4081
email: donald_calder@fws.gov



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Modification no. 1 to add $10,000 to coop agreement no. F15AC00783 (PR no. 0020091359)
Date: Tuesday, February 16, 2016 4:37:58 PM
Importance: High

Right.  OK.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Feb 16, 2016 at 3:45 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
No, this is the extra money for the trapper reimbursement program with NCWRC.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Feb 16, 2016 at 3:36 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Is this referring to the U.Idaho Agreement?  If so, please make sure Don gets the SF 424.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

---------- Forwarded message ----------
From: Calder, Donald <donald_calder@fws.gov>
Date: Tue, Feb 16, 2016 at 3:25 PM
Subject: Modification no. 1 to add $10,000 to coop agreement no. F15AC00783 (PR no.
0020091359)
To: Pete Benjamin <pete_benjamin@fws.gov>, Artela Jacobs <artela_jacobs@fws.gov>

Pete,

We've received your PR to add funds to the subject agreement. In order to complete our
files we'll also need a copy of the request from the Recipient for additional funds (or an
SF424) and a copy of the detailed budget describing how the funds will be spent. Please



email to me copies of these documents so I can proceed with processing the mod.

Please let me know if you have any questions.

Thanks,

-- 
Don Calder
US Fish and Wildlife Service
Div. of Contracting and Grant Services (CGS)
1875 Century Blvd., Suite 310
Atlanta, GA 30345
Phone: 404-679-4081
email: donald_calder@fws.gov



From: Benjamin, Pete
To: Miranda, Leopoldo
Subject: AP3C meeting
Date: Thursday, February 25, 2016 8:42:25 AM
Importance: High

Hey Leo,

Have you had a chance to contact Gordon yet regarding the need for another meeting of the AP Canid
Team?  He still hasn't returned my calls or emails.  We need to talk about the landowner agreements,
the potential to release wolves on public lands other than the refuges (e.g., gamelands), GPS collars,
and some of the conditions of our State permit that are causing issues. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Nordsven, Ryan; Morse, Michael L
Cc: Harrison, Rebecca; Beyer, Arthur
Subject: Spring is approaching
Date: Thursday, February 25, 2016 10:03:39 AM
Importance: High

Hi Michael and Ryan,

Trapping season is nearly over, which means that we need to figure out how to cover the bases once
the private trappers are done.  Specifically, we need to continue to be responsive to Ventures, attempt
to coordinate with Mr. Johnson, and continue to check in with Mr. Doe, in addition to any other
requests that may arise.  

I know there are all kinds of issues that arise with trapping as we move into pupping season, in addition
to the issues of housing and releasing the animals we've already got; but we need to find a way
forward.  The relationships you guys have with landowners is about the only asset the program has left
at this point and I really need you guys to put your heads together and figure out a way for us to live by
our rules (which means honoring removal requests) while doing the least harm to individual wolves or
the population.  

We definitely need to keep working on Ventures as we continue to talk with them about a possible
solution that would make them comfortable with wolves remaining on the property.  We also need to
figure out what to do with the animals we have in hand and any others we may capture.  As of right
now, releasing animals onto State gamelands is a no-go, but we are talking the WRC.  We are also
trying to talk with them about the conditions in our State permit that currently require us to GPS collar
any canids we release.  This creates an obvious problem with the animals that are still too small to
carry a collar.   

Please give me and Becky a plan for what we'll do come March (Tuesday).  I want to know who will be
trapping where and when, what we are doing to manage space at Sandy Ridge and the REC, and what
you guys need to get through spring.  If we need a meeting I'd be happy to come out to Manteo. 
Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Miranda, Leopoldo
To: Benjamin, Pete
Subject: Re: AP3C meeting
Date: Thursday, February 25, 2016 10:46:44 AM
Importance: High

He hasn't called me back... I will text him now,... 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Feb 25, 2016, at 8:42 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Hey Leo,

Have you had a chance to contact Gordon yet regarding the need for another meeting of
the AP Canid Team?  He still hasn't returned my calls or emails.  We need to talk about
the landowner agreements, the potential to release wolves on public lands other than the
refuges (e.g., gamelands), GPS collars, and some of the conditions of our State permit
that are causing issues. 

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Eversen, Michelle; Miranda, Leopoldo
Subject: Landowner Agreement
Date: Friday, February 5, 2016 3:26:32 PM
Attachments: 2016.02.05.Red Wolf Recovery Landowner Agreement Program White Paper.2.docx

2016.02.05.partners_agreement_draft_canids_2.docx
Importance: High

Hi guys, 

I hope the move is going well.  Attached is a clean copy of the Landowner Agreement and associated
white paper.  I removed references to the draft agreement from the white paper so it stands alone. 
The agreement is there if you need it when you talk to Cindy.  

One issue: I keep thinking about what we need to do to address take of wolves on private lands that
are subject to these agreements.  Members of NEP populations are considered proposed species when
not within refuges or national parks ONLY for purposes of section 7.  In all other cases they are
considered threatened. Prohibitions of section 9 still apply except as modified under our section 10(j)
rule.  So on private lands our NEP wolves are threatened.  Our 10(j) rule spells out the circumstances
under which wolves may be taken.  

So for us to allow take of wolves under these agreements that take needs to be analyzed and
authorized somehow.  A Biological Conference doesn't work because conferences don't include ITS.
Short of a rule-making I see two options.  One: we do a Consultation that covers everything we are
doing within the NEP area (on and off refuges), which then could include and ITS.  Two: landowners
who enter into these agreements are identified as our Designated Agents and are as such brought under
our section 10 permit.  We'd need a species-specific consultation for this I would think.  I think it is
fairly clear that these landowners are working with us to further the conservation of the species.  This
issue only affects one paragraph of the white paper, which currently envisions a conference opinion. 
What do you think?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



Red Wolf Recovery Landowner Agreement Program 
 
Background 
 
Since 1987, the only wild-living population of the endangered red wolf (Canus rufus) has existed 
in a 5-county area (Beaufort, Dare, Hyde, Tyrrell and Washington) of eastern North Carolina.  
This population is designated as a non-essential experimental population (NEP) pursuant to 
Section 10(j) of the Endangered Species Act (see regulations at 50 CFR 17.84(c)).  The five-
county NEP area consists of a mix of Federal, State and private lands.  The public land base is 
insufficient in size or configuration to support a viable population of wolves.  As such, wolves 
have occupied private lands in the NEP area since the early days of the recovery effort, and 
private lands are essential to the viability of the population.   
 
Pursuant to our 10(j) rules governing the experimental population of red wolves in the NEP Area 
the Fish and Wildlife Service (Service) is obliged to remove (or attempt to remove) wolves from 
private lands at the landowner’s requests.   This obligation applies regardless of the landowner’s 
reasoning for the request.  If such removal efforts are unsuccessful and considered abandoned, 
the landowner can be authorized to lethally take wolves remaining on the property.  As such, 
though private lands are essential to red wolf conservation and recovery there is no obligation for 
landowners to allow wolves on their property.   
 
Over the past few years there has been a significant decline in landowner support for red wolf 
recovery efforts.  At least a portion of this change in attitude is attributable to legal action 
brought against the NC Wildlife Resource Commission (NCWRC) that resulted in a ban on night 
hunting of coyotes in the NEP area.  While there is a wide range of views among the landowners 
regarding hunting, coyotes, red wolves and the Service, a critical mass is of the opinion that the 
presence of red wolves on their properties has resulted in a reduction in their ability to manage 
their lands and the wildlife that occurs thereon as they would desire.  This is viewed as an 
infringement on their rights as landowners and they do not think it is fair or right.  As a result 
there has been a reduction in Service access to private lands to conduct management activities, 
there have been more requests to remove wolves from private lands, and these factors (coupled 
with an increase in gunshot-related red wolf mortality) have driven the population size 
substantially downward.  Results of a recent Population Viability Analysis indicate that 
continuation of current management practices will result in extirpation of the population within a 
few decades.  Preliminary results of research being conducted by the NCWRC has indicated that 
public support for red wolf recovery efforts is unlikely to improve to levels sufficient to allow 
the population to grow on private lands until landowners view wolves as a benefit instead of a 
burden.   
 
Changing the Dynamics through Landowner Agreements 
 
We have determined that we will not conduct red wolf management activities on private lands 
unless we have a signed written agreement with the landowner.  To have a reasonable chance 
that a sufficient number of landowners would enter into such agreements the agreements need to 
include terms that landowners would view as a clear benefit.  We have developed a conceptual 
agreement that would allow the Service and NCWRC to manage wolves and coyotes on 
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cooperating properties.  We would work with each landowner to ensure that wolf management 
on the property was in accordance with their land management plans and objectives.  We would 
also provide information, technical and other assistance to help the landowner improve habitat 
for wildlife (e.g., deer, turkey, rabbits, and quail).  Participation in such agreements could also 
make landowners eligible for participation in a landowner incentive program implemented by a 
third party.  These provisions, in and of themselves, are likely insufficient incentives for many 
landowners.  As stated above, the prohibition on night hunting and resulting perceived inability 
of landowners to effectively manage coyotes is a very significant concern for many landowners.  
Therefore, the agreement would provide participating landowners with permission to hunt 
coyotes at night on cooperating properties.  This would provide a meaningful benefit to 
landowners willing to sign an agreement with the Service and the State.   
 
Were we to provide the coyote night hunting incentive, we would need to reduce the likelihood 
of wolves being shot by mistake which was the primary allegation in the lawsuit resulting in the 
current injunction on night hunting coyotes in the five-county area.  Therefore, we would mark 
wolves with brightly colored reflective collars and/or other markings so that they are 
distinguishable from non-managed canids.  The agreement would specify that landowners must 
avoid shooting marked animals.  Nonetheless, wolves would still be at risk of take due to failure 
of hunters to see damaged or dirty collars or markings and the fact that some (mostly young-of-
the-year-animals) would be unmarked.  The overall effects of implementing this program 
throughout the NEP area would be analyzed through an intra-Service conference opinion.  The 
amount of take expected to occur on a given property would be specified for each agreement.   
 
These agreements would further the conservation of red wolves by encouraging more 
landowners to allow wolves on their properties and to cooperate with the Service and NCWRC.  
This program, coupled with other initiatives to further incentivize landowners to allow wolves on 
their lands will help change public attitudes regarding the value of wolves in the NEP area.  
Additionally, by clearly marking most red wolves and broadly informing the public regarding 
this feature which clearly distinguishes red wolves from other canids, it would increase the 
potential for law enforcement to effectively pursue individuals who may maliciously target red 
wolves.   
 
In order to be implemented, aside from reaching agreement on the specific language of the 
agreement and completing the Section 7 conference, the NCWRC and Plaintiffs would need to 
agree to modify their settlement agreement to allow for the night hunting of coyotes on 
cooperating properties in the recovery area.  Implementing such agreements may also have the 
benefit in reducing the need for the Service to issue lethal take authorizations and could facilitate 
resolution of the pending litigation against the Service.   
 
Next Steps 
 
If the Regional Directorate agrees that development of such agreements is worthwhile, we would 
need to immediately discuss the concept with the Executive Director and senior staff of the 
NCWRC.  We would next need to discuss the matter with some key landowners to gauge local 
support and with the Plaintiffs to gauge willingness to resolve complaints against the Service and 
NCWRC.  If all that happened and the settlement agreement for the NCWRC case were 



Pre-decisional, for discussion purposes only, not for release 
 

3 
 

modified, the NCWRC would need to modify their existing rules related to coyote hunting in the 
NEP area.  If that happened and we were at the point of implementing these agreements, there 
would need to be a proactive public outreach effort to explain and promote the program to the 
public, listen to and address concerns and adapt as needed.  What could be easier? 
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Program Officer: [PO Contact Information] U.S. Fish and Wildlife Service 
Cooperator:  [Contact Information] North Carolina Wildlife Resources Commission 
Cooperator: [Landowner Contact Information] (hereinafter referred to as the Landowner) 
 
SUMMARY OF PARTNERS AGREEMENT 
 
Location: XXX property (hereinafter referred to as XXX) consists of XXX acres located [add 
details] in XX County, North Carolina. 
 
Description of Agreement: This no-cost agreement documents that the Landowner agrees to 
allow red wolves (Canis rufus) to enter and inhabit the property described above.  Additionally, 
the Landowner agrees to provide U.S. Fish and Wildlife Service (hereafter referred to as Service) 
and NC Wildlife Resources Commission (hereafter referred to as NCWRC) personnel access to 
the property and permission for Service and NCWRC personnel to conduct activities related to 
the monitoring and management of resident red wolves and coyotes.  The Service and NCWRC 
agree to ensure red wolf and coyote management activities are conducted on the property in 
accordance with the Landowner’s management objectives for the property.   
 
Duration of Agreement: Unless terminated by written notice, this Agreement will remain in force 
for a period of X years starting from [date]. 
 
Benefits and Comments: XXX consists of habitats that are ideal for endangered red wolves. 
Inclusion of XXX in the [Red Wolf Recovery Program or Ecological Services Program] through 
this Partners Agreement will significantly increase the odds of the Service realizing its objective 
of establishing a viable population of red wolves in northeastern North Carolina. 
 
Effective coyote management on Alligator River National Wildlife Refuge, Pocosin Lakes 
National Wildlife Refuge, and private lands in Beaufort, Dare, Hyde, Tyrrell, and Washington 
Counties (hereafter referred to Recovery non-essential experimental red wolf population area or  
NEP Area) is an essential part of red wolf recovery efforts.  Effective coyote management also 
serves the interests of the NCWRC and the Landowner in enhancing populations of game species 
on the property and throughout the Recovery Area.   
 
This PARTNERS AGREEMENT is made on this [date] by and between the Landowner and the 
United States of America, acting through the Service. 
 
 

United States Fish and Wildlife Service 
North Carolina Wildlife Resources Commission   
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W I T N E S E T H 
 
WHEREAS, the Service is authorized to take steps required for the development, management, 
advancement, conservation and protection of wildlife resources pursuant to the Fish and Wildlife 
Act of 1956, 16 U.S.C. sec. 742a et seq., the National Wildlife Refuge System Administration 
Act of 1966, 16 U.S.C. sec. 668dd et seq., and the Endangered Species Act of 1973, 16 U.S.C. 
1531-1543; 87 Stat. 884, as amended, and 
 
WHEREAS, the Service has implemented an historical attempt to reestablish the endangered red 
wolf in the Recovery NEP Area according to the rules set forth in 50 CFR Part 17.84(c), and   
 
WHEREAS, the NCWRC is vested with the responsibility of conserving and managing the 
wildlife of the North Carolina for the continuing benefit of the citizens of the State, and 
 
WHEREAS, the Landowner owns XXX acres of land near XXX and contains habitats similar to 
beneficial to red wolves, and 
 
WHEREAS, red wolves occupy the property owned by the Landowner. 
 
WHEREAS, the Landowner wishes to assist the Service in the attempt to return to the wild the 
endangered red wolf (Canis rufus), and 
 
WHEREAS, the Landowner needs to be confident that they can manage the property as they 
desire including management of habitat and wildlife populations, and that such actions are in 
accordance with applicable State and Federal laws and regulations, and  
 
NOW THEREFORE,  
 
the Landowner, NCWRC, and the Service agree to the following general termsas follows: 
 
1. Personnel of the Service and NCWRC will enter that property only after conferring with 

the owner or land manager specific to each visit or a group of visits as specified by the 
landowner. 

 
2. That Service and NCWRC personnel will immediately vacate the property if so requested 

by the Landowner or land manager. 
 
63.        That the Service and NCWRC personnel will Service agrees to share data and provide 

updates to the landowner regarding canid numbers and presence, pack dynamics, and 
general status updates. 

 
74. That the NCWRC and the Service agree to work with the Landowner to provide 

information, technical assistance and to address issues and concerns the Landowner may 
have regarding wildlife management on the Property. 

 
 
5. That the NCWR and the Service agree to work with the Landowner to manage canids on 
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the property consistent with the Landowner’s wishes.   
 
965. That any canidswolves captured and/or released onto the property will be fitted with 

clearly visible and reflective collars (usually with radio or GPS tracking devices) and/or 
other markers so the animals are clearly identifiable as part of red wolf recovery efforts.   

 
 
 
1076. That in accordance with [insert citation of appropriate NCWRC rule] night hunting of 

coyotes is authorized on the property, provided the landowner is otherwise in compliance 
with the terms of this agreement and that any such hunting avoids shooting of 
collaredmarked wolves or coyotes.  

 
87.   That the Service, NCWRC and Landowner recognize the activities conducted under this 

agreement are intended to further the conservation of red wolves and improve wildlife 
conditions on the property generally; nonetheless, incidental take of wolves is possible 
during the term of this agreement.  Therefore, the Service will provide the landowner 
with an Incidental Take Statement.   Through the Biological OpinionBiological 
Conference Opinion dated [Date], the Service determined that it would not jeopardize the 
continued existence of the species.  The forms of incidental take expected under this 
agreement are expected to be consistent with those described in the Opinion.  The amount 
and extent of incidental take authorized to occur on this property through the term of the 
aAgreement are described in the attached Incidental Take Statement (Attachment 1).   

 
98.        That the liability of the United States for acts or omissions of its employees which result 

in the damages to XXX property shall be governed by the terms of the Federal Tort 
Claims Act. 

 
 
 
Landowner agrees as follows: 
 
1. That the Landowner will allow red wolves to use the property. 
 
2. That the Landowner will allow with prior notice Service and NCWRC personnel access 

to, in, over and across the property to manage canids.  Personnel of the Service and 
NCWRC will enter that property only after conferring with the owner or land manager. 

 
3. That personnel of the Service will immediately vacate the property if so requested by the 
Landowner or land manager. 
 
34. That the Landowner will allow personnel of the Service and NCWRC to engage in 

monitoring and management activities on property.  These activities may include 
tracking, capturing, and tagging in order to vaccinate, radio-collar, mark, remove, release 
and/orand monitor canids.  Tracking methods may include visual sign surveys, remote 
camera surveys, and/or ground telemetry methods.  Capture techniques may include trap 
surveys, accessing den sites, and/or physical restraint of animals.  All canids captured on 
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the property will be (re-)released at/near the original capture site unless they are removed 
per the landowners wishes or unless animal behavior, animal health status, or 
management needs preclude release. 

 
45.  The Landowner(s) or his/her land manager, with legal authority over land management 

decisions, guarantee(s) ownership of the above-described land and warrants that there are 
no outstanding rights that interfere with this Landowner Agreement. 

 
6.  The landowner(s) will notify the Service and NCWRC of planned or pending changes in 

the property ownership. 
 
The NCWRC, Service and Landowner agree to the additional terms specific to this property as 
stated in Attachment 2. 
 
56. That the Landowner will allow personnel of the Service and NCWRC to move juvenile or 
adult red wolves from another area within the Recovery Area or from the Red Wolf Species 
Survival Plan captive breeding program to the property for release; provided the Landowner 
consents to each such movement.  Wolf pups may be moved onto the property as part of 
fostering techniques, in which pups >2 weeks old are placed into a resident red wolf den site 
after conferring with  the Landowner. 
 
6.        That the Service agrees to share data and provide updates regarding canid numbers and 
presence, pack dynamics, and general status updates. 
 
7. That the NCWRC and the Service agree to work with the Landowner to provide 
information, technical assistance and to address issues and concerns the Landowner may have 
regarding wildlife management on the Property. 
 
87.   That the Landowner will allow Service and NCWRC personnel to capture and sterilize 
coyotes, and then release them at the site of capture.  Sterile canids act as territorial 
“placeholders”, defending territory from other coyotes until wild red wolves can occupy the area. 
Sterile coyotes are not capable of breeding with other coyotes, effectively limiting the growth of 
the coyote population, nor are they capable of interbreeding with wild red wolves, limiting 
hybridization events.  
 
9. That any canids captured and/or released onto the property will be fitted with clearly 
visible and reflective collars (usually with radio or GPS tracking devices) so the animals are 
clearly identifiable as part of red wolf recovery efforts.   
 
10. That in accordance with [insert citation of appropriate NCWRC rule] night hunting of 
coyotes is authorized on the property, provided the landowner is otherwise in compliance with 
the terms of this agreement and that any such hunting avoids shooting of collared wolves or 
coyotes.  
 
11.   That the Service, NCWRC and Landowner recognize the activities conducted under this 
agreement are intended to further the conservation of red wolves and improve wildlife conditions 
on the property generally; nonetheless, incidental take of wolves is possible during the term of 
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Commented [PMB1]: I agree with Michelle’s’ comments 
below, and suggest we use language something like this to include 
any property specific terms we may need to negotiate with specific 
landowners.  

Commented [EM2]: Think we might want to keep 6 and 7 as 
some higher level of agreement rather than mandatory – perhaps 
agreeing to these is when we could pay per animal in introduced 
versus either no payment or a payment by pack number or acreage 
for singing the agreement at all.  

Commented [EM3]: Same as above. 
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this agreement.  This incidental take has been analyzed by the Service through the Biological 
Opinion dated [Date] and determined that it would not jeopardize the continued existence of the 
species.  The forms of incidental take are expected to be consistent with those described in the 
Opinion.  The amount and extent of incidental take authorized to occur on this property through 
the term of the Agreement are described in the attached Incidental Take Statement.   
 
12.        That the liability of the United States for acts or omissions of its employees which result 
in the damages to XXX property shall be governed by the terms of the Federal Tort Claims Act. 
 
Compliance with the terms of this agreement by the Landowner makes them eligible for 
participation in the [Red Wolf Landowner Incentive Program] administered by [XXX].  For 
information regarding participation in the RWLIP please contact [XXX].  
 
Nothing in this agreement shall affect or interfere with the fulfillment of the obligations and 
rights of either party hereto to manage the lands and programs administered by them in 
accordance with their other basic land management responsibilities. 
 
This Partners Agreement may be revised as necessary by mutual consent of either party by the 
issuance of a written amendment, signed and dated by both parties. 
 
Either party may terminate this Partners Agreement by providing written notice to the other. 
Unless terminated by written notice, this Agreement will remain in force for 5 years starting with 
[date]. At the end of that time, the parties will assess the benefits accrued and determine if the 
agreement should be reaffirmed. 
 
IN WITNESS WHEREOF, the parties hereto have executed this Partners Agreement as of the 
last day and date last below written. 
 
 
 
  



Pre-decisional, for discussion purposes only, not for release 
 
Attachment 1.  Amount and extent of take anticipated to occur through implementation of this 
Agreement. 
 
  



Pre-decisional, for discussion purposes only, not for release 
 
Attachment 2.  Property specific terms of this Landowner Agreement.  
 
In addition to the terms identified in the Agreement the following specific terms apply to [XXX]: 
 
[Examples] 
 

1. That Tthe Landowner will allow personnel of the Service and NCWRC to move juvenile 
or adult red wolves from another area within the Recovery Area or from the Red Wolf 
Species Survival Plan captive breeding program to the property for release; provided the 
Landowner consents to each such movement.  Wolf pups may be moved onto the 
property as part of fostering techniques, in which pups >2 weeks old are placed into a 
resident red wolf den site after conferring with  the Landowner. 
 

2. ThatThe the Landowner will allow Service and NCWRC personnel to capture and 
sterilize coyotes, and then release them at the site of capture.  Sterile canids act as 
territorial “placeholders”, defending territory from other coyotes until wild red wolves 
can occupy the area. Sterile coyotes are not capable of breeding with other coyotes, 
effectively limiting the growth of the coyote population, nor are they capable of 
interbreeding with wild red wolves, limiting hybridization events.  
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From: Miranda, Leopoldo
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Landowner Agreement
Date: Friday, February 5, 2016 4:05:40 PM
Importance: High

Thanks Pete! 
We briefly talked about the Consultation issue with the lawyers. The conclusion was "it is a
very complicated issue". I think doing the Conference Report is appropriate. The incidental
take provisions are described in the rule itself. Incidental take is already covered and we can
cite the rule for that.

The issue we have is with authorizing take itself, right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Feb 5, 2016, at 3:26 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Hi guys, 

I hope the move is going well.  Attached is a clean copy of the Landowner Agreement and
associated white paper.  I removed references to the draft agreement from the white
paper so it stands alone.  The agreement is there if you need it when you talk to Cindy.  

One issue: I keep thinking about what we need to do to address take of wolves on private
lands that are subject to these agreements.  Members of NEP populations are considered
proposed species when not within refuges or national parks ONLY for purposes of section
7.  In all other cases they are considered threatened. Prohibitions of section 9 still apply
except as modified under our section 10(j) rule.  So on private lands our NEP wolves are
threatened.  Our 10(j) rule spells out the circumstances under which wolves may be
taken.  

So for us to allow take of wolves under these agreements that take needs to be analyzed
and authorized somehow.  A Biological Conference doesn't work because conferences
don't include ITS. Short of a rule-making I see two options.  One: we do a Consultation
that covers everything we are doing within the NEP area (on and off refuges), which then
could include and ITS.  Two: landowners who enter into these agreements are identified
as our Designated Agents and are as such brought under our section 10 permit.  We'd need
a species-specific consultation for this I would think.  I think it is fairly clear that these
landowners are working with us to further the conservation of the species.  This issue
only affects one paragraph of the white paper, which currently envisions a conference
opinion.  What do you think?  



Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

<2016.02.05.Red Wolf Recovery Landowner Agreement Program White
Paper.2.docx>

<2016.02.05.partners_agreement_draft_canids_2.docx>



From: Benjamin, Pete
To: Miranda, Leopoldo
Cc: Eversen, Michelle
Subject: Re: Landowner Agreement
Date: Friday, February 5, 2016 4:13:17 PM
Importance: High

That's right, but I'm concerned that the 10(j) rule discusses take in limited circumstance - such as when
efforts to remove wolves have been abandoned.  We  could describe agreement-related take in these
terms, but it seems a bit of a stretch.  The best fit is under section (c)(4)(ii) of our 10(j) rule that says
wolves can be taken on lands or managed by Federal, State or local government agencies....   We could
say that by entering into these agreements we are in effect managing these private lands.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Feb 5, 2016 at 4:05 PM, Leopoldo Miranda <leopoldo_miranda@fws.gov> wrote:
Thanks Pete! 
We briefly talked about the Consultation issue with the lawyers. The conclusion was "it is a
very complicated issue". I think doing the Conference Report is appropriate. The incidental
take provisions are described in the rule itself. Incidental take is already covered and we can
cite the rule for that.

The issue we have is with authorizing take itself, right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Feb 5, 2016, at 3:26 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Hi guys, 

I hope the move is going well.  Attached is a clean copy of the Landowner Agreement
and associated white paper.  I removed references to the draft agreement from the
white paper so it stands alone.  The agreement is there if you need it when you talk to
Cindy.  

One issue: I keep thinking about what we need to do to address take of wolves on
private lands that are subject to these agreements.  Members of NEP populations are
considered proposed species when not within refuges or national parks ONLY for
purposes of section 7.  In all other cases they are considered threatened. Prohibitions



of section 9 still apply except as modified under our section 10(j) rule.  So on private
lands our NEP wolves are threatened.  Our 10(j) rule spells out the circumstances under
which wolves may be taken.  

So for us to allow take of wolves under these agreements that take needs to be
analyzed and authorized somehow.  A Biological Conference doesn't work because
conferences don't include ITS. Short of a rule-making I see two options.  One: we do a
Consultation that covers everything we are doing within the NEP area (on and off
refuges), which then could include and ITS.  Two: landowners who enter into these
agreements are identified as our Designated Agents and are as such brought under our
section 10 permit.  We'd need a species-specific consultation for this I would think.  I
think it is fairly clear that these landowners are working with us to further the
conservation of the species.  This issue only affects one paragraph of the white paper,
which currently envisions a conference opinion.  What do you think?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

<2016.02.05.Red Wolf Recovery Landowner Agreement Program White
Paper.2.docx>

<2016.02.05.partners_agreement_draft_canids_2.docx>



From: Eversen, Michelle
To: Benjamin, Pete
Cc: Miranda, Leopoldo
Subject: Re: Landowner Agreement
Date: Friday, February 5, 2016 4:35:33 PM
Importance: High

Or we could treat it the same as we do now.  Presumably any incidental take would be
accidental on properties with agreements in place  in which case they just need to report it as
such to us.  

Sent from my iPhone

On Feb 5, 2016, at 4:13 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

That's right, but I'm concerned that the 10(j) rule discusses take in limited circumstance -
such as when efforts to remove wolves have been abandoned.  We  could describe
agreement-related take in these terms, but it seems a bit of a stretch.  The best fit is
under section (c)(4)(ii) of our 10(j) rule that says wolves can be taken on lands or
managed by Federal, State or local government agencies....   We could say that by
entering into these agreements we are in effect managing these private lands.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Feb 5, 2016 at 4:05 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:

Thanks Pete! 
We briefly talked about the Consultation issue with the lawyers. The conclusion
was "it is a very complicated issue". I think doing the Conference Report is
appropriate. The incidental take provisions are described in the rule itself.
Incidental take is already covered and we can cite the rule for that.

The issue we have is with authorizing take itself, right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender
is subject to the Freedom of Information Act (FOIA) and may be disclosed
to third parties.

Sent from my iPad



On Feb 5, 2016, at 3:26 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Hi guys, 

I hope the move is going well.  Attached is a clean copy of the Landowner
Agreement and associated white paper.  I removed references to the
draft agreement from the white paper so it stands alone.  The agreement
is there if you need it when you talk to Cindy.  

One issue: I keep thinking about what we need to do to address take of
wolves on private lands that are subject to these agreements.  Members
of NEP populations are considered proposed species when not within
refuges or national parks ONLY for purposes of section 7.  In all other
cases they are considered threatened. Prohibitions of section 9 still apply
except as modified under our section 10(j) rule.  So on private lands our
NEP wolves are threatened.  Our 10(j) rule spells out the circumstances
under which wolves may be taken.  

So for us to allow take of wolves under these agreements that take needs
to be analyzed and authorized somehow.  A Biological Conference doesn't
work because conferences don't include ITS. Short of a rule-making I see
two options.  One: we do a Consultation that covers everything we are
doing within the NEP area (on and off refuges), which then could include
and ITS.  Two: landowners who enter into these agreements are
identified as our Designated Agents and are as such brought under our
section 10 permit.  We'd need a species-specific consultation for this I
would think.  I think it is fairly clear that these landowners are working
with us to further the conservation of the species.  This issue only affects
one paragraph of the white paper, which currently envisions a conference
opinion.  What do you think?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

<2016.02.05.Red Wolf Recovery Landowner Agreement Program
White Paper.2.docx>

<2016.02.05.partners_agreement_draft_canids_2.docx>



From: Miranda, Leopoldo
To: Benjamin, Pete
Cc: Eversen, Michelle
Subject: Re: Landowner Agreement
Date: Friday, February 5, 2016 5:27:53 PM
Importance: High

I think there may be a way to come up with the right language... It is too late for me to think
about it now. My brain is totally fried! What a day was today.... Now as Jeff Weller would
say, it is time to,enjoy the tractor! 
Have a great weekend!!!!! 

Leo

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Feb 5, 2016, at 5:03 PM, Pete Benjamin <pete_benjamin@fws.gov> wrote:

That might be sufficient, but I'm sure the landowners would want it explicitly
acknowledged in the agreement like we've proposed.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Michelle Eversen <michelle_eversen@fws.gov> 
Date: 02/05/2016 4:35 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Leopoldo Miranda <leopoldo_miranda@fws.gov> 
Subject: Re: Landowner Agreement 

Or we could treat it the same as we do now.  Presumably any incidental take
would be accidental on properties with agreements in place  in which case they
just need to report it as such to us.  

Sent from my iPhone

On Feb 5, 2016, at 4:13 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:



That's right, but I'm concerned that the 10(j) rule discusses take in limited
circumstance - such as when efforts to remove wolves have been
abandoned.  We  could describe agreement-related take in these terms, but
it seems a bit of a stretch.  The best fit is under section (c)(4)(ii) of our
10(j) rule that says wolves can be taken on lands or managed by Federal,
State or local government agencies....   We could say that by entering into
these agreements we are in effect managing these private lands.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Feb 5, 2016 at 4:05 PM, Leopoldo Miranda
<leopoldo_miranda@fws.gov> wrote:

Thanks Pete! 
We briefly talked about the Consultation issue with the lawyers.
The conclusion was "it is a very complicated issue". I think doing
the Conference Report is appropriate. The incidental take
provisions are described in the rule itself. Incidental take is already
covered and we can cite the rule for that.

The issue we have is with authorizing take itself, right? 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and
from this sender is subject to the Freedom of Information Act
(FOIA) and may be disclosed to third parties.

Sent from my iPad

On Feb 5, 2016, at 3:26 PM, Benjamin, Pete
<pete_benjamin@fws.gov> wrote:

Hi guys, 

I hope the move is going well.  Attached is a clean copy of
the Landowner Agreement and associated white paper.  I
removed references to the draft agreement from the white
paper so it stands alone.  The agreement is there if you
need it when you talk to Cindy.  

One issue: I keep thinking about what we need to do to
address take of wolves on private lands that are subject to



these agreements.  Members of NEP populations are
considered proposed species when not within refuges or
national parks ONLY for purposes of section 7.  In all other
cases they are considered threatened. Prohibitions of
section 9 still apply except as modified under our section
10(j) rule.  So on private lands our NEP wolves are
threatened.  Our 10(j) rule spells out the circumstances
under which wolves may be taken.  

So for us to allow take of wolves under these agreements
that take needs to be analyzed and authorized somehow.  A
Biological Conference doesn't work because conferences
don't include ITS. Short of a rule-making I see two options. 
One: we do a Consultation that covers everything we are
doing within the NEP area (on and off refuges), which then
could include and ITS.  Two: landowners who enter into
these agreements are identified as our Designated Agents
and are as such brought under our section 10 permit.  We'd
need a species-specific consultation for this I would think.  I
think it is fairly clear that these landowners are working
with us to further the conservation of the species.  This
issue only affects one paragraph of the white paper, which
currently envisions a conference opinion.  What do you
think?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

<2016.02.05.Red Wolf Recovery Landowner
Agreement Program White Paper.2.docx>

<2016.02.05.partners_agreement_draft_canids_2.docx>





From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Beyer, Arthur; Nordsven, Ryan; Morse, Michael L
Subject: canid trapping efforts on/near Ventures
Date: Tuesday, February 16, 2016 12:58:19 PM
Importance: High

Hi Pete,

Per our earlier conversation, I just wanted to provide a quick summary of some of the
private trapping efforts so far.  To date, we have received 5 wolves and 1 placeholder
coyote.  Here are the details:
-20651F sterile placeholder coyote with GPS collar (one of Joey Hinton's) received
from Wade Elliott 1/13/16.  Currently being held at Sandy Ridge.
-unknown canid (juvenile male), captured on Ventures by Matthew Eakes 2/2/16.
Currently being held at Sandy Ridge.
-12126F female chipped (uncollared 2015 pup) wolf, captured on C-Blocks (owner
Bobby Glover) by Micah Dark 2/10/16. Currently being held at Sandy Ridge.
-12129M male chipped (uncollared 2015 pup) wolf, captured on Ventures by Matthew
Eakes 2/11/16. Currently being held at Sandy Ridge.
-unknown canid (juvenile male), captured on Ventures by Matthew Eakes 2/12/16.
Currently being held at Sandy Ridge.
-uncollared coyote, captured on Ventures by Matthew Eakes 2/16/16. Examined and
returned to trapper same day.

I have a couple of concerns with these efforts.  First, Sandy Ridge is filling up
quickly.  We need a clear plan for where these animals are going long-term. 
Obviously, not all of them are going back on refuges.  There are a few possibilities
though (western part of ARNWR and maybe on bombing range).  This will require
some more discussions with Refuge staff as Mike has already voiced his concerns on
these actions (Section 7 documentation as well).  Also, our permit for releasing
animals requires GPS collars.  To my knowledge we currently only have 4 collars
available to deploy.  I know that Brandon has ordered more (10?), but that will likely
take weeks to receive.

Currently, we have reasons to hold all the wolves and unknown canids. The two wolf
pups from 2015 are small and underweight for their age.  I'm worried about a
potential parasite or health issue and think we should observe them for now.  They
are too small to release with collars.  If we released them in the near future, it's likely
they'd need abdominal transmitters instead (not sure how this is affected by permit). 
Bloodwork for the 2 unknown canids will be evaluated by the U of Idaho lab, after
which we'll have more info to base management actions on these animals.  I'm not
sure what we're doing with the placeholder.  Given we only have 4 GPS collars, I'm
unclear if this animal is a priority to release at this time.  That said, I do not want to
hold it indefinitely either.

Lastly, our permit and current management protocol requires written permission for
releases on private lands.  I know you've modified & improved the landowner
agreements I drafted a year ago for the RD's review.  I'm certain if/when approved,
these will require SOL review as well, likely taking several more months.  If we can't
release animals on private lands in the meantime, can we investigate releasing
animals on other public lands (e.g., State Game Lands, NEERs properties, etc.)? 
Otherwise, we're incredibly limited where animals could actually go on the landscape.



Looking forward, it's clear that Matthew Eaks will continue to trap Ventures through
the end of February, but we need a plan for March (including for Johnson's
properties).  We will have more capacity then with Allison from the MWRP here on a
detail and Shaun starting work next month as well. I assume you'll want the field
team trapping at least on Ventures next month, but I think we need to have a larger,
collective discussion on field activities/trapping priorities more generally.  I've asked
the field crew to generate a list of areas they'd want to work if possible.

Please let me know if I can provide additional information.

Thanks,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 22)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



From: Cobb, David T.
To: Sherrill, Brandon L; Boynton, Allen; Myers, Gordon S.; Briggs, M. Kyle; Olfenbuttel, Colleen; Albers, Geriann;

Sawyer, David T; Beyer, Arthur; Harrison, Rebecca; Benjamin, Pete
Subject: RE: GPS data from ANRNW coyote
Date: Monday, January 25, 2016 9:17:38 AM
Attachments: image001.png

image002.png
image003.png
image004.png

Importance: High

EXCELLENT, thanks for the update.
 
 
-------------------------------------
 
David T. Cobb, Ph.D.
Certified Wildlife Biologist
National Conservation Leadership Institute Fellow
 
Chief, Wildlife Management Division
N.C. Wildlife Resources Commission
1722 Mail Service Center
Raleigh, NC  27699-1722
919.707.0051
ncwildlife.org 
 
 

         
 
 

From: Sherrill, Brandon L 
Sent: Monday, January 25, 2016 9:16 AM
To: Boynton, Allen <allen.boynton@ncwildlife.org>; Cobb, David T. <david.cobb@ncwildlife.org>;
Myers, Gordon S. <gordon.myers@ncwildlife.org>; Briggs, M. Kyle <kyle.briggs@ncwildlife.org>;
Olfenbuttel, Colleen <Colleen.Olfenbuttel@ncwildlife.org>; Albers, Geriann
<geriann.albers@ncwildlife.org>; Sawyer, David T <David.Sawyer@ncwildlife.org>; Beyer, Arthur
<arthur_beyer@fws.gov>; Harrison, Rebecca <rebecca_harrison@fws.gov>; Pete Benjamin
<pete_benjamin@fws.gov>
Subject: GPS data from ANRNW coyote
 
Hi,
I just wanted to pass along a map of the initial locations of the coyote we released last week with a
GPS collar. It appears the collar is working properly and the coyote is currently still on ARNWR. It
took about six days for the first set of data to download but we’ll see how reliably data comes in
moving forward.
Please let me know if you have any questions or concerns.
 
Brandon



 
---------------------------------------------------------------------
 
Brandon L. Sherrill
Associate Wildlife Biologist ®
Mammalogist
 
NC Wildlife Resources Commission
1718 NC Hwy 56 West
Creedmoor, North Carolina 27522-8299
office: 919-707-0338   //   mobile: 919-208-9200
 
ncwildlife.org 
 
 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.
 
 
 











From: Benjamin, Pete
To: Nordsven, Ryan
Subject: Re: Bobby Dough
Date: Monday, January 25, 2016 4:53:28 PM
Importance: High

He showed me a bunch of photos from his trail cameras while we were
together last week, but I didn't get to keep him.  I'm sure he'd share them
with you.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Jan 25, 2016 at 3:12 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
Just curious Pete, has Bobby Dough sent any of his trail camera pictures to you?  That
would typically be the next step (ground surveys and trail cameras), but if he's had cameras
up already it would be interesting to take a look at his pictures to see if any wolves are
present.

On Thu, Jan 21, 2016 at 4:20 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Thank you Ryan very much.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 21, 2016 at 3:44 PM, Nordsven, Ryan <ryan_nordsven@fws.gov> wrote:
I called Bobby earlier today.  He wants to hold off until he gets a chance to meet with
the property owner who will be around on Jan 28 - 29.  He said he will contact me
sometime after that meeting.

On Thu, Jan 21, 2016 at 9:52 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Very good.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 21, 2016 at 9:35 AM, Morse, Michael <michael_l_morse@fws.gov>



wrote:
Ryan or myself will contact Mr. Dough later today and setup a site visit.  Also, I
have been speaking with Ricky Clayton (Coastland farm contact) the last few day
and am planning for Ryan and I to visit both farms tomorrow and begin our trapping
efforts.  Mr. Clayton understands that we needed to wait for a suitable weather
window to begin trapping.  Tomorrow is not the best case scenario for weather to
trap in but we're running out of time so we are going to push the envelope a bit. 
Thank you

Regards,

On Wed, Jan 20, 2016 at 4:47 PM, Harrison, Rebecca <rebecca_harrison@fws.gov>
wrote:

Hi Michael and Ryan,

Can one of you please call and schedule a site visit for Mr. Dough? I
realize we are not aware of any collared wolves there, but he has been
seeing a lot of canids.  Either way, he's requested one of us contact him
and follow up.  Please keep logs on any communications.

Thank you,
Becky
Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353

-- 
Ryan Nordsven
Wildlife Biologist
US Fish & Wildlife Service
100 Conservation Way
Manteo, NC 27954
Office: (252) 473-1132 x 244
Cell: (252) 475-8353



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Trapping
Date: Tuesday, January 26, 2016 3:29:09 PM

So we would want to stop before she drops the litter, right?  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Jan 26, 2016 at 3:02 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Interesting. One thing to also consider is trapping during denning season (or
before) in case we get the female...

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Jan 26, 2016 at 8:09 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Very well.  There is usually a period of time in the spring when it is
possible to trap before the weather gets too hot (we do not set traps
when the daytime temperatures starts to be consistently above 80
degrees due to the risk of heat stress on captured wolves). If you still
have concerns regarding the terms under which you would allow us to
access your properties I would request that we schedule a meeting well
before the end of March so we can have an agreement worked out in
advance.  I don't want to miss another opportunity.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



On Mon, Jan 25, 2016 at 5:11 PM, Coastland Corporation <info@coastlandcorp.com>
wrote:

Thank you for your communication.  Since it is so late now, we can discuss trapping wolves

sometime after March 31st.

 

Sent on behalf of James Johnson.

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Monday, January 25, 2016 12:45 PM
To: Coastland Corp
Subject: Re: Trapping

 

I'm sorry Mr. Johnson, but my team will be there to
do one thing - remove wolves from your property in
accordance with our rules and your wishes.  That
extends to coyotes but not beyond.  
 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 

On Fri, Jan 22, 2016 at 5:37 PM, Coastland Corp <coastlandcorp@verizon.net> wrote:

Pete,

 

If you are required to release non-target animals that are caught by your traps, is there any
reason you cannot release these animals to my representative who will dispose of them in
accordance with the law?



 

Sent on behalf of James Johnson.

 

 

From: Benjamin, Pete [mailto:pete_benjamin@fws.gov] 
Sent: Friday, January 22, 2016 2:42 PM
To: Coastland Corporation
Subject: Trapping

 

Hello,
 

Please see the attached response to your email
yesterday to Michael Morse of my staff. Please
contact me at the mobile number below if you have
any questions.  Thank you. 
 

Pete Benjamin

Field Supervisor

Raleigh ES Field Office

Office: (919) 856-4520 x 11

Mobile: (919) 816-6408

 



From: Beyer, Arthur
To: Benjamin, Pete
Date: Thursday, January 28, 2016 4:05:14 PM
Importance: High

Couple things looking forward to trapping Ventures:

We still don't have a permit from WRC for all this trapping, whether we are in the field
ourselves, or go with a local trapper.  Last word I heard from Daron is he had it ready, just
waiting for signatures.  

Also, Mike B. may be looking for a sec. 7 on releasing wolves we catch off Ventures back
onto ARNWR.  



From: Benjamin, Pete
To: Brandon Sherrill
Subject: Coyote Update
Date: Monday, February 1, 2016 9:21:20 AM
Importance: High

Hi Brandon,

Can you give me an update on the collared coyote?  I'd like to start sharing the information with the
manager of the property from whence the animal came.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408







From: Morse, Michael L
To: Benjamin, Pete
Cc: Nordsven, Ryan; Beyer, Arthur
Subject: Re: Any news from Ventures today?
Date: Tuesday, February 2, 2016 6:22:29 PM
Importance: High

Nothing today Pete.  The wolf captured on Ventures yesterday, that we processed today, was a
1-2 year-old, male in excellent condition.  He's being held at Sandy Ridge.

On Tue, Feb 2, 2016 at 4:12 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Beyer, Arthur
To: Morse, Michael L
Cc: Benjamin, Pete; Nordsven, Ryan
Subject: Re: Any news from Ventures today?
Date: Wednesday, February 3, 2016 7:47:54 AM
Importance: High

So that animal caught this week though did not have a chip correct?  We need to send blood
off to confirm what it is then?

On Tue, Feb 2, 2016 at 6:22 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Nothing today Pete.  The wolf captured on Ventures yesterday, that we processed today, was
a 1-2 year-old, male in excellent condition.  He's being held at Sandy Ridge.

On Tue, Feb 2, 2016 at 4:12 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: Benjamin, Pete
Subject: Fwd: Any news from Ventures today?
Date: Wednesday, February 3, 2016 8:41:58 AM
Importance: High

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Wed, Feb 3, 2016 at 8:40 AM
Subject: Re: Any news from Ventures today?
To: "Beyer, Arthur" <arthur_beyer@fws.gov>

That's right.  We pulled extra blood to send off for DNA analysis.  

On Wed, Feb 3, 2016 at 7:47 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
So that animal caught this week though did not have a chip correct?  We need to send blood
off to confirm what it is then?

On Tue, Feb 2, 2016 at 6:22 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Nothing today Pete.  The wolf captured on Ventures yesterday, that we processed today,
was a 1-2 year-old, male in excellent condition.  He's being held at Sandy Ridge.

On Tue, Feb 2, 2016 at 4:12 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954



Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Nordsven, Ryan; Simms, Winnett; Beyer, Arthur
Subject: Fwd: Trapping
Date: Thursday, January 21, 2016 8:58:09 PM
Attachments: ATT00001.htm

20160121180740935.pdf
Importance: High

Hi Pete,

We heard back from Mr. Johnson. I'm not agreeing to these updates terms. First, I'm not
committing us to killing non-target animals. I'm also unclear where exactly geographically
wolves could be released based on his conditions & still be compliant with our regulations. I'll
be available for discussion tomorrow if needed.

Becky

Sent from my iPhone

Begin forwarded message:

From: Coastland Corporation <info@coastlandcorp.com>
Date: January 21, 2016 at 6:29:45 PM EST
To: "Morse, Michael" <michael_l_morse@fws.gov>,
<rebecca_harrison@fws.gov>
Cc: <info@coastlandcorp.com>, <rclayton726@gmail.com>
Subject: Trapping

Dear Mr. Morse and Ms. Harrison,
 
Your terms regarding trapping are not acceptable (copy attached).  However, in view of
your comments, I have revised the terms that are acceptable to me regarding your
trapping.  I will advise Ricky Clayton that trapping can begin on these terms.
 
Attachment.
 
Sent on behalf of James Johnson.
 
 



file:///C/Users/barbara_beckett/Desktop/Process%20Folder/4%20Unique%20Folder/20160121%20205809_Email_Fwd_%20Trapping.htm[1/15/2021 4:51:22 PM]







From: Benjamin, Pete
To: Harrison, Rebecca
Cc: Nordsven, Ryan; Simms, Winnett; Beyer, Arthur
Subject: RE: Trapping
Date: Thursday, January 21, 2016 9:04:54 PM
Importance: High

Ugh.  I guess we'll need to send him a letter (hopefully tomorrow) explaining why the best and
only place we can release any captured wolves is ON ARNWR, and why we can't just
slaughter things willy-nilly.  

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rebecca Harrison <rebecca_harrison@fws.gov> 
Date: 01/21/2016 8:58 PM (GMT-05:00) 
To: pete_benjamin@fws.gov 
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, w_frank_simms@fws.gov, Arthur Beyer
<arthur_beyer@fws.gov> 
Subject: Fwd: Trapping 

Hi Pete,

We heard back from Mr. Johnson. I'm not agreeing to these updates terms. First, I'm not
committing us to killing non-target animals. I'm also unclear where exactly geographically
wolves could be released based on his conditions & still be compliant with our regulations. I'll
be available for discussion tomorrow if needed.

Becky

Sent from my iPhone

Begin forwarded message:

From: Coastland Corporation <info@coastlandcorp.com>
Date: January 21, 2016 at 6:29:45 PM EST
To: "Morse, Michael" <michael_l_morse@fws.gov>,
<rebecca_harrison@fws.gov>
Cc: <info@coastlandcorp.com>, <rclayton726@gmail.com>
Subject: Trapping

Dear Mr. Morse and Ms. Harrison,

 

Your terms regarding trapping are not acceptable (copy attached).  However, in



view of your comments, I have revised the terms that are acceptable to me
regarding your trapping.  I will advise Ricky Clayton that trapping can begin on
these terms.

 

Attachment.

 

Sent on behalf of James Johnson.

 

 



From: Benjamin, Pete
To: Harrison, Rebecca
Cc: Nordsven, Ryan; Simms, Winnett; Beyer, Arthur
Subject: RE: Trapping
Date: Thursday, January 21, 2016 9:08:45 PM
Importance: High

Probaby a bad idea- but could we offer to haul non-target predators off his property and also
dump them on the refuge?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rebecca Harrison <rebecca_harrison@fws.gov> 
Date: 01/21/2016 8:58 PM (GMT-05:00) 
To: pete_benjamin@fws.gov 
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, w_frank_simms@fws.gov, Arthur Beyer
<arthur_beyer@fws.gov> 
Subject: Fwd: Trapping 

Hi Pete,

We heard back from Mr. Johnson. I'm not agreeing to these updates terms. First, I'm not
committing us to killing non-target animals. I'm also unclear where exactly geographically
wolves could be released based on his conditions & still be compliant with our regulations. I'll
be available for discussion tomorrow if needed.

Becky

Sent from my iPhone

Begin forwarded message:

From: Coastland Corporation <info@coastlandcorp.com>
Date: January 21, 2016 at 6:29:45 PM EST
To: "Morse, Michael" <michael_l_morse@fws.gov>,
<rebecca_harrison@fws.gov>
Cc: <info@coastlandcorp.com>, <rclayton726@gmail.com>
Subject: Trapping

Dear Mr. Morse and Ms. Harrison,

 

Your terms regarding trapping are not acceptable (copy attached).  However, in
view of your comments, I have revised the terms that are acceptable to me



regarding your trapping.  I will advise Ricky Clayton that trapping can begin on
these terms.

 

Attachment.

 

Sent on behalf of James Johnson.

 

 



From: Simms, Winnett
To: Benjamin, Pete
Cc: Harrison, Rebecca; Nordsven, Ryan; Beyer, Arthur
Subject: Re: Trapping
Date: Thursday, January 21, 2016 9:10:51 PM
Importance: High

Probably?

Sent from my iPhone

On Jan 21, 2016, at 9:08 PM, Pete Benjamin <pete_benjamin@fws.gov> wrote:

Probaby a bad idea- but could we offer to haul non-target predators off his
property and also dump them on the refuge?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rebecca Harrison <rebecca_harrison@fws.gov> 
Date: 01/21/2016 8:58 PM (GMT-05:00) 
To: pete_benjamin@fws.gov 
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, w_frank_simms@fws.gov,
Arthur Beyer <arthur_beyer@fws.gov> 
Subject: Fwd: Trapping 

Hi Pete,

We heard back from Mr. Johnson. I'm not agreeing to these updates terms.
First, I'm not committing us to killing non-target animals. I'm also unclear where
exactly geographically wolves could be released based on his conditions & still be
compliant with our regulations. I'll be available for discussion tomorrow if
needed.

Becky

Sent from my iPhone

Begin forwarded message:

From: Coastland Corporation <info@coastlandcorp.com>
Date: January 21, 2016 at 6:29:45 PM EST
To: "Morse, Michael" <michael_l_morse@fws.gov>,
<rebecca_harrison@fws.gov>
Cc: <info@coastlandcorp.com>, <rclayton726@gmail.com>
Subject: Trapping



Dear Mr. Morse and Ms. Harrison,

 

Your terms regarding trapping are not acceptable (copy attached). 
However, in view of your comments, I have revised the terms that are
acceptable to me regarding your trapping.  I will advise Ricky
Clayton that trapping can begin on these terms.

 

Attachment.

 

Sent on behalf of James Johnson.

 

 



From: Harrison, Rebecca
To: Simms, Winnett
Cc: Benjamin, Pete; Nordsven, Ryan; Beyer, Arthur; Morse, Michael L
Subject: Re: Trapping
Date: Friday, January 22, 2016 8:36:34 AM
Importance: High

I think that's a bad idea for multiple reasons.  I would assume best trapping practices
would recommend that non-target are immediately released where captured. 
Second, I would have to look up the state regulations for transfer--I know fox species
have some special conditions that vary by county.  Third, anything done on refuges
would require coordination with refuge management.  Lastly, we're not in the
business of open door predator removal.  Our regulations require our response to
complaints regarding red wolves (not bobcats, raccoons, foxes, etc.).  

This seems like an unproductive exercise and while I was hopeful we would be able
to access these properties several weeks ago, at this point it seems like there were
never any real opportunities to be there.  We have tried to be communicative to Mr.
Johnson and Mr. Clayton through phone calls and emails.  We have been met with
delays and unrealistic conditions repeatedly.

Here's a communications summary to date:
https://docs.google.com/document/d/1p_OeAzzMLbsv-
1tVX1_c2OUH4dMH50NsnWOzzC5t50E/edit

It's a Google Docs, so anyone can edit it.  Please add details as needed. We have
saved emails and created a phone log with details of any conversation.  Pete, I
haven't added in any of your communications.  Are you drafting a response letter to
his latest set of terms?

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Thu, Jan 21, 2016 at 9:10 PM, Frank Simms <w_frank_simms@fws.gov> wrote:
Probably?

Sent from my iPhone

On Jan 21, 2016, at 9:08 PM, Pete Benjamin <pete_benjamin@fws.gov> wrote:



Probaby a bad idea- but could we offer to haul non-target predators off his
property and also dump them on the refuge?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rebecca Harrison <rebecca_harrison@fws.gov> 
Date: 01/21/2016 8:58 PM (GMT-05:00) 
To: pete_benjamin@fws.gov 
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, w_frank_simms@fws.gov,
Arthur Beyer <arthur_beyer@fws.gov> 
Subject: Fwd: Trapping 

Hi Pete,

We heard back from Mr. Johnson. I'm not agreeing to these updates terms.
First, I'm not committing us to killing non-target animals. I'm also unclear
where exactly geographically wolves could be released based on his conditions
& still be compliant with our regulations. I'll be available for discussion
tomorrow if needed.

Becky

Sent from my iPhone

Begin forwarded message:

From: Coastland Corporation <info@coastlandcorp.com>
Date: January 21, 2016 at 6:29:45 PM EST
To: "Morse, Michael" <michael_l_morse@fws.gov>,
<rebecca_harrison@fws.gov>
Cc: <info@coastlandcorp.com>, <rclayton726@gmail.com>
Subject: Trapping

Dear Mr. Morse and Ms. Harrison,

 

Your terms regarding trapping are not acceptable (copy attached). 
However, in view of your comments, I have revised the terms that
are acceptable to me regarding your trapping.  I will advise Ricky
Clayton that trapping can begin on these terms.

 



Attachment.

 

Sent on behalf of James Johnson.

 

 



From: Benjamin, Pete
To: Harrison, Rebecca; Simms, Winnett
Cc: Nordsven, Ryan; Beyer, Arthur; Morse, Michael L
Subject: RE: Trapping
Date: Friday, January 22, 2016 8:38:43 AM

Ok, scratch that idea. I'm working on a letter.  Thanks for compiling the communication
history.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Harrison, Rebecca" <rebecca_harrison@fws.gov> 
Date: 01/22/2016 8:36 AM (GMT-05:00) 
To: Frank Simms <w_frank_simms@fws.gov> 
Cc: Pete Benjamin <pete_benjamin@fws.gov>, Ryan Nordsven <ryan_nordsven@fws.gov>,
Arthur Beyer <arthur_beyer@fws.gov>, Michael Morse <michael_l_morse@fws.gov> 
Subject: Re: Trapping 

I think that's a bad idea for multiple reasons.  I would assume best trapping practices
would recommend that non-target are immediately released where captured. 
Second, I would have to look up the state regulations for transfer--I know fox species
have some special conditions that vary by county.  Third, anything done on refuges
would require coordination with refuge management.  Lastly, we're not in the
business of open door predator removal.  Our regulations require our response to
complaints regarding red wolves (not bobcats, raccoons, foxes, etc.).  

This seems like an unproductive exercise and while I was hopeful we would be able
to access these properties several weeks ago, at this point it seems like there were
never any real opportunities to be there.  We have tried to be communicative to Mr.
Johnson and Mr. Clayton through phone calls and emails.  We have been met with
delays and unrealistic conditions repeatedly.

Here's a communications summary to date:
https://docs.google.com/document/d/1p_OeAzzMLbsv-
1tVX1_c2OUH4dMH50NsnWOzzC5t50E/edit

It's a Google Docs, so anyone can edit it.  Please add details as needed. We have
saved emails and created a phone log with details of any conversation.  Pete, I
haven't added in any of your communications.  Are you drafting a response letter to
his latest set of terms?

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead



Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Thu, Jan 21, 2016 at 9:10 PM, Frank Simms <w_frank_simms@fws.gov> wrote:
Probably?

Sent from my iPhone

On Jan 21, 2016, at 9:08 PM, Pete Benjamin <pete_benjamin@fws.gov> wrote:

Probaby a bad idea- but could we offer to haul non-target predators off his
property and also dump them on the refuge?

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Rebecca Harrison <rebecca_harrison@fws.gov> 
Date: 01/21/2016 8:58 PM (GMT-05:00) 
To: pete_benjamin@fws.gov 
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, w_frank_simms@fws.gov,
Arthur Beyer <arthur_beyer@fws.gov> 
Subject: Fwd: Trapping 

Hi Pete,

We heard back from Mr. Johnson. I'm not agreeing to these updates terms.
First, I'm not committing us to killing non-target animals. I'm also unclear
where exactly geographically wolves could be released based on his conditions
& still be compliant with our regulations. I'll be available for discussion
tomorrow if needed.

Becky

Sent from my iPhone

Begin forwarded message:

From: Coastland Corporation <info@coastlandcorp.com>
Date: January 21, 2016 at 6:29:45 PM EST



To: "Morse, Michael" <michael_l_morse@fws.gov>,
<rebecca_harrison@fws.gov>
Cc: <info@coastlandcorp.com>, <rclayton726@gmail.com>
Subject: Trapping

Dear Mr. Morse and Ms. Harrison,

 

Your terms regarding trapping are not acceptable (copy attached). 
However, in view of your comments, I have revised the terms that
are acceptable to me regarding your trapping.  I will advise Ricky
Clayton that trapping can begin on these terms.

 

Attachment.

 

Sent on behalf of James Johnson.

 

 



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Re: Communications Summary for Coastland Corporation-2016 - Invitation to edit
Date: Friday, January 22, 2016 9:37:12 AM
Attachments: CommunicationsSummaryforCoastlandCorporation-2016.docx
Importance: High

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Fri, Jan 22, 2016 at 9:27 AM, Pete Benjamin <pete_benjamin@fws.gov> wrote:

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Pete Benjamin <pete_benjamin@fws.gov> 
Date: 01/22/2016 8:50 AM (GMT-05:00) 
To: "Rebecca Harrison (via Google Docs)" <drive-shares-noreply@google.com> 
Subject: RE: Communications Summary for Coastland Corporation-2016 - Invitation to edit 

I'm at home and the VPN is hopeless so I can't access Google drive.  Can you email me the
communication log.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Rebecca Harrison (via Google Docs)" <drive-shares-noreply@google.com> 
Date: 01/22/2016 8:34 AM (GMT-05:00) 
To: pete_benjamin@fws.gov 
Cc: arthur_beyer@fws.gov, michael_l_morse@fws.gov, ryan_nordsven@fws.gov,
w_frank_simms@fws.gov 



Subject: Communications Summary for Coastland Corporation-2016 - Invitation to edit 

Rebecca Harrison has invited you to edit the following document:

Communications Summary for Coastland Corporation-
2016

Open in Docs

Google Docs: Create and edit documents online.



Communications Summary for Coastland Corporation-2016 
 
12/28/15  Phone call M. Morse to Mr. Johnson (left msg) 
1/4/16  Phone call M. Morse to Mr. Johnson (left msg) 
1/5/16  Phone call M. Morse to Mr. Johnson (left msg) 
1/8/16  Phone call M. Morse to Mr. Johnson (left msg) 
1/11/16  Phone call from Mr. Johnson to M. Morse with terms of access 
1/12/16  Email from M. Morse to Mr. Johnson  
1/13/16 Phone call M. Morse to Mr. Johnson (left msg), asked to fax signed permission 
1/14/16 Email from Mr. Johnson to M. Morse terms of access  
1/16/16 Email from R. Harrison to Mr. Johnson with signed acknowledgement of terms for  

access (pending new conditions) 
1/19/16 Phone call M. Morse to Mr. Clayton (left msg) 
1/19/16  Phone call from Mr. Clayton to M. Morse 
1/21/16 Email from Mr. Johnson to M. Morse and R. Harrison with new terms of access  

(denying permission from previous conditions sent 1/16/16) 



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: RE: Communications Summary for Coastland Corporation-2016 - Invitation to edit
Date: Friday, January 22, 2016 9:52:39 AM

Thanks.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Harrison, Rebecca" <rebecca_harrison@fws.gov> 
Date: 01/22/2016 9:37 AM (GMT-05:00) 
To: Pete Benjamin <pete_benjamin@fws.gov> 
Subject: Re: Communications Summary for Coastland Corporation-2016 - Invitation to edit 

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Fri, Jan 22, 2016 at 9:27 AM, Pete Benjamin <pete_benjamin@fws.gov> wrote:

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: Pete Benjamin <pete_benjamin@fws.gov> 
Date: 01/22/2016 8:50 AM (GMT-05:00) 
To: "Rebecca Harrison (via Google Docs)" <drive-shares-noreply@google.com> 
Subject: RE: Communications Summary for Coastland Corporation-2016 - Invitation to edit 

I'm at home and the VPN is hopeless so I can't access Google drive.  Can you email me the
communication log.



Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Rebecca Harrison (via Google Docs)" <drive-shares-noreply@google.com> 
Date: 01/22/2016 8:34 AM (GMT-05:00) 
To: pete_benjamin@fws.gov 
Cc: arthur_beyer@fws.gov, michael_l_morse@fws.gov, ryan_nordsven@fws.gov,
w_frank_simms@fws.gov 
Subject: Communications Summary for Coastland Corporation-2016 - Invitation to edit 

Rebecca Harrison has invited you to edit the following document:

Communications Summary for Coastland Corporation-
2016

Open in Docs

Google Docs: Create and edit documents online.



From: Beyer, Arthur
To: Benjamin, Pete
Cc: Harrison, Rebecca; Mike Bryant
Subject: Re: Draft Letter to Coastland Corp.
Date: Friday, January 22, 2016 12:57:28 PM
Importance: High

Pete, this looks good!  I think you have articulated the issues and our required response.

With regards to our removal of coyotes under the state permit, I'm concerned that if the state
agrees to removals of all predators at a landowners request as a condition of the permit, in
addition to coyotes, we lose that one argument stated in your response and effectively become
animal control.  I'm not sure if stating the fact that we are not animal control or services is
needed in this response or not.  Also, it might be helpful to include refuges' response to that
request, in that the refuge is not a depository for a landowner unwanted predators, for a
number of reasons.  I'm copying Mike here for any comment as well.  I believe there would be
issues with transporting animals not tested for diseases to refuges, impacts to local
populations, setting precedence, to name a few.  

On Fri, Jan 22, 2016 at 12:39 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hello all,

Please review the attached letter and let me know what you think as
soon as possible.  

Leo and Michelle, for background we have been attempting to
coordinate access to two properties owned by Coastland Corp. since
December (see the attached communications log, which does not include
my interactions with the Coastland folks that started in mid-December). 
As you can see, they have been slow to respond but my folks have been
persistent.  In response to our request for written permission to access
the properties, they provided a number of conditions - some with which
we could not abide.  After another round of exchanges, we received the
attached letter from them yesterday, which still contains unacceptable
conditions.  My draft letter is our proposed response.  I'd like to send it
out today if possible in an effort to salvage what little time remains to
trap in January.  

We have tried very hard to be accommodating and responsive and will
continue to do so.  I am not sure how this letter will be received by
Coastland, so I want you to be fully aware of what is going on in case this
elevates.   

Thanks all,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office



Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Beyer, Arthur
Subject: RE: Draft Letter to Coastland Corp.
Date: Friday, January 22, 2016 1:05:45 PM
Importance: High

Yeah, forget the idea of moving non target animals.  I was just trying to think of options, that's
clearly not one.

Sent from my Verizon Wireless 4G LTE smartphone

-------- Original message --------
From: "Beyer, Arthur" <arthur_beyer@fws.gov> 
Date: 01/22/2016 12:57 PM (GMT-05:00) 
To: "Benjamin, Pete" <pete_benjamin@fws.gov> 
Cc: Rebecca Harrison <rebecca_harrison@fws.gov>, Mike Bryant <mike_bryant@fws.gov> 
Subject: Re: Draft Letter to Coastland Corp. 

Pete, this looks good!  I think you have articulated the issues and our required response.

With regards to our removal of coyotes under the state permit, I'm concerned that if the state
agrees to removals of all predators at a landowners request as a condition of the permit, in
addition to coyotes, we lose that one argument stated in your response and effectively become
animal control.  I'm not sure if stating the fact that we are not animal control or services is
needed in this response or not.  Also, it might be helpful to include refuges' response to that
request, in that the refuge is not a depository for a landowner unwanted predators, for a
number of reasons.  I'm copying Mike here for any comment as well.  I believe there would be
issues with transporting animals not tested for diseases to refuges, impacts to local
populations, setting precedence, to name a few.  

On Fri, Jan 22, 2016 at 12:39 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hello all,

Please review the attached letter and let me know what you think as
soon as possible.  

Leo and Michelle, for background we have been attempting to
coordinate access to two properties owned by Coastland Corp. since
December (see the attached communications log, which does not include
my interactions with the Coastland folks that started in mid-December). 
As you can see, they have been slow to respond but my folks have been
persistent.  In response to our request for written permission to access
the properties, they provided a number of conditions - some with which
we could not abide.  After another round of exchanges, we received the
attached letter from them yesterday, which still contains unacceptable
conditions.  My draft letter is our proposed response.  I'd like to send it



out today if possible in an effort to salvage what little time remains to
trap in January.  

We have tried very hard to be accommodating and responsive and will
continue to do so.  I am not sure how this letter will be received by
Coastland, so I want you to be fully aware of what is going on in case this
elevates.   

Thanks all,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Beyer, Arthur
Cc: Benjamin, Pete; Mike Bryant
Subject: Re: Draft Letter to Coastland Corp.
Date: Friday, January 22, 2016 1:28:12 PM
Importance: High

Thanks Pete.  I think this addresses many of our concerns.  I don't have anything
else to add right now.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Fri, Jan 22, 2016 at 12:57 PM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Pete, this looks good!  I think you have articulated the issues and our required response.

With regards to our removal of coyotes under the state permit, I'm concerned that if the state
agrees to removals of all predators at a landowners request as a condition of the permit, in
addition to coyotes, we lose that one argument stated in your response and effectively
become animal control.  I'm not sure if stating the fact that we are not animal control or
services is needed in this response or not.  Also, it might be helpful to include refuges'
response to that request, in that the refuge is not a depository for a landowner unwanted
predators, for a number of reasons.  I'm copying Mike here for any comment as well.  I
believe there would be issues with transporting animals not tested for diseases to refuges,
impacts to local populations, setting precedence, to name a few.  

On Fri, Jan 22, 2016 at 12:39 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Hello all,

Please review the attached letter and let me know what you think as
soon as possible.  

Leo and Michelle, for background we have been attempting to
coordinate access to two properties owned by Coastland Corp. since
December (see the attached communications log, which does not
include my interactions with the Coastland folks that started in mid-
December).  As you can see, they have been slow to respond but my



folks have been persistent.  In response to our request for written
permission to access the properties, they provided a number of
conditions - some with which we could not abide.  After another round
of exchanges, we received the attached letter from them yesterday,
which still contains unacceptable conditions.  My draft letter is our
proposed response.  I'd like to send it out today if possible in an effort
to salvage what little time remains to trap in January.  

We have tried very hard to be accommodating and responsive and will
continue to do so.  I am not sure how this letter will be received by
Coastland, so I want you to be fully aware of what is going on in case
this elevates.   

Thanks all,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Morse, Michael L
Cc: Benjamin, Pete
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 10:21:05 AM
Importance: High

We have still not received any fax from Mr. Johnson or his office.  Should I request
this again via email?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Jan 13, 2016 at 12:13 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Becky
FYI - I just called Mr. Johnsons office and asked them to make sure he signs a removable
letter so they can fax it to us today. He's not in yet. 
Thanks,
Michael

On Wednesday, January 13, 2016, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Thanks Michael for sending this.  Just FYI, I have not received a signed letter of
permission yet.  I'll wait until this afternoon and then reach out to him again.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



On Tue, Jan 12, 2016 at 9:42 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Dear Mr Johnson:

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves captured
on either property not be released near the capture locations. Preferably, to be released on public lands in Dare Co.,
NC.

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

3).  You are requesting that any coyote captured on your properties be killed.

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both properties. 
Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the USFWS will be
on the properties conducting trapping efforts.

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

Thank you,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Trapping
Date: Thursday, January 14, 2016 10:42:08 AM

Thanks, Keep trying Johnson.  Also, I'm sure Bobby will grant permission,
but of course we need to call him first (252-943-2528).  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 10:20 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Here's what I know so far:

1. No.  We have still not received any written permission from Mr. Johnson for
access.  Ryan is flying today and Michael is still out of town at the workshop, so I'm
estimating trapping efforts will begin Tuesday, Jan 19 when everyone's back in the
office (assuming we receive written permission).  Art will be flying those two weeks
so Ryan and Michael have consistently monitor traplines.  We had hoped to start
this week, but he's been particularly difficult to reach and has not been forthcoming
with written permission.

2. Bobby Dough: Do we have permission to be over there? Ryan may be able to get
over tomorrow and look around.  Ryan and Michael: what's the feasibility of looking
at sign on his property in the afternoons after checking lines at Whitetail once we
begin? If we're going to set traplines, early Feb would be a lot easier in general
once we wrap up work at Johnson's properties.  I would argue that given the lack
of knowledge and observations of any wolves there, this property is not a priority
for trapping given other needs.

3. Ventures: Ryan spoke to Matthew Eaks, a private trapper, who we've worked
with before and notified him of the new trapping agreement.  He's likely to begin
trapping over there as his schedule allows.  Otherwise, we could target trapping
there in early Feb as well (with permission).

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245



Email: rebecca_harrison@fws.gov

On Thu, Jan 14, 2016 at 10:08 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Couple things,

1.  Are we trapping Coastland Corps properties yet?  If so, how's it
going.  

2.  Please can we get someone over to look around on Bobby Dough's
place?  I know we are not tracking any wolves over there, but there are
a couple collared coyotes, and he has a ton of game camera photos of
canids.  I'd like someone to get over there and at least look at the
areas near those cameras to see if there is sign of anything other than
coyote.  Obviously Coastland is top priority along with whatever we
need to do on Ventures, but is it possible for someone to get over there
in the afternoon after the traplines are run?  Please advise.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Benjamin, Pete; Nordsven, Ryan; Simms, Winnett
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 11:12:16 AM
Attachments: 20160114085922179.pdf
Importance: High

FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>

just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.



 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek
Farms

 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations. Preferably, to be released on public lands in
Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both properties. 
Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the USFWS will be
on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 



 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350





From: Harrison, Rebecca
To: Morse, Michael L
Cc: Benjamin, Pete
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 11:12:58 AM
Importance: High

Thanks--Pete will sign and return.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Thu, Jan 14, 2016 at 11:11 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek
Farms



 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations. Preferably, to be released on public lands in
Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both
properties.  Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the
USFWS will be on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS



ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Benjamin, Pete
To: Harrison, Rebecca
Cc: Nordsven, Ryan; Simms, Winnett
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 11:35:40 AM
Attachments: DOC001.pdf
Importance: High

Here is the signed acknowledgement.  Let me know what you think about
the note I added.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 11:12 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>

just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and



Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek
Farms

 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations. Preferably, to be released on public lands in
Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both
properties.  Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the
USFWS will be on the properties conducting trapping efforts.



 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350





From: Miranda, Leopoldo
To: Eversen, Michelle
Cc: Harrison, Rebecca; Benjamin, Pete
Subject: Re: NCWRC TRP agreement
Date: Thursday, January 14, 2016 7:58:10 PM
Importance: High

Yeah!! Awesome job and THANK YOU! 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Jan 14, 2016, at 10:49 AM, Eversen, Michelle <michelle_eversen@fws.gov> wrote:

Excellent news!  I needed some today so thank you.

On Thu, Jan 14, 2016 at 9:11 AM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

Hi Leo,

I told you I'd let you know when the amendment for the NCWRC grant
agreement was submitted to Contracting--am happy to report it went
forward today. This modification includes the $10K supplement that we
discussed at the AP3C meeting to fund the trapper reimbursement
authorization program.  Please let us know if you have any questions.

Becky
Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



---------- Forwarded message ----------
From: Butts, Matthew <matthew_butts@fws.gov>
Date: Thu, Jan 14, 2016 at 8:51 AM
Subject: NCWRC TRP agreement
To: FW4 Purchase Requisitions <fw4purchaserequisitions@fws.gov>
Cc: Rebecca Harrison <rebecca_harrison@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>

Good morning,

Please create a PR for the attached agreement. Please let me know if any further
information is required.

Respectfully,

Matthew Butts
Administrative Assistant

U.S. Fish and Wildlife Service
Ecological Services - Raleigh Field Office
Office: 919-856-4520 x13  
Telework: 919-343-1538

P.O. Box 33726
Raleigh, NC 27636

-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)

1875 Century Blvd.
Atlanta, GA. 30345

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act
and may be disclosed to third parties



From: Harrison, Rebecca
To: Beyer, Arthur
Cc: Benjamin, Pete
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Friday, January 15, 2016 10:18:10 AM
Attachments: ATT00001.htm

DOC001.pdf
Importance: High

Art,

Can you review this with Pete's note & let us know your thoughts? I want to send this to Mr.
Johnson today so we can target being there next week. I'm taking Puka to see Mary at the
clinic & will swing by office before we head home.

Thank you,
Becky

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 14, 2016 at 11:35:40 AM EST
To: "Harrison, Rebecca" <rebecca_harrison@fws.gov>
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, Frank Simms
<w_frank_simms@fws.gov>
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on
Whitetail Farms and Goose Creek Farms

Here is the signed acknowledgement.  Let me know what you
think about the note I added.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 11:12 AM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead



Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on
Whitetail Farms and Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>

just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail
Farms and Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms

 

Dear Mr Johnson:

 



Thank you for your call.  As per your request, the following is a summary of our conversation
yesterday afternoon (1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you
properties in Tyrrell Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You
are requesting that any wolves captured on either property not be released near the capture
locations. Preferably, to be released on public lands in Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31,
2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access
both properties.  Mr. Clayton will inform each land manager for the two farms that employees
(and agents) from the USFWS will be on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission
for the Service to conduct trapping activities on your properties.  Please fax this letter of
permission to our office at the following number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954



Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350
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From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Beyer, Arthur
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Friday, January 15, 2016 5:13:02 PM
Importance: High

I'm going to have LE look at it & then will send this weekend. Looking at the forecast, it's
unlikely we'll be able to set lines until Tues.

Sent from my iPhone

On Jan 15, 2016, at 1:13 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Looks good to me.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Jan 15, 2016 at 12:53 PM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

Pete,

Please see our suggested edits and let us know how to proceed.

Thanks,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Fri, Jan 15, 2016 at 11:32 AM, Rebecca Harrison
<rebecca_harrison@fws.gov> wrote:



Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 14, 2016 at 11:35:40 AM EST
To: "Harrison, Rebecca" <rebecca_harrison@fws.gov>
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, Frank Simms
<w_frank_simms@fws.gov>
Subject: Re: 1/11/16 phone call about trapping/removal of
wolves on Whitetail Farms and Goose Creek Farms

Here is the signed acknowledgement.  Let me know
what you think about the note I added.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 11:12 AM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of
wolves on Whitetail Farms and Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>



just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of
wolves on Whitetail Farms and Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com,
Coastland Corp <coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on
Whitetail Farms and Goose Creek Farms

 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of
our conversation yesterday afternoon (1/11/16).  I have recorded your request
and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently
present on you properties in Tyrrell Co., NC (Goose Creek Farms) and in
Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations.
Preferably, to be released on public lands in Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if
not before that date.

 



3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either
property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252)
947-7632) to access both properties.  Mr. Clayton will inform each land
manager for the two farms that employees (and agents) from the USFWS will
be on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed
letter of permission for the Service to conduct trapping activities on your
properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954



Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: info@coastlandcorp.com; coastlandcorp@verizon.net
Cc: Morse, Michael L; Nordsven, Ryan; Beyer, Arthur; Benjamin, Pete; Simms, Winnett
Subject: permissions to enter properties to trap canids
Date: Saturday, January 16, 2016 5:01:43 PM
Attachments: 20160116_Johnson_permissions_signed.pdf
Importance: High

Mr. Johnson,

Thank you sending your letter, dated January 13, 2016, regarding pending trapping
efforts by U.S. Fish and Wildlife Service personnel on your properties. We received
your letter on January 14, 2016.  We reviewed your terms and cannot adhere to all of
them as listed.  Please see the attached signed letter with conditions related to these
terms. I have signed it, as Mr. Morse was traveling and out of the office. 

Thank you for providing permission to access these properties. Weather-permitting,
we aim to begin trapping efforts early next week.  We will make all arrangements
with Mr. Clayton as you have requested.

Please let me or Mr. Morse know if you have any questions or concerns.

Thank you,
Becky

Becky ,Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov





From: Morse, Michael L
To: Harrison, Rebecca
Cc: Nordsven, Ryan; Benjamin, Pete
Subject: Re: Bobby Dough
Date: Thursday, January 21, 2016 9:35:12 AM
Importance: High

Ryan or myself will contact Mr. Dough later today and setup a site visit.  Also, I have been
speaking with Ricky Clayton (Coastland farm contact) the last few day and am planning for
Ryan and I to visit both farms tomorrow and begin our trapping efforts.  Mr. Clayton
understands that we needed to wait for a suitable weather window to begin trapping. 
Tomorrow is not the best case scenario for weather to trap in but we're running out of time so
we are going to push the envelope a bit.  Thank you

Regards,

On Wed, Jan 20, 2016 at 4:47 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Michael and Ryan,

Can one of you please call and schedule a site visit for Mr. Dough? I realize we are
not aware of any collared wolves there, but he has been seeing a lot of canids. 
Either way, he's requested one of us contact him and follow up.  Please keep logs
on any communications.

Thank you,
Becky
Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242



Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Greenleaf, Allison R
Cc: Butts, Matthew T; Benjamin, Pete
Subject: Re: Detail to assist red wolf trapping efforts
Date: Thursday, January 21, 2016 10:18:23 AM
Importance: High

Hi Allison,

Great!  We're really looking forward to you joining us for a bit.  Thank you very much
for being willing to come!  How about March 7-25?  I have arranged lodging already
on Alligator River NWR in our bunkhouse and can share more details about that
later.  Did you want to verify the dates with Kent first?  Then, Matt can help you book
travel if needed (or you can book it in Concur with our accounting info).

Thank you,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Jan 19, 2016 at 7:19 PM, Greenleaf, Allison <allison_greenleaf@fws.gov> wrote:
Becky,

So I spoke with my supervisors, and we thought we could do 3 weeks in March.  I can leave
the dates up to you guys to fit your needs the best.  Hopefully this works for you!  I will be
checking my email when I am not in the helicopter, so if you could please let me know what
you decide that would be great.  I have to line out a place for my dog to stay :)

Thanks,
Allison

Allison R Greenleaf
Wildlife Biologist, USFWS
Mexican Wolf Recovery Project
PO Box 856 Alpine, AZ 85920
Office: (928) 339-4329
Cell:  (928) 215-1098
Fax:  (928) 339-4218



On Tue, Jan 19, 2016 at 1:00 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Allison,

The duration is up to you.  I think the minimum would be 2 weeks, but up to 30
days would be really helpful.  I think we would have the equipment here for you,
but I'll doublecheck if there are personalized needs the crew would suggest.  You
should definitely fly.  I'll talk to our Administrative Assistant, Matt Butts, about
arranging travel.  

Please let me know what dates would work best.

Thanks!
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Jan 19, 2016 at 12:40 PM, Greenleaf, Allison <allison_greenleaf@fws.gov>
wrote:

Hi Becky,

I am still interested!  Ideally, March would work out the best for me.  How long would
you guys want my assistance for?  Also, it would be good to know what kind of
equipment I would need to bring (trapping equipment).  Would you guys want me to
drive or fly?  

Thanks!
Allison

Allison R Greenleaf
Wildlife Biologist, USFWS
Mexican Wolf Recovery Project
PO Box 856 Alpine, AZ 85920
Office: (928) 339-4329
Cell:  (928) 215-1098
Fax:  (928) 339-4218

On Tue, Jan 19, 2016 at 9:08 AM, Harrison, Rebecca <rebecca_harrison@fws.gov>



wrote:
Hi Allison,

I'm sorry, I meant to circle back with you last week.  Yes, I think the
opportunity definitely exists if you're still interested.  We would provide per
diem and travel costs.  I am investigating different housing options as well. 
We have 2 bunkhouses available, I just need to check and check how many
folks will be there in March.

Are you still interested?  If so, what would be your ideal timeframe?

Thank you!

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Jan 19, 2016 at 11:04 AM, Greenleaf, Allison <allison_greenleaf@fws.gov>
wrote:

Hi Rebecca,

I just wanted to touch base with you again since I haven't heard back to see what
time frame would work for you on assisting with your trapping efforts.  We are
starting our helicopter capture efforts tomorrow, so will likely be out of contact until
the beginning of February.  

Look forward to hearing from you, 
Allison

Allison R Greenleaf
Wildlife Biologist, USFWS
Mexican Wolf Recovery Project
PO Box 856 Alpine, AZ 85920
Office: (928) 339-4329
Cell:  (928) 215-1098
Fax:  (928) 339-4218

On Fri, Jan 8, 2016 at 2:55 PM, Kent Laudon <kent_laudon@fws.gov> wrote:



That’s awesome- wish I could go too!

 

We’ll coordinate our stuff on our end, and Allison will coordinate directly with you. 
She’s out of the office at the moment.

 

She’s super competent and super cool too.  J

 

kent

 

From: Harrison, Rebecca [mailto:rebecca_harrison@fws.gov] 
Sent: Friday, January 08, 2016 10:08 AM
To: Dwire, Maggie
Cc: Allison Greenleaf; Kent Laudon
Subject: Re: Detail to assist red wolf trapping efforts

 

Hi All,

 

Thanks so much for the info and the interest.  We're looking for some help
in Feb and/or March and would appreciate any additional assistance. 
Ideally, I think we were looking for 30 days, but even 2 weeks would be
great.  We have limited staff available to ensure consistent trapping, so
we're looking for experienced folks to assist with those trapline efforts. 
The beginning of February would work out really well.  The majority of our
trapping efforts occur Dec-March.

 

We would cover travel, lodging, and per diem for any time that Allison
might be available. If this seems like a possibility, please let me know. I
can look into what paperwork would be necessary.

 

Thank you!

Becky



Becky (Bartel) Harrison, Ph.d.



Supervisory Biologist/

Red Wolf Recovery Lead

Pollinator Coordinator-Southeast Region 

 

Eastern North Carolina Sub-Office

U.S. Fish & Wildlife Service

P.O. Box 1969

Manteo, NC 27954

Phone: (252) 473-1132 ext. 245

Email: rebecca_harrison@fws.gov

 

 

 

On Fri, Jan 8, 2016 at 11:02 AM, Dwire, Maggie <maggie_dwire@fws.gov>
wrote:

Hi Becky,

 

Previously you asked whether any of our field folks might be interested in
assisting your program with trapping efforts. 

 

Allison Greenleaf may be interested... she's cc'd here (as well as Kent - her boss
and our Field Team Leader). 

 

Can you check things out on your end and let us know if the opportunity is still
there, and what the specifics might be?  

 

Thanks.

 

--



Maggie Dwire

Assistant Mexican Wolf Recovery Coordinator

U.S. Fish and Wildlife Service

2105 Osuna Road NE

Albuquerque, NM 87113

Ph (505) 761-4783

 

 



From: Morse, Michael L
To: Harrison, Rebecca
Cc: Nordsven, Ryan; Benjamin, Pete
Subject: Re: Bobby Dough
Date: Thursday, January 21, 2016 9:35:12 AM
Importance: High

Ryan or myself will contact Mr. Dough later today and setup a site visit.  Also, I have been
speaking with Ricky Clayton (Coastland farm contact) the last few day and am planning for
Ryan and I to visit both farms tomorrow and begin our trapping efforts.  Mr. Clayton
understands that we needed to wait for a suitable weather window to begin trapping. 
Tomorrow is not the best case scenario for weather to trap in but we're running out of time so
we are going to push the envelope a bit.  Thank you

Regards,

On Wed, Jan 20, 2016 at 4:47 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Hi Michael and Ryan,

Can one of you please call and schedule a site visit for Mr. Dough? I realize we are
not aware of any collared wolves there, but he has been seeing a lot of canids. 
Either way, he's requested one of us contact him and follow up.  Please keep logs
on any communications.

Thank you,
Becky
Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242



Cell#: (252) 475-8350



From: Harrison, Rebecca
To: info@coastlandcorp.com; coastlandcorp@verizon.net
Cc: Morse, Michael L; Nordsven, Ryan; Beyer, Arthur; Benjamin, Pete; Simms, Winnett
Subject: permissions to enter properties to trap canids
Date: Saturday, January 16, 2016 5:01:43 PM
Attachments: 20160116_Johnson_permissions_signed.pdf
Importance: High

Mr. Johnson,

Thank you sending your letter, dated January 13, 2016, regarding pending trapping
efforts by U.S. Fish and Wildlife Service personnel on your properties. We received
your letter on January 14, 2016.  We reviewed your terms and cannot adhere to all of
them as listed.  Please see the attached signed letter with conditions related to these
terms. I have signed it, as Mr. Morse was traveling and out of the office. 

Thank you for providing permission to access these properties. Weather-permitting,
we aim to begin trapping efforts early next week.  We will make all arrangements
with Mr. Clayton as you have requested.

Please let me or Mr. Morse know if you have any questions or concerns.

Thank you,
Becky

Becky ,Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov





From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Beyer, Arthur
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Friday, January 15, 2016 5:13:02 PM
Importance: High

I'm going to have LE look at it & then will send this weekend. Looking at the forecast, it's
unlikely we'll be able to set lines until Tues.

Sent from my iPhone

On Jan 15, 2016, at 1:13 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:

Looks good to me.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Fri, Jan 15, 2016 at 12:53 PM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

Pete,

Please see our suggested edits and let us know how to proceed.

Thanks,
Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Fri, Jan 15, 2016 at 11:32 AM, Rebecca Harrison
<rebecca_harrison@fws.gov> wrote:



Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 14, 2016 at 11:35:40 AM EST
To: "Harrison, Rebecca" <rebecca_harrison@fws.gov>
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, Frank Simms
<w_frank_simms@fws.gov>
Subject: Re: 1/11/16 phone call about trapping/removal of
wolves on Whitetail Farms and Goose Creek Farms

Here is the signed acknowledgement.  Let me know
what you think about the note I added.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 11:12 AM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of
wolves on Whitetail Farms and Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>



just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of
wolves on Whitetail Farms and Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com,
Coastland Corp <coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on
Whitetail Farms and Goose Creek Farms

 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of
our conversation yesterday afternoon (1/11/16).  I have recorded your request
and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently
present on you properties in Tyrrell Co., NC (Goose Creek Farms) and in
Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations.
Preferably, to be released on public lands in Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if
not before that date.

 



3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either
property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252)
947-7632) to access both properties.  Mr. Clayton will inform each land
manager for the two farms that employees (and agents) from the USFWS will
be on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed
letter of permission for the Service to conduct trapping activities on your
properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954



Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Beyer, Arthur
Cc: Benjamin, Pete
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Friday, January 15, 2016 10:18:10 AM
Attachments: ATT00001.htm

DOC001.pdf
Importance: High

Art,

Can you review this with Pete's note & let us know your thoughts? I want to send this to Mr.
Johnson today so we can target being there next week. I'm taking Puka to see Mary at the
clinic & will swing by office before we head home.

Thank you,
Becky

Sent from my iPhone

Begin forwarded message:

From: "Benjamin, Pete" <pete_benjamin@fws.gov>
Date: January 14, 2016 at 11:35:40 AM EST
To: "Harrison, Rebecca" <rebecca_harrison@fws.gov>
Cc: Ryan Nordsven <ryan_nordsven@fws.gov>, Frank Simms
<w_frank_simms@fws.gov>
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on
Whitetail Farms and Goose Creek Farms

Here is the signed acknowledgement.  Let me know what you
think about the note I added.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 11:12 AM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead



Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on
Whitetail Farms and Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>

just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail
Farms and Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms

 

Dear Mr Johnson:

 



Thank you for your call.  As per your request, the following is a summary of our conversation
yesterday afternoon (1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you
properties in Tyrrell Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You
are requesting that any wolves captured on either property not be released near the capture
locations. Preferably, to be released on public lands in Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31,
2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access
both properties.  Mr. Clayton will inform each land manager for the two farms that employees
(and agents) from the USFWS will be on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission
for the Service to conduct trapping activities on your properties.  Please fax this letter of
permission to our office at the following number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954



Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350
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From: Miranda, Leopoldo
To: Eversen, Michelle
Cc: Harrison, Rebecca; Benjamin, Pete
Subject: Re: NCWRC TRP agreement
Date: Thursday, January 14, 2016 7:58:10 PM
Importance: High

Yeah!! Awesome job and THANK YOU! 

Leopoldo Miranda
Assistant Regional Director - ES
Southeastern US, Puerto Rico & US Virgin Islands
404-679-7085

NOTE: This email correspondence and any attachments to and from this sender is subject to
the Freedom of Information Act (FOIA) and may be disclosed to third parties.

Sent from my iPad

On Jan 14, 2016, at 10:49 AM, Eversen, Michelle <michelle_eversen@fws.gov> wrote:

Excellent news!  I needed some today so thank you.

On Thu, Jan 14, 2016 at 9:11 AM, Harrison, Rebecca
<rebecca_harrison@fws.gov> wrote:

Hi Leo,

I told you I'd let you know when the amendment for the NCWRC grant
agreement was submitted to Contracting--am happy to report it went
forward today. This modification includes the $10K supplement that we
discussed at the AP3C meeting to fund the trapper reimbursement
authorization program.  Please let us know if you have any questions.

Becky
Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



---------- Forwarded message ----------
From: Butts, Matthew <matthew_butts@fws.gov>
Date: Thu, Jan 14, 2016 at 8:51 AM
Subject: NCWRC TRP agreement
To: FW4 Purchase Requisitions <fw4purchaserequisitions@fws.gov>
Cc: Rebecca Harrison <rebecca_harrison@fws.gov>, Pete Benjamin
<pete_benjamin@fws.gov>

Good morning,

Please create a PR for the attached agreement. Please let me know if any further
information is required.

Respectfully,

Matthew Butts
Administrative Assistant

U.S. Fish and Wildlife Service
Ecological Services - Raleigh Field Office
Office: 919-856-4520 x13  
Telework: 919-343-1538

P.O. Box 33726
Raleigh, NC 27636

-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)

1875 Century Blvd.
Atlanta, GA. 30345

This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act
and may be disclosed to third parties



From: Benjamin, Pete
To: Harrison, Rebecca
Cc: Nordsven, Ryan; Simms, Winnett
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 11:35:40 AM
Attachments: DOC001.pdf
Importance: High

Here is the signed acknowledgement.  Let me know what you think about
the note I added.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 11:12 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>

just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and



Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek
Farms

 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations. Preferably, to be released on public lands in
Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both
properties.  Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the
USFWS will be on the properties conducting trapping efforts.



 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350





From: Harrison, Rebecca
To: Morse, Michael L
Cc: Benjamin, Pete
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 11:12:58 AM
Importance: High

Thanks--Pete will sign and return.

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Thu, Jan 14, 2016 at 11:11 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.

 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek
Farms



 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations. Preferably, to be released on public lands in
Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both
properties.  Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the
USFWS will be on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 

 

--

Michael L. Morse

Wildlife Biologist, USFWS



ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Benjamin, Pete; Nordsven, Ryan; Simms, Winnett
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 11:12:16 AM
Attachments: 20160114085922179.pdf
Importance: High

FYI

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Thu, Jan 14, 2016 at 11:11 AM
Subject: Fwd: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: rebecca bartel <rebecca_harrison@fws.gov>

just got this in?

---------- Forwarded message ----------
From: Coastland Corporation <info@coastlandcorp.com>
Date: Thu, Jan 14, 2016 at 9:23 AM
Subject: RE: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and
Goose Creek Farms
To: "Morse, Michael" <michael_l_morse@fws.gov>
Cc: rclayton726@gmail.com, info@coastlandcorp.com, Coastland Corp
<coastlandcorp@verizon.net>

Please see the attached letter.

 

Sent on behalf of James Johnson.



 

From: Morse, Michael [mailto:michael_l_morse@fws.gov] 
Sent: Tuesday, January 12, 2016 9:43 AM
To: coastlandcorp@verizon.net
Cc: Pete Benjamin; rebecca bartel
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek
Farms

 

Dear Mr Johnson:

 

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

 

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves
captured on either property not be released near the capture locations. Preferably, to be released on public lands in
Dare Co., NC.

 

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

 

3).  You are requesting that any coyote captured on your properties be killed.

 

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

 

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both properties. 
Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the USFWS will be
on the properties conducting trapping efforts.

 

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

 

Thank you,

 



 

--

Michael L. Morse

Wildlife Biologist, USFWS

ENC ES Sub-Field Office

100 Conservation Way, PO Box 1969

Manteo, NC  27954

Work: (252) 473-1131, ext. 242

Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350





From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Trapping
Date: Thursday, January 14, 2016 10:42:08 AM

Thanks, Keep trying Johnson.  Also, I'm sure Bobby will grant permission,
but of course we need to call him first (252-943-2528).  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 10:20 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Here's what I know so far:

1. No.  We have still not received any written permission from Mr. Johnson for
access.  Ryan is flying today and Michael is still out of town at the workshop, so I'm
estimating trapping efforts will begin Tuesday, Jan 19 when everyone's back in the
office (assuming we receive written permission).  Art will be flying those two weeks
so Ryan and Michael have consistently monitor traplines.  We had hoped to start
this week, but he's been particularly difficult to reach and has not been forthcoming
with written permission.

2. Bobby Dough: Do we have permission to be over there? Ryan may be able to get
over tomorrow and look around.  Ryan and Michael: what's the feasibility of looking
at sign on his property in the afternoons after checking lines at Whitetail once we
begin? If we're going to set traplines, early Feb would be a lot easier in general
once we wrap up work at Johnson's properties.  I would argue that given the lack
of knowledge and observations of any wolves there, this property is not a priority
for trapping given other needs.

3. Ventures: Ryan spoke to Matthew Eaks, a private trapper, who we've worked
with before and notified him of the new trapping agreement.  He's likely to begin
trapping over there as his schedule allows.  Otherwise, we could target trapping
there in early Feb as well (with permission).

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245



Email: rebecca_harrison@fws.gov

On Thu, Jan 14, 2016 at 10:08 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Couple things,

1.  Are we trapping Coastland Corps properties yet?  If so, how's it
going.  

2.  Please can we get someone over to look around on Bobby Dough's
place?  I know we are not tracking any wolves over there, but there are
a couple collared coyotes, and he has a ton of game camera photos of
canids.  I'd like someone to get over there and at least look at the
areas near those cameras to see if there is sign of anything other than
coyote.  Obviously Coastland is top priority along with whatever we
need to do on Ventures, but is it possible for someone to get over there
in the afternoon after the traplines are run?  Please advise.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Trapping
Date: Thursday, January 14, 2016 10:42:08 AM

Thanks, Keep trying Johnson.  Also, I'm sure Bobby will grant permission,
but of course we need to call him first (252-943-2528).  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Thu, Jan 14, 2016 at 10:20 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Here's what I know so far:

1. No.  We have still not received any written permission from Mr. Johnson for
access.  Ryan is flying today and Michael is still out of town at the workshop, so I'm
estimating trapping efforts will begin Tuesday, Jan 19 when everyone's back in the
office (assuming we receive written permission).  Art will be flying those two weeks
so Ryan and Michael have consistently monitor traplines.  We had hoped to start
this week, but he's been particularly difficult to reach and has not been forthcoming
with written permission.

2. Bobby Dough: Do we have permission to be over there? Ryan may be able to get
over tomorrow and look around.  Ryan and Michael: what's the feasibility of looking
at sign on his property in the afternoons after checking lines at Whitetail once we
begin? If we're going to set traplines, early Feb would be a lot easier in general
once we wrap up work at Johnson's properties.  I would argue that given the lack
of knowledge and observations of any wolves there, this property is not a priority
for trapping given other needs.

3. Ventures: Ryan spoke to Matthew Eaks, a private trapper, who we've worked
with before and notified him of the new trapping agreement.  He's likely to begin
trapping over there as his schedule allows.  Otherwise, we could target trapping
there in early Feb as well (with permission).

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245



Email: rebecca_harrison@fws.gov

On Thu, Jan 14, 2016 at 10:08 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Couple things,

1.  Are we trapping Coastland Corps properties yet?  If so, how's it
going.  

2.  Please can we get someone over to look around on Bobby Dough's
place?  I know we are not tracking any wolves over there, but there are
a couple collared coyotes, and he has a ton of game camera photos of
canids.  I'd like someone to get over there and at least look at the
areas near those cameras to see if there is sign of anything other than
coyote.  Obviously Coastland is top priority along with whatever we
need to do on Ventures, but is it possible for someone to get over there
in the afternoon after the traplines are run?  Please advise.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Morse, Michael L
Cc: Benjamin, Pete
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Thursday, January 14, 2016 10:21:05 AM
Importance: High

We have still not received any fax from Mr. Johnson or his office.  Should I request
this again via email?

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Wed, Jan 13, 2016 at 12:13 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Becky
FYI - I just called Mr. Johnsons office and asked them to make sure he signs a removable
letter so they can fax it to us today. He's not in yet. 
Thanks,
Michael

On Wednesday, January 13, 2016, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Thanks Michael for sending this.  Just FYI, I have not received a signed letter of
permission yet.  I'll wait until this afternoon and then reach out to him again.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



On Tue, Jan 12, 2016 at 9:42 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Dear Mr Johnson:

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell
Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves captured
on either property not be released near the capture locations. Preferably, to be released on public lands in Dare Co.,
NC.

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

3).  You are requesting that any coyote captured on your properties be killed.

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both properties. 
Mr. Clayton will inform each land manager for the two farms that employees (and agents) from the USFWS will be
on the properties conducting trapping efforts.

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to
conduct trapping activities on your properties.  Please fax this letter of permission to our office at the following
number: (252) 473-4836.

Thank you,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Morse, Michael L; Nordsven, Ryan
Subject: Re: Trapping
Date: Thursday, January 14, 2016 10:20:08 AM
Importance: High

Here's what I know so far:

1. No.  We have still not received any written permission from Mr. Johnson for
access.  Ryan is flying today and Michael is still out of town at the workshop, so I'm
estimating trapping efforts will begin Tuesday, Jan 19 when everyone's back in the
office (assuming we receive written permission).  Art will be flying those two weeks
so Ryan and Michael have consistently monitor traplines.  We had hoped to start this
week, but he's been particularly difficult to reach and has not been forthcoming with
written permission.

2. Bobby Dough: Do we have permission to be over there? Ryan may be able to get
over tomorrow and look around.  Ryan and Michael: what's the feasibility of looking
at sign on his property in the afternoons after checking lines at Whitetail once we
begin? If we're going to set traplines, early Feb would be a lot easier in general once
we wrap up work at Johnson's properties.  I would argue that given the lack of
knowledge and observations of any wolves there, this property is not a priority for
trapping given other needs.

3. Ventures: Ryan spoke to Matthew Eaks, a private trapper, who we've worked with
before and notified him of the new trapping agreement.  He's likely to begin trapping
over there as his schedule allows.  Otherwise, we could target trapping there in early
Feb as well (with permission).

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Thu, Jan 14, 2016 at 10:08 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Couple things,

1.  Are we trapping Coastland Corps properties yet?  If so, how's it going.
 



2.  Please can we get someone over to look around on Bobby Dough's
place?  I know we are not tracking any wolves over there, but there are a
couple collared coyotes, and he has a ton of game camera photos of
canids.  I'd like someone to get over there and at least look at the areas
near those cameras to see if there is sign of anything other than coyote. 
Obviously Coastland is top priority along with whatever we need to do on
Ventures, but is it possible for someone to get over there in the
afternoon after the traplines are run?  Please advise.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Harrison, Rebecca; Morse, Michael L; Nordsven, Ryan
Subject: Trapping
Date: Thursday, January 14, 2016 10:08:34 AM
Importance: High

Couple things,

1.  Are we trapping Coastland Corps properties yet?  If so, how's it going.  

2.  Please can we get someone over to look around on Bobby Dough's
place?  I know we are not tracking any wolves over there, but there are a
couple collared coyotes, and he has a ton of game camera photos of
canids.  I'd like someone to get over there and at least look at the areas
near those cameras to see if there is sign of anything other than coyote. 
Obviously Coastland is top priority along with whatever we need to do on
Ventures, but is it possible for someone to get over there in the afternoon
after the traplines are run?  Please advise.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Harrison, Rebecca
To: Morse, Michael L
Cc: Benjamin, Pete
Subject: Re: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Wednesday, January 13, 2016 7:10:57 AM
Importance: High

Thanks Michael for sending this.  Just FYI, I have not received a signed letter of
permission yet.  I'll wait until this afternoon and then reach out to him again.

Becky

Becky (Bartel) Harrison, Ph.d.
Refuge Biologist (temporary detail through May 9)
Alligator River National Wildlife Refuge
Pea Island National Wildlife Refuge

Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Jan 12, 2016 at 9:42 AM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Dear Mr Johnson:

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon
(1/11/16).  I have recorded your request and concerns as follows:

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell Co., NC
(Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves captured on either
property not be released near the capture locations. Preferably, to be released on public lands in Dare Co., NC.

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

3).  You are requesting that any coyote captured on your properties be killed.

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both properties.  Mr.
Clayton will inform each land manager for the two farms that employees (and agents) from the USFWS will be on the
properties conducting trapping efforts.

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to conduct
trapping activities on your properties.  Please fax this letter of permission to our office at the following number: (252) 473-
4836.

Thank you,

-- 
Michael L. Morse



Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Morse, Michael L
To: coastlandcorp@verizon.net
Cc: Benjamin, Pete; Harrison, Rebecca
Subject: 1/11/16 phone call about trapping/removal of wolves on Whitetail Farms and Goose Creek Farms
Date: Tuesday, January 12, 2016 9:42:49 AM
Importance: High

Dear Mr Johnson:

Thank you for your call.  As per your request, the following is a summary of our conversation yesterday afternoon (1/11/16). 
I have recorded your request and concerns as follows:

1).  You are requesting the USFWS trap and remove any red wolves currently present on you properties in Tyrrell Co., NC
(Goose Creek Farms) and in Hyde Co., NC (Whitetail Farms).  You are requesting that any wolves captured on either
property not be released near the capture locations. Preferably, to be released on public lands in Dare Co., NC.

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that date.

3).  You are requesting that any coyote captured on your properties be killed.

4).  You are requesting a letter to take any red wolves you see on either property after January 31, 2016.

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to access both properties.  Mr.
Clayton will inform each land manager for the two farms that employees (and agents) from the USFWS will be on the
properties conducting trapping efforts.

The NC Wildlife Resources Commission requires that you provide a signed letter of permission for the Service to conduct
trapping activities on your properties.  Please fax this letter of permission to our office at the following number: (252) 473-
4836.

Thank you,

-- 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Morse, Michael L
Cc: Benjamin, Pete
Subject: Re: DRAFT: Letter to James Johnson
Date: Tuesday, January 12, 2016 7:55:54 AM
Importance: High

Hi Michael,

Looks good.  Thank you for staying on this and communicating with Mr. Johnson.  I
have 2 edits:

1) Fax # is (252) 473-4836
2) Can we indicate that the animals will be released on public lands in Dare Co
instead of USFWS lands?  That way the bombing range will be included as well.

Thank you--good work!  Please copy Pete and I on the communication to Mr.
Johnson.

Becky

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Mon, Jan 11, 2016 at 10:27 PM, Morse, Michael <michael_l_morse@fws.gov> wrote:
Dear Mr Johnson:

Thank you for your call.  As per your request, the following is a summary of our
conversation yesterday afternoon (1/11/16).  I have recorded your request and concerns as
follows:

1).  You are requesting the USFWS trap and remove any red wolves currently present on
you properties in Tyrrell Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail
Farms).  You are requesting that any wolves captured on either property not be released near
the capture locations. Preferably, to be released on USFWS lands in Dare Co., NC.

2).  You are requesting the Service suspend trapping efforts by January 31 if not before that
date.

3).  You are requesting that any coyote captured on your properties be killed.

4).  You are requesting a letter to take any red wolves you see on either property after
January 31, 2016.



5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to
access both properties.  Mr. Clayton will inform each land manager for the two farms that
employees (and agents) from the USFWS will be on the properties conducting trapping
efforts.

The NC Wildlife Resources Commission requires that you provide a signed letter of
permission for the Service to conduct trapping activities on your properties.  Please fax this
letter of permission to our office at the following number: (252) 473-____

Thank you,

 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969
Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Re: DRAFT: Letter to James Johnson
Date: Tuesday, January 12, 2016 7:52:46 AM
Importance: High

Roger that--thanks!

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Tue, Jan 12, 2016 at 7:52 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
It looks good to me.  We need to get it out today, so I don't think we
have time to negotiate the possible release of animals onto gamelands. 
We could modify that sentence to say public lands (that would include
the bombing range and maybe gamelands).  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Tue, Jan 12, 2016 at 7:09 AM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Pete,

Can you please review the letter drafted for Mr. Johnson as requested before
Michael sends it.  Two questions I have: 1) all coyotes killed, including
placeholders?, and 2) is the plan to release these animals on ARNWR?  I was
hopeful that State Game Lands might be an option as well.  Potentially, there are
a lot of animals that may be captured off of Whitetail.

Other thoughts?  I'd like to respond as quickly as possible.  If you have other
additions/edits, please let me know and I'll collate them together from us for
Michael.

Thanks,
Becky
Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office



U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Morse, Michael <michael_l_morse@fws.gov>
Date: Mon, Jan 11, 2016 at 10:27 PM
Subject: DRAFT: Letter to James Johnson
To: rebecca bartel <rebecca_harrison@fws.gov>

Dear Mr Johnson:

Thank you for your call.  As per your request, the following is a summary of our
conversation yesterday afternoon (1/11/16).  I have recorded your request and concerns as
follows:

1).  You are requesting the USFWS trap and remove any red wolves currently present on
you properties in Tyrrell Co., NC (Goose Creek Farms) and in Hyde Co., NC (Whitetail
Farms).  You are requesting that any wolves captured on either property not be released
near the capture locations. Preferably, to be released on USFWS lands in Dare Co., NC.

2).  You are requesting the Service suspend trapping efforts by January 31 if not before
that date.

3).  You are requesting that any coyote captured on your properties be killed.

4).  You are requesting a letter to take any red wolves you see on either property after
January 31, 2016.

5).  You have provided the contact information of Ricky Clayton: (Ph# (252) 947-7632) to
access both properties.  Mr. Clayton will inform each land manager for the two farms that
employees (and agents) from the USFWS will be on the properties conducting trapping
efforts.

The NC Wildlife Resources Commission requires that you provide a signed letter of
permission for the Service to conduct trapping activities on your properties.  Please fax
this letter of permission to our office at the following number: (252) 473-____

Thank you,

 
Michael L. Morse
Wildlife Biologist, USFWS
ENC ES Sub-Field Office
100 Conservation Way, PO Box 1969



Manteo, NC  27954
Work: (252) 473-1131, ext. 242
Cell#: (252) 475-8350



From: Harrison, Rebecca
To: Nordsven, Ryan; Morse, Michael L
Cc: Beyer, Arthur; Benjamin, Pete; Simms, Winnett
Subject: trapping agreement
Date: Monday, January 11, 2016 4:59:25 PM
Attachments: Trapping_Agreement.pdf

W-9.pdf
Importance: High

Hi All,

Just wanted to share the finalized trapping agreement we'll be using with private
trappers this season.  Please let me know if you have any questions.

Ryan--can you please share with Mr. Eaks to see if he will be trapping on Ventures
this year?

Thanks,
Becky

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



TRAPPER REIMBURSEMENT AUTHORIZATION PROGRAM 
 
 
January 6, 2016 
  

 
This program is established cooperatively by the U.S. Fish and Wildlife Service (Service) 
and the North Carolina Wildlife Resources Commission (Commission) to reimburse private 
citizens for red wolves (Canis rufus) and radio-collared coyotes (Canis latrans) captured 
during lawful, trapping activities.  In order for a private trapper (Trapper) to be receive 
monetary reimbursement, by the following conditions must be met: 
    

1) You must be a licensed trapper with the State of North Carolina and follow all 
trapping regulations set forth by the Commission 
(http://www.ncwildlife.org/Trapping.aspx) and the attached Service Best 
Management Practices.  The 2015-2016 trapping season for counties east of 
Bertie is open December 1, 2015-February 29, 2016. 

2) When a citizen traps a canid, he/she should call the Service (252-473-1132 x 243) 
for animal verification immediately, providing the date and exact location 
(description or GPS coordinates) of animal capture. 

3) The Trapper agrees not to release any radio-collared wild canid or any canid 
believed to be wolf after capture without first contacting the Service for visual 
inspection. 

4) The Trapper will hold any captured radio-collared canid or canid thought to be a 
wolf in an appropriately-sized kennel or wait for a Service biologist to remove the 
canid from the trap.  (The Trapper is expected to not hold or restrain the animal 
via duct tape or rope or other similar method). 

5) If the Service verifies that the canid is indeed a radio-collared canid or red wolf 
trapped in accordance with proper procedures and the animal is alive and found in 
good condition, then paperwork should be completed for reimbursement. The 
Trapper should complete the standard attached invoice, have it signed by Service 
personnel, and submit the signed invoice with a completed W-9 form to the 
Commission. 

a. The W-9 form can be completed prior to submission of an invoice and 
send it to the address on the invoice (Wildlife Management, 1722 Mail 
Service Center, Raleigh, NC 27699-1701) or emailed to Susan Bunn 
(susan.bunn@ncwildlife.org). 

b. Trappers should ensure that the personal information on any submitted 
invoice matches the information they provided in the W-9. Signed, 
completed forms should be returned to Commission at the address on the 
invoice (Wildlife Management, 1722 Mail Service Center, Raleigh, NC 
27699-1701). 

6) The Commission will issue a check to the Trapper upon receipt of the completed 
invoice and W-9. 

 

 



 

  

Compensation for the successful efforts of capturing radio-collared canids or red wolves 
alive and in good condition to the Service is set at $250.  Compensation will not be 
provided for red wolves that are damaged during capture (e.g., broken or severed leg) by the 
Trapper if such damage prohibits the canid from being released when the release of the 
animal is of management value to the Program.  This does not include conditions of the 
animal unrelated to the trapping effort (e.g., mange, hair loss, healed wounds).  
Furthermore, compensation will not be provided when the Trapper does not adhere to the 
conditions of this agreement. Compensation will not be provided to trappers for the capture 
of non-radio collared coyotes.   

 
 
  

 



INVOICE 

North Carolina Wildlife Resources Commission 

Wildlife Management Division 

1722 Mail Service Center 

Raleigh, NC 27699-1700 

(919) 707-0050 /  (919) 707-0067 fax

Date: 

Trappers Name 
Number of Animals 

Trapped 
Location of Trapping Date of Trapping 

Requested Amount 

($250 per animal) 

Trappers Information 

Name: 

Address: 

City: State: 

Zip: 

Phone: (      ) 

Email: www.ncwildlife.org 

Signature of Verifying USFWS Official 

Print: 

GRAND TOTAL 



Security settings or invalid file format do not permit using 20160111 165925_Email_trapping agreement (2).pdf (119331 Bytes).











From: Benjamin, Pete
To: Harrison, Rebecca
Subject: Re: Canid trapping schedule
Date: Monday, January 11, 2016 3:44:52 PM
Attachments: image001.png

image004.png
image003.png
image002.png

I asked Art to make sure we had it coordinated with Brandon.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Jan 11, 2016 at 3:43 PM, Harrison, Rebecca <rebecca_harrison@fws.gov> wrote:
Can we release it though?

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Mon, Jan 11, 2016 at 3:42 PM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Art told me this morning that the coyote was a placeholder animal so it
is already sterile.

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Jan 11, 2016 at 3:41 PM, Harrison, Rebecca <rebecca_harrison@fws.gov>
wrote:

FYI.  As far as I know though, we currently don't have an active permit from
NCWRC for activities involving coyotes.  Art requested the renewal about a
month ago.

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead



Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Harrison, Rebecca <rebecca_harrison@fws.gov>
Date: Mon, Jan 11, 2016 at 3:40 PM
Subject: Re: Canid trapping schedule
To: "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>
Cc: "Beyer, Arthur" <arthur_beyer@fws.gov>

Hi Brandon,

I think the plan is to release the coyote fairly soon after we finish processing it
(it may need a little recovery time if we do end up sedating it).  The tentative
release site is on Alligator River NWR just south of Milltail Creek.

Thanks,
Becky

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Mon, Jan 11, 2016 at 11:09 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

Thanks, Art! I actually meant to copy Becky and neglected to do so.

 

Becky, where, what time do you plan to release the GPS-collared coyote next Tuesday?

 

Brandon

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



 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.

 

 

 

From: Beyer, Arthur [mailto:arthur_beyer@fws.gov] 
Sent: Monday, January 11, 2016 10:42 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Rebecca Harrison <rebecca_harrison@fws.gov>
Subject: Re: Canid trapping schedule

 

Hey Brandon,

 

Thanks for checking in and I've copied Becky here as she'll be
coordinating/supervising field activities with the field crew.  I'm not sure what that



schedule is but suspect activities are beginning this week pending weather and
landowner permissions.  Sorry I didn't have more specifics but will check with Becky,
or she may contact you directly.

 

See ya soon

Art

 

On Mon, Jan 11, 2016 at 10:07 AM, Sherrill, Brandon L
<brandon.sherrill@ncwildlife.org> wrote:

Hi Art,

David Cobb asked that I check in with you to see if you had any info on the
schedule for the upcoming trapping season. We just concluded our interviews for a
temporary biologist that will be housed down at Mattamuskeet and we plan to also
use the FWS office space in Columbia. We don’t have an official start date yet
(waiting on the building remodeling to be complete), but will likely bring the
candidate on sometime in February. We would like for this person to be as involved
as possible in trapping efforts on the AP. Our goal for this position is that it be a
local point of contact for landowners to the WRC and provide field assistance on
work being conducted by the FWS (trapping/tracking, etc.). I know you are more
involved in Refuge work now, but thought we’d check with you first.

 

Look forward to seeing you next week to deploy the first GPS collar.

 

Brandon

 

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West



Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third
parties.

 

 

 

 











From: Harrison, Rebecca
To: Benjamin, Pete
Subject: Fwd: Canid trapping schedule
Date: Monday, January 11, 2016 3:41:17 PM
Attachments: image001.png

image002.png
image004.png
image003.png

Importance: High

FYI.  As far as I know though, we currently don't have an active permit from NCWRC
for activities involving coyotes.  Art requested the renewal about a month ago.

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

---------- Forwarded message ----------
From: Harrison, Rebecca <rebecca_harrison@fws.gov>
Date: Mon, Jan 11, 2016 at 3:40 PM
Subject: Re: Canid trapping schedule
To: "Sherrill, Brandon L" <brandon.sherrill@ncwildlife.org>
Cc: "Beyer, Arthur" <arthur_beyer@fws.gov>

Hi Brandon,

I think the plan is to release the coyote fairly soon after we finish processing it (it
may need a little recovery time if we do end up sedating it).  The tentative release
site is on Alligator River NWR just south of Milltail Creek.

Thanks,
Becky

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov



On Mon, Jan 11, 2016 at 11:09 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Thanks, Art! I actually meant to copy Becky and neglected to do so.

 

Becky, where, what time do you plan to release the GPS-collared coyote next Tuesday?

 

Brandon

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

 

Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

From: Beyer, Arthur [mailto:arthur_beyer@fws.gov] 



Sent: Monday, January 11, 2016 10:42 AM
To: Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
Cc: Rebecca Harrison <rebecca_harrison@fws.gov>
Subject: Re: Canid trapping schedule

 

Hey Brandon,

 

Thanks for checking in and I've copied Becky here as she'll be coordinating/supervising
field activities with the field crew.  I'm not sure what that schedule is but suspect activities
are beginning this week pending weather and landowner permissions.  Sorry I didn't have
more specifics but will check with Becky, or she may contact you directly.

 

See ya soon

Art

 

On Mon, Jan 11, 2016 at 10:07 AM, Sherrill, Brandon L <brandon.sherrill@ncwildlife.org>
wrote:

Hi Art,

David Cobb asked that I check in with you to see if you had any info on the schedule for
the upcoming trapping season. We just concluded our interviews for a temporary biologist
that will be housed down at Mattamuskeet and we plan to also use the FWS office space
in Columbia. We don’t have an official start date yet (waiting on the building remodeling
to be complete), but will likely bring the candidate on sometime in February. We would
like for this person to be as involved as possible in trapping efforts on the AP. Our goal
for this position is that it be a local point of contact for landowners to the WRC and
provide field assistance on work being conducted by the FWS (trapping/tracking, etc.). I
know you are more involved in Refuge work now, but thought we’d check with you first.

 

Look forward to seeing you next week to deploy the first GPS collar.

 

Brandon

 

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

 



Brandon L. Sherrill

Associate Wildlife Biologist ®

Mammalogist

 

NC Wildlife Resources Commission

1718 NC Hwy 56 West

Creedmoor, North Carolina 27522-8299

office: 919-707-0338   //   mobile: 919-208-9200

 

ncwildlife.org 

 

 

         

Email correspondence to and from this sender is subject to the N.C. Public Records Law and may be disclosed to third parties.

 

 

 

 











From: Harrison, Rebecca
To: Benjamin, Pete
Cc: Morse, Michael L; Nordsven, Ryan
Subject: Re: Trapping
Date: Tuesday, January 5, 2016 3:01:50 PM
Importance: High

Hi Pete,

Michael tried to reach Mr. Johnson both yesterday evening and today.  He left
messages with his administrative assistant both times.  I anticipate we could establish
a trapline on one of the properties beginning next week and potentially on the other
beginning the week of Jan 18 when Michael returns from the Savannah meeting.

Becky

Becky (Bartel) Harrison, Ph.d.
Supervisory Biologist/Red Wolf Recovery Lead
Pollinator Coordinator-Southeast Region 

Eastern North Carolina Sub-Office
U.S. Fish & Wildlife Service
P.O. Box 1969
Manteo, NC 27954
Phone: (252) 473-1132 ext. 245
Email: rebecca_harrison@fws.gov

On Mon, Jan 4, 2016 at 10:02 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
Happy New Year?

Please have someone call Mr. Johnson today to coordinate access to his
properties and dates for us to start trapping.  Let me know who will be
doing the work and when we plan to start.  Thanks,

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Benjamin, Pete
To: Eversen, Michelle; Harrison, Rebecca; Beyer, Arthur
Subject: Mattamuskeet Ventures - an idea
Date: Wednesday, January 6, 2016 10:24:35 AM
Importance: High

I spoke with Jamin Simmons a few moments ago.  He thinks there could be
a way for us to continue to work together on the subject property.  They
are most concerned about the fact that their deer, rabbit, and quail
numbers are all down and most of the members are pointing at canids as
the cause.  He says he is seeing canids more regularly - most are
uncollared so he suspects they may be coyotes, but he can't say for sure.  

He wants to meet with me and staff the week after next if possible.  I'm
am going to send him dates with our availability.  

He indicated that he may be able to get the members on board with
allowing wolves on the property IF they could do what they need to do to
control coyotes (including shooting them) without fear of taking wolves.  

We are going to need to be flexible and creative and present Jamin with a
viable option or two for him to take to the members.  I have an idea:  I
want to issue Ventures an incidental take permit. The activity they would
be engaging in is coyote control (hunting and trapping).  Since coyotes are
an existential threat to the red wolf, I think this would be an
enhancement of survival permit. Coyote control poses a risk of incidental
take of red wolves.  The mitigation would be that they allow us on the
property to monitor, trap and collar wolves, and placeholder coyotes. 
They would further agree not to shoot collared animals.  We would work
with WRC to implement a predator-prey study on the property.  They
would allow access for said research.  If research shows a level of canid
predation that adversely affects game populations, we would manage the
wolf population to that level.  

The alternative I see is that we trap and remove all the wolves from
Ventures.  Other ideas or thoughts?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408



From: Eversen, Michelle
To: Benjamin, Pete
Cc: Harrison, Rebecca; Beyer, Arthur
Subject: Re: Mattamuskeet Ventures - an idea
Date: Wednesday, January 6, 2016 12:30:22 PM
Importance: High

All-

I like all of these ideas.  In every scenario we are trying to meet them halfway.  It is interesting
to me that the individual you are meeting with and working with on this is different than the
board member pushing to hard for the request for removal.  I presume this is the land manager.
  I think we need to ask him during the meeting what if anything we can do to meet with the
board or how we can help with in discussing this with his board.  I think that we have to
incorporate that into the strategy for Ventures if we have any hope of succeeding.   As I
understand for them this larger began with the ban on Coyote hunting.    

As for approaches, another approach would be to role all of the above into the landowner
agreement and authorize incidental take as part of the agreement.  I just talked to Leo about it
a bit and he added the idea of doing a Conference Opinion on the Landowner Agreement
Template which give further confidence in the agreement.  It would also provide the ideal
medium for Solicitor review of the Agreement and intent of the agreements allowing for the
Service to expound on our goal to work with private landowners to identify compatible use
opportunities.  

Thoughts?

On Wed, Jan 6, 2016 at 11:08 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
As I think about it a little more, I think this could actually be a safe
harbor agreement - with the property enrolled with a baseline of zero -
because that is what they are currently authorized to manage the
species to on that property.  There is no doubt that anything that
enables them to maintain more than zero wolves on the property is a
benefit to the species, or that if everyone did the same that recovery
could be achieved.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Wed, Jan 6, 2016 at 10:24 AM, Benjamin, Pete <pete_benjamin@fws.gov> wrote:
I spoke with Jamin Simmons a few moments ago.  He thinks there could
be a way for us to continue to work together on the subject property. 
They are most concerned about the fact that their deer, rabbit, and
quail numbers are all down and most of the members are pointing at
canids as the cause.  He says he is seeing canids more regularly - most
are uncollared so he suspects they may be coyotes, but he can't say for



sure.  

He wants to meet with me and staff the week after next if possible. 
I'm am going to send him dates with our availability.  

He indicated that he may be able to get the members on board with
allowing wolves on the property IF they could do what they need to do
to control coyotes (including shooting them) without fear of taking
wolves.  

We are going to need to be flexible and creative and present Jamin
with a viable option or two for him to take to the members.  I have an
idea:  I want to issue Ventures an incidental take permit. The activity
they would be engaging in is coyote control (hunting and trapping). 
Since coyotes are an existential threat to the red wolf, I think this
would be an enhancement of survival permit. Coyote control poses a
risk of incidental take of red wolves.  The mitigation would be that
they allow us on the property to monitor, trap and collar wolves, and
placeholder coyotes.  They would further agree not to shoot collared
animals.  We would work with WRC to implement a predator-prey study
on the property.  They would allow access for said research.  If
research shows a level of canid predation that adversely affects game
populations, we would manage the wolf population to that level.  

The alternative I see is that we trap and remove all the wolves from
Ventures.  Other ideas or thoughts?

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

-- 
Michelle Eversen
ES Program Supervisor
Southeast Region 
U.S. Fish and Wildlife Service

1-404-679-4108 (Office and Mobile)

1875 Century Blvd.
Atlanta, GA. 30345



This email correspondence and any attachments to and from this sender is subject to the Freedom of Information Act and may be
disclosed to third parties



From: Beyer, Arthur
To: Benjamin, Pete
Date: Monday, January 11, 2016 11:41:47 AM
Importance: High

Looking at a few wolf pup captures in early fall, the weights are ranging in the mid-20lb range
to close to 40, all depending on sex and habitat most likely.  Most look to be falling around the
mid-30lb range.

On another note, with us looking to release the coyote with Brandon next week, I'm wondering
if we need a permit from the state prior to that release?  The report for last year and the request
for a new permit were sent in mid-December.  I can touch base with Brandon and see if he can
find anything out.  With that date looming it may speed things up a bit.



From: Benjamin, Pete
To: Beyer, Arthur
Subject: Re:
Date: Monday, January 11, 2016 12:00:46 PM

Thanks for the info.  I'd just make sure to coordinate with Brandon on the
release.  

Pete Benjamin
Field Supervisor
Raleigh ES Field Office
Office: (919) 856-4520 x 11
Mobile: (919) 816-6408

On Mon, Jan 11, 2016 at 11:41 AM, Beyer, Arthur <arthur_beyer@fws.gov> wrote:
Looking at a few wolf pup captures in early fall, the weights are ranging in the mid-20lb
range to close to 40, all depending on sex and habitat most likely.  Most look to be falling
around the mid-30lb range.

On another note, with us looking to release the coyote with Brandon next week, I'm
wondering if we need a permit from the state prior to that release?  The report for last year
and the request for a new permit were sent in mid-December.  I can touch base with
Brandon and see if he can find anything out.  With that date looming it may speed things up
a bit.



From: Jamie Pang
To: Dan_ashe@fws.gov; Cynthia_dohner@fws.gov
Cc: redwolfreview@fws.gov; gary_frazer@fws.gov
Date: Tuesday, January 26, 2016 8:38:18 AM
Attachments: Cover ltr FINAL 1.26.16.pdf

Red Wolf Petition Sigs FINAL 1.26.16.pdf
Sharneka Harvey confirmation email_redaction.pdf

Dear Director Ashe and Regional Director Dohner:
 
On behalf of the Animal Welfare Institute, Center for Biological Diversity, and the Endangered
Species Coalition, please find enclosed a petition signed by 82 local, private land and business
owners from within the five-county red wolf recovery area, and supported by 1,456 of statewide
North Carolina residents.
 
The purpose of providing you with this information is to ensure that the U.S. Fish and Wildlife
Service  has a more complete and accurate picture of the support for the red wolf recovery program-
- from landowners, business owners, and residents within the five county recovery area, and from
within the state of North Carolina.  The purpose is also to provide the agency with potential contact
information for private landowners who support keeping red wolves on their private lands and
benefit from the tourism that the red wolf brings into their local economy. In doing so, it is clear that
the Service has ample local support from within the recovery area for continuing the recovery
program of this critically endangered species.
 
Please note that the undersigned organizations are releasing this information to you based on the
agreement with your FOIA officer that none of the names or addresses that appear on this letter
shall be released by the Service if FOIA-ed, pursuant to U.S.C. § 552(b)(6), and the Privacy Act, 5
U.S.C. § 552a (see attached).  Furthermore, we write to remind you that none of the specific names
and addresses should be voluntarily released by the Service itself to any persons or state agency,
pursuant to the Privacy Act, 5 U.S.C. § 552a. 
 
Finally, if it would benefit the Service to obtain additional information pursuant to these local
landowners—such as a GIS map measuring the total amount of land they own—or if the Service
would like to contact these local supporters directly to obtain more information,  please do not
hesitate to get directly in touch with the undersigned organizations and we can be of assistance in
this endeavor.
 
Thank you,
 
Jamie Pang
Endangered Species Act Campaigner
Center for Biological Diversity
1411 K Street NW, Suite 1300
Washington D.C. 20005
Office: 202-347-3737
Cell: 858-699-4153
 



 

 
 
 

January 26, 2016 
 
 

The Honorable Dan Ashe, Director 
U.S. Fish and Wildlife Service 
1849 C Street, NW 
Washington, DC 2024o 
Dan_ashe@fws.gov   
 
Cindy Dohner, Southeast Regional Director 
1875 Century Blvd., Suite 400 
Atlanta, GA 30345 
Phone: 404-679-4000 
Cynthia_dohner@fws.gov 
 
 
 
Dear Director Ashe: 
 
On behalf of the Animal Welfare Institute, Center for Biological Diversity, and the Endangered 
Species Coalition, please find enclosed a petition signed by 82 local, private land and business 
owners from within the five-county red wolf recovery area, and supported by 1,456  of state-
wide North Carolina residents.   
 
The purpose of providing you with this information is to ensure that the U.S. Fish and Wildlife 
Service  has a more complete and accurate picture of the support for the red wolf recovery 
program-- from landowners, business owners, and residents within the five county recovery area, 
and from within the state of North Carolina.  The purpose is also to provide the agency with 
potential contact information for private landowners who support keeping red wolves on their 
private lands and benefit from the tourism that the red wolf brings into their local economy. In 
doing so, it is clear that the Service has ample local support from within the recovery area for 
continuing the recovery program of this critically endangered species. 
 
Please note that the undersigned organizations are releasing this information to you based on the 
agreement with your FOIA officer that none of the names or addresses that appear on this letter 
shall be released by the Service if FOIA-ed, pursuant to U.S.C. § 552(b)(6), and the 
Privacy Act, 5 U.S.C. § 552a (see attached).  Furthermore, we write to remind you that none of 
the specific names and addresses should be voluntarily released by the Service itself to any 
persons or state agency, pursuant to the Privacy Act, 5 U.S.C. § 552a.   
 



 

Finally, if it would benefit the Service to obtain additional information pursuant to these local 
landowners—such as a GIS map measuring the total amount of land they own—or if the Service 
would like to contact these local supporters directly to obtain more information,  please do not 
hesitate to get directly in touch with the undersigned organizations and we can be of assistance in 
this endeavor.  
 
Thank you for your attention to this matter, and please reach out with further questions or 
comments. 
 
Sincerely, 
 
Jamie Pang 
Center for Biological Diversity 
Jpang@biologicaldiversity.org  
 
Tara Zuardo 
Animal Welfare Institute 
Tara@awionline.org  
 
Tara Thorton 
Endangered Species Coalition 
Tthorton@endangered.org 
 
 
CC: 
Gary Frazer 
 
Leopold Miranda 
 
Cynthia Dohner 
 
Pete Benjamin 
 
Any and all Southeast region Service personnel who currently works with, or will work on, the 
red wolf recovery program  
 
Gordon Myers, North Carolina Wildlife Resources Council 
 
 
 
Enclosures: 
Landowner letter 
 
FOIA exemption confirmation 



 
Protect North Carolina’s Red Wolves 

 
 
January 26, 2016 
 
 
Dear Director Dan Ashe, 
 
We, the undersigned, are outraged that the U.S. Fish and Wildlife Service is considering 
terminating the red wolf recovery program in North Carolina and removing these endangered 
wolves from their ancient homes. As local residents and private landowners and business 
owners within this recovery area, we support keeping red wolves on federal, state and private 
lands -- whatever is needed to help them survive. 
 
We have something unique and rare here that cannot be found anywhere else in the world. The 
presence of these red wolves helps our local economy, as tourists from all over come to visit the 
Alligator River National Wildlife Refuge and the Red Wolf Education Center in the Pocosin 
Lakes National Wildlife Refuge. This tourism brings in visitors into our restaurants, hotels, and 
bars, which is essential to our small business community.  The wolves also provide a host of 
ecological benefits -- keeping invasive species in check, enhancing biodiversity and balancing 
the ecosystem -- while posing no threat to humans or livestock. We fully support them coexisting 
on our lands and disagree with any notion that they must be removed for lack of private 
landowner support in the red wolf recovery counties in North Carolina. 
 
As director of the Service, you have the power to determine this rare animal's fate. But your 
agency also has a legal obligation under the Endangered Species Act to restore this species. We 
urge you to consider the economic and ecological benefits that red wolves bring to our 
community during your review of the recovery program, and we want you to know that there is 
definite, local support for keeping these red wolves on private land in North Carolina and 
growing the recovery program here. 
 

1. Charlotte Alexander, 310 Remele Ct., Kill Devil Hills, Dare County, NC, 27948 
2. Corinne Andersen, 134 Castle Court, Washington, Beaufort County, NC, 27889 
3. Barry Anderson, 111 Oregon Ave, Kill Devil Hills, Dare County, NC, 27948 
4. Camille Angileri, 177 Sassafras Lane, Teaches Cove, Dare County, NC, 27949 
5. Frances Armstrong, 264 Teachs Cove, 27808, Beaufort County, NC, 27808 
6. Lee Armstrong, 264 Teachs Cove, 27808, Beaufort County, NC, 27808 
7. David Bailey, 284 West Dare County Rd., Kitty Hawk, Dare County, NC, 27949 
8. Donald Barker, 23 13th Ave., Kitty Hawk, Dare County, NC, 27949 
9. Linda Barker, 23 13th  Avenue, Kitty Hawk, Dare County, NC, 27949 
10. Ursula Bateman, 360 Sea Oats Tr., Kitty Hawk, Dare County, NC, 27949 
11. Will Borger, 128 Amelia, Manteo, Dare County, NC, 27954 
12. Dorothy Bossard, 39 Beach Road South, Belhaven, Beaufort County, NC, 27810 
13. Saundra Brookshire, 224 Barracuda Dr., Nags Head, Dare County, NC, 27959 



14. Robin Budde, 3029 Creek Rd., Kitty Hawk, Dare County, NC, 27949 
15. Bridget Burke, 129 Trent Lane, Chocowinity, Beaufort County, NC, 27817 
16. Douglas Burlage, 502 W. Aycock St., Kill Devil Hills, Dare County, NC, 27948 
17. Nathan Burns, 6381 River Rd., Washington, Beaufort County, NC, 27889 
18. Joan Campbell, 485 Shady Banks Rd., Washington, Beaufort County, NC, 27889 
19. Melissa Carlson, 907 7th Ave., Kill Devil Hills, Dare County, NC, 27948 
20. Dave Carroll, 202 W. Amberjack Ct., Nags, Head, Dare County, NC, 27959 
21. Sheila Charrette, PO Box 113, Rodanthe, Dare County, NC, 27936 
22. John Chrystal, 569 Chambers Point Road, Belhaven, Beaufort County, NC, 27810 
23. Crystal Clark, PO Box 397, Frisco, Dare County, NC, 27936 
24. Rosemary Codding, PO Box 113, Rodanthe, Dare County, NC, 27968 
25. Debi Daugherty, PO Box 250, Rodanthe, Dare County, NC, 27968 
26. Vicki Dembowski, 8947 Old Sandhill Rd., Belhaven, Beaufort County, NC, 27806 
27. Bunni Donohue, 111 Sea View Ct., 27808, Bath, Beaufort County, NC, 27808 
28. David Elder, 208 West Carolinian Cir., Nags Head, Dare County, NC, 27959 
29. Carolyn Foreman, N/A, Kitty Hawk, Dare County, NC, 27949 
30. Gene Fox, PO Box 567, Wanchese, Dare County, NC, 27981 
31. Trudie Gardner, PO Box 130, Kill Devil Hills, Dare County, NC, 27948 
32. Shelli Gates, 4326 Hesperides Dr., Nags Head Dare County, NC, 27959 
33. Nina Gordev, 3414 Croatan Hwy Ste 1914, Kitty Hawk, Dare County, NC, 27949 
34. Linda Green, 2004 Norfolk St., Kill Devil Hills, Dare County, NC, 27948 
35. Naythen Green, 2004 Norfolk St., Kill Devil Hills, Dare County, NC, 27948 
36. Jim Hall, PO Box 86, Nags Head, Dare County, NC, 27959 
37. Greg Hamby, 1206 Harbor Ct., Kitty Hawk, Dare County, NC, 27949 
38. Samantha Hart, 414 Peter Lane, Kill Devil Hills Dare, County, NC, 27948 
39. Major Hooper, PO Box 634, Manteo, Dare County, NC, 27954 
40. Lois Hoot, 405 Alderson Rd., Washington, Beaufort County, NC, 27889 
41. JoAnn Hummers, PO Box 365, Nags Head, Dare County, NC, 27959 
42. Kathleen Hurley, 500 Wingina Ave, Manteo, Dare County, NC,  27954 
43. John Jennings, 100 Conservation Way, Manteo, Dare County, NC, 27954 
44. Ashley Johnson, 264 Long Ridge Rd., Columbia, Tyrrell County, NC, 27925 
45. Francine Kennedy, 171 Wyandotte St., Kill Devil Hills, Dare County, NC, 
46. Donna Kerlin, 132 Watersedge St., Kill Devil Hills, Dare County, NC, 27948 
47. Anneda Kirk, 327 Loop Rd., Belhaven, Beaufort County, NC, 27810 
48. Will Larivee, 1715 Creek St., Kill Devil Hills, Dare County, NC, 27948 
49. Becky Leach, 280 Summer Haven Lane, Washington, Beaufort County, NC, 27889 
50. Carolyn Leopard, 134 Holly Hills Lane, Washington, Beaufort County, NC, 27954 
51. Michael Levy, 2027 Elizabeth City St., Kitty Hawk, Dare County, NC, 27949 
52. Rebecca Marlin, PO Box 324, Buxton, Dare County, NC, 27920 
53. Richard Marlin, PO Box 324, Buxton, Dare County, NC, 27920  
54. Debbie Martin, 39464 Ocean Lane, Ocean Isle Beach, Dare County, NC, 27915 
55. Chad Mccoy, 154 Rowe Rd., Aurora, Beaufort County, NC, 27806 
56. Liss Miller, 133 Brakewood Rd., Manteo, Dare County, NC, 27954 
57. Catherine Mitchell, PO Box 596, Ocracoke, Dare County, NC, 27960 
58. Alexis Moore, 906 Indian Dr., Kill Devil Hills, Dare County, NC, 27948 
59. Shawn Morton, 101 Mariners View, Kitty Hawk, Dare County, NC, 27949 



60. Sidney O’Dell, 1007 Holly St., Kill Devil Hills, Dare County, NC, 27948 
61. Scott Oney, 1007 Holly St., Kill Devil Hills, Dare County, NC, 27948 
62. Mary Pachas, Soundview Dr., Kill Devil Hills, Dare County, NC, 27948 
63. Joseph Pope, 5001 Putter Lane, Kitty Hawk, Dare County, NC, 27949 
64. Susan Pope, 5001 Putter Lane, Kitty Hawk, Dare County, NC, 27949 
65. Judi Raburn, 140 Raburn Rd., Belhaven, Beaufort County, NC, 27810 
66. William Rianhard, 322 Isabella Ave., Beaufort County, NC, 27889 
67. Ruth Ross, 3102 S. Ocean View Ct., Washington, Dare County, NC, 27959 
68. Mary Scott, 152 Christopher Dr., Kitty Hawk, Dare County, NC, 27949 
69. Glenda Slayton, 1715 Creek St., Kill Devil Hills, Dare County, NC, 27948 
70. Fannie Smith, 1137 Driftwood Dr. Lot #9, Manteo, Dare County, NC, 27954 
71. Thomas Spencer, 615 East 2nd St., Washington, Beaufort County, NC, 27889 
72. Denis Stadther, 3630 Goosander St., Kitty Hawk, Dare County, NC, 27949 
73. Carol Sterner, 2039 New Bern St., Kill Devil Hills, Dare County, NC, 27948 
74. Tricia Stopowski, 106 William Tryon Ct., Kill Devil Hills, Dare County, NC, 27948 
75. Mary Stoudt, 116 Jimmy Court, Kill Devil Hills, Dare County, NC, 27948 
76. Chris Thibodeau, 4716 Lindbergh Ave, Kitty Hawk, Dare County, NC, 27949 
77. Alison Urbanek, 325 Evans Pl., Kill Devil Hills, Dare County, NC, 27948 
78. Tom Warren, PO Box 64, Rodanthe, Dare County, NC, 27968 
79. Ram Wil, Dare County, NC, 27959 
80. Blair Wolff, 157 Pinecone Rd., Kill Devil Hills, Dare County, NC, 27948 
81. Gretchen Zeiger-May, 4791 Yellowood Drive, Shallotte, Brunswick County, NC, 28470 
82. Kevin Zorc, 2801 Lost Colony Drive, Nags Head, Dare County, NC, 27959 

 
 

Dennis Mccracken 419 E. South St  Aberdeen NC 28315 
Kathy Wright 620 Lighthorse Circle Aberdeen NC 28315 
Tiffany Ehnes 429 Rainbow Rd Advance NC 27006 
Kimberly Hart 123 Robin Dr Advance NC 27006 
David Cook --- Albemarle NC 28001 
Antonio Garcí_A-Palao General Diaz Porlier 11 Albemarle NC 28001 
Timothy Deering 95 Edna Roberts Drive Alexander NC 28701 
Susan Tackett 580 Panther Branch Rd. Alexander NC 28701 
S.J. Jablinske 95 Curtis Parker Rd Alexander NC 28701 
Ann Eastabrooks PO Box 1489 Andrews NC 28901 
Rick Parry 140 Sandee Dr Angier NC 27501 
David Parry 137 Sandee Dr Angier NC 27501 
Donna Lovick 2957 Old Fairground Rd Angier NC 27501 
Andrew Dalton 2125 Toad Hollow Trail Apex NC 27502 
Diane Smith 3808 Kingfield Dr Apex NC 27539 
Laura Peters 2653 Black Willow Dr Apex NC 27523 
Antoinette Brown 104 Atkinson Ct Apex NC 27502 
Leslie Sauerbrei --- Apex NC 27502 
Richard Lazar 3016 Canopy Woods Dr Apex NC 27539 
Deb Carr 2007 Castleburg Dr Apex NC 27523 



Edward Hester 2512 Salem Church Rd Apex NC 27523 
Glen Weaver 806 Homestead Park Dr. Apex NC 27502 
Walter Brock 4425 Surry Ridge Circle Apex NC 27539 
Dale Setzer 7840 Percussion Drive Apex NC 27539 
Maynard Green 58 Aberdeen Dr Arden NC 28704 
Mike Erbach 9 Chelsea Dr. Arden NC 28704 
Randal Pride PO Box 25 Arden NC 28704 
Laurie Zimmerman 115 Oak Terrace Arden NC 28704 
Ronald Clayton 545 E Dorsett Ave Asheboro NC 27203 
Marla Schexnider 314 East Pritchard Street Asheboro NC 27203 
John Freeze 648 Chaney Rd Asheboro NC 27205 
David Martin 319 Worth St Asheboro NC 27203 
Talula Cartwright 513 W. Kivett St. Asheboro NC 27203 
Mel L. 1763 Lantern Dr. Asheboro NC 27205 
Lynn Burklow 17 Trellis Ct. Asheville NC 28806 
Alissa Ray 77 1/2 Brevard Road Asheville NC 28806 
Beth Stanberry PO Box 468 Asheville NC 28802 
Tom Shafer 158 Estelle Park Dr Asheville NC 28806 
Leslie Rowland 185 Glendale Ave Asheville NC 28803 
John Miller 73 Deaver St. Asheville NC 28806 
Hannah Borababy 96 1/2 Louisiana Ave Asheville NC 28806 
Brenda Denton 30 Lawterdale Rd Asheville NC 28804 
Kirby Morrow 209 Glendale Ave Asheville NC 28803 
Chuck Itzkovitz 40 Hyannis Dr. Unit 203 Asheville NC 28804 
Virgil Carmichael 4403 Angelus Circle Asheville NC 28805 
Sheila Kaye 15 Ascot Point Circle #304 Asheville NC 28803 
Holly Satvika 57 East Chestnut St. #15 Asheville NC 28801 
P. Clark 123 Monument Asheville NC 28805 
Richard Cary 37 Howard Street Asheville NC 28806 
Stephanie Jones-Byrne 96 Hanover Street Asheville NC 28806 
Joan Morris 70 Arlington St Asheville NC 28801 
Anara Brinmere 650 Caribou Rd Asheville NC 28803 
Stephanie Hellert 24 Ormond Ave. Asheville NC 28806 
James Harrison 12 Westridge Drive Asheville NC 28803 
Mary Olson 45 Riverview Drive Asheville NC 28806 
Edward Wolfsohn 12 Sunny Ridge Dr. Asheville NC 28804 
James Stone 647 Town Mountain Road Asheville NC 28804 
Janene Donovan 5 Aurora Dr Asheville NC 28805 
Judith Pigossi 14 Cedarcliff Road Asheville NC 28803 
Norman Mcelvy 41 Meadowview Rd Asheville NC 28804 
Katherine Dreyer 3 Glenview Rd. Asheville NC 28804 
Tom Kociemba 104 River Ridge Dr Asheville NC 28803 
Iain Mcgarvie-Munn 14 Skyview Ct Asheville NC 28803 



Nathan Wurzbacher 11 1/2 Broadway St Unit A Asheville NC 28801 
Robert Burns 118 Fenner Avenue Asheville NC 28804 
Kermit Brown --- Asheville NC 28805 
Edie Simpson 15 Springdale Rd Asheville NC 28805 
Shifra Nerenberg PO Box 16502 Asheville NC 28816 
David & 
Lynn Opie 136 Senator Reynolds Asheville NC 28804 
Laura Simonson 24 Teems Lane Asheville NC 28805 
Jan Zollars 105 Scottlynn Ct Asheville NC 28806 
Daniel Ater --- Asheville NC 28801 
Jennifer Sanchez 1304 River Ridge Drive Asheville NC 28803 
Dorothy Sagel 16 Gaia Lane Asheville NC 28806 
Terri Lefler 59 Fenner Ave Asheville NC 28804 
Nancy Clark 6 Lackey Lane Asheville NC 28804 
Art Streppa 5 Gash Farm Rd Asheville NC 28805 
Herve Hamilton 116 Sand Hill Rd #4 Asheville NC 28806 
Sharon Crawford 22 Little Cedar Court Asheville NC 28805 
Wayne Barnette 17 Azalea Ter Asheville NC 28803 
Stephanie Biziewski 312 Covewood Trail Asheville NC 28805 
Susan Bird 24 Maplewood Road Asheville NC 28804 
Samuel Speciale 14 Trevors Trl Asheville NC 28806 
Debbie Miller 15C Mill Creek Loop Asheville NC 28806 
Matt Grippi 901 Kensington Place Apt C Asheville NC 28803 
Paula Bishop 83 Appalachian Way Asheville NC 28806 
Lucy Wetzel 35 Northview Street Asheville NC 28801 
Randy Bernard 18 Plateau Rd Asheville NC 28805 
Charles Froelich 204 Michigan Ave Asheville NC 28806 
Erika Beqaj 18 Country Spring Dr. Asheville NC 28804 
Jean Wheelock 22 Hibriten Drive Asheville NC 28801 
Justine Tullos 314 Pearson Drive Asheville NC 28801 
Christina Vonthronsohnhaus 35 Grove St APT 301 Asheville NC 28801 
Eunice Williams 121 Trumpet Lane Asheville NC 28803 
Robert Taylor 523 Westwood Pl Asheville NC 28806 
Bernadine Young 620 Upper Grassy Branch Ext Asheville NC 28805 
Pia Heyn 1101 A Kensington Place Asheville NC 28803 
Karlene Gray 18 Parkway Loop Asheville NC 28803 
Stuart Zitin 139 3rd Street Asheville NC 28803 
Donalda Feith 27 Reddick Rd Asheville NC 28805 
Ursula Finkel 25 1st St. Asheville NC 28803 
Cindy Byron --- Asheville NC 28804 
A.A. Lloyd 6 Quinn Ct. Asheville NC 28805 
Rachel Newcomb 584 North Turkey Creek Rd Asheville NC 28803 
Malcolm Bruce 36 Barnard Ave. Asheville NC 28804 



Randy Whittington 83 Linden Ave Asheville NC 28801 
Doug Wingeier 266 Merrimon Ave. Asheville NC 28801 
Brenda Cooke 6 Clearbrook Rd Asheville NC 28805 
Lenore Nieters 123 Shadowbrook Dr. Asheville NC 28805 
Ron Harris 15 Mountainbrook Road Asheville NC 28805 
Stack Kenny 4 Detroit Pl Asheville NC 28806 
Cody Hulme 110 North Forest Ln Asheville NC 28804 
Deja Lizer 6 Eva Cir Asheville NC 28806 
Ryan Naylor 6 Lawndale Ave Asheville NC 28806 
Milton Nash 1 Townview Drive Asheville NC 28806 
Martha David 63 Joyner Ave. Asheville NC 28806 
Ruth Noble --- Asheville NC 28805 
Gary Wirkkala 40 Bee Ridge Road Asheville NC 28803 
Fred Grindle 133 Charland Forest Asheville NC 28803 
Nancy Bass 15 Sassy Lane Asheville NC 28805 
Peggy Atkins Sand Hill Rd Asheville NC 28806 
Kelli Brannon 507 Haw Creek Mews Drive Asheville NC 28805 
Diane Dewitt 33 Kenai Drive Asheville NC 28806 
Meg Miles 270 Beaverdam Rd. Asheville NC 28804 
Monika Wengler 9 Sourwood Ln E Asheville NC 28805 
Rosalyn Kociemba 104 River Ridge Dr. Asheville NC 28803 
Nancy Acopine 81 Lakeshore Dr Asheville NC 28804 
Elaine Lite 72 Gibson Rd. Asheville NC 28804 
Clifton Avery 279 Monford Ave Asheville NC 28801 
Nikki Maimes 29 Knoll Ridge Dr. Asheville NC 28804 
James Schall 31 Elizabeth St Asheville NC 28801 
William Caldwell 38 Beverly Rd. W. Asheville NC 28806 
Barbara Zaretsky 122 Riverside Drive Asheville NC 28801 
Adam Decaulp 33 Bear Creek Rd Asheville NC 28806 
Lani Blakeslee 103 Cumberland Circle Asheville NC 28801 
Cynthia Bennett 6 Lower Bucks Drive  Asheville NC 28806 
Hannah Morgan 41 Balsam Avenue Asheville NC 28806 
Phebe Watson 648 Lakeshore Drive Asheville NC 28804 

Cheyne Mayer 
WWC-CPO #7764 P.O. Box 
9000 Asheville NC 28815 

Gloria Shen 40 Rocking Porch Lane Asheville NC 28805 
William Albrecht 367 Battleground Rd Atkinson NC 28421 
Cyn Higgins-Rich 367 Battleground Road Atkinson NC 28421 
MM Mark Sonder PO Box 1036 Atlantic Beach NC 28512 
Patti Whipple 105 North Court Atlantic Beach NC 28512 
Vicki Dembowski 8947 Old Sandhill Rd Aurora NC 27806 
Chad Mccoy 154 Rowe Rd Aurora NC 27806 
Jacqueline Vaughnheath 1786 NC 102 E Ayden NC 28513 



Dale Mendoza 116 White Horse Run Bahama NC 27503 
Robert Obeid 477 George Mckinney Rd Bakersville NC 28705 
Susan Dimock 6382 Cane Creek Rd. Bakersville NC 28705 
Susan Shephard 1 Gordon Silvers Road Bakersville NC 28705 
James Carroll PO Box 815 Bakersville NC 28705 
Jeffrey Simms 2467 Rominger Rd Banner Elk NC 28604 
Diane Thomson 142 South Slope Loop #2 Banner Elk NC 28604 
Amy Adams 2903 Broadstone Rd Banner Elk NC 28604 
Tanya Gerard 312 N Pinnacle Ridge Rd Banner Elk NC 28604 
Charlotte Preswood P.O. Box 284 Banner Elk NC 28604 
Eloy Santos --- Barium Springs NC 28010 
Kate Lamar Haw Branch Rd. Barnardsville NC 28709 
Marcia Kummerle 27 Ivan Bridge Drive Barnardsville NC 28709 
Frances Armstrong 264 Teachs Cove Bath NC 27808 
Lee Armstrong 264 Teachs Cove  Bath NC 27808 
Alan Frank 214 Vine St. Beaufort NC 28516 
Linda Ricks 112 Willow Street Beaufort NC 28516 
Ann Miller 235 Lakeledge Road Beech Mountain NC 28604 
Carolne Scchorr 205 Foxgrape Hollow Rd Beech Mountain NC 28604 

Leslie Hayhurst 
225 Upper Grouse Ridge 
Road Beech Mtn NC 28604 

Tucker Bailey 8175 Bean Acres Road Belews Creek NC 27009 
John Chrystal 569 Chambers Point Road Belhaven NC 27810 
Anneda Kirk 327 Loop Rd Belhaven, Nc Belhaven NC 27810 
Judi Raburn 140 Raburn Rd Belhaven NC 27810 
Elena Dominguez 12,Sombrereria Belmont NC 28012 
David Palacios Madrid Belmont NC 28012 
David Pope 207 E. College St Black Mountain NC 28711 

R. Kaylor 
32 Wagon Trail, Black 
Mountain Nc Black Mountain NC 28711 

Charlotte Wharton 
101 Eden Glen Court,  Black 
Mountain, Nc Black Mountain NC 28711 

Gavin Dillard 528 Padgettown Road Black Mountain NC 28711 
Nancy Brown 48 Elijah Hall Rd. Black Mountain NC 28711 
Linda Sperath 49 Wagon Trail Black Mountain NC 28711 
John Ventre 700 Shumont Rd Black Mountain NC 28711 
Z. Director Po Box 970 Black Mountain NC 28711 

Rebecca Carrier 
203 Pine Grove, Black 
Mountain Black Mountain NC 28711 

Christina Dickson 109 Tabernacle Rd Black Mountain NC 28711 
Susan Broadhead 48 Full  Circle Trail Black Mountain NC 28711 

Mary Mckeown 
66 Blue Ridge Assembly 
Drive Black Mountain NC Black Mountain NC 28711 

Susan Taylors 53 Walker Town Road Black Black Mountain NC 28711 



Mountain, NC 
Robert Swett 301 Montreat Road Black Mountain NC 28711 
Thomas Johnson 2455 Holloway Mtn Rd Blowing Rock NC 28605 
Sheila Sloan 49 Gilbert Rd SE Bolivia NC 28422 
C. Grater 581 Forest Hill Boone NC 28607 
Beatrix Mcgee 743 Little Laurel Rd Ext Boone NC 28607 
Michael Moore 150 Houndstooth Trail Boone NC 28607 
D. Miller 268 Appalachian Drive Boone NC 28607 
Sam Furgiuele 169 Gragg Street Boone NC 28607 
Lara Marshall 1368 Stoneybrook Lane Boone NC 28607 
Janet Palmer 136 Castle Heights Boone NC 28607 
Charlie Wallin 295 High Meadows Dr Boone NC 28607 
Wes Weaver 342 Dogwood Knl Boone NC 28607 
Coleman Mccleneghan 441 Twin Rivers Dr. Boone  Boone NC 28607 
Roseanne Rosvally 164 Amy's Place Boone NC 28607 
Margaret Bollini 363 Daniel Drive Boone NC 28607 
Tanya Jackson Reynolds Pkwy Boone NC 28607 
Janet Kopec 707 Kiser Rd Bostic NC 28018 
Virginia Turnbull P.O. Box 175 Brasstown NC 28902 
Paul Brodie 722 Greasy Creek Rd  Brasstown NC 28902 
William H. Moore 100 N College Row  Apt 245 Brevard NC 28712 
Meredith Brooks 433 Purple Finch Brevard NC 28712 
Carole Schreiber 24 Twitter Lane Brevard NC 28712 
Joseph Torres 322 Middle Connestee Trail Brevard NC 28712 
Jeremy Stubbs 38 Grouse Lane Brevard NC 28712 
Jane Kimball --- Brevard NC 28712 
Cheryl Haislar 1169 Soquili Dr. Brevard NC 28712 
Sallye Parsons 44 Frazie Rd Brevard NC 28712 
Lillian Koponen 261 Pleasant Hill Dr Brevard NC 28712 
Martha Spencer 988 Henry Mountain Road Brevard NC 28712 
Don Richardson 577 Windover Dr.  Brevard NC 28712 
Rich Whitley 9 Union Chapel Rd Buncombe NC 28787 
Eric Siebert 489 Brewington Dr Burgaw NC 28425 
Kirby Wahl 2800 CB, Elon University Burlington NC 27217 
Suzanne Everette 3315 Winston Drive Burlington NC 27215 
Nick Way 2729 Kirkwood Dr. Apt. 3-F Burlington NC 27215 
David Brandel 1036 Larry St. Burlington NC 27217 
Mitchell Boss 3915 Muhlenberg Ct Burlington NC 27215 
Krysta Workman 4162 Stonecrest Drive Burlington NC 27215 
Crystal Peterson-Banks 215 Evergreen Road Burnsville NC 28714 
Nancy Newberry 100 Club Dr  Ste 190 Burnsville NC 28714 
Janis Holder 60 Shady Side Dr Burnsville NC 28714 
Jack Palm 30 June Bug Ln Burnsville NC 28714 



Vicki Aderman 160 Pine Ridge Rd Burnsville NC 28714 
Sandra Bryan 101 Settlers Ridge Rd Burnsville NC 28714 
June Bryan 101 Settlers Ridge Rd Burnsville NC 28714 
Beverly Hammond 100 Club Drive, Suite 17 Burnsville NC 28714 
Rebecca Marlin PO Box 324 Buxton NC 27920 
Tracey Gollwitzer 8855 Radcliff Drive Calabash NC 28467 
Robert Ellis 289 Hookers Gap Rd Candler NC 28715 
Dolores Majewski 1 Enka Crescent St. Candler NC 28715 
Diana Kruk 14 White Fox Trail Candler NC 28715 
Chareles Mcmahan 584 Enka Lake Rd Candler NC 28715 

Donald Harland 
PO Box 2080, 677 N. Luther 
Rd. Candler NC 28715 

Robert Rivage 38 Hurst Dr Candler NC 28715 
Lisa Rogala 18 Oakwood Rd Candler NC 28715 
Jennifer Leonard 56 Young Dr, Candler NC Candler NC 28715 
Laura Holland 4752 Pisgah Dr Canton NC 28716 
Chanda Farley 117 Ford St. Canton NC 28716 
Roberto Carlotti Lopez De Vega Caroleen NC 28019 
Toby Cardoso P. O. Box 2158 Carolina Beach NC 28428 

Lori Brown 
908 S 3rd Street. Carolina 
Beach, NC Carolina Beach NC 28428 

Robert Dow 105 Pine St Carrboro NC 27510 
Carole Dupre 500 W Poplar Carrboro NC 27510 
Charles Webb 201 Hwy 54 #717 Carrboro NC 27510 
Adam Versenyi 205 Oleander Road  Carrboro NC 27510 
Theresa Hammond 106 Walden Dr Carrboro NC 27510 
Barbara Stenross 120 Carol St. Carrboro NC 27510 
Marilyn Pinschmidt 202 Springvalley Rd   Carrboro NC 27510 
Steven Gordon 600 N Greensboro St Carrboro NC 27510 
Samuel Morris 119 Lantern Way Carrboro NC 27510 
Savannah Scarborough 115 Hanna St Carrboro NC 27510 
Garth Molyneux 305 Robert Hunt Drive Carrboro NC 27510 
Judith Martinez 102 Webb Dr. Carrboro NC 27510 
Jennifer Baker 104 W Main St #3 Carrboro NC 27510 
Reed Palmer 408 Broad Street Carrboro NC 27510 
Emily O'Hare 309 Bolin Forest Drive Carrboro NC 27510 
Suzan Johnson 501 Hwy 54 Carrboro NC 27510 
Harrison Marshall 504 Greenwood Circle Cary NC 27511 
Troy Simpson 2114 Bluff Oak Dr Cary NC 27519 
Paula Higdon 926 Ralph Dr Cary NC 27511 
Jeff Headley 4006 Vallonia Drive Cary NC 27519 
Jody Rock 3033 Sentinel Ferry Lane Cary NC 27519 
Kenneth Breito 112 S Corncrib Ct   Cary NC 27513 



Elizabeth Hieronymus ---- Cary NC 27511 
Sydney Morgan 107 Cricket Lane Cary NC 27518 
Candice Davies 108 Steep Bank Drive Cary NC 27518 
Keith Mellendorf 807 N Harrison Cary NC 27513 
Laura Saint-Lorraine 113 Mcintire Lane Cary NC 27513 
Kimberly Jordan 111 Arlington Ridge Cary NC 27513 
Pat Vescio Arvo Lane Cary NC 27513 
Stephane Daniel 515 Dundalk Way Cary NC 27511 
Chris Mcclellan 108 Dungarees Loop Cary NC 27513 
Donna Hammersly 220 Callum Pl. Cary NC 27519 
David Duch --- Cary NC 27511 
Brian Gould 1114 Brookgreen Dr. Cary NC 27511 
Frank Moore 530 Alden Bridge Drive Cary NC 27519 
Don Weisz 1030 Ventnor Place Cary NC 27519 
Francis Pflug 1012 Wakehurst Drive Cary NC 27519 
Charles Wilson 2012 Talloway Drive Cary NC 27511 
Phyllis King 110 Palace Green Cary NC 27518 
Wendy Stoltz 104 Leeward Ct Cary NC 27511 
Michelle Yates 206 E Jules Verne Way Cary NC 27511 
Thomas Boyd 105 Colora Court Cary NC 27513 
Melina Griffis 9212 Green Level Church Rd Cary NC 27519 
Pamela Talisman 15001 Searstone Drive Cary NC 27513 
Robyn Neaville 504 Briardale Cary NC 27519 
Donna Walker 230 Urban Dr Cary NC 27511 
Jennifer Saban 114 Hidden Oa Is Dr Cary Nc Cary NC 27513 
E. Cook 114 Spring Cove Dr Cary NC 27511 
David Shelton 329 Grady Mcneilly Rd Casar NC 28020 
Daniel Temple PO Box 312 Cashiers NC 28717 
John And 
Phyllis Edwards PO Box 924 Cashiers NC 28717 
Cindy Yates 105 Linville Dr Castle Hayne NC 28429 
George Czerw 703 Alyssum Avenue Caswell Beach NC 28465 
Keith Allen PO Box 11 Cedar Grove NC 27231 
Heide Coppotelli 383 Seldon-Emerson Rd Cedar Mountain NC 28718 
Isabel San Gabino Parral, 48 Cerro Gordo NC 28430 
Ruth Miiler 1819 Billabong Lane Chapel Hill NC 27516 
Gregg Stave 101 Stoneridge Place Chapel Hill NC 27514 
Eric Bost 810 Mountain Creek Rd Chapel Hill NC 27516 
Ahmad Beirami 2210 Environ Way Chapel Hill NC 27517 
Johnny Mayall 86A Willow Way Chapel Hill NC 27516 
Ruchir Vora 522 Dogwood Dr. Chapel Hill NC 27516 
Rita Fellers 2908 White Cross Rd. Chapel Hill NC 27516 
Rebecca Cleveland 1201b Hillsborough Rd Chapel Hill NC 27516 



Jim Thomas 5900 Hathaway Lane Chapel Hill NC 27514 
Etsuyo Choi 1714 Michaux Rd Chapel Hill NC 27514 
David Flora 550 Carolina Meadows Chapel Hill NC 27517 
Ivy Brezina 120 Redbud Lane Chapel Hill NC 27514 

Roger Belanger 
523 Meadowmont Village 
Circle Chapel Hill NC 27517 

Alison Hriciga 2441 Sedgefield Dr Chapel Hill NC 27514 
Nancy & 
Helmut Mueller 409 Moonridge Road Chapel Hill NC 27516 
Anita Shanker 1004 Oak Tree Drive  Chapel Hill NC 27517 
S. Fleck 102 Sycamore Dr Chapel Hill NC 27514 
Timothy Carnes 411 Highview Drive  Chapel Hill NC 27517 
Paula Greeno 103 Blue Granite Ct Chapel Hill NC 27514 
Anita Shanker 1004 Oak Tree Drive  Chapel Hill NC 27517 
Richard Strowd 4845 Manns Chapel Road Chapel Hill NC 27516 
Kicab Castaneda-Mendez 112 Rhododendron Court Chapel Hill NC 27517 
IVIS Nasir 604 Oak Crest Dr. Chapel Hill NC 27516 
Ken Moore 351 Old Fayetteville Road Chapel Hill NC 27516 
Carlyle Hodges Chapel Hill, NC Chapel Hill NC 27517 
Laurice Ferris 112 Turnberry Lane   Chapel Hill NC 27517 
Melissa Holmberg 1000 Sabre Ct Chapel Hill NC 27516 
Patricia Leighten Chapel Hill, NC Chapel Hill NC 27516 
Judith Barton Chapel Hill, NC Chapel Hill NC 27516 
ShoshanaH. Naiman 6728 Glen Forest Dr Chapel Hill NC 27517 
Brian O'grady 11 Ellen Pl Chapel Hill NC 27514 
Frans Verhagen 327 Carolina Meadows Villa Chapel Hill NC 27517 
Monica Sanchez 64 Cedar Hills Cir. Chapel Hill NC 27514 
Sonia West 1909 Jo Mac Rd. Chapel Hill NC 27516 
Alice Zelenak 288 Highview Dr. Chapel Hill NC 27517 
Ryan Draper 101 Foxridge Road Chapel Hill NC 27514 
Eli Celli 407 Legends Way Chapel Hill NC 27516 

Becca Greenstein 
800 Pritchard Ave Ext, Apt 
B2 Chapel Hill NC 27516 

Sarah Chi 106 Westover Court Chapel Hill NC 27514 
Snezana Cvejin Chapel Hill, NC Chapel Hill NC 27517 
Lesley North Ridge Trail Chapel Hill NC 27516 
Kevin O'Donnell 808 Ward St Chapel Hill NC 27516 
Karen Piplani 1502 Halifax Rd Chapel Hill NC 27514 
Patricia Padilla 206 Carolina Meadows Villa Chapel Hill NC 27517 
Daniel Pater --- Chapel Hill NC 27516 
Margy King 125 Carolina Meadows Chapel Hill NC 27517 
Donna Maulucci 75 Wood Laurel Ln Chapel Hill NC 27517 
Janet Tice 310 Umstead Chapel Hill NC 27516 



Michael Naiman 6728 Glen Forest Dr Chapel Hill NC 27517 
Jane Church 71008 Everard Chapel Hill NC 27517 
T. Murphy Chapel Hill Chapel Hill NC 27514 
Will Riedel 8210 Reynard Road Chapel Hill NC 27516 
Carolyn Buckner 8100 N Hound Ct Chapel Hill NC 27516 
Jeffrey Collins 5909 Hathaway Lane Chapel Hill NC 27514 

Xenya Cook 
2150 Ephesus Church Road 
Apt A6 Chapel Hill NC 27517 

Shelley Theye 1065 Boothe Hill Rd. Chapel Hill NC 27517 
Roberto Penaherrera 8945 Camden Creek Ln Charlotte NC 28273 
John La Stella 7000 Ware Rd Charlotte NC 28212 
Ivey Stewart 845 Park Slope Dr Charlotte NC 28209 
Cheryl Williams 8930 Glencroft Road   Charlotte NC 28227 
Cathy Brunick 14133 Walkers Crossing Dr Charlotte NC 28273 
John Ricciardi 7229 Rockland Dr   Charlotte NC 28213 
Jeff Blythe 7916 Beatties Ford Rd  Charlotte NC 28216 
Jeff Willoughby 3514 Betterton Ln Charlotte NC 28269 
Delacy Lindsey 1618 Red Robin St Charlotte NC 28214 
Roger Clarke 433 Wilby Drive Charlotte NC 28270 
Paul Root 7631 Watercrest Rd Charlotte NC 28210 
Margaret Ocasio 1731 Hudson Graham Ln Charlotte NC 28216 
Mary Sayler 7306 Connan Ln Charlotte NC 28226 
Francis Penkava 9120 Post Canyon Ln #5108 Charlotte NC 28213 
Deborah Griffith 7054 Meeting Street Charlotte NC 28210 
Donna Durfee 2100 Collingdale Pl Charlotte NC 28210 
Judith Murray 638 Hempstead Place Charlotte NC 28207 
Edward Turner 11226 Coachman Circle  Charlotte NC 28277 
Denise Reilly 7524 Surreywood Pl Charlotte NC 28270 
Dane Bowen 8740 Blair Rd Charlotte NC 28227 
Anna Auten 16301 Peach Grove Ln. Charlotte NC 28277 
Jeff Chandler 16108 Sunninghill Park Road Charlotte NC 28277 
Barry Goldfarb 2420 Lynbridge Drive Charlotte NC 28270 
Lillian Swindell 2118 Coniston Place Charlotte NC 28207 
Stefanie Hedrick 7418 Preakness Stakes Lane Charlotte NC 28215 
Christie Driscoll 2117 Bay St Charlotte NC 28205 
Nate Pusateri 2461 Eaton Rd Charlotte NC 28205 
FRANK ARAIZA 2301maplecrest Der Charlotte NC 28212 
Gordon James 1725 Piccadilly Drive Charlotte NC 28211 
Steven Weaver 4805 Carson's Pond Road Charlotte NC 28226 
S. Teel 2204 Commonwealth Ave. Charlotte NC 28205 
Carol Bentley 2232 Shade Valley Rd, Apt A Charlotte NC 28205 
Rick Mcanulty 3522 Bellevue Ln Charlotte NC 28226 
Matthew Hemenway 7700 Covey Chase Drive Charlotte NC 28210 



Audrey Brown 612 E. 35th Street Charlotte NC 28205 
Eleanor Mcnair 4307 Somerdale Lane Charlotte NC 28205 
Larry Hannon 6823 Needham Dr Charlotte NC 28270 
Mark Swanson 13707 Seaton Dr. Charlotte NC 28227 
Steve West 2710 Briarcliff Place Charlotte NC 28207 
Kim Fanelly 9928 Blackbird Hill Ln Charlotte NC 28227 
Michael Gellar 1613 Grace Street Charlotte NC 28205 
Karen Hodges 2641 Palm Avenue Charlotte NC 28205 
John Herron PO Box 34201 Charlotte NC 28234 
Harry Taylor 1901 Brandon Circle Charlotte NC 28211 
Sharon Beauchemin 1411 Eastcrest Dr. Apt T2 Charlotte NC 28205 
K. Liddle Charlotte, NC Charlotte NC 28214 
Warren Tadlock 6322 Kiftsgate Ct   Charlotte NC 28226 
RagubathE.E. Pather 15336 Dehavilland Dr Charlotte NC 28278 
Zachary Coggin 510 Berkeley Hill Dr, Apt 911 Charlotte NC 28262 
Cris Shewchuk 2933 Alpine Forest Ct. Charlotte NC 28270 
Heather Cummings 9135 Brocklehurst Lane Charlotte NC 28215 
Wendy Stevens 7024 Hidden Creek Dr Charlotte NC 28214 
Nancy Southworth 5124 Carden Dr Charlotte NC 28227 
Edgar Ariza 4307 Laurel Hill Ln Charlotte NC 28217 
Gregory Austin 901 Plumstead Road   Charlotte NC 28216 
Matt Hurley 5301 Finsbury Pl Charlotte NC 28211 
Mark Weisser 6445 Mounting Rock Rd Charlotte NC 28217 
Laura Mitchell 2124 Rozzelles Ferry Rd Charlotte NC 28208 
Andrea Reimers 8033 Mccarron Way Charlotte NC 28215 
Buzz Buzaglo Erin Crt. Charlotte NC 28210 
Jon Epstein 1617 Harrill St Charlotte NC 28205 
Nikki Schipman 10307 Stornoway Ct Charlotte NC 28227 
Monika Cook 14819 Cane Field Dr Charlotte NC 28273 
Elizabeth Heitbrink 4238 SILVERMERE WAY Charlotte NC 28269 
Margaret Peeples 838 Heather Lane Charlotte NC 28209 
James Slutz 808 Hawthorne Ln Charlotte NC 28204 
Tod Brabson 7304 Red Branch Ln. Charlotte NC 28226 
Michael Defrances 7507C Quail Wood Dr Charlotte NC 28226 
Michael Davey 10101 Plum Creek Ln.. Charlotte NC 28210 
Helen Fowler 2524 Kingsbury Dr. Charlotte NC 28205 
Leigh Yeoman 10501 Moss Mill Ln. Charlotte NC 28277 
Jess Thomas 3403 Arsenal Court Charlotte NC 28273 
Kuri Mansa 1743 Chasewood Dr. Charlotte NC 28212 
Diana Pinckney 2215 Malvern Rd. Charlotte NC 28207 
Cathleen Davis-Whitmore 14215 Northridge Dr Charlotte NC 28269 
Joseph Sistare 901 Tally Ho Ct Charlotte NC 28212 
Danielle Roberson Park Rd Charlotte NC 28210 



Denise Plymale 102 South Linwood Avenue Charlotte NC 28208 
Gwen Clift 12925 Indian Hills Lane  Charlotte NC 28278 
Emiliano Pereira H. H. Meier Allee 8 Charlotte NC 28213 
Laura Carpenter 8608 Beeswood Charlotte NC 28277 

Lynne Douyotas 
10501salt Box Court 
Charlotte Charlotte NC 28277 

Michelle Rivers 8332 Beardsley Dr Charlotte NC 28269 
Kaye Fulcher 5913 Sharon View Rd Charlotte NC 28226 
Helen Greene Charlotte, NC Charlotte NC 28217 
David Gray 732 E Park Ave Charlotte NC 28203 
Michelle Carr 1530 Queens Road  Apt 1203 Charlotte NC 28207 
Heather Marshall 1605-B Merry Oaks Rd Charlotte NC 28205 
Rebecca Telford 11630 Clingman Ln Charlotte NC 28214 
Ernie Howe P.O. Box #126 Cherryville NC 28021 
Pablo Llobera C/ Salsipuedes, 1. 2Œ_A Cherryville NC 28021 
Tim Vancelette 101 Sommerset Dr Clayton NC 27520 
Pat Legrand 212 Valley  Creek  Dr Clayton NC 27520 
Joseph Pepe 3528 E. Cotton Gin Dr Clayton NC 27527 
Betty Smith 125 St.Lawrence Way Clayton NC 27520 
Carla Johnson 208 Valley Creek Dr Clayton NC 27520 
Patricia BELL 297D Winston Road Clayton NC 27520 
Roger Chellew 104 Elmwood Lane Clayton NC 27520 
Susan Draper 126 Bennett Place Clayton NC 27527 
Shannon Lack 114 Kirkland Clayton NC 27527 
Mary Holder 7525 Peggy Drive Clemmons NC 27012 
Grace Hepler 1879 Harper Road Clemmons NC 27012 
Nick Hood 5036 Peppertree Rd. Clemmons NC 27012 
Marian Wenink 1034 Prestwick Ct Clemmons NC 27012 
Oscar Revilla Juan De Herrera Cliffside NC 28024 
Camryn Pate 2567 Hunter Rd Clinton NC 28328 
Laura Bartucca 184 Austin Rd Clyde NC 28721 
Sandra Riggs 66 Touch The Stars Clyde NC 28721 
Heidi Haehlen PO Box 1950 Clyde NC 28721 
Joe Phillips Little Santee Road Colfax NC 27235 
Diane Clark 4115 Castleford Dr  Colfax NC 27235 
Ashley Johnson 264 Long Ridge Rd Columbia NC 27925 
Carol Lang P.O. Box 85 Como NC 27818 
Cornelia Cornils 218 Seminole Ave Se Concord NC 28025 
Jan Fowler 5607 Meadow Bluff Ct NW Concord NC 28027 
Carol Mulrooney 3068 Trimble Cir NW Concord NC 28027 
Danny Thomas 98 Tribune Ave SW Apt - H Concord NC 28025 

John Zeggert 
1480 Saint Johns Church 
Road Concord NC 28025 



Karen Kaser-Odor 278 Fryling Ave SW Concord NC 28025 
Eric Woodward Concord NC 28025 

Mark Ackerman 7125 Trumble Woods 
Connellys 
Springs NC 28612 

Rita Burns-Wooten 1150 35th St. Pl. NE Conover NC 28613 
Rita Dunn Henderson Road Sydney Conway NC 27820 
Catherine Krug 7123 Windaliere Drive Cornelius NC 28031 
Michelle Mitchell 17227 Chardonnay Ct Cornelius NC 28031 
Catherine Krug 7123 Windaliere Drive Cornelius NC 28031 
James Whitney 2784 Clifton Ave Creedmoor NC 27522 
Eleanor Eltoft 1615 Country Lane Creedmoor NC 27522 

Joan Byrd 
947 Bo Cove Road, 
Cullowhee, NC Cullowhee NC 28723 

Julia Howe 989 Brasstown Rd  Cullowhee NC 28723 
Catherine Carter 241 Oak Forest Drive Cullowhee NC 28723 
Lenore Weslow PO Box 94 Cullowhee NC 28723 
Marianna Coyle Cullowhee, NC Cullowhee NC 28723 
Dona West 579 Brown Mt Dr Cullowhee NC 28723 
Bonnie Abbott 594 Comanche Road Cullowhee NC 28723 
Andrea Poole 2174 Skyview Dr Cumberland NC 28304 
Ginger Sikes 111 Mallard Dr. Currituck NC 27929 
Rebecca Duffeck 315 S. Gaston St. Dallas NC 28034 
Kathleen Basiewicz PO Box 1204 Dana NC 28724 
Keith Cutler 99 Jackson St #1708 Davidson NC 28036 
Gary Andrew 319 N Downing St Davidson NC 28036 
Carol Minor 10372 Singletree Lane Davidson NC 28036 
Priscilla Perkins 400 Avinger Lane Davidson NC 28036 
Carol Svatek 1326 Healing Springs Drive Denton NC 27239 
Claire Marsh Pobox 509 Dillsboro, NC Dillsboro NC 28725 
Holly Latty-Mann 8012 Somerdale Drive Durham NC 27713 
Karl Agell 1202 Wedgewood Lane Durham NC 27713 
Linda Barnett 4100 Thetford Road  Durham NC 27707 
Tracy Feldman 5306 Pelham Road Durham NC 27713 
David Veteran) Durham, NC Durham NC 27707 
Peter Charles 3522 Barcelona Ave Durham NC 27707 
Joyce Pusel 102 Emerald Cir Durham NC 27713 
Ginny Dudek 105 Lost Ln Durham NC 27713 
John Wiles --- Durham NC 27713 
Sonja Stahlhut 600 Audubon Lake Dr. #5A12 Durham NC 27713 
Susan Couch 4129 Five Oaks Drive Durham NC 27707 
Dave Rush 2315 Woodhaven Drive Durham NC 27712 
Janet Elmo 709 Gaston Manor Dt Durham NC 27703 
Shirley Jenkins 123 W Woodridge Dr Durham NC 27707 



Leslie Wickham 2724 Heatherglen Drive Durham NC 27712 
Stella Duffy 2911 Alabama Ave Durham NC 27705 
Brittany Scaturro 815 Ivy Meadow Lane Durham NC 27707 
Dorothy Teer 107alba Lane Durham NC 27707 
Lauren Humphries 400 Shearwater Dr Apt M Durham NC 27713 
Hermann Bennhausen 8 Chownings Street Durham NC 27713 
Daniel Moore 808 Onslow St. Durham NC 27705 
Sarah Mcgiverin 1 Brunswick Ct Durham NC 27705 
Mara Bishop 206 E Woodridge Drive Durham NC 27707 
Ken Mauney 4012 Angier Ave Durham NC 27703 
Ben Salemi 4102 Hulon Dr Durham NC 27705 
Daria Drake 3504 Mossdale Ave. Durham NC 27707 
Michael Corsi-Oconnor Durham NC 27713 
Susan Tideman 1405 Oakland Avenue Durham NC 27705 
JUNE Forsyth Durham, NC Durham NC 27707 
Anthony G. 2027 Wilson St. Durham NC 27705 
Witt Eric 5 Sylvan Road Durham NC 27701 
Anthony Madejczyk 2705 Highland Ave Durham NC 27704 
Claudia Kaplan 4911 Victoria Dr. Durham NC 27713 
Carol Wills 5419 Guess Road Durham NC 27712 
Candace Carraway 2122 Sprunt Ave. Durham NC 27705 
Elsa Sanabria 437 Morcroft Lane Durham NC 27705 
Polly Harris 118 W Trinity Ave. Durham NC 27701 
Gary Brown 614 Arnette Avenue Durham NC 27701 
Paul Conroy 2811 Welcome Drive Durham NC 27705 
Furaha Youngblood 1005 Grant Street Durham NC 27701 
Margaret Anderson 1119 Midland Ter Durham NC 27704 
Thomas Carson 3910 Tyndrum Drive Durham NC 27705 
Shelley Frazier 2501 Pickett Rd. Durham NC 27705 
Angel Romero 2524 Cascadilla Street Durham NC 27704 
Judith Roth 3655 Pine View Circle Durham NC 27705 
Gregory Woodbury 1411 Cherrycrest Dr. Apt A Durham NC 27704 
Terry Byrne 4817 Heritage Drive Durham NC 27712 
Robert Hobbs 8 Elam Court, Durham, NC Durham NC 27705 
Cara Johnson 4718 Neff Street Durham NC Durham NC 27705 
Karen Read 12 Scott Durham, Nc Durham NC 27705 
Laura Jackson 3311 Shannon Road #35C Durham NC 27707 
Kristal Roebuck 322 Junction Rd. Durham NC 27703 
Vee Tyler Durham, NC Durham NC 27712 
Diane Best 910 Sandlewood Dr Durham NC 27712 
Keval Khalsa 1215 Carroll St Durham NC 27707 
Jayne Boyer 4316 Thetford Rd Durham NC 27707 
Kurt Johnson 11 S Berrymeadow Lane Durham NC 27703 



Jerry Spence 206 Reynolds Avenue Durham NC 27707 
I. Ewing 402 Cottage Ln Durham NC 27713 
Stephen Sample 2005 Ruffin St Durham NC 27704 
Pamela Paul 4449 Murphy School Rd Durham NC 27705 
Jennifer Griffith 315 Obie Dr. Durham NC 27713 
Susan Murphy 2062 October Drive Durham NC 27703 
Holly Mills 4590 Carlton Crossing Dr Durham NC 27713 
Ryan Thompson 1604 Pattersons Mill Road Durham NC 27703 
Peter Reynolds 1024 Edinborough Dr Durham NC 27703 
Kathleen Collins 5706 Whisperwood Dr Durham NC 27713 
Donald Watt 2234 Hillandale Rd. Durham NC 27705 
Tanya Arbigast 1215 Anderson St Durham NC 27705 
Daphne Gruener 461 Continental Drive Durham NC 27712 
Hope Lambert 4105 Trotter Ridge Rd Durham NC 27707 
Patricia Nichols 2127 Sunset Ave Durham NC 27705 
Scott Bell 622 Elm St Eden NC 27288 
Grace Majewski P.O. Box 973 Edenton NC 27932 
David Michalak 140 Willow Drive  Edenton NC 27932 
Vero Brentjens 138 Bayview Tr. Edenton NC 27932 
Greg Ebeling 203 W Church St Edenton NC 27932 
Debbie Burroughs 111 Hobbs Acre Drive Edenton NC 27932 
Carol Strickland 3016 Maple Ave. Efland NC 27243 
Brenda Mccall 6333 Mt Mitchell Rd Efland NC 27243 
Terry Bazzarre 6200 High Rock Road Efland NC 27243 
Claude Morris 8301 Hertford Dr Efland NC 27243 
Joseph Hodgson 1402 Turnpike Road Elizabeth City NC 27909 
Chris Weeks 608 Timothy Drive Elizabeth City NC 27909 
Cynthia Mastro 101 Hunters Trail West Elizabeth City NC 27909 
Edwin Ross 1320 S Williams Circle Elizabeth City NC 27909 
Larry Taylor 110 Nancy Dr Elizabeth City NC 27909 
Bonnell Walker 108 Francis Street Elizabethtown NC 28337 
Massimiliano Claps --- Ellenboro NC 28040 
Rose Bevington 274 Stubbs Rd Ellenboro NC 28040 
Phillip Davis 239 Bowers Lane Ellerbe NC 28338 
Lynda Durden 169 Bells Creek Ln  Ellerbe NC 28338 
Michael Alcon --- Elon NC 27244 
William Kenneke 402 Holly St Emerald Isle NC 28594 
Siljoy Maurer P.O. Box 333 Enka NC 28728 
Deborah Swanson 568 Garren Creek Rd. Fairview NC 28730 
David Phelps --- Fairview NC 28730 
Leah Stickels 32 Pine Hill Rd Fairview NC 28730 
Brian Burns Marlowe Rd Fairview NC 28730 
Cassidy Chester 4 Wild Iris Lane Fairview NC 28730 



Dave Pruette 4180 Melissa Dr Farmville NC 27828 
Ana Kelly 7117 Stockport Cir Fayetteville NC 28303 
Larry Smith --- Fayetteville NC 28314 
Albert Little 7371 Beaver Run Dr Fayetteville NC 28314 
Claudia Maldonado 1665 Kershaw Loop Fayetteville NC 28314 
Gene Cooper 5105 Banyan Road Fayetteville NC 28304 
Chaz Cannon 902 Karr Dr Fayetteville NC 28314 
Samantha Hall 1728 Wayne Lane  Fayetteville NC 28304 
Laura Faber 6346 Pawling Ct Fayetteville NC 28304 
Bee Matt --- Fayetteville NC 28301 
Abigail Murray-Nikkel 1926 N Pearl St   Fayetteville NC 28303 
David Nikkel 1926 N. Pearl St. Fayetteville NC 28303 
Ruby Sturcey 3007 Amberjack Road Fayetteville NC 28306 
Stella Mullen 141 May Street Fayetteville NC 28306 
Leslie Lewis 229 Murray Hill Rd Fayettevillle ND 28303 
Clary Stimson 1854 Kendell Town Rd. Ferguson NC 28624 
Pamela Woods 9 Remembrance Ridge Flat Rock NC 28731 
Alicia Crouch Fletcher, NC Fletcher NC 28732 
Nancy Cichowicz 19 Fox Briar Dr Fletcher NC 28732 
James Noble 287 Carnelian Dr Fletcher NC 28732 
Barbara Carothers 3 Meadow Wood Trail Fletcher NC 28732 
Elizabeth Smith 11 Forest Berry Rd Fletcher NC 28732 
Helen Bell 30 Golden Oaks Lane Fletcher NC 28732 
Linda Shifflett 44 Farington Circle Fletcher NC 28732 
Shelby Wilson 110 Torrington Ave Fletcher NC 28732 
Judy Ricky 22 Nathan Ct Fletcher NC 28732 
MagdaleN.. Blanco Mentrida, 39 Forest City NC 28043 
Wynne Queen 340 Davis Rd. Forest City NC 28043 
Josí Romero Mentrida, 39 Forest City NC 28043 
Amber Bateman 11 Garden Circle Fort Bragg NC 28307 
Beki Hartsell P.O. Box 1596 Franklin NC 28744 
Charlotte Weingartner 524 Saldeer Mnt Rd Franklin NC 28734 
Virginia Lang 158 Rocky Hill Road  Franklin NC 28734 
Henry Horton 704 Henry Rd. Franklin NC 28734 
Linda Orr 100 Sam Mcclure Rd. Franklin NC 28734 
Jeffrey Tesch 258 Blue Ridge Dr  Apt 1 Franklin NC 28734 
Bill Lea 108 Enchanted Lane Franklin NC 28734 
Viv Graves 1163 John Sandling Road Franklinton NC 27525 
Janet Smith 200 Joyner Street Franklinton NC 27525 
Corinne Benbow 2736 Cedar Falls Road Franklinville NC 27248 
Don Hill Academy St. Franklinville NC 27248 
Sheila Charrette PO Box 13 Frisco NC 27936 
Crystal Clark PO Box 397   Frisco NC 27936 



William Dudley 2530 Mill Grain Way Fuquay Varina NC 27526 
Susan Galante 5209 Red Wing Court Fuquay Varina NC 27526 
Linda Ceriello 905 Old Baron Drive Fuquay Varina NC 27526 
Donald Barnhart 75 Overby Court   Fuquay Varina NC 27526 
J. Hilton 2967 Rawls Church Rd Fuquay Varina NC 27526 
Lynne C. 5012 Lipscomb Dr. Garner NC 27529 
Kevin Herndon 1504 Pineview Drive Garner NC 27529 
Annette Musulin 2916 Escondido Farm Rd. Garner NC 27529 
Larry Wolf 284 Fieldtrial Circle Garner NC 27529 
David Stoltz 189 South Ridge Drive Garner NC 27529 
Crystal Smith 103 Fairside Ct Garner NC 27529 
Heidi Boynton 2313 Woodfield Circle Gastonia NC 28056 
Angela Humphries 804 Suequay Ct Gastonia NC 28056 
Mary Goodman 514 W 3rd Ave Gastonia NC 28052 
Doris Marshall 902 E. 4th Ave. Gastonia NC 28054 
Abby Hicks 454 Freedom Mill Road Gastonia NC 28052 
Vivian Barro 603 W Harvie Ave Gastonia NC 28052 
Eugene Frost 2222 Hearthstone Dr Gastonia NC 28056 
Ian Nicholson 227 Posey St Gastonia NC 28052 
Steve A 102 CCC Rd Gastonia NC 28052 
Shirley Hachey 1505 School Ave. Gastonia NC 28052 
Marvin Scherl 6740 Germanton Road Germanton NC 27019 
Julie Coulter ---- Gibsonville NC 27249 
Teresa Pitts PO Box 193 Glen Alpine NC 28628 

Ellen Pesko 160 Hamilton Lane 
Glendale 
Springs NC 28629 

Susan Charbonneau 614 Lake Shore Dr Goldsboro NC 27534 

Martin Wilcox 
5174 Swepsonville 
Saxapahaw Rd. Graham NC 27253 

Joyce Hatch 2238 Swepsonville Road Graham NC 27253 
Elizabeth Way 2007 Guinness Dr. Graham NC 27253 
Nancy Schafer 106 Sunny Lane Grandy NC 27939 
Andrew Atkin 1343 Baton Church Rd  Granite Falls NC 28630 
Thomas Pridgen 11756 Nc Hwy 16 N Grassy Creek NC 28631 
Weldine Dossett 415 Aberdeen Terrace Greensboro NC 27403 

Devon Seltzer 
5856 Old Oak Ridge Rd. Apt. 
917 Greensboro NC 27410 

Susan Watson Dorn 4003 Persimmon Court Greensboro NC 27410 
Gary Piatt 16 Park Village Lane Unit E Greensboro NC 27455 
Betty Carpenter 407 N. Mendenhall Street Greensboro NC 27401 
Debbie Hatcher 532 Audubon Dr Greensboro NC 27410 
Mary Vincent 512 Wicker St Greensboro NC 27403 
Anthony Flores 917 Shelby Dr Greensboro NC 27409 



Richard Phillips 4221 King Edward Ct Greensboro NC 27455 
Craig Armstrong 5311 Guida Dr. Greensboro NC 27410 
Dom Frate 510 Charter Place Greensboro NC 27405 
Aaron Allen 3601 Dogwood Dr Greensboro NC 27403 
Susan Burkholder 1511 Oak Street Greensboro NC 27403 
Michael Burns 307 Victoria Street Greensboro NC 27401 
Rob Moore 15 Liberty Square Circle Greensboro NC 27455 
Carmen Dohmeier 1908 Falmouth Drive Greensboro NC 27410 
Francie Portnoy 5413 Pigeon Cove Drive Greensboro NC 27410 
Cortland Kirson 3612 Crosstimbers Dr Greensboro NC 27410 
Debbie Hampton 5207 Bayberry Lane Greensboro NC 27455 
Joan Staples 2540 Cottage Place Greensboro NC 27455 
Marianne Kelsey 2333 W. Cornwallis Drive Greensboro NC 27408 
William Frisch 5800 Sage Brush Trail Greensboro NC 27409 
Stan Harper 1070 Christmas Pl Greensboro NC 27410 
Leslie Rice 1612 Heraldry Lane Greensboro NC 27455 
Karl Fields 902 Carolina St Greensboro NC 27401 
Ronald Walters 610 Morehead Ave. Greensboro NC 27401 
Lee Andrews 1468 Alamance Church Rd Greensboro NC 27406 
D. Bullock 1007 Surry Drive Greensboro NC 27408 

David Shahbaz 
2205 New Garden Rd Apt. 
410 Greensboro NC 27410 

Alan Berger Century Oaks Drive Greensboro NC 27455 
Mitchell Ward 1403-A Whilden Place Greensboro NC 27408 
Callista Mansell 208 Staunton Drive Greensboro NC 27410 
Daniel Amelkin 5432 Winters Way Greensboro NC 27410 
Jenny Garvin 402Woodlawn Ave Greensboro NC 27401 
Kathy Jarman 3405 Round Hill Road Greensboro NC 27408 
Becky Richardson 3700 Old Battleground Rd Greensboro NC 27410 
Tom Walker ----- Greensboro NC 27407 
Susan Borys 4406 Lake Brandt Road Greensboro NC 27455 
Voncile Ferguson Jefferson Wood Ct Greensboro NC 27410 
Kenneth Gruber 1819 Madison Avenue Greensboro NC 27403 
Chella Mclelland 3100 N Elm St. Greensboro NC 27408 
Anita Rubin 3717 Hobbs Rd Greensboro NC 27410 
Rachael Rocamora 3019 Branderwood Greensboro NC 27406 
Malcolm Kenton 3410 Northline Ave Unit D Greensboro NC 27410 
Caleb Scott 3508 Brevard St Greensboro NC 27407 
Denton Melvin --- Greensboro NC 27401 
Jennifer Burnham 403 Paladin Drive, Apt. F Greenville NC 27834 
Craig Ignatowitz 949 Teakwood Dr. Greenville NC 27834 
Howard Tepper --- Greenville NC 27858 
Michael Vines 632 Holland Rd Greenville NC 27834 



Steven Krize 1048 E Rock Spring Road Greenville NC 27858 
Melinda Scott 2010-F Quail Ridge Road Greenville NC 27858 
Angela Thompson 1604 Canterbury Road Greenville NC 27858 
Brenda Roebuck 1815 Greenville Blvd Sw Greenville NC 27834 
Maria Jenkins 269 Rolling Rock Lane Greenville NC 27834 
Stacey Crowder 125 Arbor Dr Greenville NC 27858 
Taylor Tappe 1149 Stone Creek Dr Greenville NC 27858 
Michael Lang 2710 Beddard Road Grimesland NC 27837 
Kim Robinson 2425 Cleveland Ave. Grover NC 28073 
Nancy Seevers 211 Dunshill Rd. Halifax NC 27870 
Shirley Bayless 1102 Rollins Ave Hamlet NC 28345 
Douglas Taylor 225 Ravenswood Rd Hampstead NC 28443 
William Sagna V. G. Falcone N. 1 Hamptonville NC 27020 
William Shaw 106cardial Ln Harbinger NC 27941 
Doug Fink P.O. Box 544   Harrisburg NC 28075 
Anthony Howard 99 Tarheel Dr Havelock NC 28532 

Chelsea Gude 
103 Charles St. Apt. D 
Havelock, NC 28532 Havelock NC 28532 

Tom Sander 4155 Salem Church Rd Haw River NC 27258 
Kermit Davis 386 Licklog Ridge Hayesville NC 28904 
Patricia Jordan 93 Oak Forest Hills Hayesville NC 28904 

Gordon Ottinger 
206 Bar Fields Loop 
Hayesville NC Hayesville NC 28904 

Catherine Rhoads 2641 Myers Chapel Rd Hayesville NC 28904 
Helen Kloock 170 Tall Pine Way Hayesville NC 28904 
Gayle Graziano 455 River Oaks Dr. Hayesville NC 28904 
Elisabeth Hinman 119 Community House  Henderson NC 27537 
Sid Stevenson 855 Park Ave. Henderson NC 27536 
Giana Peranio-Paz 150 Tulip Trail Hendersonville NC 28792 
Christy Thompson 23 Foxtail Ct Hendersonville NC 28792 
Leslie Ryan 1721 Clairmont Drive Hendersonville NC 28791 
Steven Hasty 1203 Fleetwood Plaza Hendersonville NC 28739 
Joyce Dye 10 Rivoli Blvd Hendersonville NC 28739 
Robert Canty 827 North Justice Street #5 Hendersonville NC 28791 
J.M.M. Harrison 123 No Mail Please Hendersonville NC 28739 
Walter Kross 32 Imperial Dr Hendersonville NC 28792 
Johnny Rice 613 Allstar Lane Hendersonville NC 28739 
Scott Bowling 1109 Lugano Dr. Hendersonville NC 28791 
Karen Comstock 1967 Glenheath Dr Hendersonville NC 28791 
Karen Jones 217 Ewbank Drive Hendersonville NC 28791 
Bill Beckwith ----- Hendersonville NC 28792 
Mark Harris 43 Orr Ave. Hendersonville NC 28791 
Martha N Howell 1615 Kensington Rd Hendersonville NC 28791 



Lawrence Turk POB 203 Hendersonville NC 28793 
Robert Ziegler Lamb Mtn Rd Hendersonville NC 28792 
Leslie On 415 Crescent Hendersonville NC 28792 
Michelle Johnson 63 Daisy Dr. Hendersonville NC 28792 
Charles Johnson 63 Daisy Dr. Hendersonville NC 28792 
Jacqueline Knable 878 Sandburg Ter. Hendersonville NC 28791 
Paula Reed 45 E Silverleaf Hendersonville NC 28739 
Julianne Day-Evers 201 Thornbird Ave Hendersonville NC 28792 
Jin Parker 1924 Old Kanuga Rd Hendersonville NC 28739 
Lucinda Cook 163 Greenworld Dr Henrico NC 27842 
J.C. Honeycutt 510 S. Edenton Road St. Hertford NC 27944 
Robert O'Hara 124 Pine St   Hertford NC 27944 
Robert Krochmal 145 Discovery Trail Hertford NC 27944 
Dan Herba 111 Main St. Hertford NC 27944 
Nikki Shoulders PO Box 9519 Hickory NC 28603 
William Garrard 472 22nd Ave NE Hickory NC 28601 
Shelor Robin 549 11th Ave Cir NW Hickory NC 28601 
Lynn Spees 280 28th Ave. Pl., NE Hickory NC 28601 
Alan Linn Hickory, NC Hickory NC 28602 
Ashley Crawford 6340 Hayden Drive Hickory NC 28601 
Monica B 1012 35th Ave Ln Hickory NC 28601 
Zizi Suleman #4-7D Treescape Dr. Hickory NC 28603 
Karen Copeland ---- Hickory NC 28602 
David Randell 1407 Stikeleather Rd Hiddenite NC 28636 
George Neste 4437 Garden Club Street High Point NC 27265 
Lisa Neste 4437 Garden Club St. High Point NC 27265 
Cindy Shultz 8015-A Clinard Farms Rd. High Point NC 27265 
Arthur Calvin 411 Park Street High Point NC 27260 
Joyce B 3030 W High Point NC 27265 
Magnolia Izquierdo 1502 Manora Ct High Point NC 27265 
J Cranford 404 Chester Woods Ct High Point NC 27262 
Robert Stover 1314 Florida St   High Point NC 27262 
Annette Fine ---- High Point NC 27262 
Rocky Hunt 542 East Farriss Ave High Point NC 27262 
Joe M Itchell Po Box 1466   High Point NC 27261 
Joyce B 3030 W High Point NC 27265 
Jill Harris 1905 Treyburn Lane High Point NC 27265 
Dee Stover  ---- High Point NC 27262 
Keith Yokley 1620 Audubon Street High Point NC 27265 
Charles Briggs 1620 Audubon Street High Point NC 27265 
Lucy Tyndall 3977 Flannery Lane High Point NC 27265 
Alex Frey 2516 White Fence Way High Point NC 27265 
Lisa Neste 4437 Garden Club St. High Point NC 27265 



Glenda Zahner 245 Bob Zahner Rd. Highlands NC 28741 
Carol Hay 3929-A Red Hawk Rd Hillsborough NC 27278 
Bartholomew Barker 135 Thomas Burke Drive Hillsborough NC 27278 
Edmund Tiryakian 2908 Ericka Drive Hillsborough NC 27278 
Neil Infante 314 Churton Grove Blvd Hillsborough NC 27278 
Sarah Janssen PO Box 392 Hillsborough NC 27278 
Stephen Bank 7404 Dodsons Xrd Hillsborough NC 27278 
Maria Muckey 7203A Clear View Dr Hillsborough NC 27278 
Stacey Lawless 600 South Churton St. Hillsborough NC 27278 
John Hartwell 3001 Hartwell Pond Dr Hillsborough NC 27278 
David Cook 214 Rocky Lane Hillsborough NC 27278 
David Gehrman 3300 Alex Drive Hillsborough NC 27278 
Mabel and 
Don Mcelhaney 1818 Piney Grove Church Rd. Hillsborough NC 27278 
Charles Wilson  --- Hillsborough NC 27278 
Wesley Wright 2304 Summit Dr Hillsborough NC 27278 
Todd Crawford 918 North New River Drive Holly Ridge NC 28445 
Lois (Lisa) Semmens 1121 Braswell Creek Point Holly Springs NC 27540 
Margaret Hume 108 Cotten Lane Apt 1308 Holly Springs NC 27540 
Stephanie Freund 105 Covenant Rock Ln Holly Springs NC 27540 
Nikki Feltenberger 101 Ulverston Dr Holly Springs NC 27540 
Mark Prince 5420 Shipman Rd   Hope Mills NC 28348 
Elizabeth Derouin 3632 Lubbock Drive Hope Mills NC 28348 
Patti Speicher 4537 Virsalli Loop Hope Mills NC 28348 
Anja Collette 1101 Duchess Ln Hubert NC 28539 
David Badia 7601 Chaddsley Dr Huntersville NC 28078 
Beverly Henry  ---- Huntersville NC 28078 
Robert Anniello 7707 Prairie Rose Ln. Huntersville NC 28078 
Sara Schooley 13700 Ramah Church Rd Huntersville NC 28078 
Deb Weir 9319 Wedgewood Drive Ext Huntersville NC 28078 
Bobbie Hille 9613 Mill Grove Rd Indian Trail NC 28079 
Kate Hill 3110 Broad Plum Lane Indian Trail NC 28079 
William Wreath 7132 Howey Bottoms Road Indian Trail NC 28079 
Mary Rather 1006 Sentinel Drive Indian Trail NC 28079 
Thomas Monforte 744 Riding Crop Court Indian Trail NC 28079 
Thomas Ledford 1002 Ladybank Ct. Indian Trail NC 28079 
Lawrence East 316 Richlands Ave Apt. 5 Jacksonville NC 28540 
Mark Walters 199 Audubon Dr. Jacksonville NC 28546 
Dale Weston 611 Crissy Dr Jacksonville NC 28540 
Elizabeth Thanasouk 1402 Cando Pl Jacksonville NC 28540 
Jennifer Ransom-Smith 813 Pineburr Rd Jamestown NC 27282 
Tom Rando 4807 Harvey Road Jamestown NC 27282 
James Steedman 4600 Crowne Lake Jamestown NC 27282 



Jodie Echard  --- Jamestown NC 27282 
Martha Grissom PO Box 145 Jefferson NC 28640 
Jan Phillips Brittainywood Road Kernersville NC 27284 
Joseph Phillips 5380 Brittainywood Road Kernersville NC 27284 
James Seramba 5732 Brightington Court Kernersville NC 27284 
Christin Hall 504 Maverick Rd Kernersville NC 27284 
Diane Young P O Box 1803 Kernersville NC 27285 
Nina Cline-Ziolkowski 4421 Old Wood Ct Kernersville NC 27284 
Devon Miller 2317 Wickham Rd Kernersville NC 27284 
Maria Tompkins 1388 Spring Hill Circle Kernersville NC 27284 
Sandra Pegg 538 S. Cherry St Kernersville NC 27284 
Cynthia Gross 221 Rockford Road Kernersville NC 27284 
JacquelinE. Stanton 1525 Chimney Rock Drive  Kernersville NC 27284 
Nancy Brown 142 Plantation Dr. King NC 27021 
Rebecca Dupre 507 S Battleground Avenue Kings Mountain NC 28086 
Jasmina Bricic 2425 Carey Rd Kinston NC 28504 
Donna Boykin 128 Clarence Potter Road Kinston NC 28504 
Jerry Evans 3099 Highway 58 South Kinston NC 28504 
David Thompson 119 Vernon's Way Kittrell NC 27544 
T.J. Fox 311 Mailman Rd Knightdale NC 27545 
Sean Van Pallandt 5204 Dipper Dr. Knightdale NC 27545 
Martha Elliott 5341 Civington Cross Drive Knightdale NC 27545 
Mara Wooten 901 Savin Landing Knightdale NC 27545 
Kylie Hoffman 3365 Jessica Ln. La Grange NC 28551 
Cathy And 
David Powers 292 Huntington Rd. Lake Lure NC 28746 
Jerry Nelon 409 Fairway Dr. Lake Lure NC 28746 
James Walters 418 Chapel Point Road Lake Lure NC 28746 
Robert Macarthur 3611 Bessant Street Lake Park NC 28079 
Janet Schmidt 181 Forever Farm Way Lake Toxaway NC 28747 
Melissa Bishop 2167B Deep Ford Rd. Lansing NC 28643 
Jennifer Gardiner 5123 Big Windfall Rd    Lansing NC 28643 
Don Greene 570 Lee Osborne Rd   Lansing NC 28643 
Jane Haladay 1401 Sherbrooke Circle Laurinburg NC 28352 
Susan Norton 322 Austin Branch Rd Leicester NC 28748 
Taylor Cologne , 90 E Wonder Road Leicester NC 28748 
Rainer Doost 58 E Wonder Rd  Leicester NC 28748 
Robert Carr PO Box 184   Leicester NC 28748 
Julia Borg 585 Willow Creek Rd Leicester NC 28748 
Art Ramsay 12 Stepp Haven Way Leicester NC 28748 
Dorothy Lee 210 Lum Sprouse Rd. Leicester NC 28748 
Ray Hearne 91 Bald Creek Rd Leicester NC 28748 
Paul Gallimore P.O. Box 369 Leicester NC 28748 



Elaine Arrant 1192 Bear Creek Rd. Leicester NC 28748 
Elaine Warren 9828 Sturgeon Drive NE Leland NC 28451 
Susan Zimmer 1147 Greensview Circle Leland NC 28451 
Marda Sarnataro 623 Coniston Dr. Leland NC 28451 
Karen Multer 1022 Bramblewood Ct Lenoir NC 28645 
Frank Lewis 3510 Brook St. Lenoir NC 28645 
Tony Phillips 2880 Morganton Blvd SW Lenoir NC 28645 
Sharon Greene 2498 Walnut Drive Lenoir NC 28645 
Joseph Brantolino 1804 Le Mar Ct Lenoir NC 28645 
Dustin Kielbiewicz 1245 Forest Wood Dr Lewisville NC 27023 
Beverly J 8570 Broiling Lewisville NC 27023 
Ken Scales 1080 Grindstone Dr Lewisville NC 27023 
Jennifer Brandon 174 Brody Ln Lexington NC 27295 
Kathy Smith 9059bkamin Ct   Liberty NC 27298 
David Melvin ---- Liberty NC 27298 
Millie Bowling --- Liberty NC 27298 
Steve Waits 2403 E Main Street Lincolnton NC 28092 
Harold Harrison 369 Hershel Lackey Road Lincolnton NC 28092 
Chris Page 3870 Potts Creek Rd Lincolnton NC 28092 
Vickie Amessa --- Lincolnton NC 28080 
Sara Ryals 5807 Loop Road Linden NC 28356 
Julie Palich 3301 NC 581 HWY Louisburg NC 27549 
Deborah Montgomery Louisburg NC 27549 
Kirk Peters 6520 Guy Road   Lucama NC 27851 
Andrew Sneddon 1080 Berry Farm Rd Madison NC 27025 
William Higgins 431 Locust Dr Maggie Valley NC 28751 
Edith Nash P O Box 1888 Maggie Valley NC 28751 
Mary Tomlinson 227 Soco Acres Rd Maggie Valley NC 28751 
Carolyn Leopard 134 Holly Hills Lane Manteo NC 27954 
Will Borger 128 Amelia Manteo NC 27954 
Kathleen Hurley 500 Wingina Ave Manteo NC 27954 
Malti Turnbull 90 Hunter Lane Marble NC 28905 
Cody Jones 262 Hicks Chapel Loop Marion NC 28752 
William Hawkins 1698 Grants Mt Rd Marion NC 28752 
Mary Combs 1602 Airport Rd Marion NC 28752 
Elizabeth O'Nan 396 Sugar Cove Rd. Marion NC 28752 
Michael Teague 180 E Court St Marion NC 28752 
Lavonne Engelman 12 California Creek Road  Mars Hill NC 28754 
Art Smoker 284 Arrowood Corner Rd. Mars Hill NC 28754 
Lucille James 604 Sprinkle Creek Rd Mars Hill NC 28754 
Diane Vestal 1708 Ponder Creek Rd Mars Hill NC 28754 
Rodney Brown 410 Angel's Way Mars Hill NC 28754 
Susan Brown 410 Angel's Way Mars Hill NC 28754 



Taylor Barnhill 226 Beech Glen Rd Mars Hill NC 28754 

Barb Knight 
Madison Health & 
Rehabilitation 345 Manor Rd Mars Hill NC 28754 

Robert Wilson --- Marshall NC 28753 
Maren Poitras 675 Charlies Rd. Marshall NC 28753 
Michele Perry 140 Country Cove Lane Marshall NC 28753 
Jonika Houk 28 Sunnyside Dr Marshall NC 28753 
Bernard Vabolis 1048 Thomas Branch Rd Marshall NC 28753 
Susan Marsh 5800 Gilboa Rd. Marshville NC 28103 
Helena Day 1118 Old Hwy.74 Marshville NC 28103 
Stephen Smith 7107 Olive Branch Rd. Marshville NC 28103 
Marilyn Brown 2901 Carding Place Matthews NC 28105 
Joanne De Bruyn 2506 Clam Bed Ct Matthews NC 28105 
Janet Sorenson 13713 Sustare Court Matthews NC 28105 
Max Bennett 5001 Cinnamon Dr Matthews NC 28104 
Richard Pierc 5040 Dockside Ct.   Matthews NC 28104 
Joe Graham Stallings, NC Matthews NC 28104 
Jordan Redfield 1210 Hillshire Meadow Dr. Matthews NC 28105 

Tammy Hawk 
1415 Cameron Matthews Dr 
Apt 105 Matthews NC 28105 

Joshua Lobe 303 South 8th Street Mebane NC 27302 
John Tokarczyk 109 N Oakland Dr. Mebane NC 27302 
Brigid Keeley 5515 Pegasus Dr Mebane NC 27302 
Janine Tokarczyk 109 N Oakland Dr Mebane NC 27302 
Carmen Plummer 12721 Hill Pine Rd Midland NC 28107 
Margaret Silvers 947 Hwy 9 South Mill Spring NC 28756 
Lemuel Robinson 387 Rock Spring Rd Mill Spring NC 28756 
Elizabeth Fitts Mills River, NC Mills River NC 28759 
Carol Thacker Mills River, NC Mills River NC 28759 
Sam Heaton --- Mocksville NC 27028 
James Smiley 684 Deadmon Rd Mocksville NC 27028 
Joe Childers 1618 Angell Road Mocksville NC 27028 
Adrian Smith PO Box 265 (110 Jones St) Moncure NC 27559 
Janice Rieves 94 Nota Rd. Moncure NC 27559 
Glenn Rape 2921 Aprilia Ln Monroe NC 28112 
Kim Tharp 5117 Willow Run Rd Monroe NC 28110 
Lee D. Cook 1310 Walkup Ave.    Monroe NC 28110 
Jerry Downing 511 Kristen Circle Monroe NC 28110 
T.P. Jeffrey Blazing Star Monroe NC 28110 
Michele Symington 180 Easy Street Mooresville NC 28117 
Matt Rawlins 131 Torrence Chapel Rd. Mooresville NC 28117 
William Busby 194 Didio Circle Mooresville NC 28115 
Darlene Pagan 206 Oates Road Mooresville NC 28117 



Jean Zemaitis 110 Steamengine Dr #109 Mooresville NC 28115 
Elizabeth Guzynski 144 Cooley Road Mooresville NC 28117 
Sam Hay Mooresville Mooresville NC 28117 
Christi Dillon 175 Forest Ridge Rd Mooresville NC 28117 
Sandy Forrest 612 Bethany Ch Rd Moravian Falls NC 28654 
Pat Harms 814 S. Yaupon Terrace Morehead City NC 28557 
Robert Kay 101 Cannery Row Morehead City NC 28557 
Jessica Holleman ---- Morehead City NC 28557 
Colleen Morgan ---- Morehead City NC 28557 
Felicia Cobb Morganton, NC Morganton NC 28655 
Leslie Kern 507 Lenoir Street Morganton NC 28655 
Matthew Vorsterman   113 Mill Street Morrisville NC 27560 
A. Gardner 154 Ridgeview Drive Mount Airy NC 27030 
Jeremiah Smith 440 Riverfront Pkwy Mount Holly NC 28120 
Joseph Hatch 501 West James Street  Mount Olive NC 28365 
Gary Feimster 845 Graham Loop Rd Mount Ulla NC 28125 
Gladys Wilson 114 Eagleton Circle Moyock NC 27958 
George Spruill 134 Elizabeth Court Murfreesboro NC 27855 
Stephen Juhlin ---  Murphy NC 28906 
Paul Brown 117 Seneca Road Murphy NC 28906 
Leilana Taylor 303 Lee Sneed Drive Murphy NC 28906 
Carole Slesinski 237 Ashley Lane Murphy NC 28906 
Susan Tharp 5747 Careylee Rd Nashville NC 27856 
Colette Dowell --- Nebo NC 28761 
Eric Fritz 314 Channel Run Dr New Bern NC 28562 
Nancy Hill 5017 Sand Ridge Rd. New Bern NC 28560 
Rollin Morse 3701 Cerise Circle  New Bern NC 28562 
James & 
Leslea Kunz 1218 Coral Reef Ct. New Bern NC 28560 
Jody Ford 101 Belles Wau New Bern NC 28562 
PATRICIA. BRIGHT 508 W Wilson Creek Dr New Bern NC 28562 
Patricia Shine 911 Shipyard Pt New Bern NC 28560 
Deborah Milkowski 2610 Old Cherry Point Road New Bern NC 28560 
Lara Rouse 803 Havenwood Lane New Bern NC 28562 
Scott Juslin 1 Thorpe Abbotts New Bern NC 28562 
Herman Schiller 5508 Gondolier Dr  New Bern NC 28560 
Michelle Clee 1608 Colonial Way  New Bern NC 28560 
Kathryn Smith --- New Bern NC 28562 
Susan Shaffer 380 Shoo Fly Rd. New Bern NC 28560 
Lucy Valerien --- New Bern NC 28560 
Miranda Simpson 270 Mason Town Rd Newport NC 28570 
Melissa Hastings 515 Tom Mann Rd Newport NC 28570 
Jock Simmons 1903 Todd St Newton NC 28658 



Toby Cardoso P. O. Box 2158 North Carolina NC 28428 

Donna Ham 200 Keener Drive 
North 
Wilkesboro NC 28659 

Raylene Miles 164 Ruritan Park Rd. 
North 
Wilkesboro NC 28659 

Linda Gaddy 116062 Big Lick   Oakboro NC 28129 

Alyse Vasil 1710-2 Deerfield Drive SW 
Ocean Isle 
Beach NC 28469 

Catherine Mitchell P.O. Box 596 Ocracoke NC 27960 
Tom Dancer P.O. Box 284 Penland NC 28765 
Mary Anglin  ---- Penland NC 28765 
Michael Wallace 7066 Wishing Well Rd. Pfafftown NC 27040 
Andrew Ettin 3635 Stimpson Drive Pfafftown NC 27040 
Danette Peters 3570 Robinwest Drve Pfafftown NC 27040 
Patricia Suggs 4435 Chebar Drive Pfafftown NC 27040 
Katherine Gillis 138 Precinct Rd Pilot Mountain NC 27041 
J. Holdsclaw Pilot Mtn Pilot Mountain NC 27041 
Devon Gillis 138 Precinct Rd   Pilot Mountain NC 27041 
Piet Klemeyer Deichstrasse 90 Pine Level NC 27568 
Karin Piergallini 25 Surry Circle North Pinehurst NC 28374 
Karen Kaplan 25 Page Rd Pinehurst NC 28374 
Julie Mcginnis 14529 Limestone Lane Pineville NC 28134 
Claudia Schuler 129 Lowry St Pineville NC 28134 
Kathie Eberhard 10414 Osprey Dr Pineville NC 28134 
John Davis 79 Ridgeview Drive Pisgah Forest NC 28768 
Jack Lamonica Pisgah Forest Pisgah Forest NC 28768 
Donna Riggs 296 Two Mule Road Pittsboro NC 27312 
Charlene Stephens Pittsboro Pittsboro NC 27312 
Eileen Hoyt 98 Nicks Bnd W Pittsboro NC 27312 
Mirinda Kossoff 1394 Fearrington Post Pittsboro NC 27312 
Rebecca Price 129 Allendale Dr. Pittsboro NC 27312 
Susan Henning 558 East Red, Pittsboro,Nc Pittsboro NC 27312 
Sandra Yaggy 143 Fearrington Post Pittsboro NC 27312 
Richard Cadwalader 285 Bynum Ridge Road Pittsboro NC 27312 
Mildred Long 57 Teal Trace Court  Pittsboro NC 27312 
Margaret Peterson Chapel Ridge Pittsboro NC 27312 
Allie Smith ---- Pittsboro NC 27312 
Tom Kemper 509 Lamont Norwood Rd Pittsboro NC 27312 
Kate Finlayson 235 Miles Branch Rd Pittsboro NC 27312 
Sarah Weil 106 Lindsey St Pittsboro NC 27312 
Ngaere Pearce 160 Exline Williams Dr Pittsboro NC 27312 
Ivan Lugo 480 Forest Creek Dr Pittsboro NC 27312 
Brenda Cumpston 2039 Otis Johnson Rd Pittsboro NC 27312 



AL Berry ---- Pittsboro NC 27312 
Julia Young 457 Meadowbranch Rd Pittsboro NC 27312 
Terry Dee --- Pittsboro NC 27312 
Ellen Osborne 6731 Hunt Rd   Pleasant Garden NC 27313 
Hollyt West Pobox113 Point Harbor NC Point Harbor NC 27964 
Sheri Liske 75 Rocky Mount Church Rd. Polkton NC 28135 
Robert Love 36 Main St    Prospect Hill NC 27314 
Patricia Kingsbury 920 Acorn Drive Purlear NC 28665 
Lisa B. Wycliff Rd Raleigh NC 27607 
Josh Harmes 2050 Brentmoor Dr. Raleigh NC 27604 
John Franklin 11504 Hyde Place Raleigh NC 27614 
Robert Belknap 900 Hillsborough St Raleigh NC 27603 
Laura Luyendyk 325 Baytree Lane Raleigh NC 27615 
Elaine Pischke 3016 Mt. Vernon Church Rd. Raleigh NC 27613 
Rinat Harel 2442 Holloway Terrace  Raleigh NC 27608 
Gloria Glasco 3316 Atlantic Avenue Raleigh NC 27604 
Greg Tourian 8401 Sleepy Creek Dr Raleigh NC 27613 
Dan Troidl 4721 Royal Troon Raleigh NC 27604 
Carla Skuce 3940 Lake Ferry Dr. Raleigh NC 27606 
Barbara Bonin 10100 Old Warden Rd Raleigh NC 27615 
Karen Shapiro 2113 Katesbridge Lane Raleigh NC 27614 
Martha Lee 117 Fieldspring Lane Raleigh NC 27606 
Michael Eisenberg 5033 Bartons Enclave Ln Raleigh NC 27613 
Stanley Hix 5212A Deerhaven Dr Raleigh NC 27606 
Parisa Jabbarzadegan 9307 Alcazar Walk Raleigh NC 27617 
Glenn Hennessee 624 Brent Rd, Raleigh, NC Raleigh NC 27606 
Elias Jeyarajah 5505 Killarney Hope Dr Raleigh NC 27613 
Vickie Penninger 711 Kimbrough St Raleigh NC 27608 
Lucy Reid 3122 Tanager St Raleigh NC 27606 
Ayca Guralp 2604 Coxindale Drive Raleigh NC 27615 
Barbara Gilly 2812 Wayland Dr Raleigh NC 27608 
Elizabeth Forsythe 1615 Sunrise Ave. Raleigh NC 27608 
Charles Brotman 3601 Moss Bluff Court Raleigh NC 27613 
Janis Epton 3005 Woods Pl Raleigh NC 27607 
Sara Loeppert 1317 Rand DR Raleigh NC 27608 
Karl Stromberg 2309 Watkins St Raleigh NC 27604 
Kathleen Thomas 11825 Six Forks Rd Raleigh NC 27614 
Josha Barton 1609 Vintage Rd Raleigh NC 27610 
Nathan Holder 919 Shellbrook Ct Apt 8 Raleigh NC 27609 
Meredith De La Vergne 1426 Park Dr. Raleigh NC 27605 
Chris Conley 4800B Walden Ct. Raleigh NC 27604 
Gabrielle Newsam 9935 Cherry Creek Blvd #106 Raleigh NC 27617 
Linda Muntner 6423 The Lakes Dr. - Apt. B Raleigh NC 27609 



Catherine Marie 3612 Morningside Raleigh NC 27607 
Diane Fulcher 1817 Watkins St Raleigh NC 27604 
Myrtle Hepler 3324 Blue Ridge Rd. Raleigh NC 27612 
Loretta Mershon 1211 Ivy Ln. Raleigh NC Raleigh NC 27609 
Philippa Van Dyne 162 Springmoor Drive Raleigh NC 27615 
Anthony Ostertag 6021 Clarks Fork Drive Raleigh NC 27616 
Peter Van Dorsten 7301 Rainwater Rd Raleigh NC 27615 
Jennifer Lewis --- Raleigh NC 27617 
Ann Wood Roller Ct Raleigh NC 27604 
Whitfield Whitfield 109 Renwick Ct  Raleigh NC 27615 
Matt Berry 2020-A Smallwood Drive Raleigh NC 27605 
Jayne Worth 802 N Boylan Ave Raleigh NC 27605 
Emma Bogdan --- Raleigh NC 27613 
Amy Whitfield 904 B Hearthridge Ct Raleigh NC 27609 
Brian Hooley 1401 Ashburton Rd.   Raleigh NC 27606 
William Radke 7524 Fairlawn Dr #204 Raleigh NC 27615 
Anu Bala --- Raleigh NC 27695 
Rebecca Burmester 2121 North Hills Dr Apt I Raleigh NC 27612 
Robert Swindle 1519 Upchurch Woods Dr. Raleigh NC 27603 
Marvin Furman 2437 Condor Court Raleigh NC 27615 
Ellen Hunt 9220 Grassington Way Raleigh NC 27615 
Jonathan Halperen 2606 Wells Avenue  Raleigh NC 27608 
Betty Donaldson 6620 Winding Trail Raleigh NC 27612 
Marilyn Wendt 1813 Sarazen Place Raleigh NC 27615 
Kacey Spiker 7309 Bryn Athyn Way Raleigh NC 27615 
Eartha Heard 820 Elkhart Dr Raleigh NC 27610 
David Patrick 6729 Oviedo Drive Raleigh NC 27603 
Paul Kim 4009 City Of Oaks Wynd. Raleigh NC 27612 
Sarah Davis 7816 Harps Mill Rd Raleigh NC 27615 
Andre Meaux 6016 Dixon Drive Raleigh NC 27609 
Karin Petzold 3517 Mount Prospect Circle Raleigh NC 27614 
Shoshana Serxner-Merchant Raleigh, NC Raleigh NC 27607 
Karen Taylor 2510 Jamboree Rd Raleigh NC 27613 
Pam Robbins 3613 Willow Bluff Dr Raleigh NC 27604 
Jess Perry 10 Enterprise St #H Raleigh NC 27607 
June Linhart 4501 Rivershyre Way Raleigh NC 27616 
Judith Mojarrad 649 Penncross Drive.   Raleigh NC 27610 
Quando Gerst 2317 Shepherd Valley St Raleigh NC 27610 
Cindy Thacker 615 Spring Street Raleigh NC 27605 
Margaret Sederoff 4206 Reavis Road Raleigh NC 27606 
Cindy Levey 8012 Clear Brook Dr Raleigh NC 27615 
Jeff Kulp 9125 Sulkirk Drive Raleigh NC 27617 
Wanda Miyata 1408 Ivy Lane Raleigh NC 27609 



John Ward 
4701 Shannonhouse Drive 
Apt. 103 Raleigh NC 27612 

Kathryn Pritchett 6513 Thetford Ct Raleigh NC 27615 
Sarah Anthony 5413 Fieldstone Dr Raleigh NC 27609 
Joshua Garcia 3356 Sugar House St Raleigh NC 27614 
Valory Bennett Erinsbrook Sr Raleigh NC 27617 
Ann Wyche Jones 3208 Long Bow Drive Raleigh NC 27604 
Darlene Hamilton 1605 Beacon Valley Dr Raleigh NC 27604 
Elena Carleo 7617 Mine Valley Rd Raleigh NC 27615 
Michael Stokes 1121 Plateau Lane Raleigh NC 27615 
Susan Wade 4317 Woodlawn Dr. Raleigh NC 27616 
Deborah Melvin 7321 Massachusetts Ct  Raleigh NC 27615 
Robyn Barnes 1211k Trillium Circle Raleigh NC 27606 
Edward Kensicki 3728 Congeniality Way Raleigh NC 27613 
Richa Diwan 9354 Wooden Road Raleigh NC 27617 
Samir Naik 9105 Club Hill Drive Raleigh NC 27617 
Don Edmondson 3202 Birnamwood Road Raleigh NC 27607 
Timothy Mchale 3609 Norway Ct Raleigh NC 27616 
Joann Ockerlander 9939 Treymore Dr. Raleigh NC 27617 
Megan Veneris 9021 Sweetbrook Lb Raleigh NC 27615 
Robert Galbraith 1009 Wade Avenue  Apt 333 Raleigh NC 27605 
Renate Carreras 509 Glenwood Ave Apt 308 Raleigh NC 27603 
Susan Goga 2016 Quail Ridge Rd Raleigh NC 27609 
Kristen Shull --- Raleigh NC 27616 
Ja Groce Shady Froest Rd Randleman NC 27317 
Jo Henderson --- Randleman NC 27317 
Jill Green 770 Monroeton Rd  Reidsville NC 27320 
Phyliss Craddock 1502 Sherwood Dr Apt 20 Reidsville NC 27320 
Kate Campau 440 Burton Rd Reidsville NC 27320 
Christopher. Marcille 4122 NC Hwy 65 Reidsville NC 27320 
Claudia Kennon 142 Smokey Lane Reidsville NC 27320 
Jimmy Phillips P.O. Box 160   Rhodhiss NC 28667 
Hazel Poolos 42717 Caudle Rd Richfield NC 28137 
Steve Padgett 196 Barbee Rd. Richlands NC 28574 
Gloria Aman P.O. Box 1595 Richlands NC 28574 
Teresa Guinn 754 Nine Mile Road Richlands NC 28574 
Rachael Mccaulley ---- Richlands NC 28574 
Shirley Bayless 1102 Rollins Ave Richmond NC 28345 
Nancy Seevers 211 Dunshill Rd. Roanoke Rapids NC 27870 
Karen Surratt 223 Overlook Drive Roanoke Rapids NC 27870 
James Black 124 Wright Lane Rockingham NC 28379 
John Roche 3501 Merrifield Rd Rocky Mount NC 27804 
Marie Michl 108 Whispering Pines Drive Rocky Mount NC 27804 



Rocky Mount, Nc 
Debi Daugherty P. O. Box 250 Rodanthe NC 27968 
Tom Warren Po Box 64 Rodanthe NC 27968 
Rosemary. Codding Po Box 113 Rodanthe NC 27968 
Martin Ezell 219 Rose Street Rose Hill NC 28458 
Kirk Pappan 6015 Laws Farm Road Rougemont NC 27572 
Chris Best Rougemont, Nc Rougemont NC 27572 
Michael Savino 345 Potluck Farm Rd Rougemont NC 27572 
Armstrong Pillow 229   Potluck Farm Road Rougemont NC 27572 
Rosemarie Sawdon 100 Elderberry Lane Rougemont NC 27572 
Cynthia Williams --- Roxboro NC 27573 
Joe Burnham 9375 Helsabeck Rd Rural Hall NC 27045 
Terri Hunnicutt 4160 US 64/74 A Hwy Rutherfordton NC 28139 
Susan Loscalzo 990 Piney Knob Rd. Rutherfordton NC 28139 
Valerie Mcdonnell 202 Navaho Trail Rutherfordton NC 28139 
Cindy Shoaf 225 Playground Ln Salisbury NC 28146 
Robert Voelker --- Salisbury NC 28146 
Stephen Pocklington 1626 North Main Street Salisbury NC 28144 
Morgan Huffman 1106 S Fulton St Salisbury NC 28144 
Nancy Rominger 140 S. Oakhurst Dr. Salisbury NC 28147 
JacquelinE. Gambino 424 E. Bank Street Salisbury NC 28144 
Betty Beaver 548 White Oaks Dr., Apt 124 Salisbury NC 28147 
David Hagy 100 West Innes Street, #5C Salisbury NC 28144 
Arthur Firth 1011 Emerald Bay Drive Salisbury NC 28146 
Lashonna Geter 460 York Road Salisbury NC 28147 
Sandra Montgomery 822 Lincolnton Rd Salisbury NC 28144 
Dwayne Dvoracek 110 Grayson Dr Salisbury NC 28147 
Kathryn Shearer 268 Ridge Dr Saluda NC 28773 
Elza Behrens 2286 Fork Creek Road Saluda NC 28773 
Es Warwick 182 Wakti Saluda NC 28773 
Deb Bair 525 Lydia Perry Sanford NC 27330 
Russ And 
Lorraine Ciccotti 649 Chelsea Drive Sanford NC 27332 
Shelton Bass 2930 Colon Rd Sanford NC 27330 
Malissa Anderson-Cooper 2024 Cedar Lake Rd  Sanford NC 27330 
Anne Mathis Lee Ave Sanford NC 27330 
Rebecca Egbert 1118 Winterlocken Drive Sanford NC 27330 
Kathy Marshall 171 Leather Road Seagrove NC 27341 
Sally Cooper 360 Greenway Semora NC 27343 
Robert Sanders 123 Here Shannon NC 28386 
Rebekah Lehman 1595 Haire Rd Shannon NC 28386 
Jim Warren 467 N. Sandy Hook Rd. Shawboro NC 27973 
Andrew Leon 501 Beaumonde Ave Shelby NC 28150 



Donna Ciccone 7915 Ridgeview Drive Sherrills Ford NC 28673 
Susan Farrell PO Box 520  Skyland NC 28776 
Tricia Oakley 101 Greenwood Circle Smithfield NC 27577 
Charles Finley 4957 Greenhill Drive Snow Camp NC 27349 
Karin Yates 1574 Major Hill Rd Snow Camp NC 27349 
Julie St. John 8518 Lindley Mill Rd. Snow Camp NC 27349 
KJ Laurro E Greensboro Chapel Hill Rd Snow Camp NC 27349 
Jason Harpster ---- Southern Pines NC 28387 
Joan & John Garber 197 Hunter Trail Southern Pines NC 28387 
Charles Lane 105 Longleaf Rd. Southern Pines NC 28387 
Marybeth Tepper 5102 Prices Creek Drive Southport NC 28461 
Lynn Holmstrand 2837 Inverness Circle Southport NC 28461 
Jane Oakley 211 W.Bald Head Wynd Southport NC 28461 
Doug Oakley 211 W. Bald Head Wynd Southport NC 28461 
Peter Macqueen 4423 Willow Moss Southport NC 28461 
Michelle Keenan 4435 Midshipman Ct Southport NC 28461 
Joaquin Vogel Pobox 1956 Sparta NC 28675 
James Keighton 909 Bullhead Road Sparta NC 28675 
Karen Metcalf Bechtler Dr Spindale NC 28160 
Robert Cooper 130 Deerfeild Drive Spring Lake NC 28390 
Daniel Konzelman 34 Tappan Street Spruce Pine NC 28777 
Tammy Hopman 120 Martin Ridge Rd State Road NC 28676 
Gail Cobb --- Statesville NC 28677 
Jeanie White 428 Coolidge Ave Statesville NC 28677 
Harriette Andrews 606 Whittington Place Statesville NC 28677 
Dianna Bowling 203 Ridgeway Ave Statesville NC 28677 
Crystal Heye ---- Statesville NC 26877 
Debra Degalis Blawell Circle Stedman NC 28391 
Elizabeth Harless P O Box 845 Stoneville NC 27048 
Janice Bruni 145 Dogwood Road Stoneville NC 27048 
Barbara Wilson 310 N. Henry St. Stoneville NC 27048 
Joan Poole 7532 Strader Summerfield NC 27358 
Douglas Meacham 7203 St. Crispins Way Summerfield NC 27358 
Brenda Hatch 111 NC Hwy 32 N Sunbury NC 27979 
Graham Hatch 111 NC Hwy 32 N Sunbury NC 27979 
Martin Hazeltine 7614 Dunbar Drive SW Sunset Beach NC 28468 
Bill Cloninger Sunset Beach Sunset Beach NC 28468 
Julia Martinelli 8918 Landing Drive, SW  Sunset Beach NC 28468 
Angela Calabrese ---- Supply NC 28462 
Laura Runge 2126Lands End Way SW Supply NC 28462 
Fiddle Witch --- Swannanoa NC 28778 
Janette Moser --- Swannanoa NC 28778 
Becky Fields 511 Deer Creek Dr Swansboro NC 28584 



Russell Fowler 520 Harvest Place Swansboro NC 28584 
Joanne Mcgrath 924 Chestnut Cove Rd Sylva NC 28779 
Ann Dunn 1186 Thornhill Dr #2 Sylva NC 28779 
Vickie Lepore 94 Hampton Street Sylva NC 28779 
Stephanie Deayala-Larragoiti 1186 Thornhill Dr Unit 6 Sylva NC 28779 
Joanne Mcgrath 924 Chestnut Cove Rd. Sylva NC 28779 
Mathew Wahrman 5725 Tarawa Blvd Tarawa Terrace NC 28543 
Mathew Wahrman 5725 Tarawa Blvd Tarawa Terrace NC 28543 
Nadine Duckworth 804 Deal Farm Lane Taylorsville NC 28681 
Ricky Dowdal 23 Emily Lane Taylorsville NC 28681 
Don Benfield 55 Galaxie Drive Taylorsville NC 28681 
Jenny Weaver 309 Fairview Rd Thomasville NC 27360 
Jordan Strobel 1046 Ball Park Road Thomasville NC 27360 
Brenda Tilson 99 Larkspur Ln Thomasville NC 27360 
Gilda Nifong 2119 Cunningham Rd. Thomasville NC 27360 
Susan Barry 4281 Kennedy Road Thomasville NC 27360 
Stephanie Day 16 Dink Ashley Road Timberlake NC 27583 
B. Mcdonald Briggs Rd Tobaccoville NC 27050 
Michael Vacanti 7548 Greenmeadow Drive Tobaccoville NC 27050 
Rose Shulman 346 Piney Grove Church Rd Traphill NC 28685 
James Hall 250 Plantation Rd Trenton NC 28585 
Renee Hayes 6903 Fairview Church Road Trinity NC 27370 
Avril Lomas 403 Pinefield Drive Tryon NC 28782 
Margaret William 190 Hawks' Haunt Ln Tryon NC 28782 
Donald Kruel 139 Hillsdale Rd Union Grove NC 28689 
Betsy Greenwood 105 Old Morganton Rd Union Mills NC 28167 
Ben Conley 309 Garrou Ave Valdese NC 28690 
Jeff Rosenberg 335 Tucker Trail Vilas NC 28692 
P. Wright 2596 Mountain Dale Rd Vilas NC 28692 
Linda Barnes 6713 Wade Stedman Road Wade NC 28395 
Carol Deolloqui 607 Webster St Wake NC 27511 
Patricia Burgert 516 Walters Dr Wake Forest NC 27587 
Lawrence Monroe 3113 Billiard Ct Wake Forest NC 27587 
Sarah Dacres 5340 Mill Dam Road Wake Forest NC 27587 
R. Primm 8689 BRB Wake Forest NC 27587 
George Ferris 921 Alba Rose Lane Wake Forest NC 27587 
Joan Thomas 7200 Shepstone Place   Wake Forest NC 27587 
Maureen Mcnelis 2120 Rainy Lake St   Wake Forest NC 27587 
Hallie Barnes 6301 Jones Farm Rd. Wake Forest NC 27587 
David Teague PO Box 951 Walkertown NC 27051 
John Rawlings --- Walstonburg NC 27888 
William Bass 63 John Lewis Road  Walstonburg NC 27888 
Gene Fox PO Box 567 Wanchese NC 27981 



Linda Cullen 443 S Main St Warrenton NC 27589 
Becky Leach 280 Summer Haven Lane Washington NC 27889 
Lois Hoot 405 Alderson Washington NC 27889 
Thomas Spencer 615 East 2nd St.  Washington NC 27889 
William Rianhard 322 Isabella Ave. Washington NC 27889 
Brian & Patti Smith 600 S Jackson Ave. Waxhaw NC 28173 
Patti Tomasello 600 S. Jackson Ave. Waxhaw NC 28173 
Terry Kirby Glencoul House Waxhaw NC 28173 
Elaine Heathcoat 367 Twin Brook Dr Waynesville NC 28785 
Betsy Farmer 367 Twin Brook Dr Waynesville NC 28785 
Carole Larivee 126 Liberty Church Road Waynesville NC 28785 
Victoria O'Connor --- Waynesville NC 28785 
Betty Santos 41 Grapeleaf Dr Waynesville NC 28786 
Evelyn Coltman 90 Evergreen Circle  Waynesville NC 28786 
David Henderson 15 Balsam Dr Waynesville NC 28786 
Kaaren Stoner 2225 Coleman Mtn Rd Waynesville NC 28785 
Starr Hogan 77 Johnson Hill Dr Waynesville NC 28786 
Donna Surles 1777 Asheville Highway  Waynesville NC 28786 
Deborah Gates 6 Elysinia Avenue Waynesville NC 28786 
S. Weiss 58 Birch Springs Road Waynesville NC 28786 
Cathy Nieman 312 Ivy Hill Road Weaverville NC 28787 
Elly Richards 20 Pickens Lane Weaverville NC 28787 
John Dennis 160 Mundy Cove Rd Weaverville NC 28787 
Jordan And 
Elizabeth Holtam 21 Mooney Lane Weaverville NC 28787 
Hart Squire 34 Locust Cove Road Weaverville NC 28787 
Steven Williams 16 Ivy Crest Lane Weaverville NC 28787 

Herman Lankford 
175 Britten Cove Rd, 
Weaverville, NC Weaverville NC 28787 

Coral Lisa Woods 160 Mundy Cove Road Weaverville NC 28787 
Thomas Doyle --- Weaverville NC 28787 
James Bengel 20 Canterbury Ct Wendell NC 27591 
Chas Griffin 1275 Seven Lakes N. West End NC 27376 
Patricia Griffin 1275 Seven Lakes N. West End NC 27376 
Jeri Allison 141 Ed Taylor Rd West Jefferson NC 28694 
L. Holdsclaw --- Westfield NC 27053 
Jan Grafton 1824 Andrew Farms Rd Whitsett NC 27377 
Betty Bowling ---- Whitsett NC 27377 
Meade Lucy 6317 Double Eagle Dr Whitsett NC 27377 
John Lonergan --- Whitsett NC 27377 
Ashley Meyer 6304 Double Eagle Drive Whitsett NC 27377 
Ann Hubbard 6320 Double Eagle Drive Whitsett NC 27377 
Sharon Mora P.O. Box 97  Whittier NC 28789 



L.D. Kranz P.O. Box 13 Whittier NC 28789 
Daniel Sims 126 Basswood Ter Wilkesboro NC 28697 
Patricia English 313 Deer Creek Lane Wilkesboro NC 28697 
Patricia Likely 2420 Mccaskey Road Williamston NC 27892 
Kathryn Sugg 9291 NC Hwy 171 Williamston NC 27892 
Chloe Tuttle 1607 Big Mill Road Williamston NC 27892 

Melissa Corey 
1863 Reddicks Grove Church 
Road Williamston NC 27892 

Cheryl Mercer 212 Gatlin St Williamston NC 27892 
S. Koch Cloverleaf Run Williamston NC 27892 

Deborah Mcguinn 
1304 White Memorial Church 
Rd Willow Spring NC 27592 

Gayle Witt 7508 Player Way Wilmington NC 28412 
Stan Bozarth 1310 Legacy Lane Wilmington NC 28411 
Janet Rodrick 8718 Mollys Court Wilmington NC 28411 
Fred Bjorkland Louisa Lane Wilmington NC 28403 
Marta Saubidet 8 Avenue Du Chí¢Teau Wilmington NC 28410 
Jason Rhodes 305 Cavalier Dr Wilmington NC 28403 
Nancy Geimer 1806 Chestnut Street Wilmington NC 28405 
Judith Speidel 5003 Coronado Drive Wilmington NC 28409 
Celia Jones 5614 Locke Street Wilmington NC 28403 
Susan Jordan 1112 Sheffield Court Wilmington NC 28411 
Tracy King 3621 Saint Johns Ct. Unit A Wilmington NC 28403 
John Wood 1415 Barouche Ct Wilmington NC 28412 
Larry Bradfield 4116 Breezewood Drive Wilmington NC 28412 
Russell James 1845 Ramon Rd Wilmington NC 28405 
Curtis Schachet 515 John Barry Dr Wilmington NC 28412 
Nancy Shera 9017 St. Stephens Pl Wilmington NC 28412 
Donna Macheska --- Wilmington NC 28405 
David James 124 Edgewater Lane Wilmington NC 28403 
Cindy Moore 2113 Holly Drive Wilmington NC 28401 
Catherine Cloud 210 Dallas Dr Wilmington NC 28405 
Patricia Van Kirk 1418 Brookside Gardes Dr Wilmington NC 28411 
Aron Lanie 149 Northern Blvd Wilmington NC 28401 
Donna Benoist 6432 Green Arbor Ln Wilmington NC 28409 
Beejay Grob 4120 Cedar Avenue Wilmington NC 28403 
Al Meadowcroft 518 Plymouth Dr. Wilmington NC 28405 
Tye Block 232 N. Wallace Ave. Wilmington NC 28403 
Laura Glover Foxwood Lane Wilmington NC 28409 
Amanda Smith 610 S Second St Wilmington NC 28401 
Pamela Binzen Wilmington NC Wilmington NC 28403 
Laura Bivins 2101 Boatswain Place Wilmington NC 28405 
Peggy Fry 115 Pine Cone Road Wilmington NC 28409 



Nancy Baldridhe 305 Kingston Wilmington NC 28409 
Connie Stewart Stratford Bvd Wilmington NC 28403 
William Watson 701 Spring Branch Road Wilmington NC 28405 
Lawrence Cape 638 Sea Castle Ct. Wilmington NC 28412 
Paula Quate 6140 Carolina Beach Rd Wilmington NC 28412 
Lorrie Headrick 305 Birds Nest Ct Wilmington NC 28405 
Phyllis Charnoff 4034 Appleton Way Wilmington NC 28412 
Ron Swain 213 Broad St Apt 407 Wilson NC 27893 
Mary-Jo Paull 9180 Ellis St SE Winnabow NC 28479 
Barbara Smeltzer 1012 Ringlet Ct Winnabow NC 28479 
Lise Bjerkedok 312 Island Cove Ct. Winnabow NC 28479 
Robert Baron 312 Island Cove Ct Winnabow NC 28479 
Zachary Oneal 1279 Cloister Dr Winston Salem NC 27127 
Jeff Hight Winston-Salem Winston Salem NC 27106 
Sandra Bitting 334 Foxcroft Dr   Winston Salem NC 27103 
Carolyn Smalley 455 S. Main St. Apt.304 Winston Salem NC 27101 
Keith Sugg 505 Stonegate Lane,   Winston Salem NC 27104 
Kipp Hollingsworth 256 Brooks Landing Dr Winston Salem NC 27106 
Ken Mcleod 951 Meadowlark Dr Winston Salem NC 27106 
Marquis Williams 624 E. Sprague St. Winston Salem NC 27107 
Susan Miller 209 Gloria Ave,   Winston Salem NC 27127 
Wilkie Wilkie 1981 Old Salisbury Road Winston Salem NC 27127 
William Sizemore 4683 Greendale Way Winston Salem NC 27103 
Jake Anderson --- Winston Salem NC 27106 
Elizabeth Verseman 1836 N Winds Dr Winston Salem NC 27127 
Don Bergey 144 Greenvalley Rd Winston Salem NC 27106 
Richard Borucki 160 Alpine Court Winston Salem NC 27104 
GeorgianN. Kiricoples 2884 Farmbrook Rd. Winston Salem NC 27103 
Hannah Chandler 125 Harwick Place Ct. Winston Salem NC 27103 
Gerry Hoots 3627 Dewsbury Road Winston Salem NC 27104 
Jlarae Phelps --- Winston Salem NC 27127 
Hazel Watson 3136 Anderson Dr. Winston Salem NC 27127 
Maggie Gillet 410 Park Ridge Lane Apt Y Winston Salem NC 27104 
Thomas Deese 3923 Leinbach Dr. Winston Salem NC 27106 
Edward Robson 643 Holly Avenue, Apt 5 Winston Salem NC 27101 
Thomas Dillon 119 Gloria Avenue Winston Salem NC 27127 
Noel Parenti 4210 Sunnydell Drive Winston Salem NC 27106 
Jim Steele 858 Old Hollow Road Winston Salem NC 27105 
Richard Fullerton 2315 Frederick Drive Winston Salem NC 27103 
Kevin Lawrence 4132 Snyder Dr Winston Salem NC 27127 
Danny Johnson 7910 North Point Blvd Winston Salem NC 27106 
Frances Huffman 2400 Hoyt Street  Winston Salem NC 27103 
John Chandler 2620 Greenbrier Rd. Winston Salem NC 27104 



Cindy Castevens 648 Irving St. Winston Salem NC 27103 
David Fouche 155 Euclid Street Winston Salem NC 27106 
Michael Carter 1846 Elizabeth Avenue Winston Salem NC 27103 
Janet Brown 127S.Gordon Dr Winston Salem NC 27107 
Marian Stroup 100 Stagecoach Road Winston Salem NC 27105 
Paul Williams 933 Hawk Ridge Cr Winston Salem NC 27103 
Mary Hontz 3520  Beacon Hill Drive, #. D Winston Salem NC 27106 
Ruby Coughenour 2460 Greenwich Rd Winston Salem NC 27104 
Maureen Lutz 222 North Gordon Drive Winston Salem NC 27104 
Craig Collins 3247 Anderson Drive Winston Salem NC 27127 
Allison Murray-Nikkel 2009 Northcliffe Dr Winston Salem NC 27106 
Deb Rickenbach 6063-101 Claudias Lane Winston Salem NC 27103 
Bev Winsted 1601 Briar Lake Rd Winston-Salem NC 27103 
Ryan Danell 1313 Addison Ct Winterville NC 28590 
Amy Barnett 1168 Branch Rd Winterville NC 28590 
Herbert Sexton 2404 Lillington Ct Winterville NC 28590 
Travis Fletcher 4105 D Dudleys Grant Dr Winterville NC 28590 
Robert Bennett 506 Persimmon Place  Winterville NC 28590 
Amy Hartzog 429 East Hemlock Ave. Yadkinville NC 27055 
Joel Wooten Po Box 851 Yadkinville NC 27055 
Alissa Ray 77 1/2 Brevard Road Yancey NC 28806 
Gale Rullmann 435 Eagle Stone Ridge Youngsville NC 27596 
S. Mcgrigor 116 Sue Kim Dr Youngsville NC 27596 
Eadie Rowell 80 Clinton Carlyle Rd Zebulon NC 27597 
Joanne Mcafee North Manor Dr Zebulon NC 27597 
Patricia Perry 1029 Lewis Farm Road Zebulon NC 27597 
Tish Wilson 1020 Kirby Branch Road Zionville NC 28698 
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Jamie Pang

From: Harvey, Sharneka [sharneka_harvey@fws.gov]
Sent: Friday, October 30, 2015 2:24 PM
To: Jamie Pang
Subject: Re: FOIA/Privacy Act Redaction confirmation

Follow Up Flag: Follow up
Flag Status: Flagged

Good Afternoon Ms. Pang, 
 
Thanks for following up with me concerning our recent conversation. Please accept this e-mail in 
acknowledgement of your request that our agency redact all names and contact information for all landowners 
within the red wolf recovery area. 
  
This information is exempt from disclosure pursuant to Exemeption 6 of the FOIA. 
  
Thanks 
On Fri, Oct 30, 2015 at 1:53 PM, Jamie Pang <jpang@biologicaldiversity.org> wrote: 

Hi Sharneka— 

 
Thank you for speaking with me today.  Per our conversation, I am summarizing what we discussed regarding 
the information that the Center wants to submit to FWS and the FWS regional and field offices.  We have a 
letter signed by some local landowners within the red wolf recovery area and you have confirmed that the FWS 
FOIA officers will redact the names and addresses of the individuals who have submitted their information if 
this information is ever FOIA-ed by other parties, pursuant to the b(6) exemption, 5 U.S.C. § 552(b)(6), and the 
Privacy Act, 5 U.S.C. § 552a.   

  

5 U.S.C. § 552(b)(6) exempts from disclosure "personnel and medical and similar files the disclosure of which 
would constitute a clearly unwarranted invasion of personal privacy” and The Privacy Act prohibits the 
disclosure of a record about an individual from a system of records absent the written consent of the individual, 
unless the disclosure is pursuant to one of the exemptions.  In this instance, there is a legitimate concern of 
harassment of local landowners within the recovery area or local supporters by parties hostile to the red wolf 
program and none of the exemptions under the Privacy act apply.  I appreciate you confirming the redaction(s) 
verbally.  Please reply with your written confirmation when you get the chance. 

  

Best, 

  

Jamie Pang  

Endangered Species Campaigner 
Center for Biological Diversity 
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1411 K Street NW, Suite 1300 
Washington D.C. 20005 

Office: 202-347-3737 
Cell: 858-699-4153 

  

 
 
 
--  
Thanks, 
Sharneka Harvey 
Management Analyst/Regional FOIA Coordinator 
U.S. Fish and Wildlife Services 
Southeast Region, Region 4 
1875 Century Blvd. Suite 340 
Atlanta, GA 30345 
404-679-4018 (Office) 404-679-7309 (Fax) 
sharneka_harvey@fws.gov 



From: Jamie Pang
To: Dan_ashe@fws.gov; Cynthia_dohner@fws.gov
Cc: redwolfreview@fws.gov; gary_frazer@fws.gov
Subject: private landowner information (re: red wolf)
Date: Tuesday, January 26, 2016 8:42:41 AM
Attachments: Cover ltr FINAL 1.26.16.pdf

Red Wolf Petition Sigs FINAL 1.26.16.pdf
Sharneka Harvey confirmation email_redaction.pdf

Importance: High

 
Dear Director Ashe and Regional Director Dohner:
 
On behalf of the Animal Welfare Institute, Center for Biological Diversity, and the Endangered
Species Coalition, please find enclosed a petition signed by 82 local, private land and business
owners from within the five-county red wolf recovery area, and supported by 1,456 of statewide
North Carolina residents.
 
The purpose of providing you with this information is to ensure that the U.S. Fish and Wildlife
Service  has a more complete and accurate picture of the support for the red wolf recovery program-
- from landowners, business owners, and residents within the five county recovery area, and from
within the state of North Carolina.  The purpose is also to provide the agency with potential contact
information for private landowners who support keeping red wolves on their private lands and
benefit from the tourism that the red wolf brings into their local economy. In doing so, it is clear that
the Service has ample local support from within the recovery area for continuing the recovery
program of this critically endangered species.
 
Please note that the undersigned organizations are releasing this information to you based on the
agreement with your FOIA officer that none of the names or addresses that appear on this letter
shall be released by the Service if FOIA-ed, pursuant to U.S.C. § 552(b)(6), and the Privacy Act, 5
U.S.C. § 552a (see attached).  Furthermore, we write to remind you that none of the specific names
and addresses should be voluntarily released by the Service itself to any persons or state agency,
pursuant to the Privacy Act, 5 U.S.C. § 552a. 
 
Finally, if it would benefit the Service to obtain additional information pursuant to these local
landowners—such as a GIS map measuring the total amount of land they own—or if the Service
would like to contact these local supporters directly to obtain more information,  please do not
hesitate to get directly in touch with the undersigned organizations and we can be of assistance in
this endeavor.
 
Thank you,
 
Jamie Pang
Endangered Species Act Campaigner
Center for Biological Diversity
1411 K Street NW, Suite 1300
Washington D.C. 20005
Office: 202-347-3737



Cell: 858-699-4153
 



 

 
 
 

January 26, 2016 
 
 

The Honorable Dan Ashe, Director 
U.S. Fish and Wildlife Service 
1849 C Street, NW 
Washington, DC 2024o 
Dan_ashe@fws.gov   
 
Cindy Dohner, Southeast Regional Director 
1875 Century Blvd., Suite 400 
Atlanta, GA 30345 
Phone: 404-679-4000 
Cynthia_dohner@fws.gov 
 
 
 
Dear Director Ashe: 
 
On behalf of the Animal Welfare Institute, Center for Biological Diversity, and the Endangered 
Species Coalition, please find enclosed a petition signed by 82 local, private land and business 
owners from within the five-county red wolf recovery area, and supported by 1,456  of state-
wide North Carolina residents.   
 
The purpose of providing you with this information is to ensure that the U.S. Fish and Wildlife 
Service  has a more complete and accurate picture of the support for the red wolf recovery 
program-- from landowners, business owners, and residents within the five county recovery area, 
and from within the state of North Carolina.  The purpose is also to provide the agency with 
potential contact information for private landowners who support keeping red wolves on their 
private lands and benefit from the tourism that the red wolf brings into their local economy. In 
doing so, it is clear that the Service has ample local support from within the recovery area for 
continuing the recovery program of this critically endangered species. 
 
Please note that the undersigned organizations are releasing this information to you based on the 
agreement with your FOIA officer that none of the names or addresses that appear on this letter 
shall be released by the Service if FOIA-ed, pursuant to U.S.C. § 552(b)(6), and the 
Privacy Act, 5 U.S.C. § 552a (see attached).  Furthermore, we write to remind you that none of 
the specific names and addresses should be voluntarily released by the Service itself to any 
persons or state agency, pursuant to the Privacy Act, 5 U.S.C. § 552a.   
 



 

Finally, if it would benefit the Service to obtain additional information pursuant to these local 
landowners—such as a GIS map measuring the total amount of land they own—or if the Service 
would like to contact these local supporters directly to obtain more information,  please do not 
hesitate to get directly in touch with the undersigned organizations and we can be of assistance in 
this endeavor.  
 
Thank you for your attention to this matter, and please reach out with further questions or 
comments. 
 
Sincerely, 
 
Jamie Pang 
Center for Biological Diversity 
Jpang@biologicaldiversity.org  
 
Tara Zuardo 
Animal Welfare Institute 
Tara@awionline.org  
 
Tara Thorton 
Endangered Species Coalition 
Tthorton@endangered.org 
 
 
CC: 
Gary Frazer 
 
Leopold Miranda 
 
Cynthia Dohner 
 
Pete Benjamin 
 
Any and all Southeast region Service personnel who currently works with, or will work on, the 
red wolf recovery program  
 
Gordon Myers, North Carolina Wildlife Resources Council 
 
 
 
Enclosures: 
Landowner letter 
 
FOIA exemption confirmation 



 
Protect North Carolina’s Red Wolves 

 
 
January 26, 2016 
 
 
Dear Director Dan Ashe, 
 
We, the undersigned, are outraged that the U.S. Fish and Wildlife Service is considering 
terminating the red wolf recovery program in North Carolina and removing these endangered 
wolves from their ancient homes. As local residents and private landowners and business 
owners within this recovery area, we support keeping red wolves on federal, state and private 
lands -- whatever is needed to help them survive. 
 
We have something unique and rare here that cannot be found anywhere else in the world. The 
presence of these red wolves helps our local economy, as tourists from all over come to visit the 
Alligator River National Wildlife Refuge and the Red Wolf Education Center in the Pocosin 
Lakes National Wildlife Refuge. This tourism brings in visitors into our restaurants, hotels, and 
bars, which is essential to our small business community.  The wolves also provide a host of 
ecological benefits -- keeping invasive species in check, enhancing biodiversity and balancing 
the ecosystem -- while posing no threat to humans or livestock. We fully support them coexisting 
on our lands and disagree with any notion that they must be removed for lack of private 
landowner support in the red wolf recovery counties in North Carolina. 
 
As director of the Service, you have the power to determine this rare animal's fate. But your 
agency also has a legal obligation under the Endangered Species Act to restore this species. We 
urge you to consider the economic and ecological benefits that red wolves bring to our 
community during your review of the recovery program, and we want you to know that there is 
definite, local support for keeping these red wolves on private land in North Carolina and 
growing the recovery program here. 
 

1. Charlotte Alexander, 310 Remele Ct., Kill Devil Hills, Dare County, NC, 27948 
2. Corinne Andersen, 134 Castle Court, Washington, Beaufort County, NC, 27889 
3. Barry Anderson, 111 Oregon Ave, Kill Devil Hills, Dare County, NC, 27948 
4. Camille Angileri, 177 Sassafras Lane, Teaches Cove, Dare County, NC, 27949 
5. Frances Armstrong, 264 Teachs Cove, 27808, Beaufort County, NC, 27808 
6. Lee Armstrong, 264 Teachs Cove, 27808, Beaufort County, NC, 27808 
7. David Bailey, 284 West Dare County Rd., Kitty Hawk, Dare County, NC, 27949 
8. Donald Barker, 23 13th Ave., Kitty Hawk, Dare County, NC, 27949 
9. Linda Barker, 23 13th  Avenue, Kitty Hawk, Dare County, NC, 27949 
10. Ursula Bateman, 360 Sea Oats Tr., Kitty Hawk, Dare County, NC, 27949 
11. Will Borger, 128 Amelia, Manteo, Dare County, NC, 27954 
12. Dorothy Bossard, 39 Beach Road South, Belhaven, Beaufort County, NC, 27810 
13. Saundra Brookshire, 224 Barracuda Dr., Nags Head, Dare County, NC, 27959 



14. Robin Budde, 3029 Creek Rd., Kitty Hawk, Dare County, NC, 27949 
15. Bridget Burke, 129 Trent Lane, Chocowinity, Beaufort County, NC, 27817 
16. Douglas Burlage, 502 W. Aycock St., Kill Devil Hills, Dare County, NC, 27948 
17. Nathan Burns, 6381 River Rd., Washington, Beaufort County, NC, 27889 
18. Joan Campbell, 485 Shady Banks Rd., Washington, Beaufort County, NC, 27889 
19. Melissa Carlson, 907 7th Ave., Kill Devil Hills, Dare County, NC, 27948 
20. Dave Carroll, 202 W. Amberjack Ct., Nags, Head, Dare County, NC, 27959 
21. Sheila Charrette, PO Box 113, Rodanthe, Dare County, NC, 27936 
22. John Chrystal, 569 Chambers Point Road, Belhaven, Beaufort County, NC, 27810 
23. Crystal Clark, PO Box 397, Frisco, Dare County, NC, 27936 
24. Rosemary Codding, PO Box 113, Rodanthe, Dare County, NC, 27968 
25. Debi Daugherty, PO Box 250, Rodanthe, Dare County, NC, 27968 
26. Vicki Dembowski, 8947 Old Sandhill Rd., Belhaven, Beaufort County, NC, 27806 
27. Bunni Donohue, 111 Sea View Ct., 27808, Bath, Beaufort County, NC, 27808 
28. David Elder, 208 West Carolinian Cir., Nags Head, Dare County, NC, 27959 
29. Carolyn Foreman, N/A, Kitty Hawk, Dare County, NC, 27949 
30. Gene Fox, PO Box 567, Wanchese, Dare County, NC, 27981 
31. Trudie Gardner, PO Box 130, Kill Devil Hills, Dare County, NC, 27948 
32. Shelli Gates, 4326 Hesperides Dr., Nags Head Dare County, NC, 27959 
33. Nina Gordev, 3414 Croatan Hwy Ste 1914, Kitty Hawk, Dare County, NC, 27949 
34. Linda Green, 2004 Norfolk St., Kill Devil Hills, Dare County, NC, 27948 
35. Naythen Green, 2004 Norfolk St., Kill Devil Hills, Dare County, NC, 27948 
36. Jim Hall, PO Box 86, Nags Head, Dare County, NC, 27959 
37. Greg Hamby, 1206 Harbor Ct., Kitty Hawk, Dare County, NC, 27949 
38. Samantha Hart, 414 Peter Lane, Kill Devil Hills Dare, County, NC, 27948 
39. Major Hooper, PO Box 634, Manteo, Dare County, NC, 27954 
40. Lois Hoot, 405 Alderson Rd., Washington, Beaufort County, NC, 27889 
41. JoAnn Hummers, PO Box 365, Nags Head, Dare County, NC, 27959 
42. Kathleen Hurley, 500 Wingina Ave, Manteo, Dare County, NC,  27954 
43. John Jennings, 100 Conservation Way, Manteo, Dare County, NC, 27954 
44. Ashley Johnson, 264 Long Ridge Rd., Columbia, Tyrrell County, NC, 27925 
45. Francine Kennedy, 171 Wyandotte St., Kill Devil Hills, Dare County, NC, 
46. Donna Kerlin, 132 Watersedge St., Kill Devil Hills, Dare County, NC, 27948 
47. Anneda Kirk, 327 Loop Rd., Belhaven, Beaufort County, NC, 27810 
48. Will Larivee, 1715 Creek St., Kill Devil Hills, Dare County, NC, 27948 
49. Becky Leach, 280 Summer Haven Lane, Washington, Beaufort County, NC, 27889 
50. Carolyn Leopard, 134 Holly Hills Lane, Washington, Beaufort County, NC, 27954 
51. Michael Levy, 2027 Elizabeth City St., Kitty Hawk, Dare County, NC, 27949 
52. Rebecca Marlin, PO Box 324, Buxton, Dare County, NC, 27920 
53. Richard Marlin, PO Box 324, Buxton, Dare County, NC, 27920  
54. Debbie Martin, 39464 Ocean Lane, Ocean Isle Beach, Dare County, NC, 27915 
55. Chad Mccoy, 154 Rowe Rd., Aurora, Beaufort County, NC, 27806 
56. Liss Miller, 133 Brakewood Rd., Manteo, Dare County, NC, 27954 
57. Catherine Mitchell, PO Box 596, Ocracoke, Dare County, NC, 27960 
58. Alexis Moore, 906 Indian Dr., Kill Devil Hills, Dare County, NC, 27948 
59. Shawn Morton, 101 Mariners View, Kitty Hawk, Dare County, NC, 27949 



60. Sidney O’Dell, 1007 Holly St., Kill Devil Hills, Dare County, NC, 27948 
61. Scott Oney, 1007 Holly St., Kill Devil Hills, Dare County, NC, 27948 
62. Mary Pachas, Soundview Dr., Kill Devil Hills, Dare County, NC, 27948 
63. Joseph Pope, 5001 Putter Lane, Kitty Hawk, Dare County, NC, 27949 
64. Susan Pope, 5001 Putter Lane, Kitty Hawk, Dare County, NC, 27949 
65. Judi Raburn, 140 Raburn Rd., Belhaven, Beaufort County, NC, 27810 
66. William Rianhard, 322 Isabella Ave., Beaufort County, NC, 27889 
67. Ruth Ross, 3102 S. Ocean View Ct., Washington, Dare County, NC, 27959 
68. Mary Scott, 152 Christopher Dr., Kitty Hawk, Dare County, NC, 27949 
69. Glenda Slayton, 1715 Creek St., Kill Devil Hills, Dare County, NC, 27948 
70. Fannie Smith, 1137 Driftwood Dr. Lot #9, Manteo, Dare County, NC, 27954 
71. Thomas Spencer, 615 East 2nd St., Washington, Beaufort County, NC, 27889 
72. Denis Stadther, 3630 Goosander St., Kitty Hawk, Dare County, NC, 27949 
73. Carol Sterner, 2039 New Bern St., Kill Devil Hills, Dare County, NC, 27948 
74. Tricia Stopowski, 106 William Tryon Ct., Kill Devil Hills, Dare County, NC, 27948 
75. Mary Stoudt, 116 Jimmy Court, Kill Devil Hills, Dare County, NC, 27948 
76. Chris Thibodeau, 4716 Lindbergh Ave, Kitty Hawk, Dare County, NC, 27949 
77. Alison Urbanek, 325 Evans Pl., Kill Devil Hills, Dare County, NC, 27948 
78. Tom Warren, PO Box 64, Rodanthe, Dare County, NC, 27968 
79. Ram Wil, Dare County, NC, 27959 
80. Blair Wolff, 157 Pinecone Rd., Kill Devil Hills, Dare County, NC, 27948 
81. Gretchen Zeiger-May, 4791 Yellowood Drive, Shallotte, Brunswick County, NC, 28470 
82. Kevin Zorc, 2801 Lost Colony Drive, Nags Head, Dare County, NC, 27959 

 
 

Dennis Mccracken 419 E. South St  Aberdeen NC 28315 
Kathy Wright 620 Lighthorse Circle Aberdeen NC 28315 
Tiffany Ehnes 429 Rainbow Rd Advance NC 27006 
Kimberly Hart 123 Robin Dr Advance NC 27006 
David Cook --- Albemarle NC 28001 
Antonio Garcí_A-Palao General Diaz Porlier 11 Albemarle NC 28001 
Timothy Deering 95 Edna Roberts Drive Alexander NC 28701 
Susan Tackett 580 Panther Branch Rd. Alexander NC 28701 
S.J. Jablinske 95 Curtis Parker Rd Alexander NC 28701 
Ann Eastabrooks PO Box 1489 Andrews NC 28901 
Rick Parry 140 Sandee Dr Angier NC 27501 
David Parry 137 Sandee Dr Angier NC 27501 
Donna Lovick 2957 Old Fairground Rd Angier NC 27501 
Andrew Dalton 2125 Toad Hollow Trail Apex NC 27502 
Diane Smith 3808 Kingfield Dr Apex NC 27539 
Laura Peters 2653 Black Willow Dr Apex NC 27523 
Antoinette Brown 104 Atkinson Ct Apex NC 27502 
Leslie Sauerbrei --- Apex NC 27502 
Richard Lazar 3016 Canopy Woods Dr Apex NC 27539 
Deb Carr 2007 Castleburg Dr Apex NC 27523 



Edward Hester 2512 Salem Church Rd Apex NC 27523 
Glen Weaver 806 Homestead Park Dr. Apex NC 27502 
Walter Brock 4425 Surry Ridge Circle Apex NC 27539 
Dale Setzer 7840 Percussion Drive Apex NC 27539 
Maynard Green 58 Aberdeen Dr Arden NC 28704 
Mike Erbach 9 Chelsea Dr. Arden NC 28704 
Randal Pride PO Box 25 Arden NC 28704 
Laurie Zimmerman 115 Oak Terrace Arden NC 28704 
Ronald Clayton 545 E Dorsett Ave Asheboro NC 27203 
Marla Schexnider 314 East Pritchard Street Asheboro NC 27203 
John Freeze 648 Chaney Rd Asheboro NC 27205 
David Martin 319 Worth St Asheboro NC 27203 
Talula Cartwright 513 W. Kivett St. Asheboro NC 27203 
Mel L. 1763 Lantern Dr. Asheboro NC 27205 
Lynn Burklow 17 Trellis Ct. Asheville NC 28806 
Alissa Ray 77 1/2 Brevard Road Asheville NC 28806 
Beth Stanberry PO Box 468 Asheville NC 28802 
Tom Shafer 158 Estelle Park Dr Asheville NC 28806 
Leslie Rowland 185 Glendale Ave Asheville NC 28803 
John Miller 73 Deaver St. Asheville NC 28806 
Hannah Borababy 96 1/2 Louisiana Ave Asheville NC 28806 
Brenda Denton 30 Lawterdale Rd Asheville NC 28804 
Kirby Morrow 209 Glendale Ave Asheville NC 28803 
Chuck Itzkovitz 40 Hyannis Dr. Unit 203 Asheville NC 28804 
Virgil Carmichael 4403 Angelus Circle Asheville NC 28805 
Sheila Kaye 15 Ascot Point Circle #304 Asheville NC 28803 
Holly Satvika 57 East Chestnut St. #15 Asheville NC 28801 
P. Clark 123 Monument Asheville NC 28805 
Richard Cary 37 Howard Street Asheville NC 28806 
Stephanie Jones-Byrne 96 Hanover Street Asheville NC 28806 
Joan Morris 70 Arlington St Asheville NC 28801 
Anara Brinmere 650 Caribou Rd Asheville NC 28803 
Stephanie Hellert 24 Ormond Ave. Asheville NC 28806 
James Harrison 12 Westridge Drive Asheville NC 28803 
Mary Olson 45 Riverview Drive Asheville NC 28806 
Edward Wolfsohn 12 Sunny Ridge Dr. Asheville NC 28804 
James Stone 647 Town Mountain Road Asheville NC 28804 
Janene Donovan 5 Aurora Dr Asheville NC 28805 
Judith Pigossi 14 Cedarcliff Road Asheville NC 28803 
Norman Mcelvy 41 Meadowview Rd Asheville NC 28804 
Katherine Dreyer 3 Glenview Rd. Asheville NC 28804 
Tom Kociemba 104 River Ridge Dr Asheville NC 28803 
Iain Mcgarvie-Munn 14 Skyview Ct Asheville NC 28803 



Nathan Wurzbacher 11 1/2 Broadway St Unit A Asheville NC 28801 
Robert Burns 118 Fenner Avenue Asheville NC 28804 
Kermit Brown --- Asheville NC 28805 
Edie Simpson 15 Springdale Rd Asheville NC 28805 
Shifra Nerenberg PO Box 16502 Asheville NC 28816 
David & 
Lynn Opie 136 Senator Reynolds Asheville NC 28804 
Laura Simonson 24 Teems Lane Asheville NC 28805 
Jan Zollars 105 Scottlynn Ct Asheville NC 28806 
Daniel Ater --- Asheville NC 28801 
Jennifer Sanchez 1304 River Ridge Drive Asheville NC 28803 
Dorothy Sagel 16 Gaia Lane Asheville NC 28806 
Terri Lefler 59 Fenner Ave Asheville NC 28804 
Nancy Clark 6 Lackey Lane Asheville NC 28804 
Art Streppa 5 Gash Farm Rd Asheville NC 28805 
Herve Hamilton 116 Sand Hill Rd #4 Asheville NC 28806 
Sharon Crawford 22 Little Cedar Court Asheville NC 28805 
Wayne Barnette 17 Azalea Ter Asheville NC 28803 
Stephanie Biziewski 312 Covewood Trail Asheville NC 28805 
Susan Bird 24 Maplewood Road Asheville NC 28804 
Samuel Speciale 14 Trevors Trl Asheville NC 28806 
Debbie Miller 15C Mill Creek Loop Asheville NC 28806 
Matt Grippi 901 Kensington Place Apt C Asheville NC 28803 
Paula Bishop 83 Appalachian Way Asheville NC 28806 
Lucy Wetzel 35 Northview Street Asheville NC 28801 
Randy Bernard 18 Plateau Rd Asheville NC 28805 
Charles Froelich 204 Michigan Ave Asheville NC 28806 
Erika Beqaj 18 Country Spring Dr. Asheville NC 28804 
Jean Wheelock 22 Hibriten Drive Asheville NC 28801 
Justine Tullos 314 Pearson Drive Asheville NC 28801 
Christina Vonthronsohnhaus 35 Grove St APT 301 Asheville NC 28801 
Eunice Williams 121 Trumpet Lane Asheville NC 28803 
Robert Taylor 523 Westwood Pl Asheville NC 28806 
Bernadine Young 620 Upper Grassy Branch Ext Asheville NC 28805 
Pia Heyn 1101 A Kensington Place Asheville NC 28803 
Karlene Gray 18 Parkway Loop Asheville NC 28803 
Stuart Zitin 139 3rd Street Asheville NC 28803 
Donalda Feith 27 Reddick Rd Asheville NC 28805 
Ursula Finkel 25 1st St. Asheville NC 28803 
Cindy Byron --- Asheville NC 28804 
A.A. Lloyd 6 Quinn Ct. Asheville NC 28805 
Rachel Newcomb 584 North Turkey Creek Rd Asheville NC 28803 
Malcolm Bruce 36 Barnard Ave. Asheville NC 28804 



Randy Whittington 83 Linden Ave Asheville NC 28801 
Doug Wingeier 266 Merrimon Ave. Asheville NC 28801 
Brenda Cooke 6 Clearbrook Rd Asheville NC 28805 
Lenore Nieters 123 Shadowbrook Dr. Asheville NC 28805 
Ron Harris 15 Mountainbrook Road Asheville NC 28805 
Stack Kenny 4 Detroit Pl Asheville NC 28806 
Cody Hulme 110 North Forest Ln Asheville NC 28804 
Deja Lizer 6 Eva Cir Asheville NC 28806 
Ryan Naylor 6 Lawndale Ave Asheville NC 28806 
Milton Nash 1 Townview Drive Asheville NC 28806 
Martha David 63 Joyner Ave. Asheville NC 28806 
Ruth Noble --- Asheville NC 28805 
Gary Wirkkala 40 Bee Ridge Road Asheville NC 28803 
Fred Grindle 133 Charland Forest Asheville NC 28803 
Nancy Bass 15 Sassy Lane Asheville NC 28805 
Peggy Atkins Sand Hill Rd Asheville NC 28806 
Kelli Brannon 507 Haw Creek Mews Drive Asheville NC 28805 
Diane Dewitt 33 Kenai Drive Asheville NC 28806 
Meg Miles 270 Beaverdam Rd. Asheville NC 28804 
Monika Wengler 9 Sourwood Ln E Asheville NC 28805 
Rosalyn Kociemba 104 River Ridge Dr. Asheville NC 28803 
Nancy Acopine 81 Lakeshore Dr Asheville NC 28804 
Elaine Lite 72 Gibson Rd. Asheville NC 28804 
Clifton Avery 279 Monford Ave Asheville NC 28801 
Nikki Maimes 29 Knoll Ridge Dr. Asheville NC 28804 
James Schall 31 Elizabeth St Asheville NC 28801 
William Caldwell 38 Beverly Rd. W. Asheville NC 28806 
Barbara Zaretsky 122 Riverside Drive Asheville NC 28801 
Adam Decaulp 33 Bear Creek Rd Asheville NC 28806 
Lani Blakeslee 103 Cumberland Circle Asheville NC 28801 
Cynthia Bennett 6 Lower Bucks Drive  Asheville NC 28806 
Hannah Morgan 41 Balsam Avenue Asheville NC 28806 
Phebe Watson 648 Lakeshore Drive Asheville NC 28804 

Cheyne Mayer 
WWC-CPO #7764 P.O. Box 
9000 Asheville NC 28815 

Gloria Shen 40 Rocking Porch Lane Asheville NC 28805 
William Albrecht 367 Battleground Rd Atkinson NC 28421 
Cyn Higgins-Rich 367 Battleground Road Atkinson NC 28421 
MM Mark Sonder PO Box 1036 Atlantic Beach NC 28512 
Patti Whipple 105 North Court Atlantic Beach NC 28512 
Vicki Dembowski 8947 Old Sandhill Rd Aurora NC 27806 
Chad Mccoy 154 Rowe Rd Aurora NC 27806 
Jacqueline Vaughnheath 1786 NC 102 E Ayden NC 28513 



Dale Mendoza 116 White Horse Run Bahama NC 27503 
Robert Obeid 477 George Mckinney Rd Bakersville NC 28705 
Susan Dimock 6382 Cane Creek Rd. Bakersville NC 28705 
Susan Shephard 1 Gordon Silvers Road Bakersville NC 28705 
James Carroll PO Box 815 Bakersville NC 28705 
Jeffrey Simms 2467 Rominger Rd Banner Elk NC 28604 
Diane Thomson 142 South Slope Loop #2 Banner Elk NC 28604 
Amy Adams 2903 Broadstone Rd Banner Elk NC 28604 
Tanya Gerard 312 N Pinnacle Ridge Rd Banner Elk NC 28604 
Charlotte Preswood P.O. Box 284 Banner Elk NC 28604 
Eloy Santos --- Barium Springs NC 28010 
Kate Lamar Haw Branch Rd. Barnardsville NC 28709 
Marcia Kummerle 27 Ivan Bridge Drive Barnardsville NC 28709 
Frances Armstrong 264 Teachs Cove Bath NC 27808 
Lee Armstrong 264 Teachs Cove  Bath NC 27808 
Alan Frank 214 Vine St. Beaufort NC 28516 
Linda Ricks 112 Willow Street Beaufort NC 28516 
Ann Miller 235 Lakeledge Road Beech Mountain NC 28604 
Carolne Scchorr 205 Foxgrape Hollow Rd Beech Mountain NC 28604 

Leslie Hayhurst 
225 Upper Grouse Ridge 
Road Beech Mtn NC 28604 

Tucker Bailey 8175 Bean Acres Road Belews Creek NC 27009 
John Chrystal 569 Chambers Point Road Belhaven NC 27810 
Anneda Kirk 327 Loop Rd Belhaven, Nc Belhaven NC 27810 
Judi Raburn 140 Raburn Rd Belhaven NC 27810 
Elena Dominguez 12,Sombrereria Belmont NC 28012 
David Palacios Madrid Belmont NC 28012 
David Pope 207 E. College St Black Mountain NC 28711 

R. Kaylor 
32 Wagon Trail, Black 
Mountain Nc Black Mountain NC 28711 

Charlotte Wharton 
101 Eden Glen Court,  Black 
Mountain, Nc Black Mountain NC 28711 

Gavin Dillard 528 Padgettown Road Black Mountain NC 28711 
Nancy Brown 48 Elijah Hall Rd. Black Mountain NC 28711 
Linda Sperath 49 Wagon Trail Black Mountain NC 28711 
John Ventre 700 Shumont Rd Black Mountain NC 28711 
Z. Director Po Box 970 Black Mountain NC 28711 

Rebecca Carrier 
203 Pine Grove, Black 
Mountain Black Mountain NC 28711 

Christina Dickson 109 Tabernacle Rd Black Mountain NC 28711 
Susan Broadhead 48 Full  Circle Trail Black Mountain NC 28711 

Mary Mckeown 
66 Blue Ridge Assembly 
Drive Black Mountain NC Black Mountain NC 28711 

Susan Taylors 53 Walker Town Road Black Black Mountain NC 28711 



Mountain, NC 
Robert Swett 301 Montreat Road Black Mountain NC 28711 
Thomas Johnson 2455 Holloway Mtn Rd Blowing Rock NC 28605 
Sheila Sloan 49 Gilbert Rd SE Bolivia NC 28422 
C. Grater 581 Forest Hill Boone NC 28607 
Beatrix Mcgee 743 Little Laurel Rd Ext Boone NC 28607 
Michael Moore 150 Houndstooth Trail Boone NC 28607 
D. Miller 268 Appalachian Drive Boone NC 28607 
Sam Furgiuele 169 Gragg Street Boone NC 28607 
Lara Marshall 1368 Stoneybrook Lane Boone NC 28607 
Janet Palmer 136 Castle Heights Boone NC 28607 
Charlie Wallin 295 High Meadows Dr Boone NC 28607 
Wes Weaver 342 Dogwood Knl Boone NC 28607 
Coleman Mccleneghan 441 Twin Rivers Dr. Boone  Boone NC 28607 
Roseanne Rosvally 164 Amy's Place Boone NC 28607 
Margaret Bollini 363 Daniel Drive Boone NC 28607 
Tanya Jackson Reynolds Pkwy Boone NC 28607 
Janet Kopec 707 Kiser Rd Bostic NC 28018 
Virginia Turnbull P.O. Box 175 Brasstown NC 28902 
Paul Brodie 722 Greasy Creek Rd  Brasstown NC 28902 
William H. Moore 100 N College Row  Apt 245 Brevard NC 28712 
Meredith Brooks 433 Purple Finch Brevard NC 28712 
Carole Schreiber 24 Twitter Lane Brevard NC 28712 
Joseph Torres 322 Middle Connestee Trail Brevard NC 28712 
Jeremy Stubbs 38 Grouse Lane Brevard NC 28712 
Jane Kimball --- Brevard NC 28712 
Cheryl Haislar 1169 Soquili Dr. Brevard NC 28712 
Sallye Parsons 44 Frazie Rd Brevard NC 28712 
Lillian Koponen 261 Pleasant Hill Dr Brevard NC 28712 
Martha Spencer 988 Henry Mountain Road Brevard NC 28712 
Don Richardson 577 Windover Dr.  Brevard NC 28712 
Rich Whitley 9 Union Chapel Rd Buncombe NC 28787 
Eric Siebert 489 Brewington Dr Burgaw NC 28425 
Kirby Wahl 2800 CB, Elon University Burlington NC 27217 
Suzanne Everette 3315 Winston Drive Burlington NC 27215 
Nick Way 2729 Kirkwood Dr. Apt. 3-F Burlington NC 27215 
David Brandel 1036 Larry St. Burlington NC 27217 
Mitchell Boss 3915 Muhlenberg Ct Burlington NC 27215 
Krysta Workman 4162 Stonecrest Drive Burlington NC 27215 
Crystal Peterson-Banks 215 Evergreen Road Burnsville NC 28714 
Nancy Newberry 100 Club Dr  Ste 190 Burnsville NC 28714 
Janis Holder 60 Shady Side Dr Burnsville NC 28714 
Jack Palm 30 June Bug Ln Burnsville NC 28714 



Vicki Aderman 160 Pine Ridge Rd Burnsville NC 28714 
Sandra Bryan 101 Settlers Ridge Rd Burnsville NC 28714 
June Bryan 101 Settlers Ridge Rd Burnsville NC 28714 
Beverly Hammond 100 Club Drive, Suite 17 Burnsville NC 28714 
Rebecca Marlin PO Box 324 Buxton NC 27920 
Tracey Gollwitzer 8855 Radcliff Drive Calabash NC 28467 
Robert Ellis 289 Hookers Gap Rd Candler NC 28715 
Dolores Majewski 1 Enka Crescent St. Candler NC 28715 
Diana Kruk 14 White Fox Trail Candler NC 28715 
Chareles Mcmahan 584 Enka Lake Rd Candler NC 28715 

Donald Harland 
PO Box 2080, 677 N. Luther 
Rd. Candler NC 28715 

Robert Rivage 38 Hurst Dr Candler NC 28715 
Lisa Rogala 18 Oakwood Rd Candler NC 28715 
Jennifer Leonard 56 Young Dr, Candler NC Candler NC 28715 
Laura Holland 4752 Pisgah Dr Canton NC 28716 
Chanda Farley 117 Ford St. Canton NC 28716 
Roberto Carlotti Lopez De Vega Caroleen NC 28019 
Toby Cardoso P. O. Box 2158 Carolina Beach NC 28428 

Lori Brown 
908 S 3rd Street. Carolina 
Beach, NC Carolina Beach NC 28428 

Robert Dow 105 Pine St Carrboro NC 27510 
Carole Dupre 500 W Poplar Carrboro NC 27510 
Charles Webb 201 Hwy 54 #717 Carrboro NC 27510 
Adam Versenyi 205 Oleander Road  Carrboro NC 27510 
Theresa Hammond 106 Walden Dr Carrboro NC 27510 
Barbara Stenross 120 Carol St. Carrboro NC 27510 
Marilyn Pinschmidt 202 Springvalley Rd   Carrboro NC 27510 
Steven Gordon 600 N Greensboro St Carrboro NC 27510 
Samuel Morris 119 Lantern Way Carrboro NC 27510 
Savannah Scarborough 115 Hanna St Carrboro NC 27510 
Garth Molyneux 305 Robert Hunt Drive Carrboro NC 27510 
Judith Martinez 102 Webb Dr. Carrboro NC 27510 
Jennifer Baker 104 W Main St #3 Carrboro NC 27510 
Reed Palmer 408 Broad Street Carrboro NC 27510 
Emily O'Hare 309 Bolin Forest Drive Carrboro NC 27510 
Suzan Johnson 501 Hwy 54 Carrboro NC 27510 
Harrison Marshall 504 Greenwood Circle Cary NC 27511 
Troy Simpson 2114 Bluff Oak Dr Cary NC 27519 
Paula Higdon 926 Ralph Dr Cary NC 27511 
Jeff Headley 4006 Vallonia Drive Cary NC 27519 
Jody Rock 3033 Sentinel Ferry Lane Cary NC 27519 
Kenneth Breito 112 S Corncrib Ct   Cary NC 27513 



Elizabeth Hieronymus ---- Cary NC 27511 
Sydney Morgan 107 Cricket Lane Cary NC 27518 
Candice Davies 108 Steep Bank Drive Cary NC 27518 
Keith Mellendorf 807 N Harrison Cary NC 27513 
Laura Saint-Lorraine 113 Mcintire Lane Cary NC 27513 
Kimberly Jordan 111 Arlington Ridge Cary NC 27513 
Pat Vescio Arvo Lane Cary NC 27513 
Stephane Daniel 515 Dundalk Way Cary NC 27511 
Chris Mcclellan 108 Dungarees Loop Cary NC 27513 
Donna Hammersly 220 Callum Pl. Cary NC 27519 
David Duch --- Cary NC 27511 
Brian Gould 1114 Brookgreen Dr. Cary NC 27511 
Frank Moore 530 Alden Bridge Drive Cary NC 27519 
Don Weisz 1030 Ventnor Place Cary NC 27519 
Francis Pflug 1012 Wakehurst Drive Cary NC 27519 
Charles Wilson 2012 Talloway Drive Cary NC 27511 
Phyllis King 110 Palace Green Cary NC 27518 
Wendy Stoltz 104 Leeward Ct Cary NC 27511 
Michelle Yates 206 E Jules Verne Way Cary NC 27511 
Thomas Boyd 105 Colora Court Cary NC 27513 
Melina Griffis 9212 Green Level Church Rd Cary NC 27519 
Pamela Talisman 15001 Searstone Drive Cary NC 27513 
Robyn Neaville 504 Briardale Cary NC 27519 
Donna Walker 230 Urban Dr Cary NC 27511 
Jennifer Saban 114 Hidden Oa Is Dr Cary Nc Cary NC 27513 
E. Cook 114 Spring Cove Dr Cary NC 27511 
David Shelton 329 Grady Mcneilly Rd Casar NC 28020 
Daniel Temple PO Box 312 Cashiers NC 28717 
John And 
Phyllis Edwards PO Box 924 Cashiers NC 28717 
Cindy Yates 105 Linville Dr Castle Hayne NC 28429 
George Czerw 703 Alyssum Avenue Caswell Beach NC 28465 
Keith Allen PO Box 11 Cedar Grove NC 27231 
Heide Coppotelli 383 Seldon-Emerson Rd Cedar Mountain NC 28718 
Isabel San Gabino Parral, 48 Cerro Gordo NC 28430 
Ruth Miiler 1819 Billabong Lane Chapel Hill NC 27516 
Gregg Stave 101 Stoneridge Place Chapel Hill NC 27514 
Eric Bost 810 Mountain Creek Rd Chapel Hill NC 27516 
Ahmad Beirami 2210 Environ Way Chapel Hill NC 27517 
Johnny Mayall 86A Willow Way Chapel Hill NC 27516 
Ruchir Vora 522 Dogwood Dr. Chapel Hill NC 27516 
Rita Fellers 2908 White Cross Rd. Chapel Hill NC 27516 
Rebecca Cleveland 1201b Hillsborough Rd Chapel Hill NC 27516 



Jim Thomas 5900 Hathaway Lane Chapel Hill NC 27514 
Etsuyo Choi 1714 Michaux Rd Chapel Hill NC 27514 
David Flora 550 Carolina Meadows Chapel Hill NC 27517 
Ivy Brezina 120 Redbud Lane Chapel Hill NC 27514 

Roger Belanger 
523 Meadowmont Village 
Circle Chapel Hill NC 27517 

Alison Hriciga 2441 Sedgefield Dr Chapel Hill NC 27514 
Nancy & 
Helmut Mueller 409 Moonridge Road Chapel Hill NC 27516 
Anita Shanker 1004 Oak Tree Drive  Chapel Hill NC 27517 
S. Fleck 102 Sycamore Dr Chapel Hill NC 27514 
Timothy Carnes 411 Highview Drive  Chapel Hill NC 27517 
Paula Greeno 103 Blue Granite Ct Chapel Hill NC 27514 
Anita Shanker 1004 Oak Tree Drive  Chapel Hill NC 27517 
Richard Strowd 4845 Manns Chapel Road Chapel Hill NC 27516 
Kicab Castaneda-Mendez 112 Rhododendron Court Chapel Hill NC 27517 
IVIS Nasir 604 Oak Crest Dr. Chapel Hill NC 27516 
Ken Moore 351 Old Fayetteville Road Chapel Hill NC 27516 
Carlyle Hodges Chapel Hill, NC Chapel Hill NC 27517 
Laurice Ferris 112 Turnberry Lane   Chapel Hill NC 27517 
Melissa Holmberg 1000 Sabre Ct Chapel Hill NC 27516 
Patricia Leighten Chapel Hill, NC Chapel Hill NC 27516 
Judith Barton Chapel Hill, NC Chapel Hill NC 27516 
ShoshanaH. Naiman 6728 Glen Forest Dr Chapel Hill NC 27517 
Brian O'grady 11 Ellen Pl Chapel Hill NC 27514 
Frans Verhagen 327 Carolina Meadows Villa Chapel Hill NC 27517 
Monica Sanchez 64 Cedar Hills Cir. Chapel Hill NC 27514 
Sonia West 1909 Jo Mac Rd. Chapel Hill NC 27516 
Alice Zelenak 288 Highview Dr. Chapel Hill NC 27517 
Ryan Draper 101 Foxridge Road Chapel Hill NC 27514 
Eli Celli 407 Legends Way Chapel Hill NC 27516 

Becca Greenstein 
800 Pritchard Ave Ext, Apt 
B2 Chapel Hill NC 27516 

Sarah Chi 106 Westover Court Chapel Hill NC 27514 
Snezana Cvejin Chapel Hill, NC Chapel Hill NC 27517 
Lesley North Ridge Trail Chapel Hill NC 27516 
Kevin O'Donnell 808 Ward St Chapel Hill NC 27516 
Karen Piplani 1502 Halifax Rd Chapel Hill NC 27514 
Patricia Padilla 206 Carolina Meadows Villa Chapel Hill NC 27517 
Daniel Pater --- Chapel Hill NC 27516 
Margy King 125 Carolina Meadows Chapel Hill NC 27517 
Donna Maulucci 75 Wood Laurel Ln Chapel Hill NC 27517 
Janet Tice 310 Umstead Chapel Hill NC 27516 



Michael Naiman 6728 Glen Forest Dr Chapel Hill NC 27517 
Jane Church 71008 Everard Chapel Hill NC 27517 
T. Murphy Chapel Hill Chapel Hill NC 27514 
Will Riedel 8210 Reynard Road Chapel Hill NC 27516 
Carolyn Buckner 8100 N Hound Ct Chapel Hill NC 27516 
Jeffrey Collins 5909 Hathaway Lane Chapel Hill NC 27514 

Xenya Cook 
2150 Ephesus Church Road 
Apt A6 Chapel Hill NC 27517 

Shelley Theye 1065 Boothe Hill Rd. Chapel Hill NC 27517 
Roberto Penaherrera 8945 Camden Creek Ln Charlotte NC 28273 
John La Stella 7000 Ware Rd Charlotte NC 28212 
Ivey Stewart 845 Park Slope Dr Charlotte NC 28209 
Cheryl Williams 8930 Glencroft Road   Charlotte NC 28227 
Cathy Brunick 14133 Walkers Crossing Dr Charlotte NC 28273 
John Ricciardi 7229 Rockland Dr   Charlotte NC 28213 
Jeff Blythe 7916 Beatties Ford Rd  Charlotte NC 28216 
Jeff Willoughby 3514 Betterton Ln Charlotte NC 28269 
Delacy Lindsey 1618 Red Robin St Charlotte NC 28214 
Roger Clarke 433 Wilby Drive Charlotte NC 28270 
Paul Root 7631 Watercrest Rd Charlotte NC 28210 
Margaret Ocasio 1731 Hudson Graham Ln Charlotte NC 28216 
Mary Sayler 7306 Connan Ln Charlotte NC 28226 
Francis Penkava 9120 Post Canyon Ln #5108 Charlotte NC 28213 
Deborah Griffith 7054 Meeting Street Charlotte NC 28210 
Donna Durfee 2100 Collingdale Pl Charlotte NC 28210 
Judith Murray 638 Hempstead Place Charlotte NC 28207 
Edward Turner 11226 Coachman Circle  Charlotte NC 28277 
Denise Reilly 7524 Surreywood Pl Charlotte NC 28270 
Dane Bowen 8740 Blair Rd Charlotte NC 28227 
Anna Auten 16301 Peach Grove Ln. Charlotte NC 28277 
Jeff Chandler 16108 Sunninghill Park Road Charlotte NC 28277 
Barry Goldfarb 2420 Lynbridge Drive Charlotte NC 28270 
Lillian Swindell 2118 Coniston Place Charlotte NC 28207 
Stefanie Hedrick 7418 Preakness Stakes Lane Charlotte NC 28215 
Christie Driscoll 2117 Bay St Charlotte NC 28205 
Nate Pusateri 2461 Eaton Rd Charlotte NC 28205 
FRANK ARAIZA 2301maplecrest Der Charlotte NC 28212 
Gordon James 1725 Piccadilly Drive Charlotte NC 28211 
Steven Weaver 4805 Carson's Pond Road Charlotte NC 28226 
S. Teel 2204 Commonwealth Ave. Charlotte NC 28205 
Carol Bentley 2232 Shade Valley Rd, Apt A Charlotte NC 28205 
Rick Mcanulty 3522 Bellevue Ln Charlotte NC 28226 
Matthew Hemenway 7700 Covey Chase Drive Charlotte NC 28210 



Audrey Brown 612 E. 35th Street Charlotte NC 28205 
Eleanor Mcnair 4307 Somerdale Lane Charlotte NC 28205 
Larry Hannon 6823 Needham Dr Charlotte NC 28270 
Mark Swanson 13707 Seaton Dr. Charlotte NC 28227 
Steve West 2710 Briarcliff Place Charlotte NC 28207 
Kim Fanelly 9928 Blackbird Hill Ln Charlotte NC 28227 
Michael Gellar 1613 Grace Street Charlotte NC 28205 
Karen Hodges 2641 Palm Avenue Charlotte NC 28205 
John Herron PO Box 34201 Charlotte NC 28234 
Harry Taylor 1901 Brandon Circle Charlotte NC 28211 
Sharon Beauchemin 1411 Eastcrest Dr. Apt T2 Charlotte NC 28205 
K. Liddle Charlotte, NC Charlotte NC 28214 
Warren Tadlock 6322 Kiftsgate Ct   Charlotte NC 28226 
RagubathE.E. Pather 15336 Dehavilland Dr Charlotte NC 28278 
Zachary Coggin 510 Berkeley Hill Dr, Apt 911 Charlotte NC 28262 
Cris Shewchuk 2933 Alpine Forest Ct. Charlotte NC 28270 
Heather Cummings 9135 Brocklehurst Lane Charlotte NC 28215 
Wendy Stevens 7024 Hidden Creek Dr Charlotte NC 28214 
Nancy Southworth 5124 Carden Dr Charlotte NC 28227 
Edgar Ariza 4307 Laurel Hill Ln Charlotte NC 28217 
Gregory Austin 901 Plumstead Road   Charlotte NC 28216 
Matt Hurley 5301 Finsbury Pl Charlotte NC 28211 
Mark Weisser 6445 Mounting Rock Rd Charlotte NC 28217 
Laura Mitchell 2124 Rozzelles Ferry Rd Charlotte NC 28208 
Andrea Reimers 8033 Mccarron Way Charlotte NC 28215 
Buzz Buzaglo Erin Crt. Charlotte NC 28210 
Jon Epstein 1617 Harrill St Charlotte NC 28205 
Nikki Schipman 10307 Stornoway Ct Charlotte NC 28227 
Monika Cook 14819 Cane Field Dr Charlotte NC 28273 
Elizabeth Heitbrink 4238 SILVERMERE WAY Charlotte NC 28269 
Margaret Peeples 838 Heather Lane Charlotte NC 28209 
James Slutz 808 Hawthorne Ln Charlotte NC 28204 
Tod Brabson 7304 Red Branch Ln. Charlotte NC 28226 
Michael Defrances 7507C Quail Wood Dr Charlotte NC 28226 
Michael Davey 10101 Plum Creek Ln.. Charlotte NC 28210 
Helen Fowler 2524 Kingsbury Dr. Charlotte NC 28205 
Leigh Yeoman 10501 Moss Mill Ln. Charlotte NC 28277 
Jess Thomas 3403 Arsenal Court Charlotte NC 28273 
Kuri Mansa 1743 Chasewood Dr. Charlotte NC 28212 
Diana Pinckney 2215 Malvern Rd. Charlotte NC 28207 
Cathleen Davis-Whitmore 14215 Northridge Dr Charlotte NC 28269 
Joseph Sistare 901 Tally Ho Ct Charlotte NC 28212 
Danielle Roberson Park Rd Charlotte NC 28210 



Denise Plymale 102 South Linwood Avenue Charlotte NC 28208 
Gwen Clift 12925 Indian Hills Lane  Charlotte NC 28278 
Emiliano Pereira H. H. Meier Allee 8 Charlotte NC 28213 
Laura Carpenter 8608 Beeswood Charlotte NC 28277 

Lynne Douyotas 
10501salt Box Court 
Charlotte Charlotte NC 28277 

Michelle Rivers 8332 Beardsley Dr Charlotte NC 28269 
Kaye Fulcher 5913 Sharon View Rd Charlotte NC 28226 
Helen Greene Charlotte, NC Charlotte NC 28217 
David Gray 732 E Park Ave Charlotte NC 28203 
Michelle Carr 1530 Queens Road  Apt 1203 Charlotte NC 28207 
Heather Marshall 1605-B Merry Oaks Rd Charlotte NC 28205 
Rebecca Telford 11630 Clingman Ln Charlotte NC 28214 
Ernie Howe P.O. Box #126 Cherryville NC 28021 
Pablo Llobera C/ Salsipuedes, 1. 2Œ_A Cherryville NC 28021 
Tim Vancelette 101 Sommerset Dr Clayton NC 27520 
Pat Legrand 212 Valley  Creek  Dr Clayton NC 27520 
Joseph Pepe 3528 E. Cotton Gin Dr Clayton NC 27527 
Betty Smith 125 St.Lawrence Way Clayton NC 27520 
Carla Johnson 208 Valley Creek Dr Clayton NC 27520 
Patricia BELL 297D Winston Road Clayton NC 27520 
Roger Chellew 104 Elmwood Lane Clayton NC 27520 
Susan Draper 126 Bennett Place Clayton NC 27527 
Shannon Lack 114 Kirkland Clayton NC 27527 
Mary Holder 7525 Peggy Drive Clemmons NC 27012 
Grace Hepler 1879 Harper Road Clemmons NC 27012 
Nick Hood 5036 Peppertree Rd. Clemmons NC 27012 
Marian Wenink 1034 Prestwick Ct Clemmons NC 27012 
Oscar Revilla Juan De Herrera Cliffside NC 28024 
Camryn Pate 2567 Hunter Rd Clinton NC 28328 
Laura Bartucca 184 Austin Rd Clyde NC 28721 
Sandra Riggs 66 Touch The Stars Clyde NC 28721 
Heidi Haehlen PO Box 1950 Clyde NC 28721 
Joe Phillips Little Santee Road Colfax NC 27235 
Diane Clark 4115 Castleford Dr  Colfax NC 27235 
Ashley Johnson 264 Long Ridge Rd Columbia NC 27925 
Carol Lang P.O. Box 85 Como NC 27818 
Cornelia Cornils 218 Seminole Ave Se Concord NC 28025 
Jan Fowler 5607 Meadow Bluff Ct NW Concord NC 28027 
Carol Mulrooney 3068 Trimble Cir NW Concord NC 28027 
Danny Thomas 98 Tribune Ave SW Apt - H Concord NC 28025 

John Zeggert 
1480 Saint Johns Church 
Road Concord NC 28025 



Karen Kaser-Odor 278 Fryling Ave SW Concord NC 28025 
Eric Woodward Concord NC 28025 

Mark Ackerman 7125 Trumble Woods 
Connellys 
Springs NC 28612 

Rita Burns-Wooten 1150 35th St. Pl. NE Conover NC 28613 
Rita Dunn Henderson Road Sydney Conway NC 27820 
Catherine Krug 7123 Windaliere Drive Cornelius NC 28031 
Michelle Mitchell 17227 Chardonnay Ct Cornelius NC 28031 
Catherine Krug 7123 Windaliere Drive Cornelius NC 28031 
James Whitney 2784 Clifton Ave Creedmoor NC 27522 
Eleanor Eltoft 1615 Country Lane Creedmoor NC 27522 

Joan Byrd 
947 Bo Cove Road, 
Cullowhee, NC Cullowhee NC 28723 

Julia Howe 989 Brasstown Rd  Cullowhee NC 28723 
Catherine Carter 241 Oak Forest Drive Cullowhee NC 28723 
Lenore Weslow PO Box 94 Cullowhee NC 28723 
Marianna Coyle Cullowhee, NC Cullowhee NC 28723 
Dona West 579 Brown Mt Dr Cullowhee NC 28723 
Bonnie Abbott 594 Comanche Road Cullowhee NC 28723 
Andrea Poole 2174 Skyview Dr Cumberland NC 28304 
Ginger Sikes 111 Mallard Dr. Currituck NC 27929 
Rebecca Duffeck 315 S. Gaston St. Dallas NC 28034 
Kathleen Basiewicz PO Box 1204 Dana NC 28724 
Keith Cutler 99 Jackson St #1708 Davidson NC 28036 
Gary Andrew 319 N Downing St Davidson NC 28036 
Carol Minor 10372 Singletree Lane Davidson NC 28036 
Priscilla Perkins 400 Avinger Lane Davidson NC 28036 
Carol Svatek 1326 Healing Springs Drive Denton NC 27239 
Claire Marsh Pobox 509 Dillsboro, NC Dillsboro NC 28725 
Holly Latty-Mann 8012 Somerdale Drive Durham NC 27713 
Karl Agell 1202 Wedgewood Lane Durham NC 27713 
Linda Barnett 4100 Thetford Road  Durham NC 27707 
Tracy Feldman 5306 Pelham Road Durham NC 27713 
David Veteran) Durham, NC Durham NC 27707 
Peter Charles 3522 Barcelona Ave Durham NC 27707 
Joyce Pusel 102 Emerald Cir Durham NC 27713 
Ginny Dudek 105 Lost Ln Durham NC 27713 
John Wiles --- Durham NC 27713 
Sonja Stahlhut 600 Audubon Lake Dr. #5A12 Durham NC 27713 
Susan Couch 4129 Five Oaks Drive Durham NC 27707 
Dave Rush 2315 Woodhaven Drive Durham NC 27712 
Janet Elmo 709 Gaston Manor Dt Durham NC 27703 
Shirley Jenkins 123 W Woodridge Dr Durham NC 27707 



Leslie Wickham 2724 Heatherglen Drive Durham NC 27712 
Stella Duffy 2911 Alabama Ave Durham NC 27705 
Brittany Scaturro 815 Ivy Meadow Lane Durham NC 27707 
Dorothy Teer 107alba Lane Durham NC 27707 
Lauren Humphries 400 Shearwater Dr Apt M Durham NC 27713 
Hermann Bennhausen 8 Chownings Street Durham NC 27713 
Daniel Moore 808 Onslow St. Durham NC 27705 
Sarah Mcgiverin 1 Brunswick Ct Durham NC 27705 
Mara Bishop 206 E Woodridge Drive Durham NC 27707 
Ken Mauney 4012 Angier Ave Durham NC 27703 
Ben Salemi 4102 Hulon Dr Durham NC 27705 
Daria Drake 3504 Mossdale Ave. Durham NC 27707 
Michael Corsi-Oconnor Durham NC 27713 
Susan Tideman 1405 Oakland Avenue Durham NC 27705 
JUNE Forsyth Durham, NC Durham NC 27707 
Anthony G. 2027 Wilson St. Durham NC 27705 
Witt Eric 5 Sylvan Road Durham NC 27701 
Anthony Madejczyk 2705 Highland Ave Durham NC 27704 
Claudia Kaplan 4911 Victoria Dr. Durham NC 27713 
Carol Wills 5419 Guess Road Durham NC 27712 
Candace Carraway 2122 Sprunt Ave. Durham NC 27705 
Elsa Sanabria 437 Morcroft Lane Durham NC 27705 
Polly Harris 118 W Trinity Ave. Durham NC 27701 
Gary Brown 614 Arnette Avenue Durham NC 27701 
Paul Conroy 2811 Welcome Drive Durham NC 27705 
Furaha Youngblood 1005 Grant Street Durham NC 27701 
Margaret Anderson 1119 Midland Ter Durham NC 27704 
Thomas Carson 3910 Tyndrum Drive Durham NC 27705 
Shelley Frazier 2501 Pickett Rd. Durham NC 27705 
Angel Romero 2524 Cascadilla Street Durham NC 27704 
Judith Roth 3655 Pine View Circle Durham NC 27705 
Gregory Woodbury 1411 Cherrycrest Dr. Apt A Durham NC 27704 
Terry Byrne 4817 Heritage Drive Durham NC 27712 
Robert Hobbs 8 Elam Court, Durham, NC Durham NC 27705 
Cara Johnson 4718 Neff Street Durham NC Durham NC 27705 
Karen Read 12 Scott Durham, Nc Durham NC 27705 
Laura Jackson 3311 Shannon Road #35C Durham NC 27707 
Kristal Roebuck 322 Junction Rd. Durham NC 27703 
Vee Tyler Durham, NC Durham NC 27712 
Diane Best 910 Sandlewood Dr Durham NC 27712 
Keval Khalsa 1215 Carroll St Durham NC 27707 
Jayne Boyer 4316 Thetford Rd Durham NC 27707 
Kurt Johnson 11 S Berrymeadow Lane Durham NC 27703 



Jerry Spence 206 Reynolds Avenue Durham NC 27707 
I. Ewing 402 Cottage Ln Durham NC 27713 
Stephen Sample 2005 Ruffin St Durham NC 27704 
Pamela Paul 4449 Murphy School Rd Durham NC 27705 
Jennifer Griffith 315 Obie Dr. Durham NC 27713 
Susan Murphy 2062 October Drive Durham NC 27703 
Holly Mills 4590 Carlton Crossing Dr Durham NC 27713 
Ryan Thompson 1604 Pattersons Mill Road Durham NC 27703 
Peter Reynolds 1024 Edinborough Dr Durham NC 27703 
Kathleen Collins 5706 Whisperwood Dr Durham NC 27713 
Donald Watt 2234 Hillandale Rd. Durham NC 27705 
Tanya Arbigast 1215 Anderson St Durham NC 27705 
Daphne Gruener 461 Continental Drive Durham NC 27712 
Hope Lambert 4105 Trotter Ridge Rd Durham NC 27707 
Patricia Nichols 2127 Sunset Ave Durham NC 27705 
Scott Bell 622 Elm St Eden NC 27288 
Grace Majewski P.O. Box 973 Edenton NC 27932 
David Michalak 140 Willow Drive  Edenton NC 27932 
Vero Brentjens 138 Bayview Tr. Edenton NC 27932 
Greg Ebeling 203 W Church St Edenton NC 27932 
Debbie Burroughs 111 Hobbs Acre Drive Edenton NC 27932 
Carol Strickland 3016 Maple Ave. Efland NC 27243 
Brenda Mccall 6333 Mt Mitchell Rd Efland NC 27243 
Terry Bazzarre 6200 High Rock Road Efland NC 27243 
Claude Morris 8301 Hertford Dr Efland NC 27243 
Joseph Hodgson 1402 Turnpike Road Elizabeth City NC 27909 
Chris Weeks 608 Timothy Drive Elizabeth City NC 27909 
Cynthia Mastro 101 Hunters Trail West Elizabeth City NC 27909 
Edwin Ross 1320 S Williams Circle Elizabeth City NC 27909 
Larry Taylor 110 Nancy Dr Elizabeth City NC 27909 
Bonnell Walker 108 Francis Street Elizabethtown NC 28337 
Massimiliano Claps --- Ellenboro NC 28040 
Rose Bevington 274 Stubbs Rd Ellenboro NC 28040 
Phillip Davis 239 Bowers Lane Ellerbe NC 28338 
Lynda Durden 169 Bells Creek Ln  Ellerbe NC 28338 
Michael Alcon --- Elon NC 27244 
William Kenneke 402 Holly St Emerald Isle NC 28594 
Siljoy Maurer P.O. Box 333 Enka NC 28728 
Deborah Swanson 568 Garren Creek Rd. Fairview NC 28730 
David Phelps --- Fairview NC 28730 
Leah Stickels 32 Pine Hill Rd Fairview NC 28730 
Brian Burns Marlowe Rd Fairview NC 28730 
Cassidy Chester 4 Wild Iris Lane Fairview NC 28730 



Dave Pruette 4180 Melissa Dr Farmville NC 27828 
Ana Kelly 7117 Stockport Cir Fayetteville NC 28303 
Larry Smith --- Fayetteville NC 28314 
Albert Little 7371 Beaver Run Dr Fayetteville NC 28314 
Claudia Maldonado 1665 Kershaw Loop Fayetteville NC 28314 
Gene Cooper 5105 Banyan Road Fayetteville NC 28304 
Chaz Cannon 902 Karr Dr Fayetteville NC 28314 
Samantha Hall 1728 Wayne Lane  Fayetteville NC 28304 
Laura Faber 6346 Pawling Ct Fayetteville NC 28304 
Bee Matt --- Fayetteville NC 28301 
Abigail Murray-Nikkel 1926 N Pearl St   Fayetteville NC 28303 
David Nikkel 1926 N. Pearl St. Fayetteville NC 28303 
Ruby Sturcey 3007 Amberjack Road Fayetteville NC 28306 
Stella Mullen 141 May Street Fayetteville NC 28306 
Leslie Lewis 229 Murray Hill Rd Fayettevillle ND 28303 
Clary Stimson 1854 Kendell Town Rd. Ferguson NC 28624 
Pamela Woods 9 Remembrance Ridge Flat Rock NC 28731 
Alicia Crouch Fletcher, NC Fletcher NC 28732 
Nancy Cichowicz 19 Fox Briar Dr Fletcher NC 28732 
James Noble 287 Carnelian Dr Fletcher NC 28732 
Barbara Carothers 3 Meadow Wood Trail Fletcher NC 28732 
Elizabeth Smith 11 Forest Berry Rd Fletcher NC 28732 
Helen Bell 30 Golden Oaks Lane Fletcher NC 28732 
Linda Shifflett 44 Farington Circle Fletcher NC 28732 
Shelby Wilson 110 Torrington Ave Fletcher NC 28732 
Judy Ricky 22 Nathan Ct Fletcher NC 28732 
MagdaleN.. Blanco Mentrida, 39 Forest City NC 28043 
Wynne Queen 340 Davis Rd. Forest City NC 28043 
Josí Romero Mentrida, 39 Forest City NC 28043 
Amber Bateman 11 Garden Circle Fort Bragg NC 28307 
Beki Hartsell P.O. Box 1596 Franklin NC 28744 
Charlotte Weingartner 524 Saldeer Mnt Rd Franklin NC 28734 
Virginia Lang 158 Rocky Hill Road  Franklin NC 28734 
Henry Horton 704 Henry Rd. Franklin NC 28734 
Linda Orr 100 Sam Mcclure Rd. Franklin NC 28734 
Jeffrey Tesch 258 Blue Ridge Dr  Apt 1 Franklin NC 28734 
Bill Lea 108 Enchanted Lane Franklin NC 28734 
Viv Graves 1163 John Sandling Road Franklinton NC 27525 
Janet Smith 200 Joyner Street Franklinton NC 27525 
Corinne Benbow 2736 Cedar Falls Road Franklinville NC 27248 
Don Hill Academy St. Franklinville NC 27248 
Sheila Charrette PO Box 13 Frisco NC 27936 
Crystal Clark PO Box 397   Frisco NC 27936 



William Dudley 2530 Mill Grain Way Fuquay Varina NC 27526 
Susan Galante 5209 Red Wing Court Fuquay Varina NC 27526 
Linda Ceriello 905 Old Baron Drive Fuquay Varina NC 27526 
Donald Barnhart 75 Overby Court   Fuquay Varina NC 27526 
J. Hilton 2967 Rawls Church Rd Fuquay Varina NC 27526 
Lynne C. 5012 Lipscomb Dr. Garner NC 27529 
Kevin Herndon 1504 Pineview Drive Garner NC 27529 
Annette Musulin 2916 Escondido Farm Rd. Garner NC 27529 
Larry Wolf 284 Fieldtrial Circle Garner NC 27529 
David Stoltz 189 South Ridge Drive Garner NC 27529 
Crystal Smith 103 Fairside Ct Garner NC 27529 
Heidi Boynton 2313 Woodfield Circle Gastonia NC 28056 
Angela Humphries 804 Suequay Ct Gastonia NC 28056 
Mary Goodman 514 W 3rd Ave Gastonia NC 28052 
Doris Marshall 902 E. 4th Ave. Gastonia NC 28054 
Abby Hicks 454 Freedom Mill Road Gastonia NC 28052 
Vivian Barro 603 W Harvie Ave Gastonia NC 28052 
Eugene Frost 2222 Hearthstone Dr Gastonia NC 28056 
Ian Nicholson 227 Posey St Gastonia NC 28052 
Steve A 102 CCC Rd Gastonia NC 28052 
Shirley Hachey 1505 School Ave. Gastonia NC 28052 
Marvin Scherl 6740 Germanton Road Germanton NC 27019 
Julie Coulter ---- Gibsonville NC 27249 
Teresa Pitts PO Box 193 Glen Alpine NC 28628 

Ellen Pesko 160 Hamilton Lane 
Glendale 
Springs NC 28629 

Susan Charbonneau 614 Lake Shore Dr Goldsboro NC 27534 

Martin Wilcox 
5174 Swepsonville 
Saxapahaw Rd. Graham NC 27253 

Joyce Hatch 2238 Swepsonville Road Graham NC 27253 
Elizabeth Way 2007 Guinness Dr. Graham NC 27253 
Nancy Schafer 106 Sunny Lane Grandy NC 27939 
Andrew Atkin 1343 Baton Church Rd  Granite Falls NC 28630 
Thomas Pridgen 11756 Nc Hwy 16 N Grassy Creek NC 28631 
Weldine Dossett 415 Aberdeen Terrace Greensboro NC 27403 

Devon Seltzer 
5856 Old Oak Ridge Rd. Apt. 
917 Greensboro NC 27410 

Susan Watson Dorn 4003 Persimmon Court Greensboro NC 27410 
Gary Piatt 16 Park Village Lane Unit E Greensboro NC 27455 
Betty Carpenter 407 N. Mendenhall Street Greensboro NC 27401 
Debbie Hatcher 532 Audubon Dr Greensboro NC 27410 
Mary Vincent 512 Wicker St Greensboro NC 27403 
Anthony Flores 917 Shelby Dr Greensboro NC 27409 



Richard Phillips 4221 King Edward Ct Greensboro NC 27455 
Craig Armstrong 5311 Guida Dr. Greensboro NC 27410 
Dom Frate 510 Charter Place Greensboro NC 27405 
Aaron Allen 3601 Dogwood Dr Greensboro NC 27403 
Susan Burkholder 1511 Oak Street Greensboro NC 27403 
Michael Burns 307 Victoria Street Greensboro NC 27401 
Rob Moore 15 Liberty Square Circle Greensboro NC 27455 
Carmen Dohmeier 1908 Falmouth Drive Greensboro NC 27410 
Francie Portnoy 5413 Pigeon Cove Drive Greensboro NC 27410 
Cortland Kirson 3612 Crosstimbers Dr Greensboro NC 27410 
Debbie Hampton 5207 Bayberry Lane Greensboro NC 27455 
Joan Staples 2540 Cottage Place Greensboro NC 27455 
Marianne Kelsey 2333 W. Cornwallis Drive Greensboro NC 27408 
William Frisch 5800 Sage Brush Trail Greensboro NC 27409 
Stan Harper 1070 Christmas Pl Greensboro NC 27410 
Leslie Rice 1612 Heraldry Lane Greensboro NC 27455 
Karl Fields 902 Carolina St Greensboro NC 27401 
Ronald Walters 610 Morehead Ave. Greensboro NC 27401 
Lee Andrews 1468 Alamance Church Rd Greensboro NC 27406 
D. Bullock 1007 Surry Drive Greensboro NC 27408 

David Shahbaz 
2205 New Garden Rd Apt. 
410 Greensboro NC 27410 

Alan Berger Century Oaks Drive Greensboro NC 27455 
Mitchell Ward 1403-A Whilden Place Greensboro NC 27408 
Callista Mansell 208 Staunton Drive Greensboro NC 27410 
Daniel Amelkin 5432 Winters Way Greensboro NC 27410 
Jenny Garvin 402Woodlawn Ave Greensboro NC 27401 
Kathy Jarman 3405 Round Hill Road Greensboro NC 27408 
Becky Richardson 3700 Old Battleground Rd Greensboro NC 27410 
Tom Walker ----- Greensboro NC 27407 
Susan Borys 4406 Lake Brandt Road Greensboro NC 27455 
Voncile Ferguson Jefferson Wood Ct Greensboro NC 27410 
Kenneth Gruber 1819 Madison Avenue Greensboro NC 27403 
Chella Mclelland 3100 N Elm St. Greensboro NC 27408 
Anita Rubin 3717 Hobbs Rd Greensboro NC 27410 
Rachael Rocamora 3019 Branderwood Greensboro NC 27406 
Malcolm Kenton 3410 Northline Ave Unit D Greensboro NC 27410 
Caleb Scott 3508 Brevard St Greensboro NC 27407 
Denton Melvin --- Greensboro NC 27401 
Jennifer Burnham 403 Paladin Drive, Apt. F Greenville NC 27834 
Craig Ignatowitz 949 Teakwood Dr. Greenville NC 27834 
Howard Tepper --- Greenville NC 27858 
Michael Vines 632 Holland Rd Greenville NC 27834 



Steven Krize 1048 E Rock Spring Road Greenville NC 27858 
Melinda Scott 2010-F Quail Ridge Road Greenville NC 27858 
Angela Thompson 1604 Canterbury Road Greenville NC 27858 
Brenda Roebuck 1815 Greenville Blvd Sw Greenville NC 27834 
Maria Jenkins 269 Rolling Rock Lane Greenville NC 27834 
Stacey Crowder 125 Arbor Dr Greenville NC 27858 
Taylor Tappe 1149 Stone Creek Dr Greenville NC 27858 
Michael Lang 2710 Beddard Road Grimesland NC 27837 
Kim Robinson 2425 Cleveland Ave. Grover NC 28073 
Nancy Seevers 211 Dunshill Rd. Halifax NC 27870 
Shirley Bayless 1102 Rollins Ave Hamlet NC 28345 
Douglas Taylor 225 Ravenswood Rd Hampstead NC 28443 
William Sagna V. G. Falcone N. 1 Hamptonville NC 27020 
William Shaw 106cardial Ln Harbinger NC 27941 
Doug Fink P.O. Box 544   Harrisburg NC 28075 
Anthony Howard 99 Tarheel Dr Havelock NC 28532 

Chelsea Gude 
103 Charles St. Apt. D 
Havelock, NC 28532 Havelock NC 28532 

Tom Sander 4155 Salem Church Rd Haw River NC 27258 
Kermit Davis 386 Licklog Ridge Hayesville NC 28904 
Patricia Jordan 93 Oak Forest Hills Hayesville NC 28904 

Gordon Ottinger 
206 Bar Fields Loop 
Hayesville NC Hayesville NC 28904 

Catherine Rhoads 2641 Myers Chapel Rd Hayesville NC 28904 
Helen Kloock 170 Tall Pine Way Hayesville NC 28904 
Gayle Graziano 455 River Oaks Dr. Hayesville NC 28904 
Elisabeth Hinman 119 Community House  Henderson NC 27537 
Sid Stevenson 855 Park Ave. Henderson NC 27536 
Giana Peranio-Paz 150 Tulip Trail Hendersonville NC 28792 
Christy Thompson 23 Foxtail Ct Hendersonville NC 28792 
Leslie Ryan 1721 Clairmont Drive Hendersonville NC 28791 
Steven Hasty 1203 Fleetwood Plaza Hendersonville NC 28739 
Joyce Dye 10 Rivoli Blvd Hendersonville NC 28739 
Robert Canty 827 North Justice Street #5 Hendersonville NC 28791 
J.M.M. Harrison 123 No Mail Please Hendersonville NC 28739 
Walter Kross 32 Imperial Dr Hendersonville NC 28792 
Johnny Rice 613 Allstar Lane Hendersonville NC 28739 
Scott Bowling 1109 Lugano Dr. Hendersonville NC 28791 
Karen Comstock 1967 Glenheath Dr Hendersonville NC 28791 
Karen Jones 217 Ewbank Drive Hendersonville NC 28791 
Bill Beckwith ----- Hendersonville NC 28792 
Mark Harris 43 Orr Ave. Hendersonville NC 28791 
Martha N Howell 1615 Kensington Rd Hendersonville NC 28791 



Lawrence Turk POB 203 Hendersonville NC 28793 
Robert Ziegler Lamb Mtn Rd Hendersonville NC 28792 
Leslie On 415 Crescent Hendersonville NC 28792 
Michelle Johnson 63 Daisy Dr. Hendersonville NC 28792 
Charles Johnson 63 Daisy Dr. Hendersonville NC 28792 
Jacqueline Knable 878 Sandburg Ter. Hendersonville NC 28791 
Paula Reed 45 E Silverleaf Hendersonville NC 28739 
Julianne Day-Evers 201 Thornbird Ave Hendersonville NC 28792 
Jin Parker 1924 Old Kanuga Rd Hendersonville NC 28739 
Lucinda Cook 163 Greenworld Dr Henrico NC 27842 
J.C. Honeycutt 510 S. Edenton Road St. Hertford NC 27944 
Robert O'Hara 124 Pine St   Hertford NC 27944 
Robert Krochmal 145 Discovery Trail Hertford NC 27944 
Dan Herba 111 Main St. Hertford NC 27944 
Nikki Shoulders PO Box 9519 Hickory NC 28603 
William Garrard 472 22nd Ave NE Hickory NC 28601 
Shelor Robin 549 11th Ave Cir NW Hickory NC 28601 
Lynn Spees 280 28th Ave. Pl., NE Hickory NC 28601 
Alan Linn Hickory, NC Hickory NC 28602 
Ashley Crawford 6340 Hayden Drive Hickory NC 28601 
Monica B 1012 35th Ave Ln Hickory NC 28601 
Zizi Suleman #4-7D Treescape Dr. Hickory NC 28603 
Karen Copeland ---- Hickory NC 28602 
David Randell 1407 Stikeleather Rd Hiddenite NC 28636 
George Neste 4437 Garden Club Street High Point NC 27265 
Lisa Neste 4437 Garden Club St. High Point NC 27265 
Cindy Shultz 8015-A Clinard Farms Rd. High Point NC 27265 
Arthur Calvin 411 Park Street High Point NC 27260 
Joyce B 3030 W High Point NC 27265 
Magnolia Izquierdo 1502 Manora Ct High Point NC 27265 
J Cranford 404 Chester Woods Ct High Point NC 27262 
Robert Stover 1314 Florida St   High Point NC 27262 
Annette Fine ---- High Point NC 27262 
Rocky Hunt 542 East Farriss Ave High Point NC 27262 
Joe M Itchell Po Box 1466   High Point NC 27261 
Joyce B 3030 W High Point NC 27265 
Jill Harris 1905 Treyburn Lane High Point NC 27265 
Dee Stover  ---- High Point NC 27262 
Keith Yokley 1620 Audubon Street High Point NC 27265 
Charles Briggs 1620 Audubon Street High Point NC 27265 
Lucy Tyndall 3977 Flannery Lane High Point NC 27265 
Alex Frey 2516 White Fence Way High Point NC 27265 
Lisa Neste 4437 Garden Club St. High Point NC 27265 



Glenda Zahner 245 Bob Zahner Rd. Highlands NC 28741 
Carol Hay 3929-A Red Hawk Rd Hillsborough NC 27278 
Bartholomew Barker 135 Thomas Burke Drive Hillsborough NC 27278 
Edmund Tiryakian 2908 Ericka Drive Hillsborough NC 27278 
Neil Infante 314 Churton Grove Blvd Hillsborough NC 27278 
Sarah Janssen PO Box 392 Hillsborough NC 27278 
Stephen Bank 7404 Dodsons Xrd Hillsborough NC 27278 
Maria Muckey 7203A Clear View Dr Hillsborough NC 27278 
Stacey Lawless 600 South Churton St. Hillsborough NC 27278 
John Hartwell 3001 Hartwell Pond Dr Hillsborough NC 27278 
David Cook 214 Rocky Lane Hillsborough NC 27278 
David Gehrman 3300 Alex Drive Hillsborough NC 27278 
Mabel and 
Don Mcelhaney 1818 Piney Grove Church Rd. Hillsborough NC 27278 
Charles Wilson  --- Hillsborough NC 27278 
Wesley Wright 2304 Summit Dr Hillsborough NC 27278 
Todd Crawford 918 North New River Drive Holly Ridge NC 28445 
Lois (Lisa) Semmens 1121 Braswell Creek Point Holly Springs NC 27540 
Margaret Hume 108 Cotten Lane Apt 1308 Holly Springs NC 27540 
Stephanie Freund 105 Covenant Rock Ln Holly Springs NC 27540 
Nikki Feltenberger 101 Ulverston Dr Holly Springs NC 27540 
Mark Prince 5420 Shipman Rd   Hope Mills NC 28348 
Elizabeth Derouin 3632 Lubbock Drive Hope Mills NC 28348 
Patti Speicher 4537 Virsalli Loop Hope Mills NC 28348 
Anja Collette 1101 Duchess Ln Hubert NC 28539 
David Badia 7601 Chaddsley Dr Huntersville NC 28078 
Beverly Henry  ---- Huntersville NC 28078 
Robert Anniello 7707 Prairie Rose Ln. Huntersville NC 28078 
Sara Schooley 13700 Ramah Church Rd Huntersville NC 28078 
Deb Weir 9319 Wedgewood Drive Ext Huntersville NC 28078 
Bobbie Hille 9613 Mill Grove Rd Indian Trail NC 28079 
Kate Hill 3110 Broad Plum Lane Indian Trail NC 28079 
William Wreath 7132 Howey Bottoms Road Indian Trail NC 28079 
Mary Rather 1006 Sentinel Drive Indian Trail NC 28079 
Thomas Monforte 744 Riding Crop Court Indian Trail NC 28079 
Thomas Ledford 1002 Ladybank Ct. Indian Trail NC 28079 
Lawrence East 316 Richlands Ave Apt. 5 Jacksonville NC 28540 
Mark Walters 199 Audubon Dr. Jacksonville NC 28546 
Dale Weston 611 Crissy Dr Jacksonville NC 28540 
Elizabeth Thanasouk 1402 Cando Pl Jacksonville NC 28540 
Jennifer Ransom-Smith 813 Pineburr Rd Jamestown NC 27282 
Tom Rando 4807 Harvey Road Jamestown NC 27282 
James Steedman 4600 Crowne Lake Jamestown NC 27282 



Jodie Echard  --- Jamestown NC 27282 
Martha Grissom PO Box 145 Jefferson NC 28640 
Jan Phillips Brittainywood Road Kernersville NC 27284 
Joseph Phillips 5380 Brittainywood Road Kernersville NC 27284 
James Seramba 5732 Brightington Court Kernersville NC 27284 
Christin Hall 504 Maverick Rd Kernersville NC 27284 
Diane Young P O Box 1803 Kernersville NC 27285 
Nina Cline-Ziolkowski 4421 Old Wood Ct Kernersville NC 27284 
Devon Miller 2317 Wickham Rd Kernersville NC 27284 
Maria Tompkins 1388 Spring Hill Circle Kernersville NC 27284 
Sandra Pegg 538 S. Cherry St Kernersville NC 27284 
Cynthia Gross 221 Rockford Road Kernersville NC 27284 
JacquelinE. Stanton 1525 Chimney Rock Drive  Kernersville NC 27284 
Nancy Brown 142 Plantation Dr. King NC 27021 
Rebecca Dupre 507 S Battleground Avenue Kings Mountain NC 28086 
Jasmina Bricic 2425 Carey Rd Kinston NC 28504 
Donna Boykin 128 Clarence Potter Road Kinston NC 28504 
Jerry Evans 3099 Highway 58 South Kinston NC 28504 
David Thompson 119 Vernon's Way Kittrell NC 27544 
T.J. Fox 311 Mailman Rd Knightdale NC 27545 
Sean Van Pallandt 5204 Dipper Dr. Knightdale NC 27545 
Martha Elliott 5341 Civington Cross Drive Knightdale NC 27545 
Mara Wooten 901 Savin Landing Knightdale NC 27545 
Kylie Hoffman 3365 Jessica Ln. La Grange NC 28551 
Cathy And 
David Powers 292 Huntington Rd. Lake Lure NC 28746 
Jerry Nelon 409 Fairway Dr. Lake Lure NC 28746 
James Walters 418 Chapel Point Road Lake Lure NC 28746 
Robert Macarthur 3611 Bessant Street Lake Park NC 28079 
Janet Schmidt 181 Forever Farm Way Lake Toxaway NC 28747 
Melissa Bishop 2167B Deep Ford Rd. Lansing NC 28643 
Jennifer Gardiner 5123 Big Windfall Rd    Lansing NC 28643 
Don Greene 570 Lee Osborne Rd   Lansing NC 28643 
Jane Haladay 1401 Sherbrooke Circle Laurinburg NC 28352 
Susan Norton 322 Austin Branch Rd Leicester NC 28748 
Taylor Cologne , 90 E Wonder Road Leicester NC 28748 
Rainer Doost 58 E Wonder Rd  Leicester NC 28748 
Robert Carr PO Box 184   Leicester NC 28748 
Julia Borg 585 Willow Creek Rd Leicester NC 28748 
Art Ramsay 12 Stepp Haven Way Leicester NC 28748 
Dorothy Lee 210 Lum Sprouse Rd. Leicester NC 28748 
Ray Hearne 91 Bald Creek Rd Leicester NC 28748 
Paul Gallimore P.O. Box 369 Leicester NC 28748 



Elaine Arrant 1192 Bear Creek Rd. Leicester NC 28748 
Elaine Warren 9828 Sturgeon Drive NE Leland NC 28451 
Susan Zimmer 1147 Greensview Circle Leland NC 28451 
Marda Sarnataro 623 Coniston Dr. Leland NC 28451 
Karen Multer 1022 Bramblewood Ct Lenoir NC 28645 
Frank Lewis 3510 Brook St. Lenoir NC 28645 
Tony Phillips 2880 Morganton Blvd SW Lenoir NC 28645 
Sharon Greene 2498 Walnut Drive Lenoir NC 28645 
Joseph Brantolino 1804 Le Mar Ct Lenoir NC 28645 
Dustin Kielbiewicz 1245 Forest Wood Dr Lewisville NC 27023 
Beverly J 8570 Broiling Lewisville NC 27023 
Ken Scales 1080 Grindstone Dr Lewisville NC 27023 
Jennifer Brandon 174 Brody Ln Lexington NC 27295 
Kathy Smith 9059bkamin Ct   Liberty NC 27298 
David Melvin ---- Liberty NC 27298 
Millie Bowling --- Liberty NC 27298 
Steve Waits 2403 E Main Street Lincolnton NC 28092 
Harold Harrison 369 Hershel Lackey Road Lincolnton NC 28092 
Chris Page 3870 Potts Creek Rd Lincolnton NC 28092 
Vickie Amessa --- Lincolnton NC 28080 
Sara Ryals 5807 Loop Road Linden NC 28356 
Julie Palich 3301 NC 581 HWY Louisburg NC 27549 
Deborah Montgomery Louisburg NC 27549 
Kirk Peters 6520 Guy Road   Lucama NC 27851 
Andrew Sneddon 1080 Berry Farm Rd Madison NC 27025 
William Higgins 431 Locust Dr Maggie Valley NC 28751 
Edith Nash P O Box 1888 Maggie Valley NC 28751 
Mary Tomlinson 227 Soco Acres Rd Maggie Valley NC 28751 
Carolyn Leopard 134 Holly Hills Lane Manteo NC 27954 
Will Borger 128 Amelia Manteo NC 27954 
Kathleen Hurley 500 Wingina Ave Manteo NC 27954 
Malti Turnbull 90 Hunter Lane Marble NC 28905 
Cody Jones 262 Hicks Chapel Loop Marion NC 28752 
William Hawkins 1698 Grants Mt Rd Marion NC 28752 
Mary Combs 1602 Airport Rd Marion NC 28752 
Elizabeth O'Nan 396 Sugar Cove Rd. Marion NC 28752 
Michael Teague 180 E Court St Marion NC 28752 
Lavonne Engelman 12 California Creek Road  Mars Hill NC 28754 
Art Smoker 284 Arrowood Corner Rd. Mars Hill NC 28754 
Lucille James 604 Sprinkle Creek Rd Mars Hill NC 28754 
Diane Vestal 1708 Ponder Creek Rd Mars Hill NC 28754 
Rodney Brown 410 Angel's Way Mars Hill NC 28754 
Susan Brown 410 Angel's Way Mars Hill NC 28754 



Taylor Barnhill 226 Beech Glen Rd Mars Hill NC 28754 

Barb Knight 
Madison Health & 
Rehabilitation 345 Manor Rd Mars Hill NC 28754 

Robert Wilson --- Marshall NC 28753 
Maren Poitras 675 Charlies Rd. Marshall NC 28753 
Michele Perry 140 Country Cove Lane Marshall NC 28753 
Jonika Houk 28 Sunnyside Dr Marshall NC 28753 
Bernard Vabolis 1048 Thomas Branch Rd Marshall NC 28753 
Susan Marsh 5800 Gilboa Rd. Marshville NC 28103 
Helena Day 1118 Old Hwy.74 Marshville NC 28103 
Stephen Smith 7107 Olive Branch Rd. Marshville NC 28103 
Marilyn Brown 2901 Carding Place Matthews NC 28105 
Joanne De Bruyn 2506 Clam Bed Ct Matthews NC 28105 
Janet Sorenson 13713 Sustare Court Matthews NC 28105 
Max Bennett 5001 Cinnamon Dr Matthews NC 28104 
Richard Pierc 5040 Dockside Ct.   Matthews NC 28104 
Joe Graham Stallings, NC Matthews NC 28104 
Jordan Redfield 1210 Hillshire Meadow Dr. Matthews NC 28105 

Tammy Hawk 
1415 Cameron Matthews Dr 
Apt 105 Matthews NC 28105 

Joshua Lobe 303 South 8th Street Mebane NC 27302 
John Tokarczyk 109 N Oakland Dr. Mebane NC 27302 
Brigid Keeley 5515 Pegasus Dr Mebane NC 27302 
Janine Tokarczyk 109 N Oakland Dr Mebane NC 27302 
Carmen Plummer 12721 Hill Pine Rd Midland NC 28107 
Margaret Silvers 947 Hwy 9 South Mill Spring NC 28756 
Lemuel Robinson 387 Rock Spring Rd Mill Spring NC 28756 
Elizabeth Fitts Mills River, NC Mills River NC 28759 
Carol Thacker Mills River, NC Mills River NC 28759 
Sam Heaton --- Mocksville NC 27028 
James Smiley 684 Deadmon Rd Mocksville NC 27028 
Joe Childers 1618 Angell Road Mocksville NC 27028 
Adrian Smith PO Box 265 (110 Jones St) Moncure NC 27559 
Janice Rieves 94 Nota Rd. Moncure NC 27559 
Glenn Rape 2921 Aprilia Ln Monroe NC 28112 
Kim Tharp 5117 Willow Run Rd Monroe NC 28110 
Lee D. Cook 1310 Walkup Ave.    Monroe NC 28110 
Jerry Downing 511 Kristen Circle Monroe NC 28110 
T.P. Jeffrey Blazing Star Monroe NC 28110 
Michele Symington 180 Easy Street Mooresville NC 28117 
Matt Rawlins 131 Torrence Chapel Rd. Mooresville NC 28117 
William Busby 194 Didio Circle Mooresville NC 28115 
Darlene Pagan 206 Oates Road Mooresville NC 28117 



Jean Zemaitis 110 Steamengine Dr #109 Mooresville NC 28115 
Elizabeth Guzynski 144 Cooley Road Mooresville NC 28117 
Sam Hay Mooresville Mooresville NC 28117 
Christi Dillon 175 Forest Ridge Rd Mooresville NC 28117 
Sandy Forrest 612 Bethany Ch Rd Moravian Falls NC 28654 
Pat Harms 814 S. Yaupon Terrace Morehead City NC 28557 
Robert Kay 101 Cannery Row Morehead City NC 28557 
Jessica Holleman ---- Morehead City NC 28557 
Colleen Morgan ---- Morehead City NC 28557 
Felicia Cobb Morganton, NC Morganton NC 28655 
Leslie Kern 507 Lenoir Street Morganton NC 28655 
Matthew Vorsterman   113 Mill Street Morrisville NC 27560 
A. Gardner 154 Ridgeview Drive Mount Airy NC 27030 
Jeremiah Smith 440 Riverfront Pkwy Mount Holly NC 28120 
Joseph Hatch 501 West James Street  Mount Olive NC 28365 
Gary Feimster 845 Graham Loop Rd Mount Ulla NC 28125 
Gladys Wilson 114 Eagleton Circle Moyock NC 27958 
George Spruill 134 Elizabeth Court Murfreesboro NC 27855 
Stephen Juhlin ---  Murphy NC 28906 
Paul Brown 117 Seneca Road Murphy NC 28906 
Leilana Taylor 303 Lee Sneed Drive Murphy NC 28906 
Carole Slesinski 237 Ashley Lane Murphy NC 28906 
Susan Tharp 5747 Careylee Rd Nashville NC 27856 
Colette Dowell --- Nebo NC 28761 
Eric Fritz 314 Channel Run Dr New Bern NC 28562 
Nancy Hill 5017 Sand Ridge Rd. New Bern NC 28560 
Rollin Morse 3701 Cerise Circle  New Bern NC 28562 
James & 
Leslea Kunz 1218 Coral Reef Ct. New Bern NC 28560 
Jody Ford 101 Belles Wau New Bern NC 28562 
PATRICIA. BRIGHT 508 W Wilson Creek Dr New Bern NC 28562 
Patricia Shine 911 Shipyard Pt New Bern NC 28560 
Deborah Milkowski 2610 Old Cherry Point Road New Bern NC 28560 
Lara Rouse 803 Havenwood Lane New Bern NC 28562 
Scott Juslin 1 Thorpe Abbotts New Bern NC 28562 
Herman Schiller 5508 Gondolier Dr  New Bern NC 28560 
Michelle Clee 1608 Colonial Way  New Bern NC 28560 
Kathryn Smith --- New Bern NC 28562 
Susan Shaffer 380 Shoo Fly Rd. New Bern NC 28560 
Lucy Valerien --- New Bern NC 28560 
Miranda Simpson 270 Mason Town Rd Newport NC 28570 
Melissa Hastings 515 Tom Mann Rd Newport NC 28570 
Jock Simmons 1903 Todd St Newton NC 28658 



Toby Cardoso P. O. Box 2158 North Carolina NC 28428 

Donna Ham 200 Keener Drive 
North 
Wilkesboro NC 28659 

Raylene Miles 164 Ruritan Park Rd. 
North 
Wilkesboro NC 28659 

Linda Gaddy 116062 Big Lick   Oakboro NC 28129 

Alyse Vasil 1710-2 Deerfield Drive SW 
Ocean Isle 
Beach NC 28469 

Catherine Mitchell P.O. Box 596 Ocracoke NC 27960 
Tom Dancer P.O. Box 284 Penland NC 28765 
Mary Anglin  ---- Penland NC 28765 
Michael Wallace 7066 Wishing Well Rd. Pfafftown NC 27040 
Andrew Ettin 3635 Stimpson Drive Pfafftown NC 27040 
Danette Peters 3570 Robinwest Drve Pfafftown NC 27040 
Patricia Suggs 4435 Chebar Drive Pfafftown NC 27040 
Katherine Gillis 138 Precinct Rd Pilot Mountain NC 27041 
J. Holdsclaw Pilot Mtn Pilot Mountain NC 27041 
Devon Gillis 138 Precinct Rd   Pilot Mountain NC 27041 
Piet Klemeyer Deichstrasse 90 Pine Level NC 27568 
Karin Piergallini 25 Surry Circle North Pinehurst NC 28374 
Karen Kaplan 25 Page Rd Pinehurst NC 28374 
Julie Mcginnis 14529 Limestone Lane Pineville NC 28134 
Claudia Schuler 129 Lowry St Pineville NC 28134 
Kathie Eberhard 10414 Osprey Dr Pineville NC 28134 
John Davis 79 Ridgeview Drive Pisgah Forest NC 28768 
Jack Lamonica Pisgah Forest Pisgah Forest NC 28768 
Donna Riggs 296 Two Mule Road Pittsboro NC 27312 
Charlene Stephens Pittsboro Pittsboro NC 27312 
Eileen Hoyt 98 Nicks Bnd W Pittsboro NC 27312 
Mirinda Kossoff 1394 Fearrington Post Pittsboro NC 27312 
Rebecca Price 129 Allendale Dr. Pittsboro NC 27312 
Susan Henning 558 East Red, Pittsboro,Nc Pittsboro NC 27312 
Sandra Yaggy 143 Fearrington Post Pittsboro NC 27312 
Richard Cadwalader 285 Bynum Ridge Road Pittsboro NC 27312 
Mildred Long 57 Teal Trace Court  Pittsboro NC 27312 
Margaret Peterson Chapel Ridge Pittsboro NC 27312 
Allie Smith ---- Pittsboro NC 27312 
Tom Kemper 509 Lamont Norwood Rd Pittsboro NC 27312 
Kate Finlayson 235 Miles Branch Rd Pittsboro NC 27312 
Sarah Weil 106 Lindsey St Pittsboro NC 27312 
Ngaere Pearce 160 Exline Williams Dr Pittsboro NC 27312 
Ivan Lugo 480 Forest Creek Dr Pittsboro NC 27312 
Brenda Cumpston 2039 Otis Johnson Rd Pittsboro NC 27312 



AL Berry ---- Pittsboro NC 27312 
Julia Young 457 Meadowbranch Rd Pittsboro NC 27312 
Terry Dee --- Pittsboro NC 27312 
Ellen Osborne 6731 Hunt Rd   Pleasant Garden NC 27313 
Hollyt West Pobox113 Point Harbor NC Point Harbor NC 27964 
Sheri Liske 75 Rocky Mount Church Rd. Polkton NC 28135 
Robert Love 36 Main St    Prospect Hill NC 27314 
Patricia Kingsbury 920 Acorn Drive Purlear NC 28665 
Lisa B. Wycliff Rd Raleigh NC 27607 
Josh Harmes 2050 Brentmoor Dr. Raleigh NC 27604 
John Franklin 11504 Hyde Place Raleigh NC 27614 
Robert Belknap 900 Hillsborough St Raleigh NC 27603 
Laura Luyendyk 325 Baytree Lane Raleigh NC 27615 
Elaine Pischke 3016 Mt. Vernon Church Rd. Raleigh NC 27613 
Rinat Harel 2442 Holloway Terrace  Raleigh NC 27608 
Gloria Glasco 3316 Atlantic Avenue Raleigh NC 27604 
Greg Tourian 8401 Sleepy Creek Dr Raleigh NC 27613 
Dan Troidl 4721 Royal Troon Raleigh NC 27604 
Carla Skuce 3940 Lake Ferry Dr. Raleigh NC 27606 
Barbara Bonin 10100 Old Warden Rd Raleigh NC 27615 
Karen Shapiro 2113 Katesbridge Lane Raleigh NC 27614 
Martha Lee 117 Fieldspring Lane Raleigh NC 27606 
Michael Eisenberg 5033 Bartons Enclave Ln Raleigh NC 27613 
Stanley Hix 5212A Deerhaven Dr Raleigh NC 27606 
Parisa Jabbarzadegan 9307 Alcazar Walk Raleigh NC 27617 
Glenn Hennessee 624 Brent Rd, Raleigh, NC Raleigh NC 27606 
Elias Jeyarajah 5505 Killarney Hope Dr Raleigh NC 27613 
Vickie Penninger 711 Kimbrough St Raleigh NC 27608 
Lucy Reid 3122 Tanager St Raleigh NC 27606 
Ayca Guralp 2604 Coxindale Drive Raleigh NC 27615 
Barbara Gilly 2812 Wayland Dr Raleigh NC 27608 
Elizabeth Forsythe 1615 Sunrise Ave. Raleigh NC 27608 
Charles Brotman 3601 Moss Bluff Court Raleigh NC 27613 
Janis Epton 3005 Woods Pl Raleigh NC 27607 
Sara Loeppert 1317 Rand DR Raleigh NC 27608 
Karl Stromberg 2309 Watkins St Raleigh NC 27604 
Kathleen Thomas 11825 Six Forks Rd Raleigh NC 27614 
Josha Barton 1609 Vintage Rd Raleigh NC 27610 
Nathan Holder 919 Shellbrook Ct Apt 8 Raleigh NC 27609 
Meredith De La Vergne 1426 Park Dr. Raleigh NC 27605 
Chris Conley 4800B Walden Ct. Raleigh NC 27604 
Gabrielle Newsam 9935 Cherry Creek Blvd #106 Raleigh NC 27617 
Linda Muntner 6423 The Lakes Dr. - Apt. B Raleigh NC 27609 



Catherine Marie 3612 Morningside Raleigh NC 27607 
Diane Fulcher 1817 Watkins St Raleigh NC 27604 
Myrtle Hepler 3324 Blue Ridge Rd. Raleigh NC 27612 
Loretta Mershon 1211 Ivy Ln. Raleigh NC Raleigh NC 27609 
Philippa Van Dyne 162 Springmoor Drive Raleigh NC 27615 
Anthony Ostertag 6021 Clarks Fork Drive Raleigh NC 27616 
Peter Van Dorsten 7301 Rainwater Rd Raleigh NC 27615 
Jennifer Lewis --- Raleigh NC 27617 
Ann Wood Roller Ct Raleigh NC 27604 
Whitfield Whitfield 109 Renwick Ct  Raleigh NC 27615 
Matt Berry 2020-A Smallwood Drive Raleigh NC 27605 
Jayne Worth 802 N Boylan Ave Raleigh NC 27605 
Emma Bogdan --- Raleigh NC 27613 
Amy Whitfield 904 B Hearthridge Ct Raleigh NC 27609 
Brian Hooley 1401 Ashburton Rd.   Raleigh NC 27606 
William Radke 7524 Fairlawn Dr #204 Raleigh NC 27615 
Anu Bala --- Raleigh NC 27695 
Rebecca Burmester 2121 North Hills Dr Apt I Raleigh NC 27612 
Robert Swindle 1519 Upchurch Woods Dr. Raleigh NC 27603 
Marvin Furman 2437 Condor Court Raleigh NC 27615 
Ellen Hunt 9220 Grassington Way Raleigh NC 27615 
Jonathan Halperen 2606 Wells Avenue  Raleigh NC 27608 
Betty Donaldson 6620 Winding Trail Raleigh NC 27612 
Marilyn Wendt 1813 Sarazen Place Raleigh NC 27615 
Kacey Spiker 7309 Bryn Athyn Way Raleigh NC 27615 
Eartha Heard 820 Elkhart Dr Raleigh NC 27610 
David Patrick 6729 Oviedo Drive Raleigh NC 27603 
Paul Kim 4009 City Of Oaks Wynd. Raleigh NC 27612 
Sarah Davis 7816 Harps Mill Rd Raleigh NC 27615 
Andre Meaux 6016 Dixon Drive Raleigh NC 27609 
Karin Petzold 3517 Mount Prospect Circle Raleigh NC 27614 
Shoshana Serxner-Merchant Raleigh, NC Raleigh NC 27607 
Karen Taylor 2510 Jamboree Rd Raleigh NC 27613 
Pam Robbins 3613 Willow Bluff Dr Raleigh NC 27604 
Jess Perry 10 Enterprise St #H Raleigh NC 27607 
June Linhart 4501 Rivershyre Way Raleigh NC 27616 
Judith Mojarrad 649 Penncross Drive.   Raleigh NC 27610 
Quando Gerst 2317 Shepherd Valley St Raleigh NC 27610 
Cindy Thacker 615 Spring Street Raleigh NC 27605 
Margaret Sederoff 4206 Reavis Road Raleigh NC 27606 
Cindy Levey 8012 Clear Brook Dr Raleigh NC 27615 
Jeff Kulp 9125 Sulkirk Drive Raleigh NC 27617 
Wanda Miyata 1408 Ivy Lane Raleigh NC 27609 



John Ward 
4701 Shannonhouse Drive 
Apt. 103 Raleigh NC 27612 

Kathryn Pritchett 6513 Thetford Ct Raleigh NC 27615 
Sarah Anthony 5413 Fieldstone Dr Raleigh NC 27609 
Joshua Garcia 3356 Sugar House St Raleigh NC 27614 
Valory Bennett Erinsbrook Sr Raleigh NC 27617 
Ann Wyche Jones 3208 Long Bow Drive Raleigh NC 27604 
Darlene Hamilton 1605 Beacon Valley Dr Raleigh NC 27604 
Elena Carleo 7617 Mine Valley Rd Raleigh NC 27615 
Michael Stokes 1121 Plateau Lane Raleigh NC 27615 
Susan Wade 4317 Woodlawn Dr. Raleigh NC 27616 
Deborah Melvin 7321 Massachusetts Ct  Raleigh NC 27615 
Robyn Barnes 1211k Trillium Circle Raleigh NC 27606 
Edward Kensicki 3728 Congeniality Way Raleigh NC 27613 
Richa Diwan 9354 Wooden Road Raleigh NC 27617 
Samir Naik 9105 Club Hill Drive Raleigh NC 27617 
Don Edmondson 3202 Birnamwood Road Raleigh NC 27607 
Timothy Mchale 3609 Norway Ct Raleigh NC 27616 
Joann Ockerlander 9939 Treymore Dr. Raleigh NC 27617 
Megan Veneris 9021 Sweetbrook Lb Raleigh NC 27615 
Robert Galbraith 1009 Wade Avenue  Apt 333 Raleigh NC 27605 
Renate Carreras 509 Glenwood Ave Apt 308 Raleigh NC 27603 
Susan Goga 2016 Quail Ridge Rd Raleigh NC 27609 
Kristen Shull --- Raleigh NC 27616 
Ja Groce Shady Froest Rd Randleman NC 27317 
Jo Henderson --- Randleman NC 27317 
Jill Green 770 Monroeton Rd  Reidsville NC 27320 
Phyliss Craddock 1502 Sherwood Dr Apt 20 Reidsville NC 27320 
Kate Campau 440 Burton Rd Reidsville NC 27320 
Christopher. Marcille 4122 NC Hwy 65 Reidsville NC 27320 
Claudia Kennon 142 Smokey Lane Reidsville NC 27320 
Jimmy Phillips P.O. Box 160   Rhodhiss NC 28667 
Hazel Poolos 42717 Caudle Rd Richfield NC 28137 
Steve Padgett 196 Barbee Rd. Richlands NC 28574 
Gloria Aman P.O. Box 1595 Richlands NC 28574 
Teresa Guinn 754 Nine Mile Road Richlands NC 28574 
Rachael Mccaulley ---- Richlands NC 28574 
Shirley Bayless 1102 Rollins Ave Richmond NC 28345 
Nancy Seevers 211 Dunshill Rd. Roanoke Rapids NC 27870 
Karen Surratt 223 Overlook Drive Roanoke Rapids NC 27870 
James Black 124 Wright Lane Rockingham NC 28379 
John Roche 3501 Merrifield Rd Rocky Mount NC 27804 
Marie Michl 108 Whispering Pines Drive Rocky Mount NC 27804 



Rocky Mount, Nc 
Debi Daugherty P. O. Box 250 Rodanthe NC 27968 
Tom Warren Po Box 64 Rodanthe NC 27968 
Rosemary. Codding Po Box 113 Rodanthe NC 27968 
Martin Ezell 219 Rose Street Rose Hill NC 28458 
Kirk Pappan 6015 Laws Farm Road Rougemont NC 27572 
Chris Best Rougemont, Nc Rougemont NC 27572 
Michael Savino 345 Potluck Farm Rd Rougemont NC 27572 
Armstrong Pillow 229   Potluck Farm Road Rougemont NC 27572 
Rosemarie Sawdon 100 Elderberry Lane Rougemont NC 27572 
Cynthia Williams --- Roxboro NC 27573 
Joe Burnham 9375 Helsabeck Rd Rural Hall NC 27045 
Terri Hunnicutt 4160 US 64/74 A Hwy Rutherfordton NC 28139 
Susan Loscalzo 990 Piney Knob Rd. Rutherfordton NC 28139 
Valerie Mcdonnell 202 Navaho Trail Rutherfordton NC 28139 
Cindy Shoaf 225 Playground Ln Salisbury NC 28146 
Robert Voelker --- Salisbury NC 28146 
Stephen Pocklington 1626 North Main Street Salisbury NC 28144 
Morgan Huffman 1106 S Fulton St Salisbury NC 28144 
Nancy Rominger 140 S. Oakhurst Dr. Salisbury NC 28147 
JacquelinE. Gambino 424 E. Bank Street Salisbury NC 28144 
Betty Beaver 548 White Oaks Dr., Apt 124 Salisbury NC 28147 
David Hagy 100 West Innes Street, #5C Salisbury NC 28144 
Arthur Firth 1011 Emerald Bay Drive Salisbury NC 28146 
Lashonna Geter 460 York Road Salisbury NC 28147 
Sandra Montgomery 822 Lincolnton Rd Salisbury NC 28144 
Dwayne Dvoracek 110 Grayson Dr Salisbury NC 28147 
Kathryn Shearer 268 Ridge Dr Saluda NC 28773 
Elza Behrens 2286 Fork Creek Road Saluda NC 28773 
Es Warwick 182 Wakti Saluda NC 28773 
Deb Bair 525 Lydia Perry Sanford NC 27330 
Russ And 
Lorraine Ciccotti 649 Chelsea Drive Sanford NC 27332 
Shelton Bass 2930 Colon Rd Sanford NC 27330 
Malissa Anderson-Cooper 2024 Cedar Lake Rd  Sanford NC 27330 
Anne Mathis Lee Ave Sanford NC 27330 
Rebecca Egbert 1118 Winterlocken Drive Sanford NC 27330 
Kathy Marshall 171 Leather Road Seagrove NC 27341 
Sally Cooper 360 Greenway Semora NC 27343 
Robert Sanders 123 Here Shannon NC 28386 
Rebekah Lehman 1595 Haire Rd Shannon NC 28386 
Jim Warren 467 N. Sandy Hook Rd. Shawboro NC 27973 
Andrew Leon 501 Beaumonde Ave Shelby NC 28150 



Donna Ciccone 7915 Ridgeview Drive Sherrills Ford NC 28673 
Susan Farrell PO Box 520  Skyland NC 28776 
Tricia Oakley 101 Greenwood Circle Smithfield NC 27577 
Charles Finley 4957 Greenhill Drive Snow Camp NC 27349 
Karin Yates 1574 Major Hill Rd Snow Camp NC 27349 
Julie St. John 8518 Lindley Mill Rd. Snow Camp NC 27349 
KJ Laurro E Greensboro Chapel Hill Rd Snow Camp NC 27349 
Jason Harpster ---- Southern Pines NC 28387 
Joan & John Garber 197 Hunter Trail Southern Pines NC 28387 
Charles Lane 105 Longleaf Rd. Southern Pines NC 28387 
Marybeth Tepper 5102 Prices Creek Drive Southport NC 28461 
Lynn Holmstrand 2837 Inverness Circle Southport NC 28461 
Jane Oakley 211 W.Bald Head Wynd Southport NC 28461 
Doug Oakley 211 W. Bald Head Wynd Southport NC 28461 
Peter Macqueen 4423 Willow Moss Southport NC 28461 
Michelle Keenan 4435 Midshipman Ct Southport NC 28461 
Joaquin Vogel Pobox 1956 Sparta NC 28675 
James Keighton 909 Bullhead Road Sparta NC 28675 
Karen Metcalf Bechtler Dr Spindale NC 28160 
Robert Cooper 130 Deerfeild Drive Spring Lake NC 28390 
Daniel Konzelman 34 Tappan Street Spruce Pine NC 28777 
Tammy Hopman 120 Martin Ridge Rd State Road NC 28676 
Gail Cobb --- Statesville NC 28677 
Jeanie White 428 Coolidge Ave Statesville NC 28677 
Harriette Andrews 606 Whittington Place Statesville NC 28677 
Dianna Bowling 203 Ridgeway Ave Statesville NC 28677 
Crystal Heye ---- Statesville NC 26877 
Debra Degalis Blawell Circle Stedman NC 28391 
Elizabeth Harless P O Box 845 Stoneville NC 27048 
Janice Bruni 145 Dogwood Road Stoneville NC 27048 
Barbara Wilson 310 N. Henry St. Stoneville NC 27048 
Joan Poole 7532 Strader Summerfield NC 27358 
Douglas Meacham 7203 St. Crispins Way Summerfield NC 27358 
Brenda Hatch 111 NC Hwy 32 N Sunbury NC 27979 
Graham Hatch 111 NC Hwy 32 N Sunbury NC 27979 
Martin Hazeltine 7614 Dunbar Drive SW Sunset Beach NC 28468 
Bill Cloninger Sunset Beach Sunset Beach NC 28468 
Julia Martinelli 8918 Landing Drive, SW  Sunset Beach NC 28468 
Angela Calabrese ---- Supply NC 28462 
Laura Runge 2126Lands End Way SW Supply NC 28462 
Fiddle Witch --- Swannanoa NC 28778 
Janette Moser --- Swannanoa NC 28778 
Becky Fields 511 Deer Creek Dr Swansboro NC 28584 



Russell Fowler 520 Harvest Place Swansboro NC 28584 
Joanne Mcgrath 924 Chestnut Cove Rd Sylva NC 28779 
Ann Dunn 1186 Thornhill Dr #2 Sylva NC 28779 
Vickie Lepore 94 Hampton Street Sylva NC 28779 
Stephanie Deayala-Larragoiti 1186 Thornhill Dr Unit 6 Sylva NC 28779 
Joanne Mcgrath 924 Chestnut Cove Rd. Sylva NC 28779 
Mathew Wahrman 5725 Tarawa Blvd Tarawa Terrace NC 28543 
Mathew Wahrman 5725 Tarawa Blvd Tarawa Terrace NC 28543 
Nadine Duckworth 804 Deal Farm Lane Taylorsville NC 28681 
Ricky Dowdal 23 Emily Lane Taylorsville NC 28681 
Don Benfield 55 Galaxie Drive Taylorsville NC 28681 
Jenny Weaver 309 Fairview Rd Thomasville NC 27360 
Jordan Strobel 1046 Ball Park Road Thomasville NC 27360 
Brenda Tilson 99 Larkspur Ln Thomasville NC 27360 
Gilda Nifong 2119 Cunningham Rd. Thomasville NC 27360 
Susan Barry 4281 Kennedy Road Thomasville NC 27360 
Stephanie Day 16 Dink Ashley Road Timberlake NC 27583 
B. Mcdonald Briggs Rd Tobaccoville NC 27050 
Michael Vacanti 7548 Greenmeadow Drive Tobaccoville NC 27050 
Rose Shulman 346 Piney Grove Church Rd Traphill NC 28685 
James Hall 250 Plantation Rd Trenton NC 28585 
Renee Hayes 6903 Fairview Church Road Trinity NC 27370 
Avril Lomas 403 Pinefield Drive Tryon NC 28782 
Margaret William 190 Hawks' Haunt Ln Tryon NC 28782 
Donald Kruel 139 Hillsdale Rd Union Grove NC 28689 
Betsy Greenwood 105 Old Morganton Rd Union Mills NC 28167 
Ben Conley 309 Garrou Ave Valdese NC 28690 
Jeff Rosenberg 335 Tucker Trail Vilas NC 28692 
P. Wright 2596 Mountain Dale Rd Vilas NC 28692 
Linda Barnes 6713 Wade Stedman Road Wade NC 28395 
Carol Deolloqui 607 Webster St Wake NC 27511 
Patricia Burgert 516 Walters Dr Wake Forest NC 27587 
Lawrence Monroe 3113 Billiard Ct Wake Forest NC 27587 
Sarah Dacres 5340 Mill Dam Road Wake Forest NC 27587 
R. Primm 8689 BRB Wake Forest NC 27587 
George Ferris 921 Alba Rose Lane Wake Forest NC 27587 
Joan Thomas 7200 Shepstone Place   Wake Forest NC 27587 
Maureen Mcnelis 2120 Rainy Lake St   Wake Forest NC 27587 
Hallie Barnes 6301 Jones Farm Rd. Wake Forest NC 27587 
David Teague PO Box 951 Walkertown NC 27051 
John Rawlings --- Walstonburg NC 27888 
William Bass 63 John Lewis Road  Walstonburg NC 27888 
Gene Fox PO Box 567 Wanchese NC 27981 



Linda Cullen 443 S Main St Warrenton NC 27589 
Becky Leach 280 Summer Haven Lane Washington NC 27889 
Lois Hoot 405 Alderson Washington NC 27889 
Thomas Spencer 615 East 2nd St.  Washington NC 27889 
William Rianhard 322 Isabella Ave. Washington NC 27889 
Brian & Patti Smith 600 S Jackson Ave. Waxhaw NC 28173 
Patti Tomasello 600 S. Jackson Ave. Waxhaw NC 28173 
Terry Kirby Glencoul House Waxhaw NC 28173 
Elaine Heathcoat 367 Twin Brook Dr Waynesville NC 28785 
Betsy Farmer 367 Twin Brook Dr Waynesville NC 28785 
Carole Larivee 126 Liberty Church Road Waynesville NC 28785 
Victoria O'Connor --- Waynesville NC 28785 
Betty Santos 41 Grapeleaf Dr Waynesville NC 28786 
Evelyn Coltman 90 Evergreen Circle  Waynesville NC 28786 
David Henderson 15 Balsam Dr Waynesville NC 28786 
Kaaren Stoner 2225 Coleman Mtn Rd Waynesville NC 28785 
Starr Hogan 77 Johnson Hill Dr Waynesville NC 28786 
Donna Surles 1777 Asheville Highway  Waynesville NC 28786 
Deborah Gates 6 Elysinia Avenue Waynesville NC 28786 
S. Weiss 58 Birch Springs Road Waynesville NC 28786 
Cathy Nieman 312 Ivy Hill Road Weaverville NC 28787 
Elly Richards 20 Pickens Lane Weaverville NC 28787 
John Dennis 160 Mundy Cove Rd Weaverville NC 28787 
Jordan And 
Elizabeth Holtam 21 Mooney Lane Weaverville NC 28787 
Hart Squire 34 Locust Cove Road Weaverville NC 28787 
Steven Williams 16 Ivy Crest Lane Weaverville NC 28787 

Herman Lankford 
175 Britten Cove Rd, 
Weaverville, NC Weaverville NC 28787 

Coral Lisa Woods 160 Mundy Cove Road Weaverville NC 28787 
Thomas Doyle --- Weaverville NC 28787 
James Bengel 20 Canterbury Ct Wendell NC 27591 
Chas Griffin 1275 Seven Lakes N. West End NC 27376 
Patricia Griffin 1275 Seven Lakes N. West End NC 27376 
Jeri Allison 141 Ed Taylor Rd West Jefferson NC 28694 
L. Holdsclaw --- Westfield NC 27053 
Jan Grafton 1824 Andrew Farms Rd Whitsett NC 27377 
Betty Bowling ---- Whitsett NC 27377 
Meade Lucy 6317 Double Eagle Dr Whitsett NC 27377 
John Lonergan --- Whitsett NC 27377 
Ashley Meyer 6304 Double Eagle Drive Whitsett NC 27377 
Ann Hubbard 6320 Double Eagle Drive Whitsett NC 27377 
Sharon Mora P.O. Box 97  Whittier NC 28789 



L.D. Kranz P.O. Box 13 Whittier NC 28789 
Daniel Sims 126 Basswood Ter Wilkesboro NC 28697 
Patricia English 313 Deer Creek Lane Wilkesboro NC 28697 
Patricia Likely 2420 Mccaskey Road Williamston NC 27892 
Kathryn Sugg 9291 NC Hwy 171 Williamston NC 27892 
Chloe Tuttle 1607 Big Mill Road Williamston NC 27892 

Melissa Corey 
1863 Reddicks Grove Church 
Road Williamston NC 27892 

Cheryl Mercer 212 Gatlin St Williamston NC 27892 
S. Koch Cloverleaf Run Williamston NC 27892 

Deborah Mcguinn 
1304 White Memorial Church 
Rd Willow Spring NC 27592 

Gayle Witt 7508 Player Way Wilmington NC 28412 
Stan Bozarth 1310 Legacy Lane Wilmington NC 28411 
Janet Rodrick 8718 Mollys Court Wilmington NC 28411 
Fred Bjorkland Louisa Lane Wilmington NC 28403 
Marta Saubidet 8 Avenue Du Chí¢Teau Wilmington NC 28410 
Jason Rhodes 305 Cavalier Dr Wilmington NC 28403 
Nancy Geimer 1806 Chestnut Street Wilmington NC 28405 
Judith Speidel 5003 Coronado Drive Wilmington NC 28409 
Celia Jones 5614 Locke Street Wilmington NC 28403 
Susan Jordan 1112 Sheffield Court Wilmington NC 28411 
Tracy King 3621 Saint Johns Ct. Unit A Wilmington NC 28403 
John Wood 1415 Barouche Ct Wilmington NC 28412 
Larry Bradfield 4116 Breezewood Drive Wilmington NC 28412 
Russell James 1845 Ramon Rd Wilmington NC 28405 
Curtis Schachet 515 John Barry Dr Wilmington NC 28412 
Nancy Shera 9017 St. Stephens Pl Wilmington NC 28412 
Donna Macheska --- Wilmington NC 28405 
David James 124 Edgewater Lane Wilmington NC 28403 
Cindy Moore 2113 Holly Drive Wilmington NC 28401 
Catherine Cloud 210 Dallas Dr Wilmington NC 28405 
Patricia Van Kirk 1418 Brookside Gardes Dr Wilmington NC 28411 
Aron Lanie 149 Northern Blvd Wilmington NC 28401 
Donna Benoist 6432 Green Arbor Ln Wilmington NC 28409 
Beejay Grob 4120 Cedar Avenue Wilmington NC 28403 
Al Meadowcroft 518 Plymouth Dr. Wilmington NC 28405 
Tye Block 232 N. Wallace Ave. Wilmington NC 28403 
Laura Glover Foxwood Lane Wilmington NC 28409 
Amanda Smith 610 S Second St Wilmington NC 28401 
Pamela Binzen Wilmington NC Wilmington NC 28403 
Laura Bivins 2101 Boatswain Place Wilmington NC 28405 
Peggy Fry 115 Pine Cone Road Wilmington NC 28409 



Nancy Baldridhe 305 Kingston Wilmington NC 28409 
Connie Stewart Stratford Bvd Wilmington NC 28403 
William Watson 701 Spring Branch Road Wilmington NC 28405 
Lawrence Cape 638 Sea Castle Ct. Wilmington NC 28412 
Paula Quate 6140 Carolina Beach Rd Wilmington NC 28412 
Lorrie Headrick 305 Birds Nest Ct Wilmington NC 28405 
Phyllis Charnoff 4034 Appleton Way Wilmington NC 28412 
Ron Swain 213 Broad St Apt 407 Wilson NC 27893 
Mary-Jo Paull 9180 Ellis St SE Winnabow NC 28479 
Barbara Smeltzer 1012 Ringlet Ct Winnabow NC 28479 
Lise Bjerkedok 312 Island Cove Ct. Winnabow NC 28479 
Robert Baron 312 Island Cove Ct Winnabow NC 28479 
Zachary Oneal 1279 Cloister Dr Winston Salem NC 27127 
Jeff Hight Winston-Salem Winston Salem NC 27106 
Sandra Bitting 334 Foxcroft Dr   Winston Salem NC 27103 
Carolyn Smalley 455 S. Main St. Apt.304 Winston Salem NC 27101 
Keith Sugg 505 Stonegate Lane,   Winston Salem NC 27104 
Kipp Hollingsworth 256 Brooks Landing Dr Winston Salem NC 27106 
Ken Mcleod 951 Meadowlark Dr Winston Salem NC 27106 
Marquis Williams 624 E. Sprague St. Winston Salem NC 27107 
Susan Miller 209 Gloria Ave,   Winston Salem NC 27127 
Wilkie Wilkie 1981 Old Salisbury Road Winston Salem NC 27127 
William Sizemore 4683 Greendale Way Winston Salem NC 27103 
Jake Anderson --- Winston Salem NC 27106 
Elizabeth Verseman 1836 N Winds Dr Winston Salem NC 27127 
Don Bergey 144 Greenvalley Rd Winston Salem NC 27106 
Richard Borucki 160 Alpine Court Winston Salem NC 27104 
GeorgianN. Kiricoples 2884 Farmbrook Rd. Winston Salem NC 27103 
Hannah Chandler 125 Harwick Place Ct. Winston Salem NC 27103 
Gerry Hoots 3627 Dewsbury Road Winston Salem NC 27104 
Jlarae Phelps --- Winston Salem NC 27127 
Hazel Watson 3136 Anderson Dr. Winston Salem NC 27127 
Maggie Gillet 410 Park Ridge Lane Apt Y Winston Salem NC 27104 
Thomas Deese 3923 Leinbach Dr. Winston Salem NC 27106 
Edward Robson 643 Holly Avenue, Apt 5 Winston Salem NC 27101 
Thomas Dillon 119 Gloria Avenue Winston Salem NC 27127 
Noel Parenti 4210 Sunnydell Drive Winston Salem NC 27106 
Jim Steele 858 Old Hollow Road Winston Salem NC 27105 
Richard Fullerton 2315 Frederick Drive Winston Salem NC 27103 
Kevin Lawrence 4132 Snyder Dr Winston Salem NC 27127 
Danny Johnson 7910 North Point Blvd Winston Salem NC 27106 
Frances Huffman 2400 Hoyt Street  Winston Salem NC 27103 
John Chandler 2620 Greenbrier Rd. Winston Salem NC 27104 



Cindy Castevens 648 Irving St. Winston Salem NC 27103 
David Fouche 155 Euclid Street Winston Salem NC 27106 
Michael Carter 1846 Elizabeth Avenue Winston Salem NC 27103 
Janet Brown 127S.Gordon Dr Winston Salem NC 27107 
Marian Stroup 100 Stagecoach Road Winston Salem NC 27105 
Paul Williams 933 Hawk Ridge Cr Winston Salem NC 27103 
Mary Hontz 3520  Beacon Hill Drive, #. D Winston Salem NC 27106 
Ruby Coughenour 2460 Greenwich Rd Winston Salem NC 27104 
Maureen Lutz 222 North Gordon Drive Winston Salem NC 27104 
Craig Collins 3247 Anderson Drive Winston Salem NC 27127 
Allison Murray-Nikkel 2009 Northcliffe Dr Winston Salem NC 27106 
Deb Rickenbach 6063-101 Claudias Lane Winston Salem NC 27103 
Bev Winsted 1601 Briar Lake Rd Winston-Salem NC 27103 
Ryan Danell 1313 Addison Ct Winterville NC 28590 
Amy Barnett 1168 Branch Rd Winterville NC 28590 
Herbert Sexton 2404 Lillington Ct Winterville NC 28590 
Travis Fletcher 4105 D Dudleys Grant Dr Winterville NC 28590 
Robert Bennett 506 Persimmon Place  Winterville NC 28590 
Amy Hartzog 429 East Hemlock Ave. Yadkinville NC 27055 
Joel Wooten Po Box 851 Yadkinville NC 27055 
Alissa Ray 77 1/2 Brevard Road Yancey NC 28806 
Gale Rullmann 435 Eagle Stone Ridge Youngsville NC 27596 
S. Mcgrigor 116 Sue Kim Dr Youngsville NC 27596 
Eadie Rowell 80 Clinton Carlyle Rd Zebulon NC 27597 
Joanne Mcafee North Manor Dr Zebulon NC 27597 
Patricia Perry 1029 Lewis Farm Road Zebulon NC 27597 
Tish Wilson 1020 Kirby Branch Road Zionville NC 28698 
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Jamie Pang

From: Harvey, Sharneka [sharneka_harvey@fws.gov]
Sent: Friday, October 30, 2015 2:24 PM
To: Jamie Pang
Subject: Re: FOIA/Privacy Act Redaction confirmation

Follow Up Flag: Follow up
Flag Status: Flagged

Good Afternoon Ms. Pang, 
 
Thanks for following up with me concerning our recent conversation. Please accept this e-mail in 
acknowledgement of your request that our agency redact all names and contact information for all landowners 
within the red wolf recovery area. 
  
This information is exempt from disclosure pursuant to Exemeption 6 of the FOIA. 
  
Thanks 
On Fri, Oct 30, 2015 at 1:53 PM, Jamie Pang <jpang@biologicaldiversity.org> wrote: 

Hi Sharneka— 

 
Thank you for speaking with me today.  Per our conversation, I am summarizing what we discussed regarding 
the information that the Center wants to submit to FWS and the FWS regional and field offices.  We have a 
letter signed by some local landowners within the red wolf recovery area and you have confirmed that the FWS 
FOIA officers will redact the names and addresses of the individuals who have submitted their information if 
this information is ever FOIA-ed by other parties, pursuant to the b(6) exemption, 5 U.S.C. § 552(b)(6), and the 
Privacy Act, 5 U.S.C. § 552a.   

  

5 U.S.C. § 552(b)(6) exempts from disclosure "personnel and medical and similar files the disclosure of which 
would constitute a clearly unwarranted invasion of personal privacy” and The Privacy Act prohibits the 
disclosure of a record about an individual from a system of records absent the written consent of the individual, 
unless the disclosure is pursuant to one of the exemptions.  In this instance, there is a legitimate concern of 
harassment of local landowners within the recovery area or local supporters by parties hostile to the red wolf 
program and none of the exemptions under the Privacy act apply.  I appreciate you confirming the redaction(s) 
verbally.  Please reply with your written confirmation when you get the chance. 

  

Best, 

  

Jamie Pang  

Endangered Species Campaigner 
Center for Biological Diversity 
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1411 K Street NW, Suite 1300 
Washington D.C. 20005 

Office: 202-347-3737 
Cell: 858-699-4153 

  

 
 
 
--  
Thanks, 
Sharneka Harvey 
Management Analyst/Regional FOIA Coordinator 
U.S. Fish and Wildlife Services 
Southeast Region, Region 4 
1875 Century Blvd. Suite 340 
Atlanta, GA 30345 
404-679-4018 (Office) 404-679-7309 (Fax) 
sharneka_harvey@fws.gov 



From: Justus Reid
To: dan_ashe@fws.gov
Subject: death knell for Red Wolves
Date: Thursday, February 18, 2016 1:17:19 PM

Dear Director Ashe: 
 
As a homeowner in Western North Carolina, many of my friends were disheartened to see
you have taken steps to ensure the Red Wolf will be extinct in the North Carolina when you
and your people decided to allow coyote night hunting.  While we would like to assume you
must to have taken leave of your senses to give fws’s blessing to such a foolish move,
surely there must have been some overwhelming reason to sign the Red Wolf’s death
sentence; if so what is it?
 
Justus W. Reid, Esq.
 

222 Lakeview Avenue, Suite 1160 | West Palm Beach, FL 33401
P. 561.659.7700 | F. 561.659.6377
www.reidburmanlaw.com    jwr@reidburmanlaw.com
 
CONFIDENTIALITY NOTICE: This electronic mail transmission is intended for the use of the individual or entity to which it is
addressed and may contain confidential and privileged material.  If you are not the intended recipient, you are hereby notified
that any unauthorized review, disclosure, copying, distribution, or the taking of any action in reliance on the contents of this
information is strictly prohibited.  If you have received this transmission in error, please notify the sender immediately by
reply e-mail and destroy all copies of the original message.  Thank you for your cooperation.

 



From: Greg Hamby
To: pete_benjamin@fws.gov; mstosko@ncsu.edu; dan_ashe@fws.gov
Cc: gordon.myers@ncwildlife.org; david.cobb@ncwildlife.org; jettferebee@aol.com
Subject: Fwd: Red Wolf Board
Date: Friday, February 19, 2016 8:23:21 AM

Greetings to all,  I had the occasion to travel US 264 from Mann's Harbor NC  to Greenville 
Nc and then back to The Outer Banks on US 64 on Feb 16th.  As I read of all the controversy 
over the Red Wolf and those who think this animal is going to do harm i have to question why 
anyone would think that there is not a place for The Red Wolf in far eastern NC. The 
essentially unpopulated and mostly innacesible area of from Mann’s Harbor to Engelhard 
compromises over 500 square miles.  All of this on the East side of the ICW. This area alone 
could accommodate a stable population of Red Wolves.  The other mostly low lying  lands of 
eastern Tyrell and Southern Hyde Counties are also much the same.   
I would submit that there is ample room for The Red Wolf to roam in these areas. There is no 
way man can access much of this land due to its heavy vegetation and low lying 
characteristics.
 In the beginning of the Recovery Program these lands were identified as being ideal. The real 
uproar over this by a few was in response to a hunting restriction on Coyotes.  That restriction 
has been lifted and responsible hunting of coyotes is  now allowed. The rule is the same as for 
deer.   One has to get a permit and no spotlighting. This is a longstanding hunting regulation of 
NCWRC.  The hysteria over coyotes is just that, hysteria.  
The Wolves will carve out their territory and keep the Coyotes in check. Coyotes do no harm 
as their diet consists of mostly rodents, a beneficial trait.  The Wolves take mostly small game 
and a few old, young and weak deer which are overpopulated.   Man will still have ample 
hunting opportunities even with the Wolf being present. 
Much of the land in the recovery area is impenetrable to man.  The wolves are wary of man 
and will stick to heavy cover.
The ESA demands that The Red Wolf Recovery continues and I will advocate for it.
Regards,  Greg  Hamby

Begin forwarded message:

From: Greg Hamby <cypressmooninn@mindspring.com>
Subject: Fwd: Red Wolf Board
Date: October 30, 2015 at 6:32:21 PM EDT
To: pete_benjamin@fws.gov

Begin forwarded message:

From: Greg Hamby <cypressmooninn@mindspring.com>
Subject: Red Wolf Board
Date: October 30, 2015 at 6:30:38 PM EDT
To: pete_benjamin@fws.gov

Greetings Pete,  I am Greg Hamby a lodging business owner in Kitty 



Hawk NC and an advocate for wildlife here which includes The Red 
Wolf.  As you know Dare County is where the Red wolf Recovery 
began in NC.
As I read the names on the list I will say that I am puzzled that no one 
from Dare County is on that board as far as I can tell.  Please correct 
me if I am wrong. 
We here are in the visitor business and our wild lands and their 
wildlife are a draw for visitors. 
in a recent visitor profile survey done by The Outer Banks Visitor 
Bureau, a part of Dare County Government, it has been found that 
over 25% of respondents  visit The Outer Banks for Nature and 
Wildlife and49% visit for open and natural lands. the nature 
enthusiasts aka Eco Tourists visit predominantly in the non summer 
months.  This is a bonus and we need more “off” season visitors.  
Perhaps you would also look at the turnout for the recent Wings Over 
Water Festival. we hosted guests who attended.
You can contact Amy Wood at www.outerbanks.org to get a copy of 
the 2014-2015  Outer Banks visitor profile survey. 
 
These visitors {whose numbers are above 250K in the Summer 
months} are what drives our economy  and the many facets of it.  
Those being, Homebuilding,maintenance management,restaurants, 
retail, activity operators, and Commercial fishing These visitors pay 
12.75% tax on lodging. This is broken down to 8% to Dare County 
{6% of which is occupancy tax} and 4.75% to the state. Dare and 
Currituck counties are the revenue engine of NE NC.  Poorer counties 
with low revenue like Tyrell and Hyde benefit from tax dollars 
brought in on The Outer Banks.  
If there is not,there should be representation on the Red Wolf Board 
from Dare County.  This would bring balance.
As i have read you have a landowner on the board who is very critical  
of The Recovery due only to his and a few others desire to shoot 
coyotes with no restrictions from NCWRC.   There is much  more at 
stake here than that. The presence of the Red Wolf and all wildlife in 
Dare county is a visitor draw that  makes a difference in the economy 
of the area. 
The Red Wolf in a unique attraction that only exists in the wild here 
and therefore in just economic terms is valuable.  
Of course I also believe that this Native Species has a right to exist in 
the wild.  Man owes the highly persecuted Red Wolf a debt.
Regards,  Greg Hamby   www.cypressmooninn.com



From: Susan Kirkman
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery Program
Date: Wednesday, February 24, 2016 5:40:17 PM

Dear Director Ashe,

Every time one endangered species disappears, we are endangering all species.  All species includes humans - a fact
we humans often ignore. Protecting the red wolf helps to protect all life.

Only an estimated 100 wild red wolves remaining in the wild today, recovery efforts must not only be maintained,
but also expanded in order to bring this species back.

This species was nearly exterminated in the 20th century through hunting, trapping, and habitat loss. It is incumbent
upon the USFWS to continue to work towards righting this wrong by continuing recovery efforts.

In order to facilitate this, the U.S. Fish and Wildlife Service must continue to fully fund the Red Wolf Recovery
Program.

I'm urging you to stand strong and not abandon the recovery efforts that are vital to the existence of this species.

Sincerely,

Susan Kirkman
2522 Westmoreland Dr.
your city, NC 27408



From: Solcha Journey
To: dan_ashe@fws.gov
Subject: Red wolves
Date: Wednesday, March 2, 2016 7:19:00 PM

I read thsi story and am horrified that this wolf is made to suffer needlessly as this man
demands a permit to kill him.  http://www.examiner.com/article/critically-endangered-red-
wolf-trapped-by-landowner-demanding-lethal-take-permit?CID=examiner_alerts_article

Is it true, are you afraid of these people who are doing this? Aren't the red wolf protected?  If
so,  shouldn't you be protecting this wofl?
Please stand against this crime,  and protect the red wolf who is trapped.  And please rescue
that wolf
marni

-- 

 
 
 
 
 
 
 
 
 



From: Richard Foster
To: dan_ashe@fws.gov
Subject: Red Wolves instead of coyotes
Date: Thursday, March 3, 2016 10:34:44 AM

Dear Fish and Wildlife Service and Department of Interior,

Please support restoration of red wolves in North Carolina and to other portions of their historic range in the
Southeast. Please reopen management operations and to stabilize the red wolf recovery efforts.

Let's face it, coyotes are already moving into the empty niche. We're gonna have one or the other.

The red wolf is a part of our natural heritage and it is the USFWS responsibility and duty to see this species
recovered to a sustainable level. Suspending the program will only serve to further strain an already underfunded
and challenging recovery effort.

To walk away from the red wolf at this time will accelerate the species decline and force the world's most
endangered canine closer to the brink of extinction.

Thank you,

Richard Foster
4603 14th Avenue
Chattanooga, TN 37407



From: Greg Hamby
To: dan_ashe@fws.gov
Cc: gordon.myers@ncwildlife.org
Subject: Wildlife groups push for survival of red wolf recovery program | Environment | pilotonline.com
Date: Wednesday, March 9, 2016 3:03:06 PM

Greetings,  I know you all have seen this. However I wish to refresh your memories. Those of 
us who count ourselves as friends of Wildlife will continue to fight for The Red Wolf and all  
Wildlife, especially Endangered Species.
Regards,  Greg Hamby,  Kitty Hawk NC   www.cypressmooninn.com

http://pilotonline.com/news/wildlife-groups-gather-local-petition-supporting-red-
wolf-recovery/article_12a00f86-3340-53d5-a922-72a875dac109.html



From: Greg Hamby
To: pete_benjamin@fws.gov
Cc: dan_ashe@fws.gov
Subject: Red Wolf Committee
Date: Tuesday, March 22, 2016 1:39:09 PM

Greetings Pete, I hope this finds you and yours well.  I have just been informed that a member 
of the committee/board has recently trapped a  Red Wolf on his property and actually asked 
permission to kill it. 
I thankfully read that the FWS did not allow him to do so.  That incident has caused Defenders 
of Wildlife to pull out of the Commission.
I would still pose this question.  Why is there not a person, preferably with a scientific wildlife 
background, from Dare County on that committee?  
The largest piece of Federal land in the recovery area is in Dare County [almost 400 sq miles} 
and Dare attracts many visitors each year who visit those lands for wildlife viewing.  Those 
lands are unsuitable for agriculture and are almost impenetrable making the area perfect for 
The Red Wolf.  One must wonder why there is no uproar over the bear population?
As the person who trapped the wolf is a vehement opponent of the Red Wolf yet owns just a 
small fraction of land in the  Western part of the recovery area  there needs to be some local 
balance.  The local members of the board are both opponents along with opponents within 
NCWRC.  
I find this situation disturbing that FWS seems to be having difficulty following through with 
The Red Wolf Recovery because of   few  selfish people who want wildlife tailored to their 
wants.

Regards,  Greg Hamby  Kitty Hawk NC

Begin forwarded message:

From: Greg Hamby <cypressmooninn@mindspring.com>
Subject: Tourism impacts on Dare County | Carolina Demography
Date: November 4, 2015 at 11:08:11 AM EST
To: pete_benjamin@fws.gov
Cc: mstosko@ncsu.edu

 Hello Pete,  Here is one more piece of info on the Dare economy. 
thanks,  Greg

http://demography.cpc.unc.edu/2015/07/14/tourism-impacts-on-dare-
county/



From: Greg Hamby
To: dan_ashe@fws.gov
Subject: Undermining the red wolf’s recovery in North Carolina | News & Observer
Date: Tuesday, March 22, 2016 3:00:03 PM

Greetings Director Ashe,  I have just read this rather disappointing article about the Red Wolf 
Recovery.  i live in Dare County and own and operate a lodging establishment.  Wildlife here 
is a draw to visitors and the red wolf should be part of our wildlife. The Red Wolf is a native 
and should be at the least afforded a small vestige of its former range.  We have here what was 
considered the perfect place,  400+ sq miles of Federal land east of the ICW.  It is a shame that 
a few vocal critics whose only real interest is to shoot Coyotes could derail this program that 
so many more people support than oppose.
Regards,  Greg Hamby

http://www.newsobserver.com/opinion/op-ed/article66928197.html



From: Pat Dunlop
To: Dan Ashe (dan_ashe@fws.gov); Cynthia Dohner (cynthia_dohner@fws.gov); Sally Jewel (exsec@ios.doi.gov)
Cc: "Leopoldo Miranda (leopoldo_miranda@fws.gov)"; pete_benjamin@fws.gov
Subject: Supplemental 60-Day Notice of Intent to Sue USFWS Regarding Red Wolves
Date: Thursday, April 7, 2016 11:51:54 AM
Attachments: 2016-04-07 Supplemental Notice Letter.pdf

Attachment 1.pdf
Appendix 1.pdf
Appendix 2.pdf
Appendix 3.pdf
Appendix 4r.pdf
Appendix 5.pdf

Please find attached a supplemental 60-day notice of intent to sue the USFWS for violations of the
Endangered Species Act with regard to endangered red wolves in eastern North Carolina.  This letter
is sent on behalf of Red Wolf Coalition, Defenders of Wildlife and Animal Welfare Institute in
compliance with 16 U.S.C. 1540(g).  Additional appendices to the letter will be sent separately to
accommodate electronic transmission.  Please notify me immediately if you are missing any
documents.  You will also be receiving a copy of all documents via certified mail. 
 
SELC and our clients look forward to hearing from you about how we can advance red wolf
conservation and recovery,
 
 
Pat Dunlop on behalf of Sierra B. Weaver
Senior Attorney
Southern Environmental Law Center
601 W. Rosemary Street, Suite 220
Chapel Hill, NC  27516-2356
(919) 967-1450
sweaver@selcnc.org













 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 1 
 

60-Day Notice of Intent to Sue for Violations of the Endangered 
Species Act: Illegally Authorizing the Take of Red Wolves 

With Appendices 1-18 
(9/1/15) 





























 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 1 
 

Miranda to Ferebee Letter 
February 6, 2014 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 2 
 

FWS Press Release on 2015 Permit 
June 25, 2015 
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Press Release

U.S. Fish and Wildlife Service Authorizes a Private Landowner to Kill a Red Wolf

June 25, 2015

Contact(s):

Tom MacKenzie, 404-679-7291

tom_mackenzie@fws.gov

The U.S. Fish and Wildlife provided a landowner in the Red Wolf non-essential experimental 

population (NEP) area with authorization to take a red wolf using lethal means.  The landowner 

had previously received permission to capture wolves on his property.  The landowner secured 

the services of a trapper who captured two wolves last fall.  One wolf was returned to the Service 

and was subsequently released onto a nearby National Wildlife Refuge.  The other animal died in 

the trap. 

Wolves continued to be observed on the property and the Service declared efforts to trap the 

wolves “abandoned,” and then authorized the lethal take, which he used to to kill a wolf on his 

property, in full legal compliance with the Endangered Species Act. 

“This is not an ideal outcome, but it is authorized under the non-essential population designation 

of the red wolf, when these steps are followed,” said Pete Benjamin, Field Supervisor for the 

Raleigh Ecological Services Office, U.S. Fish and Wildlife Service.

Where landowners want wolves removed, but do not want federal biologists on their property, 

the Service requires that they first try to remove the animal by non-lethal means, such as trapping 

or harassing the animals off the property before considering other alternatives. 
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“That was the case here.  We were not allowed on the property, but the landowner did his due 

diligence in first attempting to capture the wolf using a trapper with our authorization,” said 

Benjamin. “We work with many landowners in the area and we respect their rights and their 

ability to manage their own property.” 

Designation as a NEP allows for reduced regulatory restrictions off of federal lands, which 

benefits private landowners, and increases management flexibility for the Service as it works to 

reintroduce a species into the wild.

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

For more information on our work and the people who make it happen, visit http://www.fws.gov/. 
Connect with our Facebook page, follow our tweets, watch our YouTube Channel and download 
photos from our Flickr page.

U.S. Fish and Wildlife Service Home Page | Department of the Interior  | USA.gov  | 

About the U.S. Fish and Wildlife Service  | Accessibility  | Privacy  | Notices  | Disclaimer  | FOIA
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Photo Credit: Wolf Haven International

The red wolf (Canis rufus) is one of the world's most endangered canids. Once common 
throughout the eastern and southcentral United States, red wolf populations were 
decimated by the early part of the 20th Century as a result of intensive predator control 
programs and the degradation and alteration of the species' habitat. The red wolf was 
designated an endangered species in 1967, and shortly thereafter the U.S. Fish and 
Wildlife Service initiated efforts to conserve the species. Today, more than 50 red wolves 
roam their native habitats in eastern North Carolina, and nearly 200 red wolves are 
maintained in captive breeding facilities throughout the United States.

Track Us: Friend Us: Follow Us: View Us: Watch Us:
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Wild by the Numbers
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FWS 5-Year Status Review 
September 28, 2007 

 












































































 










 







 







 

 

 

 

 

 

 

 



 








 



 



 





  

     





 























 























 

 





 



 









































  



 





 















 















 











































 






































 











 





 

































 



  



























 

 


















 

























































































 





 

 






 





  









































 





































 

 

















































































 













 



















 









































































 















































 



























 



















 

































  

  



   

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        



 





 

 

 

 



 





 

 

 

 







 





 

 

 

 









 

 









 

 





























































































 











































  

  

  







 



  

  

  

  

  









































 



















































  

  





































































 



  

  








  

  

  


































































 

































  



   

  

  



















































 































































































 





























  

  





























































 

  





























































































 





























































  
































 































































































 































































































 






























































































 
























  
















  



















































 





 















































  

  











































       



 



 



  

  















































  


























     

















        




















  







 

  




























































































 



























































 

  
































 



























































 





















































 


  



  





 



 





 

















 











 

 





 

























































 

















 













 



















































 





 







 







 

 











 







 

























 













 




 





 





















 





















 













 







 







 

  

  



 

  



 

  

















 









 

 







 























 







 

  

  















 








 







 





 









 

























 



 

























 

  













 





















 






































  



















































 

























































































 

































 

























































 





































 



 



















































 























































































 







 































































































 





























 

  













































 







 



 









































 





















































 































































































 

    































 

































































 









 









 









 







 











 

















 









 











 















 



















 































 






























































 

















































































 













































































 




































































 































































































 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix 5 
 

FWS Quarterly Red Wolf Report  
2nd Quarter Report 

January-March 2014 



Red Wolf 
 Recovery Program 

 
Wild red wolf, northeastern North Carolina 

Photo credit: Ryan Nordsven/USFWS 
 

 

2nd Quarter Report 
 

January  March 2014 
 
 

Coordinator: David R. Rabon Jr., PhD  
Assistant Coordinator: Becky Harrison, PhD  

Field Coordinator: Art Beyer 
Wildlife Biologists: Chris Lucash, Ford Mauney, Michael L. Morse 

Biological Technician: Ryan Nordsven  
Administrative Assistant: Vacant 

Intern(s) (Caretaker): Cameron Feaster 
 

 www.fws.gov/redwolf 
 

 trackthepack.blogspot.com 
 

 www.facebook.com/redwolfrecoveryprogram 
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The Red Wolf Recovery Program  
 
The red wolf (Canis rufus) is one of the most endangered canids in the world.  Once occurring throughout 
the eastern and south-central United States, red wolves were decimated by predator-control programs 
and the loss and alteration of habitats.  By the 1970s, these activities had reduced the red wolf population 
to a small area along the Gulf coast of Texas and Louisiana.  To protect the species from extinction, the 
U.S. Fish and Wildlife Service initiated efforts to locate and capture as many red wolves as possible for 
the purposes of establishing a program to breed the species in captivity and one day reintroduce the 
species into a portion of its former range.  More than 400 canids were captured in coastal areas of Texas 
and Louisiana, but only 17 were identified as pure red wolves.  Fourteen of these wolves would become 
the founding members of the captive-breeding program and the ancestors of all red wolves existing today.   
 
The first litter of red wolves born in captivity occurred in 1977.  Within a few years red wolves were 
successfully reproducing in captivity, allowing the U.S. Fish and Wildlife Service to consider reintroducing 
the species in the wild.  In 1987, four male-female pairs of red wolves were released in Alligator River 
National Wildlife Refuge (ARNWR) in northeastern North Carolina and designated as an experimental 
population.  Since then, the experimental population has grown and the recovery area expanded to 
include four national wildlife refuges, a Department of Defense bombing range, state-owned lands, and 
private lands, encompassing about 1.7 million acres.   
 
Adaptive Management 
 
The recovery and restoration of red wolves requires the careful management of eastern coyotes (C. 
latrans var.) and occasionally wolf-coyote hybrids in the red wolf recovery area.  The non-native coyotes 
spread across North Carolina to the red wolf recovery area in the early to mid-1990s.  It soon was 
recognized that interbreeding between red wolves and eastern coyotes would produce hybrid offspring 
resulting in coyote gene introgression into the wild red wolf population, and that this introgression would 
threaten the restoration of red wolves.  An adaptive management plan was developed to reduce 
interbreeding and introgression while simultaneously building the red wolf population.  The adaptive 
management plan effectively uses techniques to capture and sterilize hormonally intact coyotes via 
vasectomy or tubal ligation, then releases the sterile canid at its place of capture to act as a territorial 

with other coyotes, effectively limiting the growth of the coyote population, nor are they capable of 
interbreeding with wild red wolves, limiting hybridization events.  In addition, the sterile canid will exclude 
other coyotes from its territory.  Ultimately, the placeholder canids are replaced by the larger red wolves 
either naturally by displacing the coyote or via management actions (e.g., removal of the coyote followed 
by insertion of wild or translocated wolves).  Coyotes that are captured on private property are euthanized 

 
 
Currently, adaptive management efforts are making progress in reducing the threat of coyotes to the red 
wolf population in northeastern North Carolina.  Other threats, such as habitat fragmentation, disease, 
climate change, and anthropogenic mortality, also are of concern in the restoration of red wolves.  Efforts 
to reduce these threats are presently being explored.      
 
Program Objectives 
 
The current recovery plan (U.S. Fish and Wildlife Service, 1990) specifies the following objectives: 
 
1) Establish and maintain at least three red wolf populations via restoration projects within the historic 
range of the red wolf.  Each population should be numerically large enough to have the potential for 
allowing natural evolutionary processes to work within the species.  This must be paralleled by the 
cooperation and assistance of at least 30 captive-breeding facilities in the United States.  
2)  Preserve 80% to 90% of red wolf genetic diversity for 150 years. 
3)  Remove threats of extinction by achieving a wild population of approximately 220 wolves and a 
captive population of approximately 330 wolves.  
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4)  Maintain the red wolf into perpetuity through embryo banking and cryogenic preservation of sperm.  
 
Northeastern North Carolina Restored Population 
 
We estimate between 90 and 110 red wolves in the Red Wolf Recovery Area, but for the purposes of this 
report all population figures are comprised only of known canids (i.e., those that are regularly monitored 
through either a functioning radio-collar or surgically implanted abdominal radio transmitter). Additional 
wolves are likely present, but have not been captured/radio-collared or their continued presence 
otherwise confirmed.   
 
Beginning with the first quarter of the fiscal year 2012 (FY12) we have changed the way we report 
population and pack numbers.  This change more accurately represents the managed population of 
canids that are part of our efforts to restore red wolves.  The managed population includes wolf packs 
(i.e., packs consisting entirely of wolves) and mixed packs (i.e., packs of a wolf and sterile coyote pair).  A 
pack is defined as at least two known canids cooperatively inhabiting an established territory.    
 
Population and Territory Status 
 
A total of 69 known red wolves occupied the Red Wolf Recovery Area (i.e., 1.7 million acres in five 
counties in northeastern North Carolina) at the end of the second quarter of our fiscal year 2014 (FY 14). 
The population includes 9 wolf packs (comprised of 41 wolves and 7 breeding pairs), and 8 mixed packs 
(comprised of 8 wolves and 8 sterile coyotes). An additional 20 wolves are not known to be associated 
with a pack.  
 
A total of 69 sterile coyotes were monitored in the Red Wolf Recovery Area at the end of this quarter. 
 
Pairings 
 
Two breeding pairs of red wolves were lost during the quarter.  One of the losses occurred when the 

 
died of natural cause. 
 
There was no change in the number of mixed (wolf/sterile coyote) pairs during the quarter. 
 
Captures and Radio-Telemetry Marking 
 
18 red wolves were captured during the quarter, 12 of which were first-time captures. All first-time 
captures were fitted with radio-telemetry collars (VHF or GPS) or surgically implanted with abdominal 
radio transmitters, and released. Captured red wolves consisted of 7 males and 11 females; 4 adults (>2 
years), 3 juveniles (1-2 years), and 11 pups (<1 year of age).  
 
14 coyotes were captured and released during the quarter, all of which were first-time captures. All 
captured coyotes were sterilized before being radio-collared and released, and consisted of 7 males and 
7 females. 
 
Dispersals 
 
No known wolves dispersed from their natal territories during the quarter. 
 
Displacements 
 
No known displacements occurred during the quarter. 
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Mortalities 
 
Four adult wolves (3 males, 1 female) from the Red Wolf Recovery Area are known to have died during 
the quarter.  One of the deaths was from natural cause, one drowned in a trap set by a private trapper, 
and two died from gunshot and are 
Law Enforcement.  The fifth wolf found dead this quarter is suspected of having been taken illegally 
during the previous quarter; the case currently is under investigation by the U.S. Fish and Wildlife 

   
 
Four sterile, radio-collared male coyotes were known to have died during the quarter  one the result of 
gunshot, one from interspecific aggression (i.e., a wolf), and two euthanized after being caught by a 
private landowner. 
 
Disappearances 
 
The Red Wolf Recovery Program lost radio contact with 2 radio-collared, sterile coyotes during the 
quarter. 
 
Pack Summaries 
 
The Pack Summaries section has been indefinitely discontinued due to recent events and current 
circumstances involving the apparent illegal take of red wolves within the Red Wolf Recovery Area.       
 
Species Survival Plan (SSP) Managed Population 
 
Red Wolf Species Survival Plan (RWSSP) cooperating facilities are coordinated and managed by the 
RWSSP Coordinator, Will Waddell, and based at Point Defiance Zoo & Aquarium (PDZA) in Tacoma, 
Washington.  The RWSSP is guided by a steering committee currently comprised of representation from 
the North Carolina Museum of Life and Science (Durham, NC), Chattanooga Arboretum and Nature 
Center (Chattanooga, TN), North Carolina Zoo (Asheboro, NC), Wolf Conservation Center (South Salem, 
NY), Miller Park Zoo (Bloomington, IL), and Western North Carolina Nature Center (Asheville, NC).  The 
RWSSP also benefits from a volunteer advisory board in the fields of veterinary medicine (Dr. Karen Wolf, 
PDZA), reproduction (Dr. Karen Goodrowe Beck, PDZA), education (Craig Standridge, PDZA), population 
biology (Sarah Long, Lincoln Park Zoo), in situ population management (Dr. David Rabon, USFWS), and 
pathology (currently vacant).  The following information is based on activities completed or conducted by 
the RWSSP Coordinator during the quarter reported.   
 
RWSSP Population Status 
 
The RWSSP coordinates 43 captive facilities (e.g., approved zoos and nature centers) throughout the 
United States, housing 191 wolves ranging from pups to geriatrics, at the end of this quarter.   
 
Breeding / Transfer Recommendations   
 
The RWSSP Coordinator reported that a total of total of nine wolves involving six different RWSSP 
facilities were transferred this quarter, including thre
Beardsley Zoo (Bridgeport, CT) to Binghamton Zoo at Ross Park, NY (a new RWSSP cooperator). 
 
Mortalities 
 
Two adult male wolves housed at the North Carolina Zoo (Asheboro, NC) and PDZA (Tacoma, WA) off-
site facility were euthanized as a result of age/health related causes.  
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SSP Facilities Updates 
 
One new cooperator  Binghamton Zoo (Ross Park, NY)  joined the RWSSP program in the second 
quarter.  They received three female wolves from .  
 
Thank you to the North Carolina Zoo, North Carolina State University College of Veterinary Medicine 
(Raleigh, NC), Akron Zoo (Akron, OH), and PDZA for providing samples associated with the project to 
investigate the prevalence, clinicopathological and demographic characteristics of inflammatory bowel 
disease in red wolves. 
 
The Red Wolf Recovery Program received $300 from the Wolf Conservation Center (South Salem, NY) to 
equip the recently transferred breeding male wolf on St. Vincent Wildlife Refuge with its first radio-collar.  
We sincerely thank Wolf Conservation Center for this generous donation.  
 
Other Activities 
 
The 2013 International Red Wolf Studbook was completed and distributed to designated individuals and 
organizations as required by the World Association of Zoos and Aquariums (WAZA) International 
Studbook distribution list and posted on the Association of Zoos and Aquariums (AZA) Website.  
 
Dr. Karen Wolf, RWSSP Veterinary Advisor, and W. Waddell, RWSSP Coordinator, visited the NENC 
recovery area as part of the initial development of a canid disease monitoring and prevention program for 
red wolves. 
 
Dr. Katie Seeley, Veterinary Intern at PDZA, is conducting a retrospective review of red wolf mortalities in 
the RWSSP over the last 15 years to gather information about the status of the red wolf population and 
identify major causes of mortality. Participating institutions were asked to submit gross necropsy and 
histology reports of the wolves that had been housed at their facilities. This information is currently being 
analyzed to identify trends within the RWSSP population and support long-term RWSSP management.  
 
During this quarter, 
Conservation Fund.  
 
1) Red Wolf (Canis rufus) Genome Resource Banking - integrating reproductive sciences into 

conservation programs (Award amount = $16,200).  
Project investigators: K. Goodrowe-Beck and W. Waddell.  
The purpose of this 3 year project is to expand semen collection, evaluation, processing, and 
cryopreservation of red wolf sperm beyond individual males maintained in the PDZA RWSSP 
population. To diversify samples collected for banking and thereby increase the gene diversity of the 
red wolf genome resource banking, sperm will be collected from individuals in the population at 
several other RWSSP institutions within identified U.S. geographic regions. Additionally, comparing 
the success of surgical and transcervical artificial insemination techniques using fresh (years 1 & 2) 
and frozen-thawed (years 2 & 3) semen will be evaluated. 

 
2) Inflammatory bowel disease in the red wolf (Canis rufus): prevalence, clinicopathologic and 

demographic characteristics  continuation/extension from 2013 (Award amount = $3568.50). Project 
investigators: K. Wolf, K. Anderson, M. Garner, and W. Waddell.  
This project is an extension of work that was funded in 2013 and will further investigate 
gastrointestinal inflammatory response in affected red wolves fed a limited antigen commercial diet 
combined with the application of steroidal and ancillary therapeutics. Funding will also allow Dr. Karen 
Wolf the opportunity to share preliminary findings at the RWSSP meeting this summer and at the joint 
Association of Zoos & Aquariums Canid/Felid Taxon Advisory Group meeting at the National Zoo's 
Smithsonian Conservation Biology Institute (SCBI) in Front Royal, Virginia. 

 
Island Propagation Sites 
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The U.S. Fish and Wildlife Service utilizes island sites to propagate red wolves and contribute to the 
restoration of a wild red wolf population, primarily by inserting island-born wolves into the wild population 
as a means to a -
population.  Currently, the Red Wolf Recovery Program cooperates with St. Vincent National Wildlife 
Refuge in maintaining a breeding pair of red wolves on an island site.   
 
The new breeding pair of red wolves was held together in an acclimation pen most of the quarter.  The 
female was examined by a local veterinarian to assess reproductive condition and fitted with a new radio-
collar in early January.  In late February, refuge staff conducted a pre-release visual health check and 
verified both radio-collars were properly working.  Both animals appeared to be in good physical 
condition, and the pair was released in early March. 
         

Collaborations 
 
Research 
 
The Red Wolf Recovery Program provided financial and in-kind support for collaborative research with 
scientists at other institutions, including universities, interagency divisions, and non-government research 
organizations.  These investigations required project staff to assist outside researchers and graduate 
students in their efforts to better understand red wolf ecology, ecosystem function, and conservation 
efforts.   
 
Project Title: Prevalence of cystic endometrial hyperplasia and its effect on reproduction in the red wolf 
(Canis rufus).  
Graduate Student: n/a 
Committee Chair/Principal Investigator: Kadie Anderson, DVM, and Karen Wolf, DVM, Dipl. ACZM, Point 
Defiance Zoo & Aquarium (PDZA) 
 
Project Title: Inbreeding avoidance in red wolves. 
Graduate Student: Kristin Brzeski (PhD student) 
Committee Chair/Principal Investigator: Sabrina Taylor, PhD, Louisiana State University 
*Kristin recently received a Doctoral Dissertation Improvement Grant from the National Science 
Foundation to examine immunocompetence and disease resistance in the wild red wolf population. 
 
Project Title: Red Wolf (Canis rufus) Genome Resource Banking - integrating reproductive sciences into 
conservation programs. 
Graduate Student: n/a 
Committee Chair/Principal Investigator: Karen Goodrowe-Beck, PhD, and Will Waddell, Point Defiance 
Zoo & Aquarium (PDZA) 
 
Project Title: Identifying management procedures to reduce red wolf-coyote interactions in eastern North 
Carolina. 
Graduate Student: Joseph Hinton (PhD student) 
Committee Chair/Principal Investigator: Michael Chamberlain, PhD, University of Georgia 
 
Project Title: Use of stable isotope analysis to elucidate predation patterns of sympatric canids. 
Graduate Student: Anne-Marie Hodge (MS student) 
Committee Chair/Principal Investigator: Brian Arbogast, PhD, University of North Carolina at Wilmington 
 
Project Title: Evaluating potential effects of widening US Highway 64 on red wolves, Washington, Tyrrell, 
and Dare Counties, North Carolina. 
Graduate Student: Christine Proctor (PhD student) 
Committee Chair/Principal Investigator: Michael R. Vaughan, PhD, Virginia Polytechnic Institute and State 
University (Virginia Tech) 
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Project Title: Inflammatory bowel disease in the red wolf (Canis rufus): prevalence, clinicopathologic and 
demographic characteristics.  
Graduate Student: n/a 
Committee Chair/Principal Investigators: Karen Wolf, DVM, Dipl. ACZM, Kadie Anderson, DVM, and Will 
Waddell, Point Defiance Zoo & Aquarium (PDZA); Michael Garner, DVM, Dipl. ACVP, Northwest ZooPath 
 
Project Title: Canid disease monitoring and prevention program plan for the conservation of red wolves 
(Canis rufus).  
Graduate Student: n/a 
Committee Chair/Principal Investigators: Will Waddell, Karen Wolf, DVM, Dipl. ACZM, Point Defiance Zoo 
& Aquarium (PDZA); David Rabon, PhD, and Becky Harrison, PhD, USFWS 
 
Project Title: Population viability analysis and demographic models of red wolves (Canis rufus).  
Graduate Student: n/a 
Committee Chair/Principal Investigators: Becky Harrison, PhD, David Rabon, PhD, USFWS; Lisa Faust, 
PhD, Sarah Long, MS, Lincoln Park Zoo; Will Waddell, Point Defiance Zoo & Aquarium (PDZA) 
 
Project Title: Canis latrans) in the conservation 
and management of red wolves (Canis rufus).     
Graduate Student: n/a 
Committee Chair/Principal Investigators: Eric Gese, PhD, Utah State University; Becky Harrison, PhD, 
David Rabon, PhD, USFWS 
 
Publications 
 
The following publications have gone to print in this quarter.  A complete list of publications related to red 
wolves can be found at http://www.fws.gov/redwolf/images/RWBibliography.pdf.  
 
Hinton, J.W. 2014. Red wolf (Canis rufus) and coyote (Canis latrans) ecology and interactions in 
northeastern North Carolina. PhD Dissertation. University of Georgia. 
 
Presentations 
 
No presentations by collaborators were reported during this quarter.   
 

Staff and Volunteers 
 
The Red Wolf Recovery Program employs eight full-time staff, including the Program Coordinator, 
Assistant Coordinator, Field Coordinator, three Wildlife Biologists, a Biological Technician, and an 
Administrative Assistant.  The Red Wolf Recovery Program also benefits from unpaid interns 
(Caretakers).      
 

Outreach 
 
Staff from the Red Wolf Recovery Program conduct presentations and attend events to inform and 
educate the public on the conservation needs of the red wolf and the restoration efforts of the Red Wolf 
Recovery Program.  As part of our effort to assist educa
materials about the red wolf are distributed to educational facilities. The distribution of discovery boxes is 
managed by the Red Wolf Coalition.  Requests for discovery boxes should be made to 
kwheeler@redwolves.com.     
      
The Red Wolf Recovery Program also seeks to achieve a quality visitor and participant experience in the 
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efforts focus on four of the six program elements, including wildlife observation, wildlife photography, 
environmental education, and interpretation, and are conducted frequently in partnership with ARNWR 
and Pocosin Lakes National Wildlife Refuge (PLNWR) educators and volunteers. 
 
Presentations 
 
Date  Location Audience    Length Attendance  Presenter  
 
March 3  Manteo, NC     UNC-Wilmington       1 hr         15            B. Harrison 
                          
March 6-7 Manteo, NC     ENC/SEVA Team   1 hr  20  D. Rabon      
  Meeting  
 
Website / Social Media 
 
The Red Wolf Recovery Program has launched several social media sites.  Our Facebook page connects 
the Red Wolf Recovery Program world and informs them of our 
conservation efforts.  The Facebook page can be found at www.facebook.com/redwolfrecoveryprogram.  
Our Flickr page provides a site for users to view and download high resolution pictures related to red 
wolves and the Red Wolf Recovery Program.  Our Flickr page can be found at 
www.flickr.com/photos/trackthepack. 
   
The Red Wolf Recovery Program also has a weblog that highlights the efforts of the Red Wolf Recovery 
Program staff in the conservation of the red wolf.  The weblog combines text, images, videos, and links to 
other media related to its topic.  The content includes educational, informational, and general journal 
entries written by program staff, and allows readers to leave comments in an interactive format.  The 
weblog can be found at trackthepack.blogspot.com. 
 
Media Inquires 
 
The Red Wolf Recovery Program responded to numerous media inquiries during this quarter, including 
the Virginian Pilot (Norfolk, VA), North Carolina Wildlife Federation, National Wildlife Magazine, NPR, and 
several freelance writers.    
 

Partnerships 
      
Red Wolf Coalition 
 
The Red Wolf Coalition (RWC), a not-for-profit education organization based in Columbia, NC, advocates 
for the long term survival of wild red wolf populations by teaching about red wolves and by engaging the 
public in www.redwolves.com) provides information about 
the history, biology, and ecology of red wolves, as well as news about red wolf restoration.  The RWC 
gives red wolf programs to school groups, professional organizations, university students, and other 
groups.  The RWC also conducts workshops for teachers and non-formal educators, including people 
seeking certification in environmental education.   
  
The RWC Executive Director reported conducting several education programs during the quarter, 
including presentations to visitors at the Red Wolf Education & Healthcare Facility, including groups from 
North Carolina Wildlife Federation, NC Museum of Science, Carolina Nature Photography, and Southern 
Environmental Law Center. Reservations are required for those wishing to visit the center and can be 
scheduled online (http://redwolves.com/program/) or by phone (252-796-5600). Additionally, the RWC 
presented to 15 visitors on PLNWR. 
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The RWC received a grant in 2013 from the Akron Conservation Fund that was used to purchase 
transportation crates for the RWSSP program.  We are very grateful to the Akron Conservation Fund for 
their support of red wolf conservation.  Monies from this grant were also used to purchase tracking collars 
for the red wolves in the wild. 
  
The RWC worked with the NC Wildlife Federation (NCWF) on their campaign to draw attention to the 
effects of climate change on the environment. The full report is available at: http://www.nwf.org/News-
and-Magazines/Media-Center/Reports/Archive/2014/03-11-14-Mascot-Madness.aspx 
 
The RWC also has three Red Wolf Discovery Boxes for all grade levels available for educational use.  
These boxes are filled with a variety of hands-on items, activities and artifacts that help students explore 
the world of red wolves.  The red wolf curriculum Far Traveler and a variety of books and other resources 
also are included.  Contact Kim Wheeler at (252) 796-5600 or kwheeler@redwolves.com for more 
information or to reserve your Red Wolf Discovery Box.  The RWC sent Discovery Boxes to multiple 
schools this quarter including educators in New York and Washington.  The Coalition gave education 
programs using the Discovery Boxes in local middle schools in Chowan and Washington Counties.   
  
Friends of the Red Wolf 
 
The Friends of the Red Wolf (FORW) is a non-profit organization established to support the conservation 
and recovery of wild red wolves. The FORW is a program affiliate of The WILD Foundation 
(www.wild.org), which shares its 501(c)(3) non-profit status, and enables all donations to be tax-
deductible as charitable contributions. Their work is informed by sound scientific research and adaptive 
management practices. They collaborate directly with the Red Wolf Recovery Program to help them 
achieve recovery goals for the red wolf. Their web site (friendsofredwolves.org) provides information 
about the ecology of red wolves, as well as news and updates about red wolf restoration.     
 

Announcements 
 
The U.S. Fish and Wildlife Service published two press releases requesting assistance with 
investigations on the recent suspected illegal take of a number of radio-collared red wolves.  The 
press releases can be found at http://www.fws.gov/southeast/news/.  Anyone with information that 
directly leads to an arrest, a criminal conviction, a civil penalty assessment, or forfeiture of property on 
the subject or subjects responsible for the suspected unlawful take of a red wolf may be eligible for a 
reward.  The Service is offering a reward of $2,500 for information that leads to the successful 
prosecution in this case. Anyone with information on the death of a red wolf is urged to contact 
Resident Agent in Charge John Elofson at (404) 763-7959, Refuge Officer Frank Simms at (252) 216-
7504, or North Carolina Wildlife Resources Commission Officer Robert Wayne at (252) 216-8225. 



From: Susanne p Tutty
To: dan_ashe@fws.gov
Subject: Red Wolves
Date: Sunday, April 10, 2016 10:27:55 PM

Dear Mr Ashe,
Please look favourably on preserving the Red Wolf numbers in the wild it would be a sad day
if there was no more beautiful Red Wolf.

Thank you for your time
Regards
Sue Tutty



From: Debra Mihalic Staples
To: dan_ashe@fws.gov
Cc: redwolf@redwolves.com
Subject: Red Wolf Recovery Program
Date: Monday, April 11, 2016 6:30:35 AM

Dear Director Ashe,

Please resume recovery efforts for the red wolf. Whether or not it is politically popular, there
are no credible or acceptable arguments for the FWS to turn its back on its responsibility to the
people, lands, and wildlife of our nation.

Many years ago, while writing an article about the Red Wolf Recovery Program for South
Carolina Wildlife Magazine, I spent a day with a wildlife biologist who was working in the
red wolf recovery program on Bulls Island in South Carolina. After what I learned and
observed during that experience, nothing will ever convince me that it is time to let canis rufus
disappear in the wild. The Southeast needs this predator.

Sincerely,

Debra Mihalic Staples
Canton, GA



From: Monica Holland
To: Dan_ashe@fws.gov
Subject: Red wolves
Date: Monday, April 11, 2016 6:46:36 AM

Dear Mr. Ashe,

I absolutely cannot believe that quitting North Carolina's red wolf recovery program is even being considered.
Please, for the sake of this species, keep this wonderful program up and running. As a new mother, the thought of
my daughter growing up in a world without these beautiful creatures is heartbreaking. This area should belong to
them. We should be their stewards. I beg you to do the right thing.

Monica Holland | Assistant sports editor
The Fayetteville Observer
458 Whitfield Street | Fayetteville, N.C. 28306
Mobile 910-728-7609 | Office 910-323-4848 ext. 440

hollandm@fayobserver.com
www.fayobserver.com/sports
@MonicaHolland1



From: keath22@charter.net
To: "dan_ashe@fws.gov"
Subject: New Message
Date: Monday, April 11, 2016 6:54:48 AM

SAVE THE RED WOLF



From: Barbara Harper
To: dan_ashe@fws.gov
Subject: put the american red wolf back on the indangered list.
Date: Monday, April 11, 2016 8:54:18 AM



From: T Abashian
To: dan_ashe@fws.gov
Subject: Red Wolves
Date: Monday, April 11, 2016 7:54:29 PM

Please do not give up on the program to re-establish the red wolf in NC.  Anti-wolf interests
have been allowed to once again bring this species to the brink of extinction, and it is the
responsibility of your agency to make sure that doesn't happen.  Red wolves can thrive in
NC if protected, and we owe it to them to give them every opportunity to do so.  I am a
resident of NC and I encourage you to do right by this species, protect them from irrational
land owners and hunters, and help them get re-established.

Thank you-

Tamara Abashian
Durham, NC 



From: Gregory Guthenberg
To: dan_ashe@fws.gov
Subject: DO YOUR JOB AND SAVE THE RED WOLF....
Date: Wednesday, April 13, 2016 2:15:53 PM

Dear Mr. Ashe,
        It Is a shame that you are letting THE RED WOLF  go extinct when it’s the Job of the US to save the Red
wolf.   They are an endangered species requiring help.   I just saw all this great pictures that all the trail  cams are
taken pictures of.  The RED WOLF is such a great animal and it is important part of the ecosystem and your letting
people kill them with no fines or follow through.   Enough said.  Please DO YOUR JOB and SAVE THE RED
WOLF.

Thank you.

Greg Guthenberg



From: Janet Smith
To: Janet Smith
Subject: Red Wolf Recovery Program
Date: Monday, April 25, 2016 11:57:08 AM

Hello to All,

I am writing you to urge you to continue the Red Wolf Recovery Program, and not let the
work and success made thus be undone.

Eastern North Carolina is an extremely diverse eco-system and all efforts should be taken to
preserve all species.

The red wolf is native to eastern NC.  The coyote is not.  Given fair conditions, the red wolf
will win out.

Please do not discontinue this program prematurely.  Thank you for your consideration, and
for your service.

 
Janet Smith
go2smithville@gmail.com



From: Greg Hamby
To: pete_benjamin@fws.gov; dan_ashe@fws.gov
Subject: Re: Red Wolf Committee
Date: Tuesday, April 26, 2016 10:14:23 AM

On Mar 22, 2016, at 3:40 PM, Greg Hamby <cypressmooninn@mindspring.com> 
wrote:

Greetings Pete,  I am still wondering why there is not a representative from Dare 
County on the Red Wolf Recovery Board.  I would hope the groundswell of 
support for the Program is showing FWS that it should go forward as the ESA 
demands.

   Regards,  Greg Hamby  Kitty Hawk NC

Begin forwarded message:

From: Greg Hamby <cypressmooninn@mindspring.com>
Subject: Red Wolf Committee
Date: March 22, 2016 at 3:38:51 PM EDT
To: pete_benjamin@fws.gov
Cc: dan_ashe@fws.gov

Greetings Pete, I hope this finds you and yours well.  I have just been 
informed that a member of the committee/board has recently trapped 
a  Red Wolf on his property and actually asked permission to kill it. 
I thankfully read that the FWS did not allow him to do so.  That 
incident has caused Defenders of Wildlife to pull out of the 
Commission.
I would still pose this question.  Why is there not a person, preferably 
with a scientific wildlife background, from Dare County on that 
committee?  
The largest piece of Federal land in the recovery area is in Dare 
County [almost 400 sq miles} and Dare attracts many visitors each 
year who visit those lands for wildlife viewing.  Those lands are 
unsuitable for agriculture and are almost impenetrable making the 
area perfect for The Red Wolf.  One must wonder why there is no 
uproar over the bear population?
As the person who trapped the wolf is a vehement opponent of the 
Red Wolf yet owns just a small fraction of land in the  Western part 
of the recovery area  there needs to be some local balance.  The local 
members of the board are both opponents along with opponents 
within NCWRC.  
I find this situation disturbing that FWS seems to be having difficulty 
following through with The Red Wolf Recovery because of   few  
selfish people who want wildlife tailored to their wants.



Regards,  Greg Hamby  Kitty Hawk NC

Begin forwarded message:

From: Greg Hamby 
<cypressmooninn@mindspring.com>
Subject: Tourism impacts on Dare County | 
Carolina Demography
Date: November 4, 2015 at 11:08:11 AM EST
To: pete_benjamin@fws.gov
Cc: mstosko@ncsu.edu

 Hello Pete,  Here is one more piece of info on the Dare 
economy. 
thanks,  Greg

http://demography.cpc.unc.edu/2015/07/14/t
ourism-impacts-on-dare-county/



Save the Chimps

logo

From: Take Action! at GreaterGood Network
To: dan_ashe@fws.gov
Subject: Support The World"s Largest Chimpanzee Sanctuary | Pet Mom Kitchen Towel On Sale!
Date: Wednesday, April 27, 2016 10:23:49 AM

Help Fly Rescued Lions To Africa. Only Eight Left To Go! View email in web browser.

logo

Nearly 700 chimpanzees are awaiting
retirement from research laboratories.
With your help, they can look forward to
living the rest of their lives in peace at the
world's largest chimpanzee sanctuary. 

At Save the Chimps, over 250
chimpanzee residents live on 3-acre
island habitats landscaped with grass,
trees, hills and climbing structures. These
are some of the world's most social
creatures, and sanctuary life provides
them with the enrichment and
companionship they need to thrive. 

Sign our petition today to pledge your
support to Save the Chimps, and help
these chimpanzees have the peaceful
and dignified retirement they deserve.

Protect Grizzly Bears From Trophy Hunting  

Research Chimpanzees Deserve Retirement

Take The Pledge 



Grizzly Bears

Save Red Wolves

National Parks

Help Rescued Lions

The U.S. Fish and Wildlife Service is considering
removing Endangered Species Act protections from
grizzly bears in the Greater Yellowstone Ecosystem. A
range of scientists, however, have said that this delisting
would subject these bears to trophy hunting and stall their
recovery.

Don't Let Red Wolves Go Extinct 

If the red wolf recovery program continues to dwindle,
these critically endangered creatures will disappear from
the wild in a matter of years. After decades of progress in
recovering red wolves, now only about 50 remain.

Help Preserve Our National Parks 

Our federal lands are threatened by commercial
development, pollution and industrial-scale energy
projects. Urge President Obama to prioritize safeguarding
our national parks during his remaining time in office so
that future generations can experience their beauty.

Eight Lions Left To Save 

Of 33 lions rescued from a life of suffering in illegal
circuses in South America, 25 have had their trip to
South Africa's Emoya Big Cat Sanctuary funded. Your
donations will help fly the remaining 8 lions to their well-
deserved retirement in the African bush.

Pet Mom Kitchen Towels



Click To Give, Free     Shop Our Store & Give More 
You're receiving this email because you signed a petition at GreaterGood and chose to remain opted-in to receive updates.

We email our supporters approximately once a week.
One-click unsubscribe here or click here to manage your Take Action subscription(s) .

To ensure delivery to your inbox, add news@greatergood.com to your address book/contacts.
GreaterGood stores, One Union Square, 600 University Street, Suite 1000, Seattle, WA 98101

1-888-355-4321 Customer Service Hours: M-F 7am - 3pm PT



From: Rob Rowe
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery in NC
Date: Wednesday, April 27, 2016 1:40:00 PM

Mr Ashe:

    I have been following the Red Wolf Recovery program the last couple of years. Since that
time, the population in eastern NC - the ONLY place that these animals live in the wild - in the
entire world, has dwindled to only an estimated 45 - 60 wolves.  It is imperative that
something be done before they become extinct. Once that happens, there is no bringing them
back. We cannot put off the decision to support this recovery effort since many of the
residents of the 5 NC counties where they roam can't wait to shoot the very last one. I know;
I've attended meeting on this topic in Raleigh, NC.

    The recovery effort must not be abandoned after it's 28 year effort. All that work will have
been for nothing and the red wolf population will cease to exist. Please consider this with the
urgency that it needs and deserves! Respectfully,

Rob Rowe

    Below are relevant links that I have regarding red wolves:

Conservationists protest as red wolf numbers fall 4/2/2016
U.S. Fish and Wildlife faces lawsuit over red wolf program 11/13/2015
Decision on NC red wolf restoration postponed until summer 2016 10/27/2015
Federal wildlife agency puts off decision on NC red wolf recovery effort 6/30/2015
Wildlife agency halts red wolf releases in NC 6/20/2015
Southern Environmental Law Center: As numbers dwindle, authorities ok shooting of
endangered red wolf 6/24/2015
Red wolf debacle shows US Fish and Wildlife Service missing spine - Opinion,
7/10/2015
Deer, wolves and the NC Wildlife Resources Commission Opinion, 2/6/2015
End red wolf program, N.C. wildlife commission says  1/30/2015
Fight to save red wolves turns grim 12/8/2014
Red wolf effort in NC should expand to other states, consultant says 11/20/2014
NCWRC: Agreement Reached in Red Wolf Lawsuit Against Wildlife Commission
11/14/2014
NC coyote-hunting controls approved for red wolf protection 11/13/2014
Feds will accept comments on NC red wolf for two more weeks 9/12/2014
NC's red wolf program under federal scrutiny 9/10/2014
Change.org Petition: The Governor of NC: STOP THE KILLING OF COYOTES in
North Carolina (Closed)
Change.org Petition: Stop spotlight hunting of coyotes in red wolf area Closed
US Fish & Wildlife Services Red Wolf Recovery Program
The Red Wolf Coalition
Animal Welfare Institute: Support Long-Term Protection for Red Wolves in North
Carolina 
Animal Welfare Institute: Protection of Red Wolves
U.S. Fish & Wildlife Red Wolf Facts





From: Greg Hamby
To: pete_benjamin@fws.gov
Cc: dan_ashe@fws.gov; gordon.meyers@ncwildlife.org; mstoskof@ncsu.edu
Subject: Reward for Information on Red Wolf Killing Comes Six Months Too Late
Date: Friday, April 29, 2016 9:08:50 AM

Hello Pete,  As I read this I just have to wonder how did this successful program come to this.  
I am mystified as to why FWS has been intimidated by a few “predator hunters” who kill for 
sport.  That mindset is exactly the thing that brought the ESA into existence as so called 
“hunters” killed so many species of animals to the point of near extinction.   The stance of 
NCWRC certainly shows that they do not live up to their name when it comes to  certain 
Endangered Species.     They are obviously just a hunting license agency, although  the killers 
of anything that moves in the woods out there need to be limited by the bag limits and seasons 
placed on them by NCWRC. .   
This entire situation is very disturbing to me and thousands of others.  It is hard to understand 
why FWS is acting as they are.  The fact that this is now in the Courts shows the support for 
The Red Wolf.  Those entities bringing the suits are backed by thousands of members and 
supporters
i would ask how at one time 130 Wolves scattered over a over 400 sq mile area are such a 
problem? i hope that FWS will look around and see the large base of public support for this 29 
year old program which stood out worldwide as how we need to preserve the wildlife of our 
country.
We here in Dare County will continue to advocate for The Red Wolf.

Regards,  Greg Hamby   Kitty Hawk NC   www.cypressmooninn.com

http://www.biologicaldiversity.org/news/press_releases/2016/red-wolf-04-25-
2016.html



From: Greg Hamby
To: woodard@darenc.com
Cc: pete_benjamin@fws.gov; gordon.myers@ncwildlife.org; dboc@darenc.com; dan_ashe@fws.gov; 

allenb@darenc.com
Subject: Re: Red Wolf Board
Date: Wednesday, May 4, 2016 8:31:42 AM

Greetings once again Chairman Woodard.  I am forwarding this letter to you that I wrote to  
Pete Benjamin of FWS. Mr Benjamin is the chairman of the Red Wolf Board. I did not have 
time at the meeting to discuss this aspect.
  FWS formed a board to study the Red Wolf Recovery due to the controversy over it. 
That board has only two" local "representatives, one Hyde County Commissioner and a 
resident and businessman from Pitt County who owns property in Tyrell that he uses for 
hunting. That person is a vehement opponent of the Red Wolf Recovery.  
There is no member on that board from Dare County.   Dare is the center of The Red wolf 
Recovery and as you know the program began here in 1987.  I believe that FWS by omitting a 
representative on their board from Dare County is not giving many who are in favor of and 
where the economics play an important role  a voice in decisions made about the future of the 
Red Wolf Recovery. 
Regards,  Greg Hamby 

On Oct 30, 2015, at 6:25 PM, Greg Hamby <cypressmooninn@mindspring.com> 
wrote:

On Oct 30, 2015, at 6:22 PM, Greg Hamby 
<cypressmooninn@mindspring.com> wrote:

Greetings Pete,  I am Greg Hamby a lodging business owner in Kitty 
Hawk NC and an advocate for wildlife here which includes The Red 
Wolf.  As you know Dare County is where the Red wolf Recovery 
began in NC.
As I read the names on the list I will say that I am puzzled that no one 
from Dare County is on that board as far as I can tell.  Please correct 
me if I am wrong. 
We here are in the visitor business and our wild lands and their 
wildlife are a draw for visitors. 
in a recent visitor profile survey done by The Outer Banks Visitor 
Bureau, a part of Dare County Government, it has been found that 
over 25% of respondents  visit The Outer Banks for Nature and 
Wildlife and49% visit for open and natural lands. the nature 
enthusiasts aka Eco Tourists visit predominantly in the non summer 
months.  This is a bonus and we need more “off” season visitors.  
Perhaps you would also look at the turnout for the recent Wings Over 
Water Festival. we hosted guests who attended.
You can contact Amy Wood at www.outerbanks.org to get a copy of 
the 2014-2015  Outer Banks visitor profile survey. 
 
These visitors {whose numbers are above 250K in the Summer 
months} are what drives our economy  and the many facets of it.  



Those being, Homebuilding,maintenance management,restaurants, 
retail, activity operators, and Commercial fishing These visitors pay 
12.75% tax on lodging. This is broken down to 8% to Dare County 
{6% of which is occupancy tax} and 4.75% to the state. Dare and 
Currituck counties are the revenue engine of NE NC.  Poorer counties 
with low revenue like Tyrell and Hyde benefit from tax dollars 
brought in on The Outer Banks.  
If there is not,there should be representation on the Red Wolf Board 
from Dare County.  This would bring balance.
As i have read you have a landowner on the board who is very critical  
of The Recovery due only to his and a few others in the far western 
end of The Recovery Area desire to shoot coyotes with no restrictions 
from NCWRC.   There is much  more at stake here than that. The 
presence of the Red Wolf and all wildlife in Dare county is a visitor 
draw that  makes a difference in the economy of the area. 
The Red Wolf in a unique attraction that only exists in the wild here 
and therefore in just economic terms is valuable.  
Of course I also believe that this Native Species has a right to exist in 
the wild.  Man owes the highly persecuted Red Wolf a debt.
Regards,  Greg Hamby   www.cypressmooninn.com



From: Bob Woodard
To: Greg Hamby
Cc: pete_benjamin@fws.gov; gordon.myers@ncwildlife.org; dboc@darenc.com; dan_ashe@fws.gov;

allenb@darenc.com
Subject: Re: Red Wolf Board
Date: Wednesday, May 4, 2016 9:35:57 AM

Mr Hamby
Thank you for this additional information
Bob

Sent from my iPhone

On May 4, 2016, at 10:31 AM, Greg Hamby <cypressmooninn@mindspring.com> wrote:

Greetings once again Chairman Woodard.  I am forwarding this letter to you that I
wrote to  Pete Benjamin of FWS. Mr Benjamin is the chairman of the Red Wolf
Board. I did not have time at the meeting to discuss this aspect.
  FWS formed a board to study the Red Wolf Recovery due to the controversy
over it. 
That board has only two" local "representatives, one Hyde County Commissioner
and a resident and businessman from Pitt County who owns property in Tyrell
that he uses for hunting. That person is a vehement opponent of the Red Wolf
Recovery.  
There is no member on that board from Dare County.   Dare is the center of The
Red wolf Recovery and as you know the program began here in 1987.  I believe
that FWS by omitting a representative on their board from Dare County is not
giving many who are in favor of and where the economics play an important role
 a voice in decisions made about the future of the Red Wolf Recovery. 
Regards,  Greg Hamby 

On Oct 30, 2015, at 6:25 PM, Greg Hamby
<cypressmooninn@mindspring.com> wrote:

On Oct 30, 2015, at 6:22 PM, Greg Hamby
<cypressmooninn@mindspring.com> wrote:

Greetings Pete,  I am Greg Hamby a lodging business
owner in Kitty Hawk NC and an advocate for wildlife
here which includes The Red Wolf.  As you know Dare
County is where the Red wolf Recovery began in NC.
As I read the names on the list I will say that I am
puzzled that no one from Dare County is on that board as
far as I can tell.  Please correct me if I am wrong. 
We here are in the visitor business and our wild lands
and their wildlife are a draw for visitors. 
in a recent visitor profile survey done by The Outer
Banks Visitor Bureau, a part of Dare County



Government, it has been found that over 25% of
respondents  visit The Outer Banks for Nature and
Wildlife and49% visit for open and natural lands. the
nature enthusiasts aka Eco Tourists visit predominantly
in the non summer months.  This is a bonus and we need
more “off” season visitors.  Perhaps you would also look
at the turnout for the recent Wings Over Water Festival.
we hosted guests who attended.
You can contact Amy Wood at www.outerbanks.org to
get a copy of the 2014-2015  Outer Banks visitor profile
survey. 
 
These visitors {whose numbers are above 250K in the
Summer months} are what drives our economy  and the
many facets of it.  Those being,
Homebuilding,maintenance management,restaurants,
retail, activity operators, and Commercial fishing These
visitors pay 12.75% tax on lodging. This is broken down
to 8% to Dare County {6% of which is occupancy tax}
and 4.75% to the state. Dare and Currituck counties are
the revenue engine of NE NC.  Poorer counties with low
revenue like Tyrell and Hyde benefit from tax dollars
brought in on The Outer Banks.  
If there is not,there should be representation on the Red
Wolf Board from Dare County.  This would bring
balance.
As i have read you have a landowner on the board who is
very critical  of The Recovery due only to his and a few
others in the far western end of The Recovery Area
desire to shoot coyotes with no restrictions from
NCWRC.   There is much  more at stake here than that.
The presence of the Red Wolf and all wildlife in Dare
county is a visitor draw that  makes a difference in the
economy of the area. 
The Red Wolf in a unique attraction that only exists in
the wild here and therefore in just economic terms is
valuable.  
Of course I also believe that this Native Species has a
right to exist in the wild.  Man owes the highly
persecuted Red Wolf a debt.
Regards,  Greg Hamby   www.cypressmooninn.com



From: qhshades@aol.com
To: tom_mackenzie@fws.gov; pete_benjamin@fws.gov; cynthia_dohner@fws.gov; leopoldo_miranda@fws.gov;

dan_ashe@fws.gov; gordon.myers@ncwildlife.org; mike_bryant@fws.gov; rebecca_harrison@fws.gov;
john.clark@sampsongladen.com

Subject: Fwd: Test Message - HTML Format:Kim Wheeler Wins Roosevelt-Ashe Award!
Date: Monday, May 9, 2016 9:51:02 AM

-----Original Message-----
From: Red Wolf Coalition <Red_Wolf_Coalition@mail.vresp.com>
To: qhshades <qhshades@aol.com>
Sent: Mon, May 9, 2016 10:30 am
Subject: Test Message - HTML Format:Kim Wheeler Wins Roosevelt-Ashe Award!

header

Kim Wheeler Wins Roosevelt-Ashe Award
Kim Wheeler, the Red Wolf Coalition's Executive Director, has won Wild South's prestigious Roosevelt-
Ashe Conservation Award for Outstanding Educator. We are proud of Kim's accomplishments, and
we are fortunate to have her as the leader of the Red Wolf Coalition. Among her signature achievements
are the public programs she conducted for three years at the Red Wolf Education Center (REC) in
Columbia, North Carolina. These programs showcased not only the red wolf but national wildlife refuge
values as well. The Red Wolf Coalition secured all of the funding for the wolf enclosures at the REC, as
well as for the veterinary holding pens, and also donated the bleachers in the woods.
 



post_this

Photo: Taylor Barnhill

Each year, Wild South honors conservation leaders from the South for "their dedication, commitment and
accomplishments in their fields. It is truly an inspiring process that Wild South is proud to lead,” said Pat
Byington, Executive Director of Wild South.

Learn more at the Wild South website.

I hope you will join the Red Wolf Coalition in celebrating this honor for our organization's Executive
Director!

More About the Roosevelt-Ashe Award
Since 2008, Wild South has presented the Roosevelt-Ashe Conservation Awards at the annual Green
Gala. The Awards are named for President Theodore Roosevelt and Mr. W.W. Ashe. Their conservation
values mirror our own and we pay homage to their landmark work to protect forests in the South and
across the United States. Nominations are reviewed and scored by the Roosevelt-Ashe Selection
Committee comprised of conservation leaders in the region. Theodore Roosevelt (1858-1919) was a



historian, naturalist, explorer, author, soldier, Governor and the 26th President of the United States.
Roosevelt, a Republican, was a progressive reformer. During his tenure as President he carried out the
largest government-funded conservation projects in U.S. history. He promoted the conservation
movement and preserved millions of acres of land for the public good by creating what would become our
national park and national forest systems. William Willard Ashe (1872-1932), the first forester employed
by the state of North Carolina, was a major architect of the acquisition of eastern national forests. In
contrast to other foresters of his time, he understood the importance of biological diversity. Ashe was a
person of notable integrity in the conservation of forest lands in eastern North America, particularly in
North Carolina.

Coalition Goes for the (GuideStar) Gold
The Red Wolf Coalition has earned a GuideStar GOLD rating! Here is the direct link to our profile on
GuideStar:

http://www.guidestar.org/profile/56-2047428

The mission of GuideStar, the world's largest source of information on nonprofit organizations, is to
connect donors and grantmakers to nonprofits like the Red Wolf Coalition. On GuideStar, you can get up-
to-date data to help you make informed decisions about your personal philanthropy. Time magazine says
that "GuideStar has grown into the nation's premier nonprofit database."

Unfortunately, CITIZENSSCIENCE, the group sponsoring the defamatory petitions and other online
attacks you are all too familiar with, is now using GuideStar to further spread its false and hysterical
message. They are using their infamous "Killing Nursing Puppies" campaign again, along with their
favorite violent image and inflammatory rhetoric.

We invite all of you who think we do a credible job of fulfilling our mission to visit GuideStar and to add a
positive review of our organization. CitizensScience--which neither representscitizens nor makes use of
science--is misusing GuideStar to fulfill its anti-red wolf agenda. We respectfully encourage you to make
your opinion of RWC known if you feel so inclined.

As always, thank you for your continued support of red wolves and of the Red Wolf Coalition!
 

Click to view this email in a browser 

If you no longer wish to receive these emails, please reply to this message with "Unsubscribe" in the subject line or simply click on the
following link: Unsubscribe

Red Wolf Coalition
Box 96
Columbia, North Carolina 27925
US
Read the VerticalResponse marketing policy.

      



Red Wolves
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From: Take Action! at GreaterGood Network
To: dan_ashe@fws.gov
Subject: Less Than 50 Red Wolves Left! | Send Aid To Alberta Wildfire Victims!
Date: Wednesday, May 11, 2016 10:16:36 AM

Tops & Tunics Up To 50% Of. View email in web browser.

logo

To say that the red wolf is an endangered
species would be an understatement.
Only 50 red wolves remain in the wild, all
within five counties of northeastern North
Carolina. These predators used to roam
from Pennsylvania to Florida but could
soon become extinct if drastic measures
aren't taken. 

What's most alarming is that the U.S. Fish
and Wildlife Service had a recovery
program in place that had kept red wolves
safe for a number of decades, but have
since allowed the program to dwindle due
to inaction and compromising with anti-
wolf agendas. 

Tell the FWS to step up their game and
save this species before it's too late!

Fight Back Against Climate Change  

We Could Lose This Wolf Species In A Matter Of Years.

Take Action 



Penguins

National Parks

Save Bees

Alberta Wildfire

Emperor penguins are the only penguin species that
breed during the harsh Antarctic winter. Climate change
is making this increasingly difficult due to rising
temperatures and melting sea ice.

Don't Let Smog Disrupt Our Parks 

The National Park System is being clouded by increasing
levels of air pollution. Tell the EPA to step in quickly
before further damage is done.

We Need To Save Bees 

Urge President Obama to ban pesticides known as
neonicotinoids. Even at minuscule doses these chemicals
make the entire plant toxic to insects, including the nectar
and pollen that bees need to eat to survive.

Help Canada Wildfire Victims 

A deadly wildfire spread through part of Alberta Canada
earlier this month. Your donations of as little as $5 help
the residents of that area recover from injury, property
damage and more.

Tops & Tunics Up To 50% Off!



Click To Give, Free     Shop Our Store & Give More 
You're receiving this email because you signed a petition at GreaterGood and chose to remain opted-in to receive updates.

We email our supporters approximately once a week.
One-click unsubscribe here or click here to manage your Take Action subscription(s) .

To ensure delivery to your inbox, add news@greatergood.com to your address book/contacts.
GreaterGood stores, One Union Square, 600 University Street, Suite 1000, Seattle, WA 98101

1-888-355-4321 Customer Service Hours: M-F 7am - 3pm PT



From: Greg Hamby
To: redwolf@redwolves.com; pete_benjamin@fws.gov; dan_ashe@fws.gov; robertwoodard@darenc.com; Warren 

Judge; jpang@biologicaldiversity.org; gordon.myers@ncwildlife.org
Subject: Report: Resources Boost Economy, Health | Coastal Review Online
Date: Thursday, May 26, 2016 11:10:25 AM

Greetings to all,   Once again we see that all of our resources play into the economy here that 
is a major Revenue and Job source for NC. The visitor economy on The Outer Banks has 
benefits that stretch well inland for employment in the business of supplying that economy and 
for those businesses overall. 
    Wildlife viewing activities are a part of all of this and a complete ecosystem with the unique 
feature of The Red Wolf can only enhance the draw to those interested in Wildlife viewing , 
especially as it relates to the percarious plight of The Red Wolf and its fight for survival.  
Around the World people are concerned about the threats to Wildlife and the survival of many 
of God’s creatures whom are persecuted  by reckless irresponsible development and poaching 
for sport and profit.  
The the internet is alive with that concern. 
Regards,  Greg Hamby

http://www.coastalreview.org/2016/05/report-resources-boost-economy-health/



From: Brigid O"Reilly (via Google Docs)
To: dan_ashe@fws.gov
Subject: Why we should save red wolves
Date: Friday, June 3, 2016 8:04:02 PM
Attachments: Endangered Species Letter Final Draft - Brigid O"Reilly.pdf

Brigid O'Reilly has attached the following document:

Endangered Species Letter: Final Draft - Brigid O'Reilly

Google Docs: Create and edit documents online.



 

June 2, 2016 

 

Mr. Dan Ashe 

Director of U.S. Fish and Wildlife Services 

U.S. Fish and Wildlife Services 

 

Dear Mr. Ashe: 

 

    A beautiful animal, the red wolf once roamed along the southeastern United States. Today, 

this wonderful species is struggling to recover from near extinction (U.S. Fish and Wildlife 

Services). In 1973, they were put on the Endangered list, after being hunted until the red wolf 

species stood on the brink of death (Red Wolves, Wolf Conservation Services). Florida, Texas, 

Louisiana and North and South Carolina are overpopulated by the animals the red wolves 

hunted, such as marsh deer and rabbits (Defenders). We should try harder to save red wolves 

because they help spread awareness about endangered species and habitats, they keep prey 

populations in balance and even though some say that red wolves aren't ready to go back into 

the ecosystems that they left behind, but once they do go back, red wolves will play a positive 

role keeping their ecosystems balanced.  

 

    After the red wolf was officially extinct to the wild, people became interested in this little 

grey and black wolf with a reddish cast on its coat, (Basic Facts About Red Wolves, Defenders). 

It drew in tourists looking to see one of America's rarest canines and environmentalists wanting 



to study the damage to the ecosystem after the red wolf was declared extinct. For example, red 

wolves have been on this continent before the Native Americans, who wrote down descriptions 

of red and brown dogs, "Writings dating back several centuries refer to wolves similar to the 

red wolf in what is now the southeastern United States."(U.S. Fish and Wildlife Services) Red 

wolves have been on this land for several centuries now, and we, as the dominating species, 

should try and keep it that way. The red wolf, as I mentioned earlier, helps spread awareness. 

This wolf gives people a firsthand look at what will happen to ecosystems if we let numerous 

species go extinct. In addition, the red wolf spreads awareness about its species and helps 

spread awareness about other endangered species, "One of the most important reasons for 

protecting red wolves is the awareness that every species has intrinsic worth. The red wolf is a 

unique animal that contributes to the overall biodiversity of the ecosystem. But it has an 

aesthetic value as well as a practical one. Red wolves are beautiful. If they vanish from 

existence, we humans as a species are diminished. For all these reasons, we must protect and 

preserve this critically endangered animal," (U.S. Fish and Wildlife Services). This proves that 

red wolves add diversity and spread awareness about endangered species. 

 

    Because red wolves have left their habitat, their prey populations have been over the moon, 

(Defenders of Wildlife). For example, when red wolves were in their habitats, they took care of 

the population of rabbits and rodents, "Some credit can be given to red wolves toward control 

of nuisance species. For example, two dietary studies show that red wolves are known to feed 

on deer, nutria, raccoons, marsh rabbits and small rodents. We can assume red wolves 

contribute to control of these "nuisance species" with respect to crop damage by deer and 



rabbits and rodents, with respect to levee and road and farm equipment damage via nutria, and 

with respect to predation upon ground nesting birds (quail and turkey, etc.) and sea turtle nests 

(on island propagation sites) by raccoons." (The Value of Red Wolf Conservation, U.S. Fish and 

Wildlife Services). Now that red wolves are making a comeback, the prey populations can be 

expected to go down. Secondly, the red wolves were playing a positive role in their ecosystems 

while they were there, "They help to ensure the natural hierarchy of animal species by keeping 

the numbers of prey populations in balance. Rather than eliminating large predators, humans 

must make a concerted effort to preserve them as necessary elements in regulating the food 

chain." (U.S Fish and Wildlife Services) Red wolves keep everything together in their ecosystems 

and without them, it has just been falling apart. Without the red wolves back in their natural 

habitat to make sure the rabbits and marsh deer aren't overpopulated, marsh deer have been 

stealing crops and bunnies have been rampaging fields, (Nywolf, Wolf Conservation Services). 

To make sure that farmers can keep their fields and crops safe, the red wolf needs to be 

reintroduced into their old habitat. 

 

    Even after all of the data presented on the red wolf´s case, some people argue that the red 

wolf will not make a full comeback, (U.S. Fish and Wildlife Services), "The future of the red wolf 

is not, however, secure. Although red wolf numbers continue to rise slowly, the reintroduction 

effort faces challenges. First, the options for red wolf release sites are limited. Large tracts of 

wild lands are scarce in the eastern United States, and human density is high. Secondly, more 

than half of the population of red wolves live in captivity. Because of their limited numbers in 

the wild, eliminating hybridization with coyotes is a priority for wildlife biologists,"(U.S. Fish and 



Wildlife Services). To make sure the red wolf has made a full comeback, they cannot mate with 

the coyotes that live in or near the red wolf territory. The places they once roamed and raised 

their young are long gone and turned into cities. Even with all of the data against the survival 

rate of the red wolf, it has survived a lot as a species. For instance, the Native Americans had 

written accounts about them, "Many researchers believe that red wolves have shared the 

North American continent with humans for thousands of years. Native Americans revered the 

wolf..."(U.S. Fish and Wildlife Services). If red wolves can survive being hunted for their pelts by 

the colonists and the Native Americans, then they, as a species, can survive getting help from 

the people trying to reintroduce them into their old habitat. Hopefully, soon the red wolves 

will be back into the woods where their ancestors hunted and their future young will grow up 

in. There is a lot we can do for this species such as putting down environmental laws on the 

little land there is left. 

 

     Please take into consideration how important red wolves are. This beautiful animal has been 

out of the wild since 1973, and it is about time we start to introduce them back into what's left 

of their old home. Red wolves help spread awareness, keep prey populations in balance, and 

have been around since the Native Americans and earlier. Now that you see how important red 

wolves are, please try to encourage the scientists studying the red wolves in captivity to start 

getting ready to reintroduce this wonderful animal back into the wild. 

With regards, 

Brigid O´Reilly 

 



Works Cited: 
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Date: Saturday, June 18, 2016 2:38:18 PM
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This message was sent to dan_ashe@fws.gov. If you don't want to receive these emails from Facebook in the future,
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Facebook, Inc., Attention: Community Support, Menlo Park, CA 94025

   

 



From: Sammy Almaita
To: dan_ashe@fws.gov
Subject: Saving the red wolf
Date: Tuesday, June 28, 2016 9:58:45 AM

Dear Dan Ashe,

My name is Sammy Mounir Almaita and I'm from Haledon, New Jersey. I am writing
to you about the flaw of your questionable plans with the red wolf. As you should
know that this animal is one of the most endangered wild dogs in the world as there
are 45 to 50 of them left in the wild. The one problem is that while you are reviewing
the recovery program, you recently halted all captive releases to the wild when these
animals need most. But it's not the only thing jeopardizing their future. I read that
you've also been allowing private landowners to shoot them on sight. I've been
constantly reading about the red wolf and it's numbers are growing in captivity but I as
an advocate for wildlife see that captive breeding is no enough. What I'm informing
you is that your agency need to live up the duties because when you first were
involved with the red wolf, you need to understand that the animals you work with are
meant to be protected at all costs and no species should be made an exception,
especially the red wolf when it needs help more than it ever has been before. I say
this as a concerned environmentalist and animal lover. I believe that the choices that
you making by catering to the intolerant wildlife hating zealots is reckless, poorly
thought, and irresponsible. You need to realize that the red wolf isn't a nuisance or
vermin that you can just poison. It's a living breathing creature like you and me with
the right to exist as much as we do as well as every living thing. It's very urgent that
you help this animal by making sure that recovery efforts will continue in order to help
the wild population live. For the survival of an endangered species, it's not just the
responsibility of elected officials or eco minded politicians but for every person to help
the most vulnerable of God's creatures. The red wolf is a unique creature and it's in
trouble. I'm not going to sit back and do nothing. People from local advocates to
conservation groups like Red Wolf Coaltion are working to save this animal from
being removed from the wild, preventing it a fate worse than extinction. When I'm
saying all this, I am telling the truth, nothing but the truth.

Yours Truly,

Sammy Mounir Almaita



From: Susannah Smith
To: cynthia_dohner@fws.gov
Cc: dan_ashe@fws.gov; Pete Benjamin
Subject: Red Wolf Revival: share audience research?
Date: Wednesday, July 6, 2016 7:37:28 AM

Dear Cynthia,
We have conducted market research in the red wolf recovery area on our short film. In short, 
we have paid folks- who do not know the topic beforehand- to answer a pre and post survey 
surrounding its viewing. We have collected data in Engelhard, Columbia, and Washington, 
NC. In addition, we have conducted this audience research during our public screenings in 
Manteo, Pocosin Refuge Center, and Duke. A total of 194 participants.

I would like to share these insights with you soon, as the local PBS station will notify us this 
month of their intention to air our film. Please let me know if you have any availability in the 
next couple of weeks? I’m in Tampa and could easily head to Atlanta. If not, then perhaps I 
could send a brief summary to you and we could set up a call?

Best, Susannah

Susannah Smith
813-842-6958
Executive Producer, Red Wolf Revival



From: Tara Zuardo
To: exsec@ios.doi.gov; dan_ashe@fws.gov; Cynthia_dohner@fws.gov; leopoldo_miranda@fws.gov
Subject: Petition Submission
Date: Wednesday, July 13, 2016 9:37:52 AM
Attachments: Red Wolf petition.pdf

Dear Secretary Jewell, Director Ashe, Regional Director Dohner, and Assistant Regional Director
Miranda:
 
Attached please find a petition signed by nearly 500,000 people who support red wolf conservation
and the continued support of red wolf recovery in the wild, including their current home in North
Carolina. Because the file containing the petition signatures is too large to attach via email, we have
set up a share link where the petition signatures can be downloaded:
https://spaces.hightail.com/space/7lqsZ [Click on the arrow in right corner to download the
materials in a zip drive; open “master petition comp_pub release” Excel spreadsheet].
 
Please ensure that the contact information associated with the petition signatures—including the
names themselves—is kept strictly confidential and not shared outside of the agency in order to
protect the privacy of these individuals.
 
Do not hesitate to let me know if you have any trouble accessing this file.
 
Respectfully,
Tara Zuardo
 

Tara C. Zuardo
Wildlife Attorney
Animal Welfare Institute
900 Pennsylvania Avenue, S.E.
Washington D.C. 20003
Tel: 202-446-2148
Fax: 202-446-2131
Visit us at awionline.org
 
The information contained in this e-mail, and any attachments hereto, is intended only for use by the addressee(s) named
herein and may contain legally privileged and/or confidential information. If you are not the intended recipient of this e-mail,
you are hereby notified that any dissemination, distribution, copying or use of the contents of this e-mail, and any
attachments hereto, is strictly prohibited. If you have received this e-mail in error, please immediately notify me by reply
email and permanently delete the original and any copy of this e-mail and any printout thereof.



Sally Jewell, Secretary 
U.S. Department of the Interior 
1849 C Street, NW 
Washington, DC 20240 
Email: exsec@ios.doi.gov 
 
Daniel Ashe, Director 
U.S. Fish and Wildlife Service 
1849 C Street, NW 
Washington, DC 20240 
Email: dan_ashe@fws.gov 
 
Cindy Dohner, Southeast Regional Director 
1875 Century Blvd., Suite 400 
Atlanta, GA 30345 
Email: Cynthia_dohner@fws.gov 

 
Leopoldo "Leo" Miranda, Assistant Regional Director, Ecological Services  
Southeast U.S., Puerto Rico and U.S. Virgin Islands  
1875 Century Boulevard Atlanta, GA 30345 
Email: leopoldo_miranda@fws.gov  
 
Re: Please do not abandon red wolf recovery   
 
Dear Secretary Jewell, Director Ashe, Regional Director Dohner, and Assistant Regional 
Director Miranda: 
 
We, the undersigned, care about red wolves and their recovery in the wild, and urge you to 
actively participate in helping to recover them as you once did. It is apparent that the US Fish 
and Wildlife Service has, at this point, abandoned the wild population and their recovery, failing 
to take any steps to foster their survival and recovery and even actively abetting their demise in 
some instances. 
  
As you know, the red wolf was once abundant throughout the southeastern United States before 
being hunted out of existence.  After red wolves were declared extinct in the wild in 1980, a 
successful breeding program was established in North Carolina, with the red wolf population 
peaking at 150 in 2001. Despite these successes, however, in 2014 the Service systematically 
began to dismantle red wolf recovery at the behest of a few vocal hunters and landowners within 
the state.  
  
Instead of fulfilling the legally mandated duties required by the Endangered Species Act, the 
Service ended its coyote-sterilization and pup-fostering programs (which were crucial to 
controlling hybridization events and facilitating recovery of the population), handed out take 
permits to certain private landowners to kill red wolves that weren't causing problems, curtailed 



law enforcement investigations of wolf deaths, and eliminated the program's recovery 
coordinator. As such, the wild red wolf population appears to have dropped precipitously, from 
around 110 wolves just a couple of years ago to as few as 45 (likely fewer) remaining in the wild 
today. In short, the agency tasked with protecting this endangered species has deliberately 
chosen to actively undermine its survival and recovery. 
  
The public overwhelmingly supports saving the red wolf from extinction. These canids cannot be 
found anywhere else in the wild. Their presence also helps the local economy, as tourists from all 
over the world frequent the Alligator River, Mattamuskeet, and Pocosin Lakes National Wildlife 
Refuges to potentially see and hear them in the wild. 
  
We, therefore, respectfully request that the Service resume the recovery program activities and 
dedicate personnel and resources to this effort, including outreach efforts to help hunters and 
landowners coexist with the wolves.  We also respectfully request that the Service put an end to 
lethal control of red wolves and fund law enforcement activities within the red wolf recovery 
area to reduce poaching and other illegal shootings.   
  
Please do not abandon the red wolf. Recovery efforts and Endangered Species Act protections 
are vital to their existence. 
 
Sincerely, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Enclosure: xlsx petition names 

tzuardo
Typewritten Text

tzuardo
Typewritten Text
[NOTE: the file containing the petition signatures is too big to attach; it can be downloaded here: https://spaces.hightail.com/space/7lqsZ (Click on the arrow in right corner to download the materials in a zip drive; open “master petition comp_pub release” Excel spreadsheet petition)].



From: Facebook
To: Dan Ashe
Subject: Tracey Butcher tagged you on Facebook
Date: Wednesday, July 13, 2016 10:34:33 PM

 

   
 

   Facebook
 

   

   

 
Tracey Butcher tagged you in a post. You can choose if you want to add it to your
timeline.
 
Remember: Posts you hide from your timeline may still appear in News Feed and elsewhere on
Facebook.
 

   Tracey Butcher
July 13 at 11:34pm

 
There's overwhelming support for red wolf recovery and continued protections
under the endangered species act. Why does USFWS Southeast Region office,
Director Dan Ashe and the U.S. Department of the Interior want to pull the plug
on this essential species? We can coexist, we can succeed and these agencies
must stop buckling to special interest groups and assigning bogus blame to
budget issues and do what they're mandated to do. #saveredwolves #doyourjob

 
You can now tag your friends in your status or post. Type @ and then type the
friend's name. For example: "Had lunch with @John Smith."
 
Learn more about tagging on Facebook.
 

   

   

 
View on Facebook

 
   

   
 
This message was sent to dan_ashe@fws.gov. If you don't want to receive these emails from Facebook in the future,
please unsubscribe.
Facebook, Inc., Attention: Community Support, Menlo Park, CA 94025

   

 



From: cscanine@aol.com
To: DAN_ASHE@FWS.GOV
Subject: #save red wolves
Date: Friday, July 15, 2016 3:24:38 PM

Please Kind Sir,  It is essential that you do not give up funding for the protection
of the red wolf. It may seem like no big deal, only one animal, but please
remember that biodiversity is not just one of the keys to a healthy planet, it is
THE key, and the red wold is not only valuable for its genetic component, but
because it is indicative of the South. If you do not protect it, I fear, as do most
others, that the red wolf will be gone before our grandchildren are. That, kind
sir, is a crime against the planet. I do not say this lightly. Thank you and do good,
Christine Cock



From: spiffluk@comcast.net
To: dan ashe
Subject: Save the Red Wolf
Date: Friday, July 15, 2016 4:21:19 PM

Please do not abandon the red wolf - they need your full protection under the law.

Sincerely,
Andrew J. Luk, MD, MPH
Seattle, WA



From: Greg Hamby
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery
Date: Friday, July 15, 2016 7:38:25 PM

Greetings Director Ashe, It is time to cast aside the wildlife haters like Jett Ferrebee {who is from Pitt County}
whom would deprive all of us of The Red Wolf. I would ask why he was even included on the Red Wolf board? 
Why was no one from Dare County, which is the epicenter of the recovery included?  Dare has a far larger stake in
this than any of the other 4 counties included in the Recovery area. 
As a lodging business owner in Kitty Hawk we have any guests whom are interested in Wildlife.    Science has
proven that Red Wolves are a part of the ecosystem. The attack on them by the rabid Coyote killers is unjustified
and should be given no credence by FWS. 
The very small part of their original range dedicated to them needs to be for them.
The Albemarle Peninsulia can be their home.  Dare County generates a great deal of revenue for NC and  many, {
25% of}  visitors are interested in Nature and Refuges. 
These folks pay taxes that pay for state agencies like NCWRC which has knelt down to the wildlife haters.
The public has spoken and They Speak for The Red Wolf.

Regards,  Greg Hamby



From: Greg Hamby
To: dan_ashe@fws.gov
Subject: Re: Red Wolf Board
Date: Friday, July 15, 2016 7:49:26 PM

On Jun 14, 2016, at 3:26 PM, Greg Hamby <cypressmooninn@mindspring.com> 
wrote:

On May 4, 2016, at 10:31 AM, Greg Hamby 
<cypressmooninn@mindspring.com> wrote:

Greetings once again Chairman Woodard.  I am forwarding this letter 
to you that I wrote to  Pete Benjamin of FWS. Mr Benjamin is the 
chairman of the Red Wolf Board. I did not have time at the meeting 
to discuss this aspect.
  FWS formed a board to study the Red Wolf Recovery due to the 
controversy over it. 
That board has only two" local "representatives, one Hyde County 
Commissioner and a resident and businessman from Pitt County who 
owns property in Tyrell that he uses for hunting. That person is a 
vehement opponent of the Red Wolf Recovery.  
There is no member on that board from Dare County.   Dare is the 
center of The Red wolf Recovery and as you know the program 
began here in 1987.  I believe that FWS by omitting a representative 
on their board from Dare County is not giving many who are in favor 
of and where the economics play an important role  a voice in 
decisions made about the future of the Red Wolf Recovery. 
Regards,  Greg Hamby 

On Oct 30, 2015, at 6:25 PM, Greg Hamby 
<cypressmooninn@mindspring.com> wrote:

On Oct 30, 2015, at 6:22 PM, Greg Hamby 
<cypressmooninn@mindspring.com> wrote:

Greetings Pete,  I am Greg Hamby a lodging 
business owner in Kitty Hawk NC and an 
advocate for wildlife here which includes 
The Red Wolf.  As you know Dare County 
is where the Red wolf Recovery began in 
NC.
As I read the names on the list I will say that 
I am puzzled that no one from Dare County 
is on that board as far as I can tell.  Please 
correct me if I am wrong. 



We here are in the visitor business and our 
wild lands and their wildlife are a draw for 
visitors. 
in a recent visitor profile survey done by 
The Outer Banks Visitor Bureau, a part of 
Dare County Government, it has been found 
that over 25% of respondents  visit The 
Outer Banks for Nature and Wildlife 
and49% visit for open and natural lands. the 
nature enthusiasts aka Eco Tourists visit 
predominantly in the non summer months.  
This is a bonus and we need more “off” 
season visitors.  Perhaps you would also 
look at the turnout for the recent Wings 
Over Water Festival. we hosted guests who 
attended.
You can contact Amy Wood at 
www.outerbanks.org to get a copy of the 
2014-2015  Outer Banks visitor profile 
survey. 
 
These visitors {whose numbers are above 
250K in the Summer months} are what 
drives our economy  and the many facets of 
it.  Those being, Homebuilding,maintenance 
management,restaurants, retail, activity 
operators, and Commercial fishing These 
visitors pay 12.75% tax on lodging. This is 
broken down to 8% to Dare County {6% of 
which is occupancy tax} and 4.75% to the 
state. Dare and Currituck counties are the 
revenue engine of NE NC.  Poorer counties 
with low revenue like Tyrell and Hyde 
benefit from tax dollars brought in on The 
Outer Banks.  
If there is not,there should be representation 
on the Red Wolf Board from Dare County.  
This would bring balance.
As i have read you have a landowner on the 
board who is very critical  of The Recovery 
due only to his and a few others in the far 
western end of The Recovery Area desire to 
shoot coyotes with no restrictions from 
NCWRC.   There is much  more at stake 
here than that. The presence of the Red Wolf 
and all wildlife in Dare county is a visitor 
draw that  makes a difference in the 
economy of the area. 
The Red Wolf in a unique attraction that 
only exists in the wild here and therefore in 



just economic terms is valuable.  
Of course I also believe that this Native 
Species has a right to exist in the wild.  Man 
owes the highly persecuted Red Wolf a debt.
Regards,  Greg Hamby   
www.cypressmooninn.com



From: J Rauch
To: DAN_ASHE@FWS.GOV
Subject: Red wolf
Date: Saturday, July 16, 2016 5:22:36 AM

Mr. Ash:
It's your job to ensure that the Eastern red wolf does not go extinct
from the wild.
James Rauch
Buffalo, NY



From: Annetta Hoggard
To: DAN_ASHE@FWS.GOV
Subject: Red Wolves
Date: Saturday, July 16, 2016 2:02:50 PM

Please continue to support Red Wolf recovery.  My family is from the very region where reestablishment is being
attempted (Bertie County).  My nephews are avid hunters and they say they can definitely tell the difference
between coyote and red wolf and they support survival of this species.  Don’t give up now.

Thank you,
Annetta Hoggard
Raleigh NC



From: Scott Collins
To: DAN_ASHE@FWS.GOV
Subject: RED WOLVES MATTER
Date: Saturday, July 16, 2016 4:32:16 PM

Save the Red Wolf
Red wolves deserve to be protected and aided in survival in North Carolina. 

 
Scott P. Collins



From: Brad Stanback
To: dan_ashe@fws.gov
Subject: #SaveRedWolves
Date: Sunday, July 17, 2016 9:03:27 AM

Dear Director Ashe,
The U.S. Fish and Wildlife Service has a clear mandate to restore the Red Wolf in the wild. 
The northeast North Carolina Red Wolf restoration project has been moving backwards for 
quite some time. Please do your job and reverse this trend by strengthening protection and 
enforcement in NC and by moving toward establishing at least two additional release sites in 
the Southeast.
Sincerely,
Brad Stanback
810 Long Branch Rd.
Canton, NC 28716
castanea@bellsouth.net



From: Bob
To: dan_ashe@fws.gov
Subject: red wolves
Date: Sunday, July 17, 2016 2:16:56 PM

Dear Director Ashe,
I strongly urge you to not abandon red wolf recovery. I support wolf
restoration wherever feasible. Please do your job and recover red wolves.
Sincerely,
Bob Brister
220 S Elizabeth St Apt 12
Salt Lake City, UT 84102



From: Mary Iverson
To: DAN_ASHE@fws.gov
Subject: Protect the Red Wolf
Date: Monday, July 18, 2016 7:54:31 AM

Dear Director Ashe,

Do you really want your legacy to be the Director of the US Fish and Wildlife Service who let
the Red Wolf go extinct?  

The red wolf is on the US federally endangered species list, protected by law and it is your
responsibility to enforce those protections!  Please don't give in to the pressures of rich
ranchers or corporations who care for nothing but profits and who don't understand the
ramifications of losing yet another North American predator!

Please take this request to heart.  Please step up your agency's efforts to protect the red wolf. 
The help to ensure that your grandchildren and great grandchildren and all generations to
come can see this proud, beautiful creature in the wild and not just in photos or as a taxidermy
statue! 

Thank you for listening to and supporting the majority who stand behind protecting the red
wolf!

Regards,
Mary Iverson

 



From: Paul Knoop
To: DAN_ASHE@FWS.GOV
Subject: Saving red wolves
Date: Monday, July 18, 2016 11:57:49 AM

Dear Director Ashe, There is still a chance to save the red wolf and I trust you will do all in your power to re-
establish these magnificent animals. What good is a country without some wildness? Here in the east we regret
losing all the large predators and consequently an over population of deer with resulting degraded woodlands from
over browsing and grazing.

Thanks for any consideration given to this concern.

Paul Knoop
19772 Keifel Road
Laurelville, Ohio 43135

750-279-8963
Sent from my iPhone



From: Tbutcher
To: DAN_ASHE@FWS.GOV
Subject: Red Wolf Recovery
Date: Tuesday, July 19, 2016 10:17:11 PM

Dear Mr. Ashe,

As a biologist, citizen and constituent, II urge you to not abandon the red wolf recovery efforts. My voice
matters as much as the special interests to which you're acquiescing. Budget, big ag, genetics......there's
no reason imaginable that supports allowing these animals to go extinct. Do your job. Save the red wolf.

Sincerely,

Tracey Butcher
Cocoa FL



From: Steve Olson
To: dan_ashe@fws.gov; Gary_frazer@fws.gov; don_morgan@fws.gov
Subject: AZA Red Wolf Letter
Date: Wednesday, August 10, 2016 12:02:09 PM
Attachments: 080816 FWS Red Wolf Program_FINAL.PDF

 
August 8, 2016
 
The Honorable Dan Ashe
Director
US Fish and Wildlife Service
1849 C Street, NW
Room 3331
Washington, DC 20240-0001
 
Dear Director Ashe,
 
We are writing on behalf of the Association of Zoos and Aquariums (AZA) and the AZA Red Wolf
Species Survival Plan® (SSP) to strongly encourage continued support for the US Fish and Wildlife
Service Red Wolf Recovery Program (RWRP).
 
AZA pioneered and established the SSP program in 1981 as a long-term plan involving genetically
diverse breeding, habitat preservation, public education, field conservation and supportive research.
SSPs oversee population management of select species through a variety of conservation, research,
husbandry, and education initiatives within AZA member institutions and conservation partners. The
AZA Red Wolf SSP (RWSSP) is comprised of more than forty AZA-accredited zoos and
conservation partners that have devoted staff time and resources to conserving this species through
captive breeding and reintroduction to the wild where possible.
 
Prior to the red wolf being declared biologically extinct in the wild in 1980, the US Fish and Wildlife
Service (UWFWS) requested help from the zoological community to conserve the remnant red wolf
population and to propagate the species for eventual reintroduction into select areas of their historic
range. The AZA RWSSP has worked cooperatively and effectively with the RWRP and has achieved
many conservation “firsts” including the successful reintroduction of a carnivore from captive stock;
the first recovery plan to include zoo-based management as a strategy for species conservation; and
inserting red wolf pups from the RWSSP population into wild born litters for foster rearing.
 
The wild red wolf population was on a positive population trajectory through the implementation of
an effective adaptive management approach which in part was the result of a very experienced and
dedicated RWRP field staff who worked tirelessly to assure that red wolves in the northeastern North
Carolina recovery area thrived. However, over the last decade multiple factors have negated those
positive population trends and the cumulative effect is now evident with the loss of breeding wolves
and the subsequent reduction in pup production and population recruitment. We believe that it is
important to note that the captive population should not be viewed as a stand-alone option in the red
wolf recovery equation. The AZA RWSSP has been and remains a strong and committed partner, but
it is not without its limitations. While the SSP population has been maintained at a relatively large
population size of 150 to 225 animals for more than two decades, it needs to increase breeding and
its population size/space to meet targeted Recovery Plan goals and assure long-term viability. Past
experience and future projections show that the red wolf captive and wild populations managed
together can better support the recovery of the species as a whole.
 
We are aware that the USFWS currently is conducting an RWRP review that includes engaging state



partners and key stakeholders to determine the future of the program. It also is our understanding
that your decision about this program and the USFWS’s role in red wolf recovery efforts will be
made by the end of the summer. As leaders in the effort to save the red wolf from extinction, we
urge you to affirm your commitment to the RWRP and the partnership that we have developed with
the USFWS since 1981. It is critically important that the USFWS continues the development of
constructive strategies with stakeholders such as landowner incentive programs (e.g. pay-for-
presence, Safe Harbor Agreements, and others) to further facilitate red wolf restoration efforts. It
also is essential to begin the process of identifying new release sites, as identified in the 1990 Red
Wolf Recovery Plan, to advance red wolf recovery in the wild. If the USFWS were to decide to
suspend or abandon the RWRP (a position that we do not support), then we would encourage you to
work closely with the AZA RWSSP to remove some or all of the red wolves from the current
recovery area and place these wolves in appropriate AZA facilities until further reintroduction
strategies are devised and implemented.
 
Thank you for your attention to this matter. We look forward to working with you and your
dedicated staff in the future on this issue and many other fish and wildlife conservation initiatives.
 
Sincerely,
 
Kristin L. Vehrs
Executive Director
Association of Zoos & Aquariums
Akron Zoological Park
Alexandria Zoological Park
Connecticut's Beardsley Zoo
Endangered Wolf Center
Fresno Chaffee Zoo
Great Plains Zoo
Henson Robinson Zoo
Jacksonville Zoo and Gardens
Museum of Life and Science



Niabi Zoo
Northeastern Wisconsin Zoo & Adventure Park
Point Defiance Zoo & Aquarium
Reflection Riding Arboretum and Nature Center
Roger Williams Park Zoo
Rowan Nature Center
Tallahassee Museum
The Zoo at Chehaw
Trevor Zoo
Virginia Living Museum
Western North Carolina Nature Center
Wildlife Science Center
Wolf Conservation Center
Zoo Knoxville
***
 
AZA is a non-profit organization dedicated to the advancement of accredited zoos and aquariums in
the areas of animal care and husbandry, conservation, education, science and recreation. AZA’s 233
accredited zoos and aquariums annually see more than 182 million visitors, collectively generate
more than $17 billion in annual economic activity, and support more than 166,000 jobs. Over the
last five years, AZA-accredited institutions supported more than 3,000 field conservation and
research projects with $160,000,000 annually in more than 100 countries
 
 



  

 
 
 
 
 
 
 
August 8, 2016 
 
The Honorable Dan Ashe 
Director 
US Fish and Wildlife Service 
1849 C Street, NW  
Room 3331  
Washington, DC 20240-0001 
 
Dear Director Ashe, 
 
We are writing on behalf of the Association of Zoos and Aquariums (AZA) and the 
AZA Red Wolf Species Survival Plan® (SSP) to strongly encourage continued 
support for the US Fish and Wildlife Service Red Wolf Recovery Program (RWRP). 
 
AZA pioneered and established the SSP program in 1981 as a long-term plan 
involving genetically diverse breeding, habitat preservation, public education, field 
conservation and supportive research.  SSPs oversee population management of 
select species through a variety of conservation, research, husbandry, and education 
initiatives within AZA member institutions and conservation partners.  The AZA Red 
Wolf SSP (RWSSP) is comprised of more than forty AZA-accredited zoos and 
conservation partners that have devoted staff time and resources to conserving this 
species through captive breeding and reintroduction to the wild where possible.   
 
Prior to the red wolf being declared biologically extinct in the wild in 1980, the US 
Fish and Wildlife Service (UWFWS) requested help from the zoological community 
to conserve the remnant red wolf population and to propagate the species for 
eventual reintroduction into select areas of their historic range.  The AZA RWSSP has 
worked cooperatively and effectively with the RWRP and has achieved many 
conservation “firsts” including the successful reintroduction of a carnivore from 
captive stock; the first recovery plan to include zoo-based management as a strategy 
for species conservation; and inserting red wolf pups from the RWSSP population 
into wild born litters for foster rearing.  
 
The wild red wolf population was on a positive population trajectory through the 
implementation of an effective adaptive management approach which in part was 
the result of a very experienced and dedicated RWRP field staff who worked 
tirelessly to assure that red wolves in the northeastern North Carolina recovery area 
thrived. However, over the last decade multiple factors have negated those positive 
population trends and the cumulative effect is now evident with the loss of breeding 
wolves and the subsequent reduction in pup production and population recruitment. 
We believe that it is important to note that the captive population should not be 
viewed as a stand-alone option in the red wolf recovery equation. The AZA RWSSP 
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has been and remains a strong and committed partner, but it is not without its 
limitations.  While the SSP population has been maintained at a relatively large 
population size of 150 to 225 animals for more than two decades, it needs to increase 
breeding and its population size/space to meet targeted Recovery Plan goals and 
assure long-term viability. Past experience and future projections show that the red 
wolf captive and wild populations managed together can better support the 
recovery of the species as a whole.  
 
We are aware that the USFWS currently is conducting an RWRP review that includes 
engaging state partners and key stakeholders to determine the future of the 
program.  It also is our understanding that your decision about this program and the 
USFWS’s role in red wolf recovery efforts will be made by the end of the summer.  As 
leaders in the effort to save the red wolf from extinction, we urge you to affirm your 
commitment to the RWRP and the partnership that we have developed with the 
USFWS since 1981.  It is critically important that the USFWS continues the 
development of constructive strategies with stakeholders such as landowner 
incentive programs (e.g. pay-for-presence, Safe Harbor Agreements, and others) to 
further facilitate red wolf restoration efforts. It also is essential to begin the process 
of identifying new release sites, as identified in the 1990 Red Wolf Recovery Plan, to 
advance red wolf recovery in the wild.  If the USFWS were to decide to suspend or 
abandon the RWRP (a position that we do not support), then we would encourage 
you to work closely with the AZA RWSSP to remove some or all of the red wolves 
from the current recovery area and place these wolves in appropriate AZA facilities 
until further reintroduction strategies are devised and implemented. 
   
Thank you for your attention to this matter.   We look forward to working with you 
and your dedicated staff in the future on this issue and many other fish and wildlife 
conservation initiatives. 
 
Sincerely, 
 

 
 
Kristin L. Vehrs 
Executive Director 
Association of Zoos & Aquariums 
 
 
Akron Zoological Park 
Alexandria Zoological Park 
Connecticut's Beardsley Zoo 
Endangered Wolf Center 
Fresno Chaffee Zoo 
Great Plains Zoo 
Henson Robinson Zoo 
Jacksonville Zoo and Gardens 
Museum of Life and Science 



  

Niabi Zoo 
Northeastern Wisconsin Zoo & Adventure Park 
Point Defiance Zoo & Aquarium 
Reflection Riding Arboretum and Nature Center 
Roger Williams Park Zoo 
Rowan Nature Center 
Tallahassee Museum 
The Zoo at Chehaw 
Trevor Zoo 
Virginia Living Museum 
Western North Carolina Nature Center 
Wildlife Science Center 
Wolf Conservation Center 
Zoo Knoxville 
 

*** 
 

AZA is a non-profit organization dedicated to the advancement of accredited zoos 
and aquariums in the areas of animal care and husbandry, conservation, education, 

science and recreation.  AZA’s 233 accredited zoos and aquariums annually see more 
than 182 million visitors, collectively generate more than $17 billion in annual 

economic activity, and support more than 166,000 jobs.  Over the last five years, 
AZA-accredited institutions supported more than 3,000 field conservation and 

research projects with $160,000,000 annually in more than 100 countries.   



From: Ben Prater
To: dan_ashe@fws.gov
Cc: Heather Clarkson; Christian Hunt
Subject: Red Wolf Meeting Request
Date: Tuesday, August 16, 2016 8:22:56 AM
Attachments: OutlookEmoji-1452800021206_PastedImage.png

Red Wolf Meeting Request 8.3.16.pdf

Dear Director Ashe: 
 
We respectfully request a meeting with you to discuss the future of the red wolf recovery program.
Defenders of Wildlife, along with representatives from local conservation organizations including Red
Wolf Coalition, Inc., North Carolina Wildlife Federation, Wildlands Network, and Pamlico Albemarle
Wildlife Conservationists, would like the opportunity to discuss the recovery program and its future in
the state of North Carolina and beyond.
 
The red wolf, which once roamed across the Southeastern United States, is now one of the nation’s
most critically endangered species. In the 1960s, the U.S. Fish and Wildlife Service began researching red
wolves and working toward the recovery of the species, and now, more than 50 years later, the red
wolves remain in peril and the future of their recovery is in question.  
 
The recently published red wolf Population Viability Analysis[1], developed for the U.S. Fish and
Wildlife Service by a team of biologists, shows a clear path forward for red wolf recovery. This report
not only illustrates that there are a number of things that can be done to continue to save and
recover the species, but also that if no action is taken, and the status quo remains in place, the red
wolves are undoubtedly doomed.  
 
Numerous conservation organizations have put forth time and resources over the years to assist with the
daunting – but manageable – task of helping the red wolves recover and return to their position as a
critical apex predator in the Southeast. We now come to you, again, offering resources, expertise and
support, so that these wolves can survive and recover.
 
We understand that local support is important to USFWS, and would like to express our support and
help the agency move forward. Our hope is to meet with you as soon as possible. Please contact Ben
Prater, Southeast Program Director at bprater@defenders.org or by phone at 864.494.4168 if you have
any questions and to set up a meeting.

Sincerely,

Ben Prater
Southeast Program Director, Field Conservation
Defenders of Wildlife

[1] Faust, L.J., Simonis, J.S., Harrison, R., Waddell, W., Long, S. 2016. Red Wolf (Canis rufus) Population Viability
Analysis – Report to U.S. Fish and Wildlife Service. Lincoln Park Zoo, Chicago.

 
  Ben Prater          
   Director of the Southeast Program  



   Field Conservation
   Defenders of Wildlife 

Southeast Office: 1 Rankin Ave. 2nd Floor. Asheville, NC 28801 
HQ: 1130 17th Street N.W. Washington D.C. 20036-4604
Office: (828) 412-0980 Mobile: (864) 494-4168  
Email: bprater@defenders.org   
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August 3rd, 2016  
  
Daniel Ashe, Director  
U.S. Fish & Wildlife Service  
1849 C. Street, NW, Room 3331   
Washington, DC 20240  
  
Re: Request for a Meeting  
  
Dear Director Ashe:  
  
We respectfully request a meeting with you to discuss the future of the red wolf recovery program. Defenders of 
Wildlife, along with representatives from local conservation organizations including Red Wolf Coalition, Inc., North 
Carolina Wildlife Federation, Wildlands Network, and Pamlico Albemarle Wildlife Conservationists, would like the 
opportunity to discuss the recovery program and its future in the state of North Carolina and beyond.  
 
The red wolf, which once roamed across the Southeastern United States, is now one of the nation’s most critically 
endangered species. In the 1960s, the U.S. Fish and Wildlife Service began researching red wolves and working 
toward the recovery of the species, and now, more than 50 years later, the red wolves remain in peril and the future of 
their recovery is in question.   
  
The recently published red wolf Population Viability Analysis1, developed for the U.S. Fish and Wildlife Service by a 
team of biologists, shows a clear path forward for red wolf recovery. This report not only illustrates that there are a 
number of things that can be done to continue to save and recover the species, but also that if no action is taken, and the 
status quo remains in place, the red wolves are undoubtedly doomed.   
  
Numerous conservation organizations have put forth time and resources over the years to assist with the daunting – but 
manageable – task of helping the red wolves recover and return to their position as a critical apex predator in the 
Southeast. We now come to you, again, offering resources, expertise and support, so that these wolves can survive 
and recover. 
 
We understand that local support is important to USFWS, and would like to express our support and help the agency 
move forward. Our hope is to meet with you as soon as possible. Please contact Ben Prater, Southeast Program Director 
at bprater@defenders.org or by phone at 864.494.4168 if you have any questions and to set up a meeting. 
 
Sincerely, 
 

 
Ben Prater 
Southeast Program Director, Field Conservation 
Defenders of Wildlife 

                                                           
1 Faust, L.J., Simonis, J.S., Harrison, R., Waddell, W., Long, S. 2016. Red Wolf (Canis rufus) Population Viability Analysis – Report to U.S. 

Fish and Wildlife Service. Lincoln Park Zoo, Chicago. 



From: Rep. Pricey Harrison
To: "exsec@ios.doi.gov"
Cc: "dan_ashe@fws.gov"; "cynthia_dohner@fws.gov"
Subject: Letter in Support of Red Wolf Recovery from NC Legislators
Date: Monday, August 29, 2016 8:33:14 AM
Attachments: SEC. JEWELL RED WOLF LTR.docx

 
 

Rep. Pricey Harrison
District 57

1218 Legislative Building
Pricey.Harrison@ncleg.net

919-733-5771
 













 



From: John F.
To: dan_ashe@fws.gov
Subject: UNC Students are asking for you to keep red wolf recovery program
Date: Saturday, September 3, 2016 11:48:19 AM

Dan Ashe, 

My name is John Jacobi and I'm an undergraduate student at UNC Chapel Hill. I'm also a
member of the campus' Wild Will Coalition. 

I and other students want you to know that we support the red wolf recovery program, which
the US FWS is thinking about ending in early September, as you know. 

Please make the right decision, the decision that the NC public stands behind. 

I'm available at this email address or at 910-292-9506. 

My best, 
John Jacobi



From: Larry Stalnaker
To: USFWS; Dan Ashe Director USFWS; Sally Jewell Sec Dept Interior; Dept of the Interior
Subject: red wolves
Date: Tuesday, September 6, 2016 5:24:15 PM

It has come to my attention that a meeting will be held this month to determine
whether red wolves should remain protected under the ESA.. They were declared
endangered in 1973 & were almost extinct. Granted, there are breeding programs for
red wolves in captivity, a noble plan. But they still should not be removed from
protection in the wild. Only 45 remain in the Alligator River National Wildlife Refuge in
NC, hardly a significant number. The public wants them to remain protected & so do I.
Please do not remove the red wolf from the ESA. When they are gone, they are gone
forever.
Thank you & a reply would be appreciated.
Marilyn Evenson
Vermilion, OH



From: Long, Sarah
To: dan_ashe@fws.gov
Subject: red wolf recovery program feasibility review
Date: Tuesday, September 6, 2016 8:12:02 PM
Attachments: Lincoln Park Zoo letter to USFWS Red Wolf 2016_.pdf

Dear Director Ashe,
 
Congratulations on your new position as the new President and CEO of AZA.  As you face the last
days in your current role and your legacy with the USFWS, please kindly consider our thoughts about
the recovery of the endangered red wolf conveyed in the attached letter.  
 
We look forward to continued collaboration with you in the care and conservation of wildlife as you
lead AZA in the coming years.
 
Best regards,

Sarah

Sarah Long
Director, AZA Population Management Center
Lincoln Park Zoo
2001 N. Clark St.
Chicago, IL 60614
312-742-3993
slong@lpzoo.org
www.lpzoo.org/pmc
 
 
 
 
 



 
 
 

 
 

 
 
 
 
 
 
September 6, 2016 
 
The Honorable Dan Ashe 
Director 
US Fish and Wildlife Service 
1849 C Street, NW  
Room 3331  
Washington, DC 20240-0001 
 
Dear Director Ashe, 
 
We are writing on behalf of Lincoln Park Zoo, the Association of Zoos and Aquariums (AZA), and the AZA Red Wolf 
Species Survival Plan® (RWSSP) to strongly encourage continued support for the US Fish and Wildlife Service Red 
Wolf Recovery Program (RWRP). 
 
Lincoln Park Zoo has worked closely with the Red Wolf Species Survival Plan® program over the past 15 years by 
housing and breeding red wolves, contributing to recovery efforts, providing expert scientific advice for population 
management of both the captive and wild populations, and serving on the Recovery Team for the feasibility assessment 
of the Red Wolf Recovery Program. The zoo’s Population Management Center (PMC, a joint effort with AZA, has 
advised the RWSSP on the demographic and genetic management of SSP animals since 2000, assisting in planning for 
breeding and transfers of wolves annually. Scientific management, along with the cooperative efforts of approximately 
40 RWSSP participants, has resulted in a rebound from only 17 animals to nearly 300 red wolves in existence today, 
helping to create a stable and viable RWSSP program.    
 
In 2005, the zoo became more actively involved when we accepted our first red wolf, and we’ve had success breeding 
the species based on SSP recommendations. In 2009, we were part of a successful reintroduction effort to cross-foster 
zoo-born pups into the wild, placing four pups from our litter into wild dens. Some of these pups have since reproduced 
in the wild, a hallmark of successful reintroduction. The red wolf’s conservation status, history, and reintroduction are 
cited as a collective flagship example of the on-the-ground conservation work to which zoos contribute, and we share 
this story with the zoo’s 3.6 million annual visitors as well as large network of virtual visitors. The zoo’s stakeholders, 
including our state’s elected officials, are excited to learn about this work and gain a deeper understanding of the ways in 
which zoos are helping to save this species from extinction through scientific management and successful reintroduction 
to the wild.    
 
In 2013, the RWRP approached us about becoming more involved in the science of red wolf recovery. Our zoo is a 
world-wide center of excellence in demographic and genetic management of animal populations, both in zoos and in the 
wild. The scientists at the zoo’s Alexander Center for Applied Population Biology and the PMC are experts in 
conducting population viability analyses (PVAs), in depth computer modeling that helps predict the likely future viability 
of a population of animals. We are currently in the last stretch of a five-year federal grant to create PVAs for all SSP 
populations managed in AZA institutions. We also have expertise in advising in situ management and reintroduction 
practices for federal programs including black-footed ferrets, Puerto Rican parrots, Guam rails, Micronesian kingfishers, 
Louisiana pine snakes, Virgin Island boas, Houston toads, and American burying beetles.  We welcomed the opportunity 
to assist a recovery program like the one for red wolves, which has a long history of reliable recordkeeping and many of 
the best traits of successful reintroductions, including reproduction of released animals, and, for at least a portion of the 
population’s history, trends of increasing population size, breeding pairs, and births. The incredible amount of data on 



this reintroduction facilitated the development of a PVA model that provides robust predictions of the impact of 
management on the population and its potential future status.  
 
We have completed PVA modeling for both the ex situ SSP population and the in situ wild population in North Carolina, 
and our results highlight the successes of the RWSSP and RWRP populations, the challenges they face, and the 
management actions that can help them.  RWSSP results show a population that is demographically resilient, but with 
breeding restricted by space limitations that could lead to a decline unless space and the target population size are 
increased.  A boom of births in the past year and the need to potentially place wolves from the recovery area will strain 
current facilities and limit population growth even further.  Increases in space for up to 330 or 400 red wolves would 
enable the RWSSP to meet demographic and genetic goals set in the Recovery Plan and allow it to better support 
releases to the wild.  RWRP results illustrate that it is possible to maintain the in situ population by reducing mortality 
rates and continuing management of coyotes, both of which would increase wolf reproduction. Both the RWSSP and 
the RWRP face the threat of inbreeding depression, but continuing to connect them as a larger metapopulation allows 
red wolves to overcome the many threats to small populations. 
 
Beyond our scientific involvement with red wolves, we believe that the diverse expertise found within RWSSP facilities 
such as ours could continue be harnessed to highlight the many successes of this program and support education and 
outreach tied to release efforts.  As participants in the USFWS feasibility review of the RWRP population in 
northeastern North Carolina, we are aware that decisions about the USFWS’s role in red wolf recovery efforts are 
imminent.  As collaborators in ongoing efforts to save the red wolf from extinction, we strongly encourage USFWS to 
use the highest standards of science-based decision-making in deciding the future of this unique population and choose 
to perpetuate the protection of this endangered taxon.  

   
 
Sincerely, 
 

 
Lisa Faust, Ph.D.   
Vice President of Conservation and Science   
Lincoln Park Zoo   
                                   

 
Sarah Long, M.S.   
Director   
AZA Population Management Center   
 
 



From: Greg Hamby
To: dan_ashe@fws.gov; pete_benjamin@fws.gov; gordon.myers@ncwildlife.org
Subject: Fwd: Red Wolf Board
Date: Sunday, September 11, 2016 9:28:00 AM

Greetings to all,  In light of the looming decision about the Red Wolf Recovery I am sending 
this letter once again as I feel it is pertinent to the decision.  I will certainly be stunned if FWS 
decides to eliminate the program. To eliminate based on the complaints of a few bloodsport 
enthusiasts would be egregious.  These same deranged people use penned  “hunts" to kill Fox 
and Coyote and unbelievably that practice is sanctioned by NCWRC.    Based on the 
opposition made by NCWRC I would think that USFWS could not take them seriously as long 
as they sanction the pure animal cruelty that  these penned "hunts”  represent.

The entire point of the recovery was to restore an Animal that had been persecuted by the 
same type of thinking that comes from the likes of the short sighted  Jett Ferebee and his 
lackys.  
Mr. Ferebee needs to stay in Pitt County and leave Our Wildlife alone. He unknowingly has an 
ancillary stake in the visitor economy here and does not even realize that our Wildlife is good 
for business in Eastern NC. 

 There is ample space in Dare for the wolves. I cannot see why the recovery East of the ICW 
should not continue.  That land belongs to the citizenry and the citizenry has spoken 
overwhelmingly in favor of The Red Wolf Recovery.

Sincerely, Greg Hamby   The Cypress Moon Inn,  Kitty Hawk, NC

Begin forwarded message:

From: Greg Hamby <cypressmooninn@mindspring.com>
Subject: Re: Red Wolf Board
Date: July 15, 2016 at 9:49:04 PM EDT
To: dan_ashe@fws.gov

On Jun 14, 2016, at 3:26 PM, Greg Hamby 
<cypressmooninn@mindspring.com> wrote:

On May 4, 2016, at 10:31 AM, Greg Hamby 
<cypressmooninn@mindspring.com> wrote:

Greetings once again Chairman Woodard.  I am 
forwarding this letter to you that I wrote to  Pete 
Benjamin of FWS. Mr Benjamin is the chairman of the 
Red Wolf Board. I did not have time at the meeting to 
discuss this aspect.
  FWS formed a board to study the Red Wolf Recovery 
due to the controversy over it. 



That board has only two" local "representatives, one 
Hyde County Commissioner and a resident and 
businessman from Pitt County who owns property in 
Tyrell that he uses for hunting. That person is a 
vehement opponent of the Red Wolf Recovery.  
There is no member on that board from Dare County.   
Dare is the center of The Red wolf Recovery and as you 
know the program began here in 1987.  I believe that 
FWS by omitting a representative on their board from 
Dare County is not giving many who are in favor of and 
where the economics play an important role  a voice in 
decisions made about the future of the Red Wolf 
Recovery. 
Regards,  Greg Hamby 

On Oct 30, 2015, at 6:25 PM, Greg Hamby 
<cypressmooninn@mindspring.com> wrote:

On Oct 30, 2015, at 6:22 PM, 
Greg Hamby 
<cypressmooninn@mindspring.
com> wrote:

Greetings Pete,  I am Greg 
Hamby a lodging business 
owner in Kitty Hawk NC and an 
advocate for wildlife here which 
includes The Red Wolf.  As you 
know Dare County is where the 
Red wolf Recovery began in 
NC.
As I read the names on the list I 
will say that I am puzzled that 
no one from Dare County is on 
that board as far as I can tell.  
Please correct me if I am 
wrong. 
We here are in the visitor 
business and our wild lands and 
their wildlife are a draw for 
visitors. 
in a recent visitor profile survey 
done by The Outer Banks 
Visitor Bureau, a part of Dare 
County Government, it has been 
found that over 25% of 
respondents  visit The Outer 
Banks for Nature and Wildlife 



and49% visit for open and 
natural lands. the nature 
enthusiasts aka Eco Tourists 
visit predominantly in the non 
summer months.  This is a 
bonus and we need more “off” 
season visitors.  Perhaps you 
would also look at the turnout 
for the recent Wings Over 
Water Festival. we hosted 
guests who attended.
You can contact Amy Wood at 
www.outerbanks.org to get a 
copy of the 2014-2015  Outer 
Banks visitor profile survey. 
 
These visitors {whose numbers 
are above 250K in the Summer 
months} are what drives our 
economy  and the many facets 
of it.  Those being, 
Homebuilding,maintenance 
management,restaurants, retail, 
activity operators, and 
Commercial fishing These 
visitors pay 12.75% tax on 
lodging. This is broken down to 
8% to Dare County {6% of 
which is occupancy tax} and 
4.75% to the state. Dare and 
Currituck counties are the 
revenue engine of NE NC.  
Poorer counties with low 
revenue like Tyrell and Hyde 
benefit from tax dollars brought 
in on The Outer Banks.  
If there is not,there should be 
representation on the Red Wolf 
Board from Dare County.  This 
would bring balance.
As i have read you have a 
landowner on the board who is 
very critical  of The Recovery 
due only to his and a few others 
in the far western end of The 
Recovery Area desire to shoot 
coyotes with no restrictions 
from NCWRC.   There is much  
more at stake here than that. 
The presence of the Red Wolf 



and all wildlife in Dare county 
is a visitor draw that  makes a 
difference in the economy of 
the area. 
The Red Wolf in a unique 
attraction that only exists in the 
wild here and therefore in just 
economic terms is valuable.  
Of course I also believe that this 
Native Species has a right to 
exist in the wild.  Man owes the 
highly persecuted Red Wolf a 
debt.
Regards,  Greg Hamby   
www.cypressmooninn.com



From: Serena Hausen
To: dan_ashe@fws.gov
Subject: Support Red Wolf Recoveryi
Date: Wednesday, November 2, 2016 6:52:35 AM

I support the effort to restore red wolves to portions of their historical range in the Southeast.

I am appalled at the resolution passed by the North Carolina Wildlife Resources Commission (NCWRC). By
specifically requesting that (1) the USFWS declare the red wolf extinct in the wild, (2) the USFWS terminate the
Red Wolf Recovery Program, and (3) that the USFWS remove all red wolves from private lands are a violation of
the commitments the NCWRC made in the 2013 Memorandum of Understanding (MOU) with the USFWS -
commitments to "the conservation and management of all canid species (including red wolves). . .(and to) improve
conservation outcomes" for red wolves and all endangered species.

The resolutions adopted by the NCWRC demonstrate the state wildlife agency's determination to hinder red wolf
recovery. The resolutions also demonstrate that the NCWRC never had any intention of being a partner (per the
MOU) with USFWS on canid conservation and management in red wolf country.

The USFWS must uphold its obligations to the red wolf, a federally-listed endangered species under the Endangered
Species Act (ESA). It is the responsibility of the USFWS to implement the Red Wolf Recovery Plan. To do as the
NCWRC requests in the resolutions is a rejection of that responsibility and a direct violation of the 2013 MOU
agreement.

If the USFWS cancels the Red Wolf Recovery Program and declares the red wolf extinct in the wild, the agency will
be setting a dangerous precedent for other species listed as endangered under the ESA.

PLEASE continue to support the recovery of the Red wolf.

Serena Hausen
268 old fort rd
Fairview, NC 28730



From: Serena Hausen
To: dan_ashe@fws.gov
Subject: Support Red Wolf Recoveryi
Date: Wednesday, November 2, 2016 6:52:50 AM

I support the effort to restore red wolves to portions of their historical range in the Southeast.

I am appalled at the resolution passed by the North Carolina Wildlife Resources Commission (NCWRC). By
specifically requesting that (1) the USFWS declare the red wolf extinct in the wild, (2) the USFWS terminate the
Red Wolf Recovery Program, and (3) that the USFWS remove all red wolves from private lands are a violation of
the commitments the NCWRC made in the 2013 Memorandum of Understanding (MOU) with the USFWS -
commitments to "the conservation and management of all canid species (including red wolves). . .(and to) improve
conservation outcomes" for red wolves and all endangered species.

The resolutions adopted by the NCWRC demonstrate the state wildlife agency's determination to hinder red wolf
recovery. The resolutions also demonstrate that the NCWRC never had any intention of being a partner (per the
MOU) with USFWS on canid conservation and management in red wolf country.

The USFWS must uphold its obligations to the red wolf, a federally-listed endangered species under the Endangered
Species Act (ESA). It is the responsibility of the USFWS to implement the Red Wolf Recovery Plan. To do as the
NCWRC requests in the resolutions is a rejection of that responsibility and a direct violation of the 2013 MOU
agreement.

If the USFWS cancels the Red Wolf Recovery Program and declares the red wolf extinct in the wild, the agency will
be setting a dangerous precedent for other species listed as endangered under the ESA.

PLEASE continue to support the recovery of the Red wolf.

Serena Hausen
268 old fort rd
Fairview, NC 28730



Red Wolves

logo

From: Take Action! at GreaterGood Network
To: dan_ashe@fws.gov
Subject: We Need Immediate Action To Save The Red Wolf! | FREE Scarf Today Only
Date: Wednesday, November 9, 2016 10:26:54 AM

Help Rescued Exotic Birds Today! View email in web browser.

logo

Only 60 of these wolves remain in the
wild, after dropping down from almost 150
in a far too short timespan. To make
matters even more dire, the U.S. Fish and
Wildlife Service (FWS) has all but
abandoned efforts to create a recovery
plan for this species. 

Special interests in North Carolina and
other parts of the country want to see
these wolves disappear entirely, which
could greatly damage local ecosystems
that rely on red wolves as a predator. It's
not too late to change this alarming
population decline. Sign now and make
the FWS reconsider its stance on red wolf
recovery!

Keep Polar Bears Out Of Shopping Malls  

The Grandview Mall Aquarium in the Chinese city of

We Could Lose Red Wolves Forever

Speak For Wolves 



Polar Bear Mall

Wolverines

Adopt An Elephant

Help Exotic Birds

Guangzhou displays over 500 species including polar
bears in a space that's also shared by department stores.
These poor animals are forced to inhabit small
enclosures with no natural air or light!

Don't Let Wolverines Disappear 

Fewer than 300 of these mammals remain in the United
States, most of which can be found in the Northern
Rockies. Scientists estimate that only 35 wolverines are
capable of reproducing. Tell Secretary Jewell to step in!

Adopt An Elephant Today 

Click to visit the World Wildlife Fund's website where
your donations can directly contribute to the preservation
of important species such as elephants. You can also
symbolically adopt an animal and help monitor their
continued well-being!

Put A Roof Over These Birds 

An aviary for rescued exotic birds is in sore need of roof
repairs. Just $5 can help give these beautiful creatures a
new roof that provides critical shade, safety and
protective cover from inclement weather and predators.

FREE Scarf & $10 Off $40 Orders!



Click To Give, Free     Shop Our Store & Give More 
*Email exclusive coupon offer good on all $40 orders Wednesday, November 9th (11:59 p.m. PT) only: Enter AUTUMN in the

promotion code box during checkout to redeem. Orders must total minimum required purchase before shipping and tax and after all
discounts are applied. Exclusions include, but are not limited to, Gifts That Give More™ and Gift Certificates. Cannot be combined with

any other coupon offers.

You're receiving this email because you signed a petition at GreaterGood and chose to remain opted-in to receive updates.
We email our supporters approximately once a week.

One-click unsubscribe here or click here to manage your Take Action subscription(s) .

To ensure delivery to your inbox, add news@greatergood.com to your address book/contacts.
GreaterGood stores, One Union Square, 600 University Street, Suite 1000, Seattle, WA 98101

1-888-355-4321 Customer Service Hours: M-F 7am - 3pm PT



From: Jeanne Silliman
To: dan_ashe@fws.gov
Date: Thursday, November 24, 2016 7:02:24 AM

Save the red wolf they are endangered.



From: Ronnie Ortiz
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery in the Wild
Date: Saturday, November 26, 2016 11:58:20 AM

Last chance to save a sub-species! Make it happen with every bit you have!!!

Ronnie Ortiz
PO Box#22492
Santa Fe, NM 87502
US



From: Ronnie Ortiz
To: dan_ashe@fws.gov
Subject: Red Wolf Recovery in the Wild
Date: Saturday, November 26, 2016 11:58:21 AM

Last chance to save a sub-species! Make it happen with every bit you have!!!

Ronnie Ortiz
PO Box#22492
Santa Fe, NM 87502
US



From: Jamie Pang
To: Secretary_Jewell@ios.doi.gov; Dan_ashe@fws.gov
Cc: cynthia_dohner@fws.gov
Subject: Scientist letter in support of red wolves
Date: Wednesday, November 30, 2016 2:15:23 PM
Attachments: Red wolf Scientist ltr FWS proposals_11.30.16.pdf

Dear FWS officials—
 
Please see attached a letter featuring 30 scientists with expertise in ecology, genetics and other
areas relevant to wolf conservation in support of red wolf recovery.
 
Thank you,
 
Jamie Pang
Endangered Species Act Campaigner
Center for Biological Diversity
1411 K Street NW, Suite 1300
Washington D.C. 20005
Office: 202-347-3737
Cell: 858-699-4153
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November 30, 2016 
 
Sally Jewell, Secretary 
Department of Interior 
1849 C Street, N.W. 
Washington DC 20240 
Secretary_Jewell@ios.doi.gov  
 
Dan Ashe, Director  
U.S. Fish and Wildlife Service  
1849 C Street NW  
Washington, D.C. 20240  
Dan_Ashe@fws.gov 
 
Re: Scientists in Support of Red Wolf Recovery  
 
We, the undersigned scientists -- with collective expertise in ecology, genetics, population dynamics, systematics, and other areas 
relevant to wolf conservation -- are writing in support of red wolf recovery and to express our concerns over the U.S. Fish and 
Wildlife Service's proposed changes to the red wolf recovery program. The Service must stem the rapid decline of the only wild 
population of red wolves in the world. With approximately 45 wild red wolves left -- and only three known breeding pairs, the species 
could be soon extirpated from the wild unless the Service allows expansion of the current population in North Carolina, resumes work 
to curtail hybridization with coyotes, and utilizes additional reintroduction sites across the red wolf’s historic range. 
 
I. Federal Lands in Dare County Cannot Alone Support A Viable Wild Wolf Population 
 
Reintroduction of red wolves into eastern North Carolina was a monumental step forward for the red wolf. Yet the Service has now 
announced its intention to drastically reduce the recovery area and remove wolves from private and public lands in the surrounding 
areas. Specifically, the agency plans to propose new rules that would limit recovery of these red wolves from five counties in the state 
to only federal lands in Dare County, with no effective means to protect wolves that step outside the county line.1  
 

                                                 
1 U.S. Fish and Wildlife Service. Memo: Recommended Decisions in Response to Red Wolf Recovery Program Evaluation (Sept. 12, 2016) (hereinafter 
“September 2016 Recommended Decisions”) at 7-8. 
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This one-county area cannot maintain a viable population of red wolves and thus this decision is inconsistent with red wolf recovery 
and best available science. The 2014 report by the Wildlife Management Institute concluded that “even the current 1.7 million acre 
restoration area may not be conducive to holding a viable, self-sustaining red wolf population for the long term,” but that “there is 
abundant, potentially suitable habitat on private and state land to the west of the current restoration area that could be occupied by red 
wolves.”2 The 2016 Population Viability Analysis also cited space limitations as a barrier to demographic stability.3 Red wolves 
should be allowed to establish additional territories in the North Carolina reintroduction area rather than be actively removed from 
private lands and placed into captivity, so that population growth might once again continue.4 Additional removal of these wolves will 
further disrupt pack dynamics and encourage hybridization with coyotes. 
 
Rather than stymie red wolf recovery and population growth by restricting the North Carolina recovery area, the Service should work 
to better protect the existing wild population through actions such as reducing gunshot mortality and gaining support from adjacent 
landowners. We strongly urge the Service to reconsider its decision to constrict the North Carolina recovery area for red wolves. 
 
II. More Reintroduced Populations Are Needed For Red Wolf Recovery 
 
Although the red wolf reintroduction program was initially successful, further recovery depends on establishing additional wild 
populations. The 1990 Red Wolf Recovery Plan called for the reintroduction of wolves into at least three areas,5 and the Wildlife 
Management Institute report reaffirms this need. The report found that “[s]uccessful accomplishment of the current recovery plan 
objectives will require identification of suitable areas and reintroduction of red wolves to two other distinct locations within historic 
red wolf range.”6 Establishment of additional reintroduction sites is long overdue and could allow for interactions between populations 
to achieve exchange of genetic material necessary for red wolf survival and recovery.  
 
The Service’s September 2016 decision states that the Service will, as part of the red wolf’s five-year status review, work to identify 
potential reintroduction sites across the red wolf’s historic range.7 We support the Service’s decision to identify additional sites, and 

                                                 
2 Wildlife Management Institute, Inc. A Comprehensive Review and Evaluation of the Red Wolf (Canis rufus) Recovery Program (Nov. 14, 2014) (hereinafter 
“WMI Report”) at 37-38. 
3 Faust, L.J. et. al. Red Wolf Population Viability Analysis: Final Report for the U.S. Fish and Wildlife Service Feasibility Study ("PVA Study") (June 10, 2016) 
at 17.  
4 The captive population of red wolves is secure and does not need additional influxes of wild wolves to prevent extinction. It is not at risk of extinction. See 
PVA Team Letter to Cynthia Dohner (Oct. 11, 2016); PVA Study at 3. 
5 U.S. Fish and Wildlife Service for Southeast Region. Red Wolf Recovery/Species Survival Plan (Oct. 1990) at 10. 
6 WMI Report at 3. 
7 September 2016 Recommended Decisions at 5. 
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we urge the Service to promptly move forward with these reintroductions, as well as ensure these reintroduction areas are protected 
from all hunting and poaching. 
 
III. Red Wolves Are a Listable Entity Under The Endangered Species Act 
 
We support the Service’s decision to continue to recognize the red wolf as a listable entity despite lingering questions about its origins. 
As noted by the Service, a recent meeting of “leading canid geneticists, as well as taxonomists and legal scholars” “could not agree on 
the historic genetic lineage of the red wolf, but the majority of the group concluded that the red wolf is a listable entity under the 
ESA.”8 Although the scientists differed on whether red wolves should be considered a distinct species, subspecies, distinct population 
segment, or admixture, they all agreed red wolves represent a unique lineage that is worthy of conservation.9 In addition, reviews of 
paleontological, craniometric, and historical data support recognition of Canis rufus as a distinct species.  
 

*** 
 

For all these reasons, we ask that you accept this letter of support from the undersigned scientific experts and take all actions 
necessary to recover red wolves in the wild. 
 
Sincerely, 
 
 
T. DeLene Beeland, MS 
Science Writer & Author  
Asheville, NC  
 
Bradley J. Bergstrom, PhD 
Professor of Biology, Valdosta State University 
Valdosta, Georgia 
 
Robert L. Beschta, PhD 
Professor Emeritus, Department of Forest Ecosystems and Society at Oregon State University 
Corvallis, Oregon 

                                                 
8 September 2016 Recommended Decisions at 2. 
9 September 2016 Recommended Decisions at 2-3. 
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Jeremy T. Bruskotter, PhD 
Associate Professor, School of Environment & Natural Resources at Ohio State University 
Columbus, Ohio 
 
Guillaume Chapron, PhD 
Associate Professor, Dept. of Ecology at Swedish University of Agricultural Sciences 
Riddarhyttan, Sweden 
 
Peter Chesson, PhD  
Professor, Dept. of Ecology and Evolutionary Biology at University of Arizona 
Tucson, Arizona 
 
Justin Dellinger, MS, PhD 
Senior Environmental Scientist/ Large Carnivore Researcher, California Department of Fish and Wildlife 
Cordova, California 
 
Megan M. Draheim, MS, PhD 
Faculty, Virginia Tech Center for Leadership in Global Sustainability 
Washington, D.C. 
 
Tracy S. Feldman 
Assistant Professor, Dept. of Natural and Life Sciences at St. Andrews University 
Laurinburg, North Carolina 
 
Jed Fuhrman, PhD 
McCulloch-Crosby Chair of Marine Biology at University of Southern California  
Los Angeles, California 
 
Anthony J. Giordano, M.S., Ph.D. 
Conservation Scientist, Founder & Director, S.P.E.C.I.E.S. 
Ventura, CA  
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 Joseph W. Hinton, PhD 
Postdoctoral Researcher, Warnell School of Forestry and Natural Resources at University of Georgia 
Athens, Georgia 
 
Rick Hopkins, Ph.D. 
Senior Conservation Biologist, Live Oak Associates, Inc. 
San Jose, California 
 
Alex Krevitz, M.A. 
Biologist, Kunak Wildlife Studies 
Coarsegold, California 
 
William Lynn, Ph.D. 
Research Scientist, Marsh Institute, Clark University 
Worcester, MA 
 
Regina Mossotti, MS, PhD 
Director, Animal Care and Conservation at The Endangered Wolf Center 
Eureka, Missouri 
 
Michael Paul Nelson, PhD 
Professor, Department of Forest Ecosystems and Society at Oregon State University 
Corvallis, Oregon  
 
Javier Monzón, PhD 
Assistant Professor of Biology, Pepperdine University 
Malibu, California 
  
Ronald M. Nowak, PhD 
Office of Endangered Species, U.S. Fish & Wildlife Service (retired) 
Falls Church, Virginia 
 
Reed F. Noss, PhD 
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Provost's Distinguished Research Professor, Department of Biology at the University of Central Florida  
Orlando, Florida 
 
David R. Parsons, MS 
Former Mexican Wolf Recovery Coordinator, U.S. Fish & Wildlife Service (retired)/Science Advisor for Project Coyote 
Albuquerque, New Mexico 

David R. Rabon, Jr., PhD 
Science Advisor, The Endangered Wolf Center (former Red Wolf Recovery Coordinator at U.S. Fish & Wildlife Service)  
Eureka, Missouri 
 
Steve Sheffield, Ph.D 
Professor of Biology, Bowie State University 
Bowie, Maryland 
 
Michael Soule, PhD 
Professor Emeritus of Environmental Studies at University of California, Santa Cruz 
Paonia, Colorado 
 
Ronald Worth Sutherland, Ph.D  
Conservation Scientist, Wildlands Network  
Durham, North Carolina 
 
Adrian Treves, PhD 
Associate Professor, Nelson Institute for Environmental Studies University of Wisconsin-Madison 
Madison, Wisconsin 
 
Sacha Vignieri, PhD 
Senior Editor, Science AAAS 
Washington, D.C. 
 
John A Vucetich, PhD 
Professor, Michigan Technological University 
Houghton, Michigan 



7 
 

 
Jonathan G. Way, PhD 
Wildlife Biologist, Founder, Eastern Coyote/Coywolf Research 
Osterville, Massachusetts  
 
Robert Wielgus, PhD 
Associate Professor and Director, Large Carnivore Conservation Lab- School of Environment Washington State University 
Pullman, Washington 
 
 
CC: Leopoldo Miranda 
       Cynthia Dohner  



From: G Byrne
To: dan_ashe@fws.gov
Subject: Red wolf recovery
Date: Monday, December 12, 2016 2:23:27 PM

Dear Dan,

I am so saddened & shocked that politicians and our government is allowing the disappearance
of our wolves! This is an absolute atrocity!

Please protect them and pass a law that punishes those responsible for their deaths! I'm so sick
of the way our wildlife are being treated! Some days I just want to end my life because I know
our wildlife is disappearing! Please I beg you, help them before it's too late!

Gigi



From: Facebook
To: Dan Ashe
Subject: Mike Bryant commented on your video.
Date: Saturday, December 31, 2016 11:14:14 AM

 

   
 

   Facebook
 

   

   

 
Mike Bryant commented on your video.
 

   Mike Bryant
December 31 at 1:14pm

 
Not good enough considering the present, deplorable condition of the remnant
wild red wolf population in eastern NC.
 

Like Comment
 

 

   

   

 
View on Facebook

 
   

   Reply to this email to comment on this post.
     

   
 
This message was sent to dan_ashe@fws.gov. If you don't want to receive these emails from Facebook in the future,
please unsubscribe.
Facebook, Inc., Attention: Community Support, 1 Hacker Way, Menlo Park, CA 94025

   

 



From: Facebook
To: Dan Ashe
Subject: Scott Dalzell replied to Mike Bryant"s comment on your video.
Date: Saturday, December 31, 2016 5:53:49 PM

 

   
 

   Facebook
 

   

   

 
Scott Dalzell replied to Mike Bryant's comment on your video.
 

   Scott Dalzell
December 31 at 6:53pm

 
Yes, probably unfair on this post. I hope you and your family are well, too. We
can come back to the decline in red wolf recovery in another forum.
 

Like Comment
 

 

   

   

 
View on Facebook

 
   

   Reply to this email to comment on this post.
     

   
 
This message was sent to dan_ashe@fws.gov. If you don't want to receive these emails from Facebook in the future,
please unsubscribe.
Facebook, Inc., Attention: Community Support, 1 Hacker Way, Menlo Park, CA 94025

   

 



Donate Now

From: Peter Smith
To: dan_ashe@fws.gov
Cc: rowan_gould@fws.gov
Subject: Fw: Breaking: Help Us Catch a Wolf Killer
Date: Sunday, January 1, 2017 10:30:21 AM

FWS

cc: POLICE
 
Mr. Peter Smith Chief Executive Officer
CAVE MAN ENVIRONMENTAL CONSULTING
Bringing rational decision making back to Government
E Mail: mrrails@yahoo.ca
cave.man391@gmail.com 

On Sunday, January 1, 2017 7:58 AM, "Kierán Suckling, Center for Biological Diversity"
<TheCenter@biologicaldiversity.org> wrote:

Center for Biological Diversity

Hi Cave, 

2017 is off to a rough start -- a highly endangered
red wolf has been found dead and we need to find
the killer.

The body was discovered in North Carolina's
Pocosin Lakes National Wildlife Refuge, where
red wolves are protected under the Endangered
Species Act. The Center for Biological Diversity is
offering a $7,500 reward for information leading to
a conviction or fine in this latest illegal killing. The
U.S. Fish and Wildlife Service has put out a
$2,500 reward as well.

To offer this reward we need the support of our
members like you. Please give to the Center's
Wolf Defense Fund so we can bring this killer to
justice.

Although once abundant across much of the
Southeast, red wolves were pushed to the brink of
extinction following decades of relentless
persecution. After the species was declared



Double Your Gift for Wildlife

Help Bring a Wolf Killer to Justice

endangered, wolf releases began in North
Carolina's Alligator River National Wildlife Refuge,
but recovery efforts have repeatedly been
thwarted by illegal shootings. The science
demonstrates that red wolves can be recovered if
these illegal killings end.

No one fights harder to save wolves than the Center. We're adding to this reward because red wolves are a
critical part of America's heritage, and we can't let a few killers deny future generations their opportunity to
see these animals in the wild. We can only do this because wolf lovers like you step forward by contributing
to the Wolf Defense Fund.

There are only 45 red wolves left in the wild, so the deliberate killing of any individual wolf is a terrible blow to
the conservation of this amazing species. This deplorable slaughter is a stark reminder of why we must act
quickly to save this precious species before it disappears forever.

For the wolves,

Kierán Suckling

Kierán Suckling
Executive Director
Center for Biological Diversity
@KieranSuckling

Please share this message with your social networks.

This message was sent to mrrails@yahoo.ca.

Photo of red wolf courtesy Flickr/Seth Bynum/USFWS.

Remove me from this mailing list. 

The Center for Biological Diversity sends out newsletters and action alerts through SalsaLabs.com. 
Center for Biological Diversity P.O. Box 710 Tucson, AZ 85702 1-866-357-3349





From: Brett Abrams
To: dan_ashe@fws.gov
Subject: Please Save the Red Wolf
Date: Saturday, March 18, 2017 2:29:05 PM

Good Afternoon:

I am very interested in the well-being and continued existence of the Red Wolf in its historic habitat. I would like to see the
animal saved in North Carolina and also the start of a separate effort to repopulate them in other parts of the southeastern
U.S. 

Please save this endangered species.

Best,

Brett Abrams



From: Cathie Ernst
To: exsec@ios.doi.gov; Dan_Ashe@fws.gov
Subject: Please do the right thing
Date: Wednesday, June 7, 2017 8:48:11 PM

Dear Secretary Jewell and Director Ashe,
The Animal Welfare Institute, Center for Biological Diversity, Endangered Species Coalition,
WildEarth Guardians, Wildlands Network, and the Wolf Conservation Center hereby submit this
emergency petition to the U.S. Department of the Interior and the U.S. Fish and Wildlife Service
(Service) to strengthen existing regulations for the red wolf to stem the rapid decline of the only wild
population of red wolves in the world. In the last several years, the red wolf’s wild population has
fallen by approximately 50 percent. At present there may as few as 45 red wolves left in the wild,
and the species could be soon extirpated if the Service refuses to take action to better protect it. As
records recently obtained via a Freedom of Information Act request confirm, the Service is
deliberately abandoning the red wolf program against the advice and recommendations of its own
staff biologists, who have pressed the Service to better address illegal red wolf shootings.
Unfortunately, their calls to action have been ignored and stymied by upper-level political
management within the Service.
Our emergency petition requests that the Service meet its mandatory duty to protect and conserve
the red wolf by revising the current red wolf regulations under Section 10(j) of the Endangered
Species Act in order to reduce shooting deaths, establish additional wild populations of red wolves in
the wild, and reclassify all reintroduced populations of red wolves as “essential” experimental
populations.1
For all of the reasons explained below, the Service must grant our petition and take emergency
actions to strengthen and revise the current red wolf 10(j) regulations. Should the Service fail to
respond to this petition in a timely manner, the Petitioners may pursue relief in federal court.2
 
Cathie Ernst
Michael Weiner
Scottsdale AZ
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